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(57) ABSTRACT 

The present invention relates to methods and compositions 
for modulating the heterotypic adhesion betWeen E-cadherin 
expressing cells and T lymphocytes. Monoclonal antibodies 
Which speci?cally bind to E-cadherin and isolated peptides 
Which mimic the binding function of E-cadherin also are 
provided. The antibodies and peptides are useful in screen 
ing assays to identify pharmaceutical lead compounds Which 
are capable of modulating adhesion betWeen T lymphocytes 
and E-cadherin expressing cells. Methods and pharmaceu 
tical compositions for modifying the mucosal immune 
response of a subject also are provided. 
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May 3, 1994, issued Mar. 11, 1997 as US. Pat. No. 
5,610,281. 

GOVERNMENT SUPPORT 

[0002] This invention Was made in part With government 
support under grant number A107306 from the National 
Institutes of Health. 

FIELD OF THE INVENTION 

[0003] This invention relates to methods and compositions 
for modulating adhesion betWeen cells that express E-cad 
herin (e.g., epithelial cells, endothelial cells) and T lympho 
cytes (e.g., intraepithelial T lymphocytes). In particular, the 
invention relates to methods and compositions for modulat 
ing binding betWeen E-cadherin and heterotypic cognates of 
E-cadherin, such as otE[37 integrin. 

BACKGROUND OF THE INVENTION 

[0004] The adhesive interactions of cells With other cells 
and betWeen cells and the extracellular matrix are believed 
to play critical roles in a Wide variety of processes including, 
for example, modulation of the immune system, regulation 
of developmental processes and tumor progression and 
metastasis. These interactions are mediated by adhesion 
molecules Which transduce information from the extracel 
lular to the intracellular matrix. 

[0005] Three families of adhesion molecules Which medi 
ate these interactions have been identi?ed: the integrins, the 
cadherins and the selections. In general, adhesion molecules 
are transmembrane proteins Which contain an extracellular 
domain for interacting With an extracellular matrix or cel 
lular component, a transmembrane domain spanning the cell 
membrane and a cytoplasmic domain for interacting With 
one or more cytoskeletal components. 

[0006] The integrins represent one of the best character 
iZed families of adhesion receptors. Integrins are glycopro 
tein heterodimers Which contain a noncovalently-associated 
0t and [3 subunit. There are fourteen knoWn 0t subunits and 
eight knoWn [3 subunits Which can pair to form at least 
tWenty different integrin molecules. Several distinct integrin 
0t chains are capable of pairing With one type of [3 chain to 
form a [3 chain subfamily. 

[0007] Recently, Parker et al. described a novel integrin 
heterodimer that is expressed on intra-epithelial T lympho 
cytes (iIEL), i.e., the population of T lymphocytes located 
along the basolateral surfaces of the epithelial cells Which 
line the mucosa, adjacent to the epithelial cell basement 
membrane. (Parker, C. et al. (1992) Proc. Natl. Acad. Sci. 
USA 89:1924). Originally de?ned by an antibody Which 
recogniZes the human mucosal lymphocyte 1 antigen (HML 
1), the novel integrin is present on >90% of intestinal IEL 
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(iIEL) and on approximately 40% of lamina propria T 
lymphocytes (Which lie betWeen the epithelial basement 
membrane and the muscularis mucosae) (Cerf-Bensussan, 
N. et al., (1987) Eur. J. Immunol. 17, 1279-1285). The 
HML-1 antigen contains a novel a chain (designated (XE, for 
“epithelial associated”) associated With a 37 chain (Parker, 
C. et al. (1992) Proc. Natl. Acad. Sci. USA 89:1924). 
Although the OLE and [37 subunits have been cloned, a 
receptor for the otE[37 integrin has not been identi?ed. (See 
US. patent application Ser. No. 08/199,776, the contents of 
Which are incorporated herein by reference, Which discloses 
the primary structure of the OLE chain and Yuan Q. et al. 
(1990) Int. Immunol. 2:1097; Erle, D. J. et al., (1991) J. Biol. 
Chem. 266, 11009-11016, Which disclose a HML-1 [37 chain 
clone). 
[0008] The cadherins play an important role in the estab 
lishment and maintenance of intercellular connections 
betWeen cells of the same type (revieWed in Geiger B. et al. 
(1992) Annual RevieW of Cell Biology 8:307; Kemler R. 
(1993) Trends in Gastroenterology 9:317; Takeichi M. 
(1990) Annual RevieW of Biochem. 59:237; Takeichi M. 
(1991) Science 251:1451). The cadherins are synthesiZed as 
precursors that are cleaved during post-translational pro 
cessing. The mature cadherins are single chain molecules 
Which include a relatively large extracellular domain (typi 
cally divided into ?ve sections or “ectodomains”), a single 
transmembrane region and a cytoplasmic tail. Sequence 
analysis of cadherin cDNA clones reveals that the extracel 
lular cadherin amino acid sequence can be divided into three 
inter-homologous ectodomains (“EC 1-3”), each of Which is 
110 amino acids in length (Takeichi M. (1990) Annual 
RevieW of Biochem. 59:237). Within the ectodomains, char 
acteristic sequences of four to ?ve amino acids (LDRE and 
DXNDN) are Well conserved among all cadherins. In par 
ticular, the sequence DXNDNXP, present in EC 1-3, is 
thought to bind divalent calcium and is generally believed to 
be essential for cadherin function. TWo additional, less Well 
conserved domains (“EC 4-5”) are located proximal to the 
membrane. Among the classical cadherins (i.e., P-(placenta), 
E-(epithelial), and N-(neural) cadherin), the cytoplasmic 
domain contains the highest degree of homology, folloWed 
by the EC-1 domain (Takeichi M. (1990) Annual RevieW of 
Biochem. 59:237). The high degree of homology observed 
for the cytoplasmic domain reportedly is a re?ection of the 
association of cadherins With a group of intracellular pro 
teins, “the catenins”, that stabiliZe cadherin active confor 
mation (Kemler R. (1993) Trends in Gastroenterology 
9:317). 
[0009] It is generally believed that sequences in the EC-1 
extracellular domain are necessary to mediate homotypic 
(i.e., cadherin-to-cadherin) binding. SWapping experiments 
in Which part of the E-cadherin molecule is replaced With a 
corresponding portion of the P-cadherin molecule have been 
used to identify the amino acid portions of post-translation 
ally processed cadherin that are required for biological 
activity. (Nose A. et al. (1990) Cell 61:147). In particular, 
Nose et al. report that an HAV tripeptide sequence is 
essential for homotypic cadherin binding. Further, Takeichi 
report that the amino acid residues ?anking the HAV trip 
eptide sequence also contribute to homotypic binding speci 
?city. (Takeichi M. (1991) Science 251:1451). A revieW of 
the literature indicates that research directed to understand 
ing cadherin-mediated adhesion has focussed on efforts to 
elucidate the mechanism underlying cadherin-mediated 
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homotypic cell adhesion. Little attention has been directed 
to understanding What, if any, role is played by cadherin in 
heterotypic cell-to-cell adhesion. 

[0010] While it has been known for some time that inte 
grins and other adhesion molecules function in immune 
system modulation, e.g., by playing a role in the adhesion of 
peripheral lymphocytes to endothelium and in homing to 
lymph nodes, relatively little is knoWn regarding the mecha 
nism by Which lymphocytes home and transmigrate through 
the vascular endothelium to speci?cally target tissue loca 
tions. In particular, little is knoWn about the molecules that 
function in mucosal T lymphocyte homing and adhesion, the 
subset of the general immune system Which includes the 
lymphocytes Which populate the gastrointestinal, genito 
urinary and respiratory tracts, and the mammary glands. 
(see, Cepek, K. et al., (1993) J. Immunol. 150, 3459-3470 
and references cited therein). In part, the dif?culties encoun 
tered in cloning the OLE subunit (described in US. patent 
application Ser. No. 08/199,776) and in obtaining anti 
epithelial cell antibodies Which block intra-epithelial lym 
phocyte adhesion have hindered the identi?cation of an 
epithelial cell receptor for the intra-epithelial lymphocyte 
otEB7 integrin. An incomplete understanding of the role 
played by cytokines in modulating otEB7 expression in intra 
epithelial cells, also has impeded the identi?cation of a 
receptor for the otEB7 integrin. 

SUMMARY OF THE INVENTION 

[0011] Compositions and methods for modulating the 
interaction betWeen a T lymphocyte and an E-cadherin 
expressing cell are disclosed herein. The interaction is 
dependent upon the speci?c binding of E-cadherin to a 
heterotypic cognate of E-cadherin that is present on the T 
lymphocyte. Although the homotypic adhesion of one cad 
herin molecule for another cadherin molecule is Well knoWn 
in the art, the phenomenon of heterotypic cadherin interac 
tion, i.e., the speci?c binding betWeen cadherin and a 
non-cadherin molecule, is neW. 

[0012] In vieW of our observations: (1) that E-cadherin 
functions as a receptor for otEB7 integrin, an exemplary 
adhesion molecule that is preferentially expressed in intra 
epithelial T lymphocytes (“IEL”) and (2) that E-cadherin is 
expressed on the vascular endothelium, We believe that 
E-cadherin plays a key role in the interactions betWeen T 
lymphocytes and E-cadherin expressing cells and in particu 
lar, in the interactions of intra-epithelial T cells and epithe 
lial or endothelial cells. Accordingly, the speci?c examples 
disclosed herein (primarily directed to fully understanding 
the interaction betWeen E-cadherin and otE[37) serve as a 
model for other E-cadherin mediated T lymphocyte adhe 
sion reactions. 

[0013] Although not intending to be bound by any par 
ticular theory, it is believed that E-cadherin mediated bind 
ing of T lymphocytes to the vascular endothelium is 
involved in the migration of lymphocytes into mucosal 
tissue. It further is believed that the interaction of otEB7 
integrin With epithelial cell E-cadherin is involved in the 
retention of IELs Within the epithelium. The dependence of 
lymphocyte transmigration and adhesion on tissue speci?c 
cadherin expression has not previously been reported. 
Accordingly, the invention provides compositions and meth 
ods for inhibiting the transmigration of T lymphocytes 

Aug. 30, 2001 

through the vascular endothelium into mucosal tissue, and 
for inhibiting lymphocyte adhesion to E-cadherin expressing 
epithelial cells. Thus, the invention is useful for modulating 
a mucosal immune response in vivo. 

[0014] One aspect of the invention is directed to isolated 
peptides Which inhibit adhesion betWeen T lymphocytes 
(e.g., IELs) and E-cadherin expressing cells (e.g., epithelial 
cells, endothelial cells) in vivo and/or in vitro. The peptides 
speci?cally bind to “heterotypic cognates of E-cadherin”, 
i.e., non-E-cadherin ligands Which speci?cally bind to 
E-cadherin. According to one embodiment, the peptides 
have sequences Which are related to, or derived from, the 
amino acid sequence of the extracellular domain of E-cad 
herin, i.e., that portion of the E-cadherin protein Which is 
exposed to the extracellular environment When the protein, 
expressed on mucosal epithelial cells, is in its native con 
formation. E-cadherin includes an extracellular domain 
(amino acids 1-552 of Sequence I.D. Nos. 1 and 2), a 
transmembrane domain (amino acids 553-576) and a cyto 
plasmic domain (amino acids 577-726). By binding to the 
heterotypic cognate of E-cadherin on T lymphocytes (e.g., 
by binding to otEB7 integrin on IEL), the E-cadherin derived 
peptides inhibit binding of the T lymphocyte to the E-cad 
herin expressing cell. The peptides can be also speci?cally 
reactive With a monoclonal antibody that binds to E-cad 
herin and that can inhibit T lymphocyte binding. 

[0015] According to another aspect of the invention, 
monoclonal antibodies that inhibit adhesion betWeen a T 
lymphocyte, such as an IEL and an E-cadherin expressing 
cell, such as an epithelial cell or an endothelial cell, are 
provided. The monoclonal antibodies speci?cally bind to a 
cadherin, more preferably, to E-cadherin. The antibodies are 
useful for blocking a functional activity of the E-cadherin, 
such as an in vivo functional activity (e.g., retention of the 
IELs in the epithelium) or an in vitro functional activity 
(e.g., adhesion of IELs to an epithelial cell monolayer as 
determined in an adhesion assay). Accordingly, the antibod 
ies are useful as reagents in assays for screening molecular 
libraries to identify lead compounds that modulate adhesion 
betWeen T lymphocytes and E-cadherin expressing cells. 

[0016] According to yet another aspect of the invention, a 
pharmaceutical preparation for modulating a mucosal 
immune response in a subject is provided. The composition 
includes a pharmaceutically acceptable carrier and an agent 
that inhibits adhesion betWeen a T lymphocyte and an 
E-cadherin expressing cell. The agent (e.g., the above 
described isolated peptide, isolated E-cadherin or mono 
clonal antibody) is present in a therapeutically effective 
amount for treating the mucosal immune response. Prefer 
ably, the isolated E-cadherin is soluble E-cadherin. 

[0017] According to another aspect of the invention, a 
method for screening a molecular library to identify lead 
compounds that modulate adhesion betWeen a T lymphocyte 
and an E-cadherin expressing cell is provided. The method 
involves performing an adhesion assay (e.g., betWeen an IEL 
and an epithelial cell) in the presence and absence of at least 
one member of the molecular library and comparing the 
adhesion assay results to determine Whether the molecular 
library member modulates adhesion betWeen the T lympho 
cyte and the E-cadherin expressing cell. The adhesion 
screening assays of the invention also embrace assays in 
Which an isolated T lymphocyte ligand (alternatively 
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referred to herein as “a heterotypic cognate of E-cadherin”) 
and an isolated receptor E-cadherin (described below) serve 
as the binding partners in the adhesion assay. Optionally, the 
isolated receptor E-cadherin and/or its heterotypic cognate 
may be immobilized onto a solid support, such as a micro 
titer plate. 

[0018] According to another aspect of the invention, an 
antibody assay for screening a molecular library is provided. 
The assay is useful for identifying pharmaceutical lead 
compounds that modulate adhesion betWeen a T lymphocyte 
and an E-cadherin expressing cell. The antibody assay is 
performed, for example, by contacting a receptor E-cadherin 
With an antibody (knoWn to speci?cally bind to the receptor 
E-cadherin and inhibit the interaction betWeen T lympho 
cytes and E-cadherin expressing cells) in the presence and 
absence of at least one member of the molecular library and 
determining Whether the library member modulates binding 
betWeen the antibody and the receptor E-cadherin. As used 
herein, a “receptor E-cadherin” refers to an E-cadherin 
expressing cell, an isolated E-cadherin or an isolated peptide 
related to, or derived from, the extracellular domain of 
E-cadherin that is capable of speci?cally recogniZing and 
binding to a ligand (e.g., otEB7 integrin) expressed on a T 
lymphocyte. 
[0019] According to yet another aspect of the invention, a 
method for inhibiting adhesion betWeen a T lymphocyte and 
an E-cadherin expressing cell is provided. The method 
involves contacting the E-cadherin expressing cell With an 
agent (e.g., the above-described monoclonal antibodies, 
isolated peptides or isolated E-cadherin) that inhibits adhe 
sion betWeen E-cadherin and its heterotypic cognate. 

[0020] According to another aspect of the invention, a 
method for modulating the mucosal immune response of a 
subject is provided. The method involves administering to 
the subject a pharmaceutical composition containing the 
above-described agents for inhibiting adhesion betWeen a T 
lymphocyte and an E-cadherin expressing cell. 

[0021] These and other aspects of the invention, as Well as 
various advantages and utilities, Will be more apparent With 
reference to the detailed description of the preferred embodi 
ments. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0022] FIG. 1 shoWs constructs in Which a stop codon is 
introduced immediately preceding the transmembrane 
domain of the OLE and [37 encoding cDNA clones. 

[0023] FIG. 2 shoWs the strategy for preparing a set of 
mutants containing mutations in the ‘X’ domain. 

[0024] FIG. 3 shoWs the general strategy for preparing otE 
mutant and chimeric molecules, Wherein reaction 3 repre 
sents combining product 1 and product 2, melting, anneal 
ing, and amplifying the hybrid template. 

[0025] FIG. 4 shoWs the set of E-cadherin chimeric mol 
ecules that are prepared using the sWapping experiments. 

[0026] FIGS. 5A-5G shoW the sequence alignments of 
human E-, N-, and P-cadherin, Wherein “a” represents the 
translation start, “b” represents the amino terminus of the 
mature protein, “c” represents the ?rst repeat, “d” represents 
the second repeat, “e” represents the third repeat, “f” rep 
resents the &frac45; repeat, “g” represents TM and “h” 
represents CYT. 
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DETAILED DESCRIPTION OF THE 
INVENTION 

[0027] While not intending to be bound by any particular 
theory, it is believed that E-cadherin modulates the mucosal 
immune response at tWo levels: ?rst, by mediating the 
transmigration of T lymphocytes through the vascular endot 
helium into mucosal tissue and second, by retaining T 
lymphocytes Within the mucosal epithelium. Accordingly, 
the experiments described herein Were directed to: (1) 
establishing that E-cadherin is expressed by the vascular 
enddthelium; (2) identifying E-cadherin as an epithelial cell 
receptor for otEB7 integrin and (3) designing novel agents for 
inhibiting adhesion betWeen T lymphocytes and E-cadherin 
expressing cells (and in particular, betWeen IELs and epi 
thelial cells) in vivo and in vitro. The agents of the invention 
modulate adhesion betWeen T lymphocytes and E-cadherin 
expressing cells by competing With E-cadherin for binding 
to a heterotypic cognate of E-cadherin (e.g., otEB7 integrin) 
that is present on the T lymphocyte, or by speci?cally 
binding to E-cadherin in a manner Which blocks E-cadherin 
binding to the heterotypic cognate that is present on a T 
lymphocyte (e.g., a monoclonal antibody to E-cadherin). 

[0028] Although the folloWing description is directed to a 
preferred embodiment of the present invention, namely, 
compositions and methods for modulating the heterotypic 
interaction betWeen an IEL and an epithelial cell, it should 
be understood that this description is illustrative only and is 
not intended to limit the scope of the present invention. 
Thus, in its broadest sense, the present invention relates to 
the discovery that E-cadherin functions as a novel receptor 
for a heterotypic cognate that is present on T lymphocytes. 
Accordingly, the compositions and methods disclosed herein 
are useful for identifying other E-cadherin expressing cells, 
as Well as for identifying other heterotypic E-cadherin 
cognates that are present in T-lymphocytes. 

[0029] Agents Which modulate adhesion betWeen T lym 
phocytes (e.g., IELs) and E-cadherin expressing cells (e.g., 
epithelial cells, endothelial cells, nerve cells, placental cells) 
are useful for treating autoimmune diseases that are char 
acteriZed by lymphocyte accumulation at epithelial sites 
(e.g., ulcerative colitis, Crohn’s disease, celiac disease, 
sarcoidosis, psoriasis, the late phase component of asthma, 
contact dermatitis, scleroderma, and graft vs. host disease). 
Such agents also are useful for targeting the delivery of 
therapeutic agents to the T lymphocytes (e.g., IELs) and/or 
to the E-cadherin expressing cells (e.g., epithelial cells), 
thereby permitting the design of more appropriate therapies 
for treating infectious diseases of epithelial sites (e.g., pul 
monary tuberculosis, leprosy, cutaneous leishmaniosis, and 
parasitic or viral infections diseases of the intestinal tract) by 
affecting the expression and/or function, for example, of 
mucosal intra-epithelial lymphocytes or their localiZation to, 
or retention in, the epithelium. 

[0030] According to one aspect of the invention, an iso 
lated peptide that is capable of inhibiting adhesion betWeen 
a T lymphocyte (e.g., an IEL) and an E-cadherin expressing 
cell (e. g., an epithelial cell) is provided. The isolated peptide 
speci?cally binds to a heterotypic cognate of E-cadherin 
(e.g., otEB7 integrin), thereby preventing interaction betWeen 
the cognate of the T lymphocyte and its receptor (E-cad 
herin) present on the E-cadherin expressing cell. The iso 
lated peptides of the invention are related to, or derived 
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from, the extracellular domain of E-cadherin, i.e., amino 
acids 1-552 (inclusive) of Sequence I.D. Nos. I (cDNA and 
encoded protein) and 2 (encoded protein). 

[0031] As used herein in reference to a peptide, the term 
“isolated” refers to a cloned expression product of an 
oligonucleotide; a peptide Which is isolated following cleav 
age from a larger polypeptide; or a peptide that is synthe 
siZed, e.g., using solution and/or solid phase peptide syn 
thesis methods as disclosed in, for example, US. Pat. No. 
5,120,830, the entire contents of Which are incorporated 
herein by reference. Accordingly, the phrase “isolated pep 
tides” embraces peptide fragments of the extracellular 
E-cadherin domain, as Well as functionally equivalent pep 
tide analogs (de?ned beloW) of the foregoing peptide frag 
ments. A particularly preferred isolated peptide is obtained 
by isolating the extracellular cleavage product of E-cadherin 
that results folloWing exposure of epithelial cells to trypsin 
in the presence of divalent calcium. Trypsin cleavage yields 
an approximately 80 kD fragment of E-cadherin containing 
a portion of the extracellular domain. Thus, this particularly 
preferred peptide has an amino acid sequence corresponding 
from amino acid 1 to the amino acid positioned at the 
naturally occurring proteolytic cleavage site of E-cadherin. 

[0032] As used herein, the term “peptide analog” refers to 
a peptide Which shares a common structural feature With the 
molecule to Which it is deemed to be an analog. A “func 
tionally equivalent” peptide analog is a peptide analog 
Which further shares a common functional activity With the 
molecule to Which it is deemed an analog. 

[0033] As used herein, the term “functionally equivalent 
peptide analog” refers to a peptide analog that is capable of 
inhibiting the binding of a T lymphocyte (e.g., an IEL) to an 
E-cadherin expressing cell (e.g., an epithelial cell) in vitro 
by competing With E-cadherin for binding to a heterotypic 
cognate of E-cadherin, (e.g., otEB7 integrin). Functionally 
equivalent peptide analogs of E-cadherin are identi?ed, for 
example, in in vitro adhesion assays (see, e.g., the adhesion 
assay provided in the Examples) that measure the ability of 
the peptide analog to inhibit E-cadherin-mediated adhesion 
betWeen a T lymphocyte and a E-cadherin/expressing cell 
(e.g., an epithelial monolayer in culture). Such assays are 
predictive of the ability of a molecule to inhibit this adhesion 
in vivo. Accordingly, a “functionally equivalent peptide 
analog” of E-cadherin includes the extracellular domain of 
E-cadherin, fragments of the extracellular domain and pep 
tide analogs of the extracellular domain (e.g., peptides 
Which contain conservative amino acid substitutions), pro 
vided that the peptide fragments and analogs are capable of 
inhibiting adhesion betWeen a T lymphocyte and an E-cad 
herin expressing cell in vivo and/or in vitro. 

[0034] As used herein, “a heterotypic cognate of E-cad 
herin” refers to a peptide or protein that is present in, or 
derived from a T lymphocyte, and Which speci?cally rec 
ogniZes and binds to E-cadherin. The otEB7 integrin is an 
exemplary heterotypic cognate of E-cadherin. Heterotypic 
cognates of E-cadherin are useful as reagents in in vitro 
adhesion assays for screening molecular libraries. Such 
adhesion assays assess the ability of a molecule (e.g., a 
molecular library member) to modulate the interaction of 
tWo binding partners. Typically, the binding partners are 
cells Which speci?cally bind to one another via a ligand 
receptor mediated mechanism. The cell can be a cell Which 
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naturally expresses a binding partner, or can be a cell Which 
is transfected or otherWise genetically altered to express the 
binding partner. 
[0035] Alternatively, the binding partners in the adhesion 
assays can be the particular ligands and receptors Which 
mediate intercellular adhesion. For example, the binding of 
an IEL to an epithelial cell is mediated via the speci?c 
interaction of otE[37, integrin (on the IEL) and E-cadherin (on 
the epithelial cell). Accordingly, adhesion assays can be 
performed in Which the binding partners are: (1) interacting 
cells (e.g., an IEL and an epithelial cell); (2) a cell express 
ing a ligand (e.g., an IEL expressing otE[37, integrin) and an 
isolated receptor (e.g., E-cadherin) for the ligand; (3) an 
isolated ligand and a cell expressing the receptor for the 
ligand; and (4) an isolated ligand and its isolated receptor 
(e.g., E-cadherin). Thus, a high throughput screening assay 
for selecting pharmaceutical lead compounds can be per 
formed in Which, for example, (1) E-cadherin is immobi 
liZed onto the surface of a microtiter Well, (2) aliquots of a 
molecular library containing library members are added to 
the Wells, (3) (labeled) cells expressing a ligand for E-cad 
herin (e.g., IELS) are added to the Wells and (4) the Well 
components are alloWed to incubate for a period of time that 
is suf?cient for the IELs to bind to the immobiliZed E-cad 
herin. Preferably, the IELs (or other T lymphocytes) are 
labeled (e.g., preincubated With 51Cr or a ?uorescent dye) 
prior to their addition to the microtiter Well. FolloWing the 
incubation period, the Wells are Washed to remove non 
adherent cells and the signal (attributable to the label on the 
remaining T lymphocytes) is determined. A positive control 
(e.g., no library member present) on the same microtiter 
plate is used to establish maximal adhesion value. Anegative 
control (e.g., soluble E-cadherin added to the microtiter 
Well) on the same microtiter plate is used to establish 
maximal levels of inhibition of adhesion. 

[0036] As used herein With respect to adhesion assays, “T 
lymphocyte ligand” refers to the isolated heterotypic E-cad 
herin cognate, a functionally equivalent peptide fragment or 
analog of the isolated heterotypic E-cadherin cognate, or a 
cell extracellularly expressing the isolated heterotypic cog 
nate or its functionally equivalent peptide fragment or 
analog. The otEB7 integrin is an exemplary heterotypic 
E-cadherin cognate. Similarly, the phrase “receptor E-cad 
herin” in reference to the adhesion assays of the invention, 
refers to the isolated E-cadherin, a functionally equivalent 
peptide fragment or analog of E-cadherin, or a cell extra 
cellularly expressing E-cadherin or its functionally equiva 
lent peptide fragment or analog. The T lymphocyte ligand 
and/or the receptor E-cadherin can be immobiliZed on 
supports, such as microtiter plates or beads, using proce 
dures knoWn to the artisan of ordinary skill in the art. 

[0037] The screening methods of the invention provide 
useful information for the rational drug design of novel 
agents Which are, for example, capable of modulating an 
immune system response. Exemplary procedures for rational 
drug design are provided in Saragovi, H. et al., (1992) 
Biotechnology 101773; Haber E., (1983) Biochem. Pharma 
col. 32(13):1967; and Connolly Y., (1991) Methods of 
EnZymology 203, Ch. 29 “Computer-Assisted Rational 
Drug Design” pp 587-616, the contents of Which are incor 
porated herein by reference. 

[0038] Thus, knowledge of the structures (primary, sec 
ondary or teriary) of naturally occurring ligands and recep 
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tors can be used to rationally choose or design molecules 
Which Will bind With either the ligand or receptor. In 
particular, knowledge of the binding regions of ligands and 
receptors can be used to rationally choose or design com 
pounds Which are more potent than the naturally occurring 
ligands in eliciting their normal response or Which are 
competitive inhibitors of the ligand-receptor interaction. 

[0039] Once rationally chosen or designed and selected, 
the library members may be altered, e.g., in primary 
sequence, to produce neW and different peptides. These 
fragments may be produced by site-directed mutagenesis or 
may be synthesiZed in vitro. These neW fragments may then 
be tested for their ability to bind to the receptor or ligand 
and, by varying their primary sequences and observing the 
effects, peptides With increased binding or inhibitory ability 
can be produced. 

[0040] Alternatively, the nucleic acid and amino acid 
sequence of the present invention, i.e., those corresponding 
to the extracellular domain of E-cadherin, may be used in 
computer-based modeling systems to predict the secondary 
and tertiary structure of the extracellular domain. Such 
computer-based systems are Well knoWn to those of ordinary 
skill in the art of rational drug design. Based upon the 
tertiary structure of a receptor protein, it is ofter possible to 
identify a binding region Which is involved in its biological 
activity. From this informaiton, peptides or other compounds 
Which include or mimic this structure and/or Which are 
capable of binding to it can be rationally designed. In this 
Way, neW compounds may be designed Which mimic the 
activity of the receptor or ligand or Which Will act as 
competitive inhibitors of the receptor or ligand. 

[0041] As used herein, “conservative amino acid substi 
tution” refers to an amino acid substitution Which does not 
alter the relative charge or siZe characteristics of the peptide 
in Which the amino acid substitution is made. Conservative 
substitutions of amino acids include substitutions made 
amongst amino acids Within the folloWing groups: (a) MILV; 
(b) FYW; (c) KRH; (d) AG; (e) ST; QN; and (g) ED. 

[0042] Peptide analogs include “unique fragments” Which 
are related to, or derived from, the extracellular domain of 
E-cadherin, polymers of the extracellular domain, and poly 
mers of unique fragments of the extracellular domain. A 
“unique fragment” of a protein or nucleic acid sequence is 
a fragment Which is not currently knoWn to occur elseWhere 
in nature (except in allelic or allelomorphic variants). 
Unique fragments act as a “signature” of the gene or protein 
from Which they are derived. A unique fragment Will gen 
erally exceed 15 nucleotides or 5 amino acids in length. One 
of ordinary skill in the art can readily identify unique 
fragments by searching available computer databases of 
nucleic acid and protein sequences such as Genbank, (Los 
Alamos National Laboratories, USA), EMBL, or SWISS 
PROT. A unique fragment is particularly useful, for 
example, in generating monoclonal antibodies or in screen 
ing genomic DNA or cDNA libraries. 

[0043] The peptides of the invention can be speci?cally 
reactive With an antibody (preferably a monoclonal anti 
body) that binds to E-cadherin and thereby inhibits adhesion 
betWeen E-cadherin and a heterotypic cognate of E-cad 
herin. In a particularly preferred embodiment, the hetero 
typic cognate of E-cadherin is otE[37, integrin, or a peptide 
related to, or derived from, the otEB7 integrin. Preferably, the 
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peptide fragments and/or analogs contain betWeen about 
three and about one hundred amino acids. More preferably, 
the peptide analogs contain betWeen about ten and about 
tWenty-?ve amino acids. 

[0044] It Will be appreciated by those skilled in the art that 
various modi?cations of the foregoing peptide analogs can 
be made Without departing from the essential nature of the 
invention. Accordingly, it is intended that peptides Which 
include conservative substitutions and coupled proteins in 
Which a peptide of the invention is coupled to a solid support 
(such as a polymeric bead), a carrier molecule (such as 
keyhole limpet hemocyanin), a toxin (such as ricin) or a 
reporter group (such as radiolabel or other tag), also are 
embraced Within the teachings of the invention. 

[0045] According to another aspect of the invention, an 
antibody that inhibits adhesion betWeen a T lymphocyte 
(e.g., an IEL) and an E-cadherin expressing cell (e.g., an 
epithelial cell) is provided. Preferably, the antibody is a 
monoclonal antibody (e.g., a mouse, chimeric or humaniZed 
monoclonal antibody) Which speci?cally recogniZes and 
binds to E-cadherin. HumaniZed monoclonal antibodies can 
be prepared by those of ordinary skill in the art using no 
more that routine experimentation. (See, for example, PCT 
Application No. US93/02479, Publication No. 93/19197, 
published Sep. 30, 1993 and N. LoWberg, et al., Nature 
368:856-859 (1994), the contents of Which publications are 
incorporated herein by reference. 

[0046] The antibodies of the invention speci?cally bind to 
a cadherin; more preferably, the antibodies binds to E-cad 
herin. In a particularly preferred embodiment, the antibody 
is E4.6 or E6.1 -as described in the Examples. 

[0047] An exemplary protocol for developing anti-epithe 
lial cell hybridomas Which speci?cally bind to E-cadherin is 
illustrated in the Examples. It has been discovered, surpris 
ingly, that monoclonal antibodies having the above-de 
scribed adhesion blocking characteristics can be prepared 
using the particular strain of mice disclosed in the Examples. 
Efforts to prepare such hybridomas using a more conven 
tional strain of mice (Balb/C) Were unsuccessful. 

[0048] As noted in the Examples, the antibodies Were 
raised against 16E6.A5 epithelial cells harvested With EDTA 
in the absence of trypsin to preserve proteins containing 
trypsin cleavage sites (e.g., E-cadherin). Applicants have 
discovered that expression of E-cadherin by different types 
of epithelial cells Was highly variable and that the successful 
preparation of monoclonal antibodies Was, at least in part, 
dependent upon selecting the appropriate (i.e., expressing 
high levels of E-cadherin as determined using the adhesion 
assay described in the Examples) epithelial cells for immu 
niZation. Accordingly, it is believed that the prescreening of 
epithelial cells for high E-cadherin expression contributed to 
the successful preparation of the monoclonal antibodies 
described herein. Mice Were immuniZed With the harvested 
cells and hybridomas producing anti-epithelial cell mono 
clonal antibodies Were generated through the fusion of 
spleen cells With myeloma cells at a ratio of four to one. 
Hybridomas Were screened for their ability to block IEL 
adhesion to epithelial cells. 

[0049] The monoclonal antibodies of the invention are 
useful in screening assays for identifying pharmaceutical 
lead compounds in molecular libraries. A “molecular 
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library” refers to a collection of structurally-diverse mol 
ecules. Molecular libraries can be chemically-synthesized or 
recombinantly-produced. As used herein, a “molecular 
library member” refers to a molecule that is contained Within 
the molecular library. Accordingly, screening refers to the 
process by Which library molecules are tested for the ability 
to modulate (i.e., inhibit or enhance) adhesion betWeen T 
lymphocyte (e.g., an IEL) and an E-cadherin expressing cell 
(e.g., an epithelial cell). As used herein, a “pharmaceutical 
lead compound” refers to a molecule Which is capable of 
modulating adhesion betWeen the T lymphocyte and the 
E-cadherin expressing cell. Thus, screening assays are use 
ful for assessing the ability of a library molecule to inhibit 
the binding of a T lymphocyte (or a T lymphocyte ligand) to 
an E-cadherin expressing cell (or a receptor E-cadherin). 

[0050] Libraries of molecularly diverse molecules can be 
prepared using chemical and/or recombinant technology. 
Such libraries for screening include recombinantly-pro 
duced libraries of fusion proteins. An exemplary recombi 
nantly-produced library is prepared by ligating fragments of 
E-cadherin cDNA into, for example, the pGEX-2T vector 
(Pharmacia, PiscataWay, NJ). This vector contains the car 
boxy terminus of glutathione S-transferase (GST) from 
Schistosoma japonicum. Use of the GST-containing vector 
facilitates puri?cation of GST-E-cadherin fusion proteins 
from bacterial lysates by af?nity chromatography on glu 
tathione sepharose. After elution from the affinity column, 
E-cadherin fusion proteins are tested for activity by, for 
example, contacting at least one fusion protein With an otEB7 
integrin-expressing cell prior to (or concurrently With) con 
tacting the integrin-expressing cell With an E-cadherin 
expressing cell. Fusion proteins Which inhibit binding 
betWeen the integrin-expressing and E-cadherin expressing 
cells are selected as pharmaceutical lead compounds and/or 
to facilitate further characteriZation of the portion of E-cad 
herin to Which the novel integrin binds. See, for example, 
Koivunen E. et al. (1993) J. Biol. Chem. 268(27):20205 
Which describes the selection of peptides Which bind to the 
(x561 integrin from a phage display library. 

[0051] Antibody-based screening assays are performed 
by, for example, contacting an antibody (that speci?cally 
binds to E-cadherin and inhibits adhesion betWeen a T 
lymphocyte and an E-cadherin expressing cell) With a recep 
tor E-cadherin in the presence and absence of at least one 
member of the molecular library and determining Whether 
the library member modulates binding betWeen the antibody 
and the receptor E-cadherin. In a particularly preferred 
embodiment, the receptor E-cadherin is an E-cadherin 
expressing cell, an isolated E-cadherin or an isolated peptide 
related to, or derived from, the extracellular domain of 
E-cadherin. 

[0052] In a particularly preferred embodiment in Which 
the receptor E-cadherin is E-cadherin, the antibody screen 
ing method involves: (1) performing a ?rst antibody assay in 
the absence of the library molecule to obtain a ?rst antibody 
assay result; (2) performing a second antibody assay in the 
presence of the library molecule to obtain a second antibody 
assay result; and (3) comparing the ?rst and the second 
antibody assay results to determine Whether the molecular 
library member modulates binding betWeen the antibody and 
the receptor E-cadherin. According to this embodiment, a 
second antibody assay result Which shoWs reduced binding 
betWeen the antibody and receptor E-cadherin indicates that 
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the library member has inhibited binding of antibody to the 
receptor E-cadherin. Antibody binding assays also can be 
used to assess the relative af?nity of a molecular library 
member for a heterotypic cognate of E-cadherin, such as 
otE[37, integrin, using no more than routine experimentation. 

[0053] The functionally equivalent E-cadherin peptide 
analogs of the invention also are useful in vivo for blocking 
transmigration, homing and retention of T lymphocytes, and 
in particular, are useful in blocking IEL transmigration into 
and retention in the epithelium. Accordingly, the E-cadherin 
peptide analogs can be used, for example, for targeting a 
toxin (e.g., ricin) or a detectable agent (e.g., a radiolabel, a 
?uorescent label, an enZyme label) to T lymphocytes Which 
express heterotypic cognates of E-cadherin. Methods for 
coupling such toxins and/or agents to proteins and/or anti 
bodies for in vivo and in vitro applications are disclosed in, 
for example, Killen and Lindstrom (1984), “Speci?c killing 
of lymphocytes that cause experimental Autoimmune Myes 
tenia Gravis by toxin-acetylcholine receptor conjugates”, J. 
Immun. 133:1335; Jansen, F. K., et al. (1982), “Immuno 
toxins: Hybrid molecules combining high speci?city and 
potent cytotoxicity”, Immunolog. Rev. 62:185-216, the 
entire contents of Which references are incorporated herein 
by reference. See also US. Pat. Nos. 3,652,761; 4,478,946 
and 4,554,088, the entire contents of Which patents are 
incorporated herein by reference. 

[0054] According to yet another aspect of the invention, a 
functional assay is provided for screening a molecular 
library to identify a pharmaceutical lead compound. A 
particularly preferred functional screening method involves 
performing an adhesion assay betWeen a T lymphocyte and 
an E-cadherin expressing cell in the presence and absence of 
at least one member of the molecular library to determine 
Whether the library member modulates adhesion betWeen the 
lymphocyte and the E-cadherin expressing cell in vitro. This 
embodiment involves: (1) performing a ?rst adhesion assay 
betWeen a T lymphocyte and an E-cadherin expressing cell 
to obtain a ?rst adhesion assay result; (2) performing a 
second adhesion assay betWeen the T lymphocyte and the 
E-cadherin expressing cell in the presence of the library 
member to obtain a second adhesion assay result; and (3) 
comparing the ?rst and the second adhesion assay results to 
determine Whether the library member modulates adhesion 
betWeen the T lymphocyte and the E-cadherin expressing 
cell. Thus, for example, an adhesion assay result Which 
shoWs reduced binding betWeen the T lymphocyte and the 
E-cadherin expressing cell When the assay is conducted in 
the presence of the library member (compared to the assay 
result obtained When the assay is performed in the absence 
of the library member) indicates that the library member 
inhibits binding of T lymphocytes to E-cadherin expressing 
cells. An exemplary adhesion assay is provided in the 
Examples. Other such adhesion assays are Well knoWn in the 
art and can be developed and performed using no more than 
routine experimentation. Thus, for example, the adhesion 
assay can be performed by substituting the above-described 
alternative binding partners, e.g., an isolated ligand and its 
isolated receptor, for the above-mentioned T lymphocyte 
and E-cadherin expressing cell. 

[0055] According to yet another aspect of the invention, 
methods and compositions for inhibiting adhesion betWeen 
a T lymphocyte (e.g., an IEL) and an E-cadherin expressing 
cell (e.g., an epithelial cell) are provided. According to one 
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embodiment, the E-cadherin expressing cells are contacted 
With an agent that inhibits adhesion betWeen E-cadherin and 
a heterotypic cognate of E-cadherin (e.g., otEB7 integrin). 
The agents may be antibodies (preferably monoclonal anti 
bodies) that bind to the extracellular domain of E-cadherin. 
Alternatively, the agents may be isolated E-cadherin mol 
ecules or isolated peptides that speci?cally bind to the 
heterotypic cognate of E-cadherin. In one embodiment, the 
isolated peptides can speci?cally bind to otE[37, integrin. 

[0056] According to another aspect of the invention, meth 
ods and compositions for modulating a mucosal immune 
response in a subject are provided. The methods involve 
administering a pharmaceutical composition containing an 
agent that inhibits T lymphocyte (e.g., IEL) adhesion to 
E-cadherin expressing cells (e.g., epithelial cells, endothelial 
cells). The agent may be an isolated E-cadherin molecule, 
the above-described isolated peptide and/or the above-de 
scribed monoclonal antibody. The pharmaceutical composi 
tion contains a therapeutically effective amount of agent for 
treating (i.e., reducing or preventing the mucosal immune 
response). 

[0057] In general, the therapeutically effective amount is 
betWeen about 1 pig and about 100 mg/kg. The preferred 
amount can be determined by one of ordinary skill in the art 
in accordance With standard practice for determining opti 
mum dosage levels of the agent. The peptides, E-cadherin, 
and/or monoclonal antibodies are formulated into a phar 
maceutical composition by combination With an appropriate 
pharmaceutically acceptable carrier. For example, the pep 
tides may be used in the form of their pharmaceutically 
acceptable salts, or may be used alone or in appropriate 
association, as Well as in combination With other pharma 
ceutically active compounds. The peptides may be formu 
lated into preparations in solid, semisolid, liquid or gaseous 
form such as tablets, capsules, poWders, granules, ointments, 
solutions, suppositories, inhalants and injections, in usual 
Ways for oral, parenteral, or surgical administration. Exem 
plary pharmaceutically acceptable carriers are described in 
US. Pat. No. 5,211,657, the entire contents of Which patent 
are incorporated herein by reference. The invention also 
includes locally administering the composition as an 
implant. 

[0058] The invention also provides isolated oligonucle 
otides that encode the extracellular domain of E-cadherin 
(Sequence ID. No. 1) and functionally equivalent peptide 
fragments and analogs thereof. 

[0059] As used herein, the term “isolated” in reference to 
an oligonucleotide, means an RNA or DNApolymer, portion 
of genomic nucleic acid, cDNA or synthetic nucleic acid 
Which, by virtue of its origin or manipulation: (a) is not 
associated With all of a nucleic acid With Which it is 
associated in nature (e.g., is present in a host cell as a portion 
of an expression vector); or (b) is linked to a nucleic acid or 
other chemical moiety other than that to Which it is linked in 
nature; or (c) does not occur in nature. By “isolated” it is 
further meant a nucleic acid sequence: ampli?ed in vitro 
by, for example, the polymerase chain reaction (PCR); (ii) 
synthesiZed by, for example, chemical synthesis; (iii) recom 
binantly produced by cloning; or (iv) puri?ed from a more 
complex molecule or from a mixture of molecules, such as 
by cleavage and siZe fractionation. Due to the degeneracy of 
the genetic code, many different oligonucleotide sequences 
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can be identi?ed Which encode the extracellular domain of 
Sequence ID. No. 1. Accordingly, the invention embraces 
oligonucleotides Which encode the extracellular domain (as 
Well as its fragments) but Which have nucleotide sequences 
Which differ from the sequences of the naturally-occurring 
E-cadherin gene. 

[0060] In addition to the foregoing oligonucleotides, the 
invention also provides an isolated oligonucleotide that is 
capable of hybridiZing under stringent conditions to the 
nucleotide sequence residing betWeen position 559 and 
position 2224 inclusive of Sequence ID. No. 1 (i.e., the 
region of the E-cadherin cDNA Which encodes the extra 
cellular domain (Sequence ID. No. As used herein, the 
phrase “hybridizing under stringent conditions” is a term of 
art Which refers to the conditions of temperature and buffer 
concentration Which Will permit hybridiZation of a particular 
oligonucleotide or nucleic acid to its complementary 
sequence and not to non-complementary sequences. The 
exact conditions Which constitute “stringent” conditions, 
depend upon the length of the nucleic acid sequence and the 
frequency of occurrence of subsets of that sequence Within 
other non-identical sequences. By varying hybridiZation 
conditions from a level of stringency at Which no hybrid 
iZation conditions occurs to a level at Which hybridiZation is 
?rst observed, one of ordinary skill in the art can, Without 
undue experimentation, determine conditions Which Will 
alloW a given sequence to hybridiZe only With identical 
sequences. Suitable ranges of such stringency conditions are 
described in Krause, M. H. and S. A. Aaronson, Methods in 
EnZymology, 200:546-556 (1991). Stringent hybridiZation 
conditions, depending upon the length and commonality of 
a sequence, may include hybridiZation conditions of from 30 
to 60° C. and from 5x to 0.1><SSC. Highly stringent hybrid 
iZation conditions may include hybridiZation at 45° C. and 
0.1 SSC. Less than stringent conditions are employed to 
isolate nucleic acid sequences Which are substantially simi 
lar, allelic or homologous to any given sequence. In a 
particularly preferred embodiment, the isolated oligonucle 
otide is 100% homologous With the nucleotide sequence 
residing betWeen position 559 and position 2224 inclusive of 
Sequence ID. No. 1. Exemplary high stringency hybridiZa 
tion conditions are provided in US. patent application Ser. 
No. 08/199,776, the contents of Which are incorporated 
herein by reference. 

[0061] Alternatively, the isolated oligonucleotide is 
capable of hybridiZing under stringent conditions to a unique 
fragment of the -nucleotide sequence residing betWeen posi 
tions 559 and 2224 of Sequence I.D. No.1. As used herein, 
the phrase “unique fragment” refers to a nucleic acid 
sequence having less than 25% sequence homology With 
previously identi?ed nucleic acid sequences. More prefer 
ably, the unique fragments have less than 10% sequence 
homology With knoWn nucleic acid sequences. Such unique 
fragments can be identi?ed by searching the Genbank, PIR 
and/or SWiss-Prot data bases (e.g., release date Jan. 20, 
1994) using the Eugene program available through the 
Harvard Molecular Biology Core Research Resource, Cam 
bridge, Mass. The unique fragments are useful, for example, 
as probes and primers in nucleic acid hybridiZation assays 
and in ampli?cation reactions, respectively. 

[0062] For applications directed to the use of an isolated 
oligonucleotide for regulating transcription and/or transla 
tion of the extracellular domain of E-cadherin, the preferred 
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oligonucleotide is an antisense oligonucleotide between 
about 10 and about 100 nucleotides in length. The antisense 
oligonucleotide is capable of hybridizing under high strin 
gency conditions to unique fragments of the extracellular 
domain of Sequence ID. No. 1. As used herein, “antisense 
oligonucleotide” refers to an oligonucleotide (DNA and/or 
RNA) that is capable of hybridiZing to the naturally-occur 
ring DNA or mRNA encoding the novel otE subunit of 
human integrin. In a preferred embodiment, the antisense 
oligonucleotide is capable of hybridiZing in vivo to the 
nucleotide sequence residing betWeen positions 559 and 
2224 inclusive of Sequence ID. No. 1 or its transcription 
product. Base-pairing of the antisense oligonucleotide With 
the DNA (or RNA) encoding the extracellular domain of 
E-cadherin in vivo, prevents adhesion of the intra-epithelial 
lymphocytes to mucosal epithelial cells by preventing tran 
scription (or translation) of E-cadherin in epithelial cells. 

[0063] Methods for expressing the above-identi?ed oligo 
nucleotides in a suitable expression system including a host 
cell are Well knoWn to those of ordinary skill in the art (see, 
e.g., Sambrook, et al., Molecular Cloning, A Laboratory 
Manual, 2d ed., Cold Spring Harbor Laboratory Press, 
Plainview, NY. (1989)). The term “host cell” refers to a 
prokaryotic or eukaryotic cell Which, together With a recom 
binant vector, comprises an expression system. The term 
host cell also embraces a host cell in Which the vector or 
isolated oligonucleotide has integrated into the host cell 
nucleic acid. In a preferred embodiment, the expression 
vector includes at least one strand of the above-disclosed 
isolated oligonucleotide. Preferably, the oligonucleotide is 
operatively joined to at least one regulatory sequence, e.g., 
a promoter sequence, an enhancer sequence. A coding 
sequence (e.g., the isolated oligonucleotide) and a regulatory 
sequence are said to be operatively joined When they are 
linked in such a Way as to place expression of the coding 
sequence under the in?uence or control of the regulatory 
sequence. 

[0064] Suitable cell lines include mammalian cells (e.g., 
Chinese hamster ovary cells (CHO), monkey COS10C7 or 
19 cell); bacterial cells (e.g., E. coli, B. subtilis and 
Pseudomonas strains); insect cells (e.g., SF9) and various 
yeast strains. Exemplary procedures for obtaining expres 
sion of a foreign gene in the above-identi?ed cell lines are 
disclosed in US. Pat. No. 5,211,657, the entire contents of 
Which are incorporated herein by reference. 

EXAMPLES 

[0065] The role of E-cadherin in modulating heterotypic 
adhesion betWeen E-cadherin expressing cells (e.g., epithe 
lial cells, endothelial cells) and T lymphocytes (e.g., intra 
epithelial cells) Was accomplished by: (1) developing anti 
epithelial cell hybridomas; (2) screening the hybridomas for 
the ability to block the adhesion of intra-epithelial (but not 
peripheral blood) lymphocytes to 16E6.A5 epithelial cells in 
an adhesion assay; (3) subcloning the hybridomas of interest 
using limiting dilution; (4) using the hybridomas to immu 
noprecipitate an epithelial cell antigen; (5) biochemically 
characteriZing the immunoprecipitated epithelial cell anti 
gen by, for example, comparing its electrophoretic pro?le 
With that obtained by immunoprecipitating epithelial cells 
With an antibody speci?c knoWn to be speci?c for E-cad 
herin (E4.6 mAb); and (6) indirect immunoperoxidase stain 
ing of human small intestine stained With the E4.6 mA. 
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Biochemical analysis demonstrated that the monoclonal 
antibodies Which inhibited adhesion betWeen intra-epithelial 
T lymphocytes and epithelial cells speci?cally immunopre 
cipitated E-cadherin. Indirect immunoperoxidase staining 
shoWed that in the submucosa, endothelial cells stain posi 
tive With the E4.6 mAb on the luminal and basolateral 
surfaces. Each of the above-noted steps is described in detail 
in the Examples. 

[0066] The materials and methods relating to the identi 
?cation of E-cadherin as a novel receptor for a T lymphocyte 
ligand are described in Example I. The regulation of expres 
sion of the otEB7 integrin on IEL and on peripheral blood 
lymphocytes and the role of otEB7 integrin in IEL adhesion 
to epithelial cells are described in Examples II and III, 
respectively. Example IV describes the production and char 
acteriZation of anti-epithelial cell monoclonal antibodies 
that Were used to de?ne the role of E-cadherin in otEB7 
dependent cell to cell adhesion (Example V). Example VI 
describes the demonstration of a direct molecular interaction 
betWeen E-cadherin and otE[37. Example VII describes meth 
ods for identifying the precise epitopes of otEB7 that are 
involved in binding to E-cadherin. Example VIII provides 
methods for identifying the precise epitopes of E-cadherin 
that are involved in binding to heterotypic cognates of 
E-cadherin in T lymphocytes. Example IX illustrates an 
adhesion assay for selecting fucntionally equivalent peptide 
analogs of the extracellular domain of E-cadherin. 

[0067] All references, patents and patent publications that 
are recited in this application are incorporated in their 
entirety herein by reference. 

Example I 

[0068] Materials and Methods 

[0069] Abbreviations. 

[0070] CD, cluster of differentiation; DMEM, Dulbecco’s 
modi?ed eagle medium; EDTA, ethylene diamine tetraacetic 
acid; ELAM, endothelial leukocyte adhesion molecule; 
FACS, ?uorescence activated cell sorting; FCS, fetal calf 
serum; FITC, ?uorescene isothiocyanate; HUVEC, human 
umbilical vein endothelial cells; HAT, hypoxanthine-ami 
nopterin-thymidine; ICAM, intercellular adhesion molecule; 
IFN, interferon; Ig, immunoglobulin; IL, interleukin; LN, 
lymph node; MHC, major histocompatibility complex; 
mAb, monoclonal antibody; kDa, kilodaltons; PHA, phyto 
hemagglutinin; PAGE, polyacrylamide gel electrophoresis, 
SDS, sodium dodecyl sulfate; MI, relative mass; LAD, 
leukocyte adhesion de?ciency; PBL, peripheral blood lym 
phocyte; IEL, intestinal intra-epithelial lymphocyte(s); 
HML-1, human mucosal lymphocyte antigen-l; LFA-1 
((XLBZ), lymphocyte associated antigen-l; TCR, T cell recep 
tor; TBS, tris buffered saline; TNF, tumor necrosis factor; 
VCAM-1, vascular cell adhesion molecule-1; LPAM-1 
(a4[37), lymphocyte Peyer’s patch adhesion molecule-1; 
TGF-Bl, transforming groWth factor-beta 1; MFI, mean 
?uorescence intensity. Human E-cadherin (Gen Bank acces 
sion #L085 99) also is referred to as Uvomorulin, L-CAM, or 
Cell Cam 120/80. 

[0071] Monoclonal Antibodies (mAbs). 

[0072] Previously described mAb used Were P3 (non 
binding mouse control, IgG1) (Kohler G. et al. (1975) 
Nature (London) 256:495), OKT3 (mouse anti-human CD3, 
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IgG2a, available from ATCC), OKT8 (mouse anti-human 
CD8, IgG2, available from ATCC), T8/2T85H7 (mouse 
anti-human CD88, IgG2a) (Shiue L. et al. (1988) J. of 
Experimental Med. 168:1993), HML-1 (mouse anti-human 
((XEB7, IgG2a) (Cerf-Bensussan N. et al. (1987) Eur. J. 
Immunol. 17:1279), BerACT8 (mouse anti-human (otE[37, 
IgG1) (KruschWitZ M. et al. (1991) J. Clin. Path. 44:636), TS 
1/18 (mouse anti-human 82, IgGI) (SancheZ-Madrid F. et al. 
(1983) J. Exp. Med 158:1785), TS 1/22 (mouse anti-human 
(L, IgG1) (SancheZ-Madrid F. et al. (1982) Proc Natl Acad 
Sci USA 79:7489), A-lA5 (mouse anti-human [31, IgG2b) 
(Hemler M. E. et al. (1983) J. of Immunol. 131(1):334), 4B4 
(mouse anti-human B1, IgG1) (Morimoto C. et al. (1985) J. 
of Immunol. 134(6):3762) TS 2/7 (mouse anti-human (x1, 
IgG1) (Hemler M. E. et al. (1985) J. Biol. Chem. 
260(28):15246), 12F1 (mouse anti-human (x2, IgG2a) (Pis 
chel K. et al. (1987) J. Immunol 138:226), J143 (mouse 
anti-human (0&3, IgG1) (Fradet Y. et al. (1984) Proc. Natl. 
Acad. Sci. 81:224), B-5G10 (mouse anti-human (I4, IgG1) 
(Hemler M. E. et al. (1987) J. Biol. Chem. 262:11478), HP 
1/2 (mouse anti-human (x4) (SancheZ-Madrid F. et al. (1986) 
Eur. J. of Immunol. 16(11):1343) BIE5 (rat anti-human (x5) 
(Werb Z. et al. (1989) J. of Cell Biol. 109:877), GOH3 (rat 
anti-human-ot6) (Sonnenberg A. et al. (1987) J. of Biol. 
Chem. 262(21):10376), TS 2/18 (mouse anti-human CD2, 
IgG1) (SancheZ-Madrid F. et al. (1982) Proc Natl Acad Sci 
USA 79:7489), W6/32 (mouse anti-human MHC class I, 
IgG2a) (Barnstable, C. et al. (1978) Cell 14(1):9), BB7.7 
(mouse anti-human MHC class I, IgG2b) (Brodsky F. et al. 
(1979) Immunol. Rev. 47:3), HECD-1 (mouse anti-human 
E-cadherin, IgG1, available from ZYMED, San Francisco, 
Calif.), ECCD-2 (rat anti-mouse E-cadherin, cross reacts 
With human E-cadherin, IgG1, available from ZYMED, San 
Francisco, Calif.), DECMA-1 (rat anti-mouse E-cadherin, 
cross reacts With human E-cadherin, IgG1, available from 
Sigma, St. Louis, Mass.), 187.1 (rat anti-mouse k light 
chain)(Yelton D. et al. (1981) Hybridoma 1:5) and Y-3 
(mouse anti-mouse H-2 Kb) (Jones B. et al. (1981) Nature 
292(5823):547). While the exact speci?cities of HML-1, 
BerACT8, E/7-1 and E/7-2 have not been de?ned, all 
immunoprecipitate a heterodimer composed of 175 and 105 
kDa species, designated otE and [37 respectively. In addition 
they do not recogniZe the (x467 complex, and are thus likely 
to be either 0t chain speci?c or recogniZe a combinatorial 
epitope of otE[37. mAb cross-blocking studies revealed that 
HML-1 and BerAct8 recogniZe the same or overlapping 
epitopes. 
[0073] Generation of NeW mAbs. 

[0074] Development of (x1132 hybridoma. To produce the 
D621 mAb (IgG2a), a Balb/c female mouse immuniZed 
intraperitoneally four times at tWo Week intervals With 
1><10 Jurkat cells in 0.5 ml PBS, and then intravenously With 
5><106 Jurkat cells in 0.25 ml PBS. Three days folloWing the 
intravenous immuniZation, the spleen Was harvested and 
fused With the P3X63Ag8.653 myeloma cell line at a ratio 
of 10 spleen cells per myeloma cell. Hybridomas Were 
groWn With MRC-5 ?broblast feeders in RPMI 1640 With 
20% FCS, 10 mm HEPES, 2 mM L-glutamine, 100 units/ml 
penicillin, and 100 Mg/ml streptomycin sulfate, and 50 pM 
2-mercaptoethanol in 5% CO2. HAT selection (Boehringer 
Mannheim, Indianapolis, Ind.) Was begun 24 hrs. after the 
fusion. Antibodies Were screened for the ability to block 
cytotoxic Tlymphocyte mediated lysis of 51Cr labeled target 
cells. D6.21 Was cloned by limiting dilution and isotyped by 
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ELISA using af?nity puri?ed antibodies to mouse immuno 
globulins (Zymed Immunochemicals, San Francisco, Calif.). 
Analysis of a panel of cell lines by FACS revealed that 
staining With the D621 mAb Was indistinguishable from 
that seen With the de?ned anti-LFA-1 mAb TS 1/ 18 and TS 
1/22. In addition, the D621 mAb immunoprecipitates a 
complex indistinguishable from the (x1132 integrin het 
erodimer. 

[0075] Development of anti-epithelial cell hybridomas. 
16E6.A5 cell monolayers Were disrupted With 5 mM EDTA 
in PBS and the resulting suspension Was Washed three times 
With PBS. 1><108 16E6.A5 cells in 0.5 ml PBS Were used to 
intraperitoneally immuniZe Rbf/DnJ mice (Jackson Labs, 
Bar Harbor, Me.) three times at tWo Week intervals. 5><107 
cells Were lysed in sterile 0.1% TX-100, TBS rocking at 4° 
C. for 1 hr. in a ?nal volume of 500 pl in an eppendorf tube. 
Insoluble material Was removed by centrifugation in a 
microfuge for 20 min. Supernatant Was collected and cen 
trifuged a second time for 20 min. Cleared supernatant Was 
diluted 1:1 With sterile PBS. Three days prior to the fusion, 
0.3 ml of cleared, diluted 16E6.A5 lysate Was injected IV 
and 5><107 16E6.A5 cells in PBS Were injected IP (intrap 
eritoneally) as an antigenic boost. Spleen cells Were fused to 
P3X63Ag8.653 myeloma cells in serum free media at a ratio 
of 4:1 With 50% PEG 1500 in HEPES (Boehringer Man 
nheim, Indianapolis, Ind.). Hybridomas Were groWn With 
VG. ?broblast feeders (SV-40 transformed ?broblast cell line, 
obtained from Vimla Band, NeW England Medical Center) 
in DMEM, high glucose With 20% CPSR-3 (serum replace 
ment, Sigma, St. Louis, Mo.), 5% hybridoma enhancing 
supplement (Sigma, St. Louis, Mo.), 10 mM HEPES, 2 mM 
L-glutamine, 100 units/ml penicillin, and 100 pig/ml strep 
tomycin sulfate, 10 pig/ml gentamycin, and 50 gM 2-mer 
captoethanol in 10% CO2. HAT selection (Boehringer Man 
nheim, Indianapolis, Ind.) Was begun 24 hrs. after the fusion. 
Antibodies Were screened for the ability to block the adhe 
sion of IEL to 16E6.A5 epithelial cells. Hybridomas of 
interest Were subcloned using limiting dilution and isotyped 
by ELISA using immobiliZed anti-mouse Ig (Amersham, 
UK). Cell culture. 
[0076] Human intestinal tissue Was obtained from fatal 
accident organ donors or from adult patients undergoing 
resection for colorectal carcinoma, from sections at least 10 
cm aWay from macroscopically detectable lesions. IEL Were 
isolated as described previously (Davies M. D. J. et al. 
(1981) Gut 22:481; Parker C. et al. (1992) Proc. Natl. Acad. 
Sci. USA 89:1924). once isolated, the IEL Were stimulated 
With phytohemagglvtinin-P (PHA:Difco) and irradiated 
feeder cells (80% peripheral blood mononuclear cells and 
20% JY lymphoblastoid cells) in Yssel’s medium (Yssel H. 
et al. (1984) J. Immunol. Methods 72:219) containing 2 nM 
recombinant interleukin (IL)-2 (gift of Ajinomoto, 
Kawasaki, Japan), 4% (vol/vol) conditioned medium (Bren 
ner M. et al. (1987) J. Immunol. 138:1502), 4% (vol/vol) 
fetal calf serum (Hyclone), and 50 AM 2-mercaptoethanol at 
10% C02. In tWo-color FACS analysis, the majority of the 
CD3+ cells examined expressed an (X6 TCR, Were CD8+, 
HML-I", and had a cell surface phenotype that included 
IL-2R+ (p55), integrin 0t1+ and CD45RO+ consistent With an 
activated state. TWo different anti-CD8 mAb (OKT8, CD8ot; 
and T8/2T85H7, CD86) were used to discriminate betWeen 
expression of the CD8 (X0. homodimer and the CD8 (x6 
heterodimer. In agreement With previously reported data 
(Jarry A. et al. (1990) Eur. J. of Immunol. 20(5):1097), 10% 


































