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(57) ABSTRACT 

The present invention relates to isolated and/or recombinant 
nucleic acids Which encode primate MAdCAMs, and to 
proteins or polypeptides referred to herein as isolated and/or 
recombinant primate MAdCAMs. The invention further 
relates to recombinant nucleic acid constructs, comprising a 
nucleic acid Which encodes a primate MAdCAM of the 
present invention, a portion thereof, or a variant; to host cells 
comprising such constructs, useful for the production of 
recombinant proteins; the use of nucleic acids and/or pro 
teins in assays to identify inhibitors (e.g., antagonists) of 
primate MAdCAM function; and to antibodies reactive With 
primate MAdCAM, Which are useful in in vitro methods, 
diagnostic and/or therapeutic applications. 
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NOVEL MUCOSAL VASCULAR ADDRESSINS 

RELATED APPLICATIONS 

[0001] This application is a continuation of US. Ser. No. 
08/523,004, ?led Sep. 1, 1995, Which is incorporated herein 
by reference in its entirety. 

BACKGROUND OF THE INVENTION 

[0002] Lymphocyte homing from the circulation to the 
lymphoid tissues and migration to sites of in?ammation is 
regulated by interaction With receptors expressed in post 
capillary venules, including high endothelial venules (HEV) 
found in secondary lymphoid tissues (e.g., mesenteric lymph 
nodes, Peyer’s Patches (PP)) (Bevilacqua, M. P.,Annu. Rev 
Immunol., 11:767-804 (1993); Butcher, E. C., Cell, 67: 
1033-1036 (1991); Picker, L. J., et al.,Annu. Rev Immunol., 
10:561-591 (1992); and Springer, T. A., Cell, 76: 301-314 
(1994)). These interactions are tissue speci?c in nature. 
In?ammation (e.g., chronic in?ammation) is characteriZed 
by in?ltration of the affected tissue by leukocytes, such as 
lymphocytes, lymphoblasts, and mononuclear phagocytes. 
The remarkable selectivity by Which leukocytes preferen 
tially migrate to various tissues during both normal circu 
lation and in?ammation results from a series of adhesive and 
activating events involving multiple receptor-ligand inter 
actions as proposed by Butcher and others (Butcher, E. C., 
Cell, 67: 1033-1036 (1991); vonAndrain, U. H., et al., Proc. 
NatLAcad. Sci. USA, 88:7538 (1991); Mayadas, T. N., et al., 
Cell, 74:541 (1993); (Springer, T. A., Cell, 76:301 (1994)). 
As an initial step, there is a transient, rolling interaction 
betWeen leukocytes and endothelium, Which results from the 
interaction of selectins (and by (X4 integrins in some 
instances) With their carbohydrate ligands. This interaction 
Which is characteriZed by rolling in the direction of ?oW can 
be assessed by knoWn methods (LaWrence, M. B. and T. A. 
Springer, Cell, 65:859 (1991); WO 92/21746, Springer et al., 
(Dec. 10, 1992)). This is folloWed by activation events 
mediated by chemoattractants such as chemokines and their 
receptors, Which cause activation of integrin adhesiveness 
and in?uence the direction of migration of leukocytes 
through vascular Walls. Such secondary signals in turn 
trigger the ?rm adhesion of leukocytes to endothelium via 
leukocyte integrins and their endothelial ligands (Ig-like 
receptors and the ECM), and subsequent transendothelial 
migration from the circulation across the vascular endothe 
lium. 

[0003] In secondary lymphoid tissues, such as Peyer’s 
patches (PPs) and lymph nodes (e.g., peripheral lymph 
nodes (PLN)), leukocyte trafficking and homing is regulated 
by interactions of homing receptors on the surface of leu 
kocytes With endothelial cells lining the post-capillary 
venules, notably high endothelial venules (HEV) (GoWans, 
J. L. and E. J. Knight, Proc. R. Soc. Lona'., 159:257 (1964)). 
Receptors termed vascular addressing, Which are present on 
the endothelial cell surface and regulate the migration and 
subsequent extravasation of lymphocyte subsets. The vas 
cular addressins shoW restricted patterns of expression and 
this tissue speci?c expression makes an important contribu 
tion to the speci?city of leukocyte traf?cking (Picker, L. J. 
and E. C. Butcher,Annu. Rev Immunol., 10:561-591 (1992); 
Berg, E. L., et al., Cellular and molecular mechanisms of 
in?ammation, 2:111 (1991); Butcher, E. C., Cell, 67: 1033 
1036 (1991)). 
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[0004] Mucosal vascular addressin MAdCAM-1 
(Mucosal Addressin Cell Adhesion Molecule-1) is an immu 
noglobulin superfamily adhesion receptor for lymphocytes, 
Which is distinct from VCAM-l and ICAM-1. MAdCAM-1 
Was identi?ed in the mouse as a ~60 kd glycoprotein Which 
is selectively expressed at sites of lymphocyte extravasation. 
In particular, MAdCAM-1 expression Was reported in vas 
cular endothelial cells of mucosal tissues, including gut 
associated tissues or lymphoid organs, such as Peyer’s 
patches and venules of the lamina propria of the small and 
large intestine, and the lactating mammary gland, but not in 
peripheral lymph nodes. MAdCAM-1 is involved in lym 
phocyte binding to Peyer’s Patches. (Streeter, P. R., et al., 
Nature, 331:41-46 (1988); Nakache, M., et al., Nature, 337: 
179-181 (1989); Picker, L. J., et al., Annu. Rev Immunol., 
10:561-591 (1992); Briskin, M. J., et al., Nature, 363:461 
(1993); Berg, E. L., et al., Nature, 366:695-698 (1993); 
Berlin, C., et al., Cell, 74:185-195 (1993)). MAdCAM-1 can 
be induced in vitro by proin?ammatory stimuli (Sikorski, E. 
E., et al., J. Immunol., 151:5239-5250 (1993)). 

[0005] MAdCAM-1 speci?cally binds the lymphocyte 
integrin (x467 (also referred to as LPAM-1 (mouse), ot4[3p 
(mouse) and CD49d/CD‘ (human)), Which is a lymphocyte 
homing receptor involved in homing to Peyer’s patches 
(Berlin, C., et al., Cell, 80:413-422 (1994); Berlin, C., et al., 
Cell, 74:185-195 (1993); and Erle, D. J., et al., J. Immunol., 
153: 517-528 (1994)). In contrast to VCAM-l and ?bronec 
tin, Which interact With both (x461 and (x467 (Berlin, C., et 
al., Cell, 74:185-195 (1993); Strauch, U.S., et al., Int. 
T mmunol, 6:263 (1994)), MAdCAM-1 is a selective recep 
tor for (x467. 

[0006] In?ammatory boWel disease (IBD), such as ulcer 
ative colitis and Crohn’s disease, for example, can be a 
debilitating and progressive disease involving in?ammation 
of the gastrointestinal tract. Affecting an estimated tWo 
million people in the United States alone, symptoms include 
abdominal pain, cramping, diarrhea and rectal bleeding. IBD 
treatments have included anti-in?ammatory drugs (such as, 
corticosteroids and sulfasalaZine), immunosuppressive 
drugs (such as, 6-mercaptopurine, cyclosporine and aZathio 
prine) and surgery (such as, colectomy). Podolsky, New 
Engl. J. Med., 325:928-937 (1991) and Podolsky, New Engl. 
J. Med., 325:1008-1016 (1991). 

[0007] Some studies have suggested that the cell adhesion 
molecule, ICAM-1, mediates leukocyte recruitment to 
in?ammatory sites through adhesion to leukocyte surface 
ligands, i.e., Mac-1, LFA-1 or (x462 (Springer, Nature, 
346:425-434 (1990)). In addition, vascular cell adhesion 
molecule-1 (VCAM-l), Which recogniZes the (x461 integrin 
(VLA-4), has been reported to play a role in in vivo 
leukocyte recruitment (Silber et al., J. Clin. Invest. 93:1554 
1563 (1994)). It has been proposed that IBD can be treated 
by blocking the interaction of ICAM-1 With LFA-1 or 
Mac-1, or of VCAM-1 With (x461 (e.g., WO 93/15764). 
HoWever, these therapeutic targets are likely to be involved 
in in?ammatory processes in multiple organs, and a func 
tional blockade could cause systemic immune dysfunction. 

[0008] In contrast to VCAM-l and ICAM-1, MAdCAM is 
preferentially expressed in the gastrointestinal tract, binds 
the [3467 integrin found on lymphocytes, and participates in 
the homing of these cells to mucosal sites, such as Peyer’s 
patches in the intestinal Wall (Hamann et al., Journal of 
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Immunology, 152:3282-3293 (1994)). The use of inhibitors 
to the binding of MAdCAM to the receptor, (x467, in the 
treatment of diseases such as IBD has not been suggested. 
Moreover, although human (x4 and [37 genes and proteins 
have been identi?ed (Yuan et al., Int. Immunol, 2: 1097 
1108 (1990); Erie et al., J. Biol. Chem, 266:11009-11016 
(1991); Bevilacqua, M. P.,Annu. Rev. Immunol, 11:767-804 
(1993); Springer, T. A., Cell, 76: 301-314 (1994)), human or 
primate MAdCAM-1 has not been cloned or characteriZed. 

SUMMARY OF THE INVENTION 

[0009] The present invention relates to proteins or 
polypeptides, referred to herein as isolated and/or recombi 
nant (e.g., essentially pure) primate MAdCAMs. In one 
embodiment, primate MAdCAM can selectively bind to 
cells Which express the (x467 integrin, particularly lympho 
cytes. The recombinant proteins of the present invention, 
including variants, can be produced in host cells as described 
herein. In addition, antibodies reactive With the proteins of 
the present invention can be produced using a primate 
MAdCAM or a variant thereof as immunogen, for example. 
Such antibodies or fragments thereof are useful in therapeu 
tic, diagnostic and research applications. For example, the 
antibodies can be used in the puri?cation and study of 
MAdCAMs, the identi?cation of cells Which express MAd 
CAM, and the detection or quantitation of MAdCAM in a 
sample. 

[0010] The invention further relates to isolated and/or 
recombinant (e.g., essentially pure) nucleic acids Which 
encode a primate MAdCAM, such as human MAdCAMs. In 
another aspect, the invention relates to recombinant nucleic 
acid constructs, such as plasmids or retroviral vectors, Which 
contain a nucleic acid Which encodes a protein of the present 
invention or portion thereof. The nucleic acids and con 
structs can be used to produce recombinant primate MAd 
CAMs. In another embodiment, the nucleic acid encodes an 
antisense nucleic acid Which can hybridiZe With a second 
nucleic acid encoding a primate MAdCAM, and Which can 
inhibit the expression of the protein (e.g., When introduced 
into cells). 

[0011] Also encompassed by the present invention are 
methods of identifying ligands and/or inhibitors (e.g., 
antagonists) of MAdCAM function. For example, primate 
MAdCAM or variants thereof can be used in assays (e.g., 
adhesion assays) designed to identify antagonists Which 
block the binding of MAdCAM to the ligand, (x467 integrin. 

[0012] The invention further relates to the treatment of 
individuals suffering from a disease associated With leuko 
cyte recruitment to the gastrointestinal tract as a result of 
binding of leukocytes to gut-associated endothelium 
expressing the molecule MAdCAM, comprising administer 
ing to the individual (e.g., a mammal, such as a primate) an 
effective amount of an agent or compound, such as an 
antibody, Which inhibits the binding of leukocytes to endot 
helial MAdCAM. The antibody is preferably a monoclonal, 
chimeric and/or humaniZed antibody or an antigen binding 
fragment thereof, and inhibits adhesion of leukocytes 
expressing an integrin containing the [37 chain (such as 
(x467) to endothelium expressing MAdCAM. In one 
embodiment, the monoclonal antibody or antigen binding 
fragment thereof has the antigenic speci?city of a mono 
clonal antibody selected from the group consisting of FIE 
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21, FIB 30, FIB 504 and ACT-1. In?ammatory boWel 
diseases, such as but not limited to ulcerative colitis, 
Crohn’s disease, Pouchitis, celiac disease, microscopic or 
collagenous colitis, and eosinophilic gastroenteritis can be 
treated according to the claimed method. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0013] FIG. 1 is an illustration of the nucleotide sequence 
(SEQ ID NO:1) determined from subclones of cDNA clone 
4 encoding human MAdCAM-1, and the sequence of the 
predicted protein encoded by the open reading frame (MAd 
CAM-1; SEQ ID NO:2). The predicted signal peptide and 
transmembrane region are underlined in bold. Cysteine 
residues of the tWo Ig-like domains are boxed, as are 
potential N-linked glycosylation sites. The mucin domain, 
containing the PPDTTS(Q/P)E repeat consisting of 71 
amino acids is outlined by a thin bold line. 

[0014] FIG. 2 is an illustration of the nucleotide sequence 
(SEQ ID NO:3) determined from subclones of cDNA clone 
20 encoding human MAdCAM-1, and the sequence of the 
predicted protein encoded by the open reading frame (MAd 
CAM-1; SEQ ID NO:4). The predicted signal peptide and 
transmembrane region are underlined in bold. Cysteine 
residues of the tWo Ig-like domains are boxed, as are 
potential N-linked glycosylation sites. The mucin domain, 
containing the PPDTTS(Q/P)E repeat consisting of 47 
amino acids is outlined by a thin bold line. 

[0015] FIG. 3 is an illustration of the nucleotide sequence 
(SEQ ID NO:5) determined from subclones of cDNA clone 
31D encoding macaque MAdCAM-1, and the sequence of 
the predicted protein encoded by the open reading frame 
(MAdCAM-1; SEQ ID NO:6). The predicted signal peptide 
and transmembrane region are underlined in bold. Cysteine 
residues of the tWo Ig-like domains are boxed. The mucin 
domain, Which contains a single PPDTTS(Q/P)E repeat, is 
outlined by a thin bold line. 

[0016] FIGS. 4A-4B are histograms illustrating the selec 
tive binding of cells transfected With human MAdCAM-1 to 
lymphocytes expressing (x467. FIG. 4A illustrates the 
results of an experiment in Which RPMI 8866 cells (0.5x 
106/Well), Which express (x467 (and not (x467), bound to 
CHO/P cells expressing murine or human MAdCAM-1, but 
did not bind to CHO/P cells transfected With human 
VCAM-1 or to CHO/P cells transfected With pcDNA-3. 
FIG. 4B illustrates the results of an experiment in Which 
CHO/P cells transfected With human VCAM-1 bound to 
Jurkat cells (Which express high levels of (x461), but failed 
to bind to CHO/P cells transfected With murine or human 
MAdCAM-1 or to CHO/P cells transfected With pcDNA-3 
as a control. Binding is shoWn as the number of bound RPMI 
8866 cells per CHO/P cell (FIG. 4A) or bound Jurkat cells 
per CHO/P cell (FIG. 4B) in an average of at least four ?elds 
(10x objective) +/— standard error. Binding reactions 
included control IgG, anti-(x467 (monoclonal antibody 
ACT-1), or anti-murine MAdCAM-1 (monoclonal antibody 
MECA-367) as indicated. 

[0017] FIG. 5 is a histogram illustrating that human 
MAdCAM-1 encoded by clones 4 and 20 binds RPMI 8866 
cells and that binding is inhibited by the ACT-1 antibody. 
Bars respresent an average of four ?elds from a single 
experiment With standard deviations as shoWn. 
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[0018] FIG. 6 is an illustration of the deduced domain 
structures of murine and human MAdCAM-1. The tWo 
N-terminal immunoglobulin domains bounded by disul?de 
bonds (indicated by loops) implicated in cell adhesion, 
transmembrane regions and a cytoplasmic tail are present in 
murine, macaque and human proteins. Human MAdCAM-1 
has a longer cytoplasmic tail. An eight-amino acid repeat 
found in the mucin domain is present in 4 or 8 copies in 
human isoforms, but appears only once in the murine and 
macaque. 

[0019] FIGS. 7A and 7B are graphic illustrations of 
histologic scores of in?ammatory activity and epithelial 
injury from left (descending) and right (ascending) colon of 
mice exposed to 10 days of DSS in their drinking Water. 
Three groups of mice are shoWn, consisting of groups 
receiving an irrelevant rat IgG2a antibody, FIB 21, or FIB 30 
antibodies. 

[0020] FIG. 8 is a graph of y counts per minute (cpm) (:1 
SEM) as a percentage of input from mice given DSS in the 
drinking Water for 10 days. Six groups consisted of negative 
controls given Water alone, positive controls given DSS 
alone, test groups given irrelevant rat IgG2a antibody, 
FIB21, MECA-367, or FIB21 With MECA-367. 

[0021] FIG. 9 is a graph depicting the histologic scores 
(:1 SEM) for villus fusion obtained from jejunal biopsy 
samples of common marmosets before and on the 14th day 
of treatment With 2 mg/kg/day of ACT-1 monoclonal anti 
body. 

[0022] FIG. 10 is a graph depicting the histologic scores 
(:1 SEM) for villus atrophy obtained from jejunal biopsy 
samples of common marmosets before and on the 14th day 
of treatment With 2 mg/kg/day of ACT-1 monoclonal anti 
body. 

[0023] FIGS. 11 and 12 are graphic illustrations of the 
stool consistency and in?ammatory activity in colitic ani 
mals (cotton-top tamarins) treated With ACT-1 antibody. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0024] Proteins and Peptides 

[0025] The present invention relates to isolated and/or 
recombinant (including, e.g., essentially pure) proteins or 
polypeptides designated primate MAdCAMs (Mucosal 
Addression Cell Adhesion Molecules) and variants of pri 
mate MAdCAMs. In a preferred embodiment, the isolated 
and/or recombinant proteins of the present invention have at 
least property, activity or function characteristic of a primate 
MAdCAM (as de?ned herein), such as binding function 
(e.g., the ability to bind an (x467 integrin), and/or cellular 
adhesion molecule function (e.g., the ability to mediate 
cellular adhesion such as (x4[37-dependent adhesion in vitro 
and/or in vivo), and/or an immunological property as 
de?ned herein. For example, some proteins of the present 
invention can selectively bind to an (x467 integrin and 
thereby mediate (x4[37-dependent cellular adhesion to cells 
bearing the (x467 integrin, such as leukocytes (especially 
lymphocytes such as T or B cells) in vitro and/or in vivo. In 
one aspect, proteins of the present invention can mediate 
heterotypic cell adhesion (e.g., of endothelial cells to leu 
kocytes such as lymphocytes). 
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[0026] In another embodiment, proteins of the present 
invention can bind a primate (x467 integrin from the same or 
a different primate species, and/or have cellular adhesion 
molecule function (e.g., the ability to mediate cellular adhe 
sion such as (x4[37-dependent adhesion in vitro and/or in 
vivo). For example, as shoWn herein, human and macaque 
MAdCAM-1 proteins, produced in mammalian cells by 
expression of cDNA clones, can selectively bind to (x467 
integrin present on human lymphocytes, and can function as 
cellular adhesion molecules capable of mediating selective 
adhesion to cells bearing the (x467 integrin. 

[0027] Proteins or polypeptides referred to herein as “iso 
lated” are proteins or polypeptides puri?ed to a state beyond 
that in Which they exist in mammalian cells. “Isolated” 
proteins or polypeptides include proteins or polypeptides 
obtained by methods described herein, similar methods or 
other suitable methods, including essentially pure proteins 
or polypeptides, proteins or polypeptides produced by 
chemical synthesis (e.g., synthetic peptides), or by combi 
nations of biological and chemical methods, and recombi 
nant proteins or polypeptides Which are isolated. The pro 
teins can be obtained in an isolated state of at least about 
50% by Weight, preferably at least about 75% by Weight, and 
more preferably, in essentially pure form. Proteins or 
polypeptides referred to herein as “recombinant” are pro 
teins or polypeptides produced by the expression of recom 
binant nucleic acids. 

[0028] As used herein “primate MAdCAM” refers to 
naturally occurring or endogenous primate MAdCAM pro 
teins, to proteins having an amino acid sequence Which is the 
same as that of a naturally occurring or endogenous corre 
sponding primate MAdCAM (e.g., recombinant proteins), 
and to functional variants of each of the foregoing (e.g., 
functional fragments and/or mutants produced via mutagen 
esis and/or recombinant techniques). Accordingly, as 
de?ned herein, the term includes mature primate MAdCAM, 
glycosylated or unglycosylated MAdCAM proteins, poly 
morphic or allelic variants, and other isoforms of primate 
MAdCAM (e.g., produced by alternative splicing or other 
cellular processes), and functional fragments. 

[0029] Naturally occurring or endogenous primate MAd 
CAM proteins includes Wild type proteins such as mature 
MAdCAM, polymorphic or allelic variants and other iso 
forms Which occur naturally in primates (e.g., humans or 
other non-human primates, such as macaque, cotton top 
tamarin) Such proteins can be recovered from a source 
Which naturally produces primate MAdCAM. These pro 
teins and primate MAdCAM proteins having the same 
amino acid sequence as a naturally occurring or endogenous 
corresponding primate MAdCAM, are referred to by the 
name of the corresponding primate. For example, Where the 
corresponding primate is a human, the protein is designated 
as a human MAdCAM protein (e.g., a recombinant human 
MAdCAM produced in a suitable host cell). 

[0030] “Functional variants” of primate MAdCAMs 
include functional fragments, functional mutant proteins, 
and/or functional fusion proteins. Generally, fragments or 
portions of primate MAdCAM encompassed by the present 
invention include those having a deletion (i.e., one or more 
deletions) of an amino acid (i.e., one or more amino acids) 
relative to the mature primate MAdCAM (such as N-termi 
nal, C-terminal or internal deletions). Fragments or portions 
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in Which only contiguous amino acids have been deleted or 
in Which non-contiguous amino acids have been deleted 
relative to mature primate MAdCAM are also envisioned. 

[0031] Generally, mutants or derivatives of primate MAd 
CAMs, encompassed by the present invention include natu 
ral or arti?cial variants differing by the addition, deletion 
and/or substitution of one or more contiguous or non 
contiguous amino acid residues, or modi?ed polypeptides in 
Which one or more residues is modi?ed, and mutants com 
prising one or more modi?ed residues. Preferred mutants are 
natural or arti?cial variants of primate MAdCAM differing 
by the addition, deletion and/or substitution of one or more 
contiguous or non-contiguous amino acid residues. 

[0032] A “functional fragment or portion”, “functional 
mutant” and/or “functional fusion protein” of a primate 
MAdCAM refers to an isolated and/or recombinant protein 
or oligopeptide Which has at least one property, activity 
and/or function characteristic of a primate MAdCAM, such 
as binding function (e.g., the ability to bind an (x467 
integrin), and/or cellular adhesion molecule function (e.g., 
the ability to mediate cellular adhesion such as (x467 
dependent adhesion in vitro and/or in vivo), and/or retains at 
least one immunological property of a primate MAdCAM. 

[0033] As used herein, a protein, polypeptide or oligopep 
tide having “at least one immunological property” of a 
primate MAdCAM is one Which (a) is bound by at least one 
antibody of a selected epitopic speci?city Which binds to a 
naturally occurring or endogenous primate MAdCAM or to 
a protein having the same amino acid seqence as the 
naturally occurring or endogenous primate MAdCAM (e.g., 
human MAdCAM-1), and/or (b) is an immunogen capable 
of inducing the formation in a suitable animal of an antibody 
of a selected epitopic speci?city Which binds to a naturally 
occurring or endogenous primate MAdCAM or to a protein 
having the same amino acid seqence as the naturally occur 
ring or endogenous primate MAdCAM. For example, a 
suitable fragment can cross-react With an antibody Which is 
raised against and/or reactive With isolated primate MAd 
CAM. 

[0034] Suitable fragments or mutants can be identi?ed by 
screening. For example, the N-terminal, C-terminal, or inter 
nal regions of the protein can be deleted in a stepWise 
fashion and the resulting protein or polypeptide screened 
using a suitable binding or adhesion assay, such as an assay 
described herein. Where the resulting protein displays activ 
ity in the assay, the resulting protein (“fragment”) is func 
tional. Information regarding the structure and function of 
murine MAdCAM and other adhesion molecules, and of 
primate MAdCAMs as shoWn herein, provides a basis for 
dividing primate MAdCAM into functional domains (see 
beloW). 
[0035] The term variant also encompasses fusion proteins, 
comprising a primate MAdCAM (e.g., mature human MAd 
CAM-1) as a ?rst moiety, linked to a second moiety not 
occurring in the primate MAdCAM as found in nature. Thus, 
the second moiety can be an amino acid, oligopeptide or 
polypeptide. The ?rst moiety can be in an N-terminal 
location, C-terminal location or internal to the fusion pro 
tein. In one embodiment, the fusion protein comprises a 
human MAdCAM or portion thereof as the ?rst moiety, and 
a second moiety comprising a linker sequence and affinity 
ligand (e.g., an enZyme, an antigen, epitope tag). 
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[0036] In another embodiment, the fusion protein is a 
hybrid immunoglobulin, such as a hybrid comprising a 
primate MAdCAM moiety fused at its C-terminus, to the 
N-terminus of an immunoglobulin moiety (e.g., one or more 
immunoglobulin constant regions, preferably of primate 
origin), such as those prepared according to Capon et al., 
US. Pat. No. 5,428,130). These or other recombinant 
soluble receptor molecules can be used in assays to identify 
inhibitors of primate MAdCAM:ot4[37 interaction. 

[0037] Examples of “primate MAdCAM” proteins include 
proteins encoded by a human or macaque MAdCAM-1 
nucleic acid of the present invention, such as a protein 
having an amino acid sequence as set forth or substantially 
as set forth in FIG. 1 (SEQ ID NO:2), FIG. 2 (SEQ ID 
NO:4) or FIG. 3 (SEQ ID NO:6), and functional portions 
thereof. In a preferred embodiment, a primate MAdCAM or 
variant has an amino acid sequence Which is at least about 
55% similar, more preferably at least about 75% similar, and 
still more preferably at least about 90% similar, to a protein 
shoWn in FIG. 1 (SEQ ID N012), FIG. 2 (SEQ ID NO:4) 
or FIG. 3 (SEQ ID N016). 

[0038] MAdCAM Structure 

[0039] Murine MAdCAM-1, a member of the immuno 
globulin supergene family, is a multi-domain molecule, 
comprising both immunoglobulin-related and mucin-like 
sequences (Briskin, M. J., et al.,Nature, 363:461 (1993)). As 
indicated in FIG. 6, the murine form contains tWo amino 
terminal immunoglobulin-like domains are homologous to 
domains of the Ig-like adhesion receptors, ICAM-1 and 
VCAM-1, and are implicated in integrin binding. The third 
(membrane proximal) immunoglobulin-like domain, While 
unrelated to adhesion receptors of this class, shares homol 
ogy With another mucosal-related immunoglobulin super 
family member, IgA. In addition to the three immunoglo 
bulin-like domains, murine MAdCAM-1 has a serine/ 
threonine-rich mucin-like domain betWeen the second and 
third Ig-like domains. These structural elements suggest that 
MAdCAM-1 facilitates more than one function in cell 
adhesion cascades, and recent studies of murine MAd 
CAM-1 support a role for MAdCAM-1 in both selectin and 
integrin binding (Moore, K. L., et al.,]. Cell. Biol., 118:445 
(1992); BargatZe, R. E, et al., Immunity, 3:99-108 (1995)). 
Also in this regard, it has been reported that murine MAd 
CAM-1, When expressed in mesenteric lymph nodes can 
present L-selectin binding carbohydrates associated With the 
peripheral node addressin epitope, MECA-79 (Berg, E. L., et 
al., Nature, 366:695 (1993)). 

[0040] As described herein human and macaque MAd 
CAM-1 proteins have tWo immunoglobulin-like (Ig-like) 
domains Which are homologous to the tWo amino-terminal 
immunoglobulin-like integrin binding domains of murine 
MAdCAM-1 (FIGS. 1-3, and 6). HoWever, the similarity of 
sequences Within the region homologous to the mucin/IgA 
domain of murine MAdCAM-1 is much less apparent. The 
membrane proximal regions of the human and macaque 
receptors exhibit considerable variation (as compared With 
each other or murine MAdCAM-1) With respect to the 
length of the mucin-like sequence and the lack of a mem 
brane proximal Ig (IgA like) domain. 

[0041] TWo isoforms of human MAdCAM-1 have been 
identi?ed Which exhibited single amino acid polymorphisms 
and variation in the number of copies of a serine/threonine/ 
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proline rich repeat in the mucin region. These tWo isoforms 
appear to be encoded in genomic DNA, suggesting allelic 
variation and/or alternative processing of this sequence. 
These tWo isoforms may serve as alternative mechanisms of 
regulating (x467 binding af?nity and/or presenting carbohy 
drates for selectin binding. The presence of these Ig-like and 
mucin domains in primate MAdCAMs described herein is 
also consistent With role in selectin as Well as integrin 
binding. 
[0042] Recent domain sWapping experiments in murine 
MAdCAM-1 have shoWn that, although domain one of 
MAdCAM-1 can Weakly bind (x467, adhesion is poor in the 
absence of strong integrin activation. The tWo amino-termi 
nal Ig-like domains (Which are similar to domains of 
ICAM-1 and VCAM-1) are suf?cient for (x467 binding 
activity in an activation independent manner comparable to 
that of Wild type murine MAdCAM-1. 

[0043] A short motif (GLDTSL) present in domain one of 
murine MAdCAM-1, is conserved and required for integrin 
binding in other Ig-like adhesion receptors, including of 
domain one of ICAM-1, ICAM-2, and ICAM-3, and 
domains 1 and 4 of VCAM-1 (Staunton, D. B, Cell, 52: 
925-33 (1988); Staunton, D. E., et al., Nature, 339:61 
(1989); Osborn, L., et al., Cell, 59:1203 (1989); FaWcett, J., 
et al., Nature, 360:481 (1992)). This sequence, G-(I/Q-(D/ 
E)-(T/S)-(P/S)-L, is located betWeen [3 sheets c and d of 
these integrin binding domains. The GLDTSL motif Was 
found in the primate MAdCAMs characteriZed here. 

[0044] Mutagenesis of E34 (Glu34) in this motif of domain 
1 of ICAM-1 (underlined above) and of D40 (Asp4o) in 
VCAM-1 (in bold face above) had profound effects on 
binding of LFA-1 and (x461, respectively (Osborn, L., et al., 
J. Cell. Biol, 124:601-608 (1994); Rem, M. E., et al.,]. Cell. 
Biol., 125:1395-1406 (1994); Staunton, D. E., et al., Cell, 
61:243-254 (1990); Vonderheide, R. H., et al.,]. Cell. Biol., 
125:215-222 (1994)). More recently, a fragment of 
VCAM-1 comprising the tWo N-terminal domains Was sub 
jected to crystallographic structure determination (Jones, E. 
Y., et al., Nature, 373:539-544 (1995); Wang, J-H, et al., 
Proc. Natl. Acad. Sci. USA., 92:5714-5718 (1995)). The 
conserved motif in VCAM-1 (QIDSPL) appears to be highly 
exposed on the N-terminal portion of the CD loop of the ?rst 
Ig domain in a position that appears to be readily accessible 
to integrins. 

[0045] A nucleotide substitution in this motif of murine 
MAdCAM-1, resulting in a change at amino acid 61 from 
leucine to arginine (L61—>R61), abolishes MAdCAM-1 
interactions With resting lymphocytes expressing (x467. 
Therefore, murine MAdCAM-1 also requires this conserved 
amino acid motif, GLDTSL, Within the computer predicted 
CD loop of its N-terminal domain for binding its integrin 
ligand, (x467. 
[0046] Comparisons of human MAdCAM cDNA clones 4 
and 20 (FIGS. 1 and 2) revealed that the amino-terminal 
225 amino acids are identical in clones 4 and 20. This region 
comprises a predicted 18 amino acid hydrophobic leader or 
signal sequence, and tWo immunoglobulin-like domains. 
This region can be aligned With primate and murine MAd 
CAM-1, and displays the folloWing conserved features: (1) 
a predicted signal peptide (identical in the human proteins, 
and similar to the macaque and murine signal peptides); (2) 
tWo pairs of cysteine residues in the ?rst Ig-like domain, the 
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cysteines of each pair being separated by 3 amino acids; (3) 
a sequence of nine amino acids (Which contains the 
“LDTSL” motif) in the predicted C-D loop of Ig-like 
domain 1, and is implicated as a general integrin recognition 
site (identical in each primate clone); and (4) an uncharac 
teristically large second immunoglobulin-like domain. The 
siZe of the second Ig-like domain, With approximately 70 
amino acids betWeen cysteine residues Would classify it as 
a “V” (variable) type domain, in contrast With the C2 type 
(constant) domains Which are more typically found in the 
Ig-like adhesion receptors (Hunkapiller, T., et al., Adv. in 
Immunol, 44:1-62 (1989); Williams, A. F., et al.,Annu. Rev. 
Immunol, 6:381-405 (1988)). Within this domain is an 
extended C‘-E loop containing an abundance of negatively 
charged residues, Which is common to each primate, murine 
and human MAdCAM-1 clone characteriZed, but Which is 
not seen in related adhesion receptors. 

[0047] The next region found in clones 4 and 20 is 
analogous to the mucin domain of murine MAdCAM-1, due 
to a prevalence of serine, threonine and proline (69% for 
clone 4 and 76% for clone 20) residues (boxed in FIG. 1 and 
FIG. 2). This region, although similar in amino acid com 
position to murine MAdCAM-1, is highly divergent from 
murine MAdCAM-1. Therefore, selection for conservation 
of the integrin binding Ig-like domains appears greater than 
that of the mucin sequences. The human MAdCAM-1 
domain is 71 amino acids long in clone 4, and 47 amino 
acids long in clone 20. This region also contains tWo 
polymorphisms: (1) a polymorphism at amino acid 240, 
Which is proline (P) in clone 4 and serine (S) in clone 20; and 
(2) a polymorphism at amino acid 242, Which is asparagine 
(N) in clone 4 and aspartate (D) in clone 20. In addition, the 
human mucin domains contain a repeat of 8 amino acids 
consisting of the sequence PPDTTS(Q/P)E, Which appears 
eight times in clone 4 and ?ve times in clone 20. 

[0048] Since the human mucin domain is highly repetitive, 
truncation of three repeats in clone 20 relative to clone 4 
could be the result of processes such as alternative splicing 
or mutation (e.g., an aberrant recombination event) that 
maintain the reading frame, yielding a receptor that is 
functional With respect to integrin binding, and suggesting 
that some or all of the mucin sequences are dispensable for 
integrin binding. Consistently, it has been shoWn that Ig-like 
domains 1 and 2 of murine MAdCAM-1 are suf?cient for 
activation-independent adhesion to (x467, indicating that 
murine mucin sequences are dispensable for integrin bind 
ing. Also of interest in this regard, the macaque clone Which 
Was isolated lacks most of the repeat region. 

[0049] The remaining C-terminal 110 amino acids are 
identical betWeen clones 4 and 20: 47 amino acids precede 
a predicted hydrophobic transmembrane segment of 20 
amino acids, Which is folloWed by a cytoplasmic tail of 43 
amino acids. The 47 amino acids immediately C-terminal to 
the mucin region are in a region corresponding to the 
IgA-like Ig domain of murine MAdCAM-1. Although the 
human and macaque proteins are similar in this region, they 
are divergent from murine MAdCAM-1. Compared With 
murine MAdCAM-1, the human proteins are 59 amino acids 
shorter in this region, and lack any characteristics of an 
Ig-like domain. The transmembrane domains of all the 
receptors are similar, but the cytoplasmic tail is considerably 
longer (43 amino acids) in human (26 in primate and 20 in 
the mouse) MAdCAM-1. 
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[0050] Method of Producing Recombinant Proteins 

[0051] Another aspect of the invention relates to a method 
of producing a primate MAdCAM or variant (e.g., portion) 
thereof. Recombinant protein can be obtained, for example, 
by the expression of a recombinant DNA molecule encoding 
a primate MAdCAM or variant thereof in a suitable host 
cell, for example. 

[0052] Constructs suitable for the expression of a primate 
MAdCAM or variant thereof are also provided. The con 
structs can be introduced into a suitable host cell, and cells 
Which express a recombinant primate MAdCAM or variant 
thereof, can be produced and maintained in culture. Such 
cells are useful for a variety of purposes, and can be used in 
adhesion assays (e.g., in an assay to screen for ligands and/or 
candidate inhibitors of MAdCAM-mediated adhesion), in 
the production of protein for characteriZation, isolation 
and/or puri?cation, (e.g., af?nity puri?cation), and as immu 
nogens, for instance. Suitable host cells can be procaryotic, 
including bacterial cells such as E. coli, B. subtilis and or 
other suitable bacteria, or eucaryotic, such as fungal or yeast 
cells (e.g., Pichia pastoris, Aspergillus species, Saccharo 
myces cerevisiae, Schizosaccharomyces ponbe, Neurospora 
crassa), or other loWer eucaryotic cells, and cells of higher 
eucaryotes such as those from insects (e.g., Sf9 insect cells) 
or mammals (e.g., Chinese hamster ovary cells (CHO), COS 
cells, HuT 78 cells, 293 cells). (See, e.g., Ausubel, F. M. et 
al., eds. Current Protocols in Molecular Biology, Greene 
Publishing Associates and John Wiley & Sons Inc., (1993)). 
In one embodiment, host cells capable of expressing mem 
brane-bound mature protein are used. In another embodi 
ment, host cells capable of secreting a soluble MAdCAM 
(e.g., soluble MAdCAM, such as MAdCAM lacking the 
C-terminal transmembrane region and cytoplasmic tail). 

[0053] Host cells Which produce a recombinant primate 
MAdCAM or variants thereof can be produced as folloWs. 
For example, a nucleic acid encoding all or part of the 
coding sequence for the desired protein can be inserted into 
a nucleic acid vector, e.g., a DNA vector, such as a plasmid, 
virus or other suitable replicon for expression. A variety of 
vectors are available, including vectors Which are main 
tained in single copy or multiple copy, or Which become 
integrated into the host cell chromosome. 

[0054] The transcriptional and/or translational signals of a 
a MAdCAM-1 gene can be used to direct expression. 
Alternatively, suitable expression vectors for the expression 
of a nucleic acid encoding all or part of the coding sequence 
of the desired protein are available. Suitable expression 
vectors can contain a number of components, including, but 
not limited to one or more of the folloWing: an origin of 
replication; a selectable marker gene; one or more expres 
sion control elements, such as a transcriptional control 
element (e.g., a promoter, an enhancer, terminator), and/or 
one or more translation signals; a signal sequence or leader 
sequence for membrane targeting or secretion (of primate 
origin or from a heterologous primate or non-primate spe 
cies). In a construct, a signal sequence can be provided by 
the vector, the primate MAdCAM coding sequence, or other 
source. 

[0055] Apromoter is provided for expression in a suitable 
host cell. Promoters can be constitutive or inducible. In the 
vectors, the promoter is operably linked to a nucleic acid 
encoding the primate MAdCAM or variant thereof, and is 
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capable of directing expression of the encoded polypeptide. 
Avariety of suitable promoters for procaryotic (e.g., lac, tac, 
T3, T7 promoters for E. coli) and eucaryotic (e.g., yeast 
alcohol dehydrogenase (ADH1), SV40, CMV) hosts are 
available. 

[0056] In addition, the expression vectors typically com 
prise a selectable marker for selection of host cells carrying 
the vector, in the case of replicable expression vector, an 
origin or replication. Genes encoding products Which confer 
antibiotic or drug resistance are common selectable markers 
and may be used in procaryotic (e.g., [3-lactamase gene 
(ampicillin resistance), Tet gene for tetracycline resistance) 
and eucaryotic cells (e.g., neomycin (G418 or geneticin), gpt 
(mycophenolic acid), ampicillin, or hygromycin resistance 
genes). Dihydrofolate reductase marker genes permit selec 
tion With methotrexate in a variety of hosts. Genes encoding 
the gene product of auxotrophic markers of the host (e.g., 
LEU2, URA3, HIS3) are often used as selectable markers in 
yeast. Use of viral (e.g., baculovirus) or phage vectors, and 
vectors Which are capable of integrating into the genome of 
the host cell, such as retroviral vectors, are also contem 
plated. The present invention also relates to cells carrying 
these expression vectors. 

[0057] For example, a nucleic acid encoding a primate 
MAdCAM or variant thereof can be incorporated into the 
vector, operably linked to one or more expression control 
elements, and the construct can be introduced into host cells 
Which are maintained under conditions suitable for expres 
sion, Whereby the encoded polypeptide is produced. The 
construct can be introduced into cells by a method appro 
priate to the host cell selected (e.g., transformation, trans 
fection, electroporation, infection). For production of a 
protein, host cells comprising the construct are maintained 
under conditions appropriate for expression, (e.g., in the 
presence of inducer, suitable media supplemented With 
appropriate salts, groWth factors, antibiotic, nutritional 
supplements, etc.). The encoded protein (e.g., human MAd 
CAM-1) can be isolated from the host cells or medium. 

[0058] Fusion proteins can also be produced in this man 
ner. For example, some embodiments can be produced by 
the insertion of a primate MAdCAM cDNA or portion 
thereof into a suitable expression vector, such as 
Bluescript®II SK +/— (Stratagene), pGEX-4T-2 (Pharma 
cia), pcDNA-3 (Invitrogen) and pET-15b (Novagen). The 
resulting construct is then introduced into a suitable host cell 
for expression. Upon expression, fusion protein can be 
isolated or puri?ed from a cell lysate by means of a suitable 
af?nity matrix (see e.g., Current Protocols in Molecular 
Biology (Ausubel, F. M. et al., eds., Vol. 2, Suppl. 26, pp. 
16.4.1-16.7.8 (1991)). In addition, affinity labels provide a 
means of detecting a fusion protein. For example, the cell 
surface expression or presence in a particular cell fraction of 
a fusion protein comprising an antigen or epitope affinity 
label can be detected by means of an appropriate antibody. 

[0059] Nucleic Acids, Constructs and Vectors 

[0060] The present invention relates to isolated and/or 
recombinant (including, e.g., essentially pure) nucleic acids 
having sequences Which encode a primate MAdCAM or 
variant thereof as described herein. 

[0061] Nucleic acids referred to herein as “isolated” are 
nucleic acids separated aWay from the nucleic acids of the 
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genomic DNAor cellular RNAof their source of origin (e. g., 
as it exists in cells or in a mixture of nucleic acids such as 
a library), and may have undergone further processing. 
“Isolated” nucleic acids include nucleic acids obtained by 
methods described herein, similar methods or other suitable 
methods, including essentially pure nucleic acids, nucleic 
acids produced by chemical synthesis, by combinations of 
biological and chemical methods, and recombinant nucleic 
acids Which are isolated (see e.g., Daugherty, B. L. et al., 
Nucleic Acids Res., 19(9)12471-2476 (1991); LeWis, A. P. 
and J. S. CroWe, Gene, 101: 297-302 (1991)). Nucleic acids 
referred to herein as “recombinant” are nucleic acids Which 
have been produced by recombinant DNA methodology, 
including those nucleic acids that are generated by proce 
dures Which rely upon a method of arti?cial recombination, 
such as the polymerase chain reaction (PCR) and/or cloning 
into a vector using restriction enZymes. “Recombinant” 
nucleic acids are also those that result from recombination 
events that occur through the natural mechanisms of cells, 
but are selected for after the introduction to the cells of 
nucleic acids designed to alloW and make probable a desired 
recombination event. 

[0062] In one embodiment, the nucleic acid or portion 
thereof encodes a protein or polypeptide having at least one 
property, activity or function characteristic of a primate 
MAdCAM (as de?ned herein), such as binding function 
(e.g., the ability to bind an (x467 integrin), and/or cellular 
adhesion molecule function (e.g., the ability to mediate 
cellular adhesion such as (x4[37-dependent adhesion in vitro 
and/or in vivo), and/or an immunological property as 
de?ned herein. 

[0063] The present invention also relates more speci?cally 
to isolated and/or recombinant nucleic acids or a portion 
thereof having sequences Which encode human or macaque 
MAdCAM-1 or variant thereof. 

[0064] The invention further relates to isolated and/or 
recombinant nucleic acids that are characteriZed by: 

[0065] (1) their ability to hybridiZe to (a) a nucleic 
acid encoding a primate MAdCAM, such as a 
nucleic acid having a nucleotide sequence as set 
forth or substantially as set forth in FIG. 1 (SEQ ID 
N011), FIG. 2 (SEQ ID N013), or FIG. 3 (SEQ ID 
N015); (b) the complement of any one of (a); or (c) 
portions of either of the foregoing (e.g., a portion 
comprising the open reading frame); or 

[0066] (2) by their ability to encode a polypeptide 
having the amino acid sequence of a primate MAd 
CAM (e.g., SEQ ID N012, SEQ ID N014, or SEQ ID 
N016); or 

[0067] (3) by both characteristics. 

[0068] In one embodiment, the nucleic acid shares at least 
about 50% nucleotide sequence similarity to any one of the 
nucleotide sequences shoWn in FIG. 1, FIG. 2, or FIG. 3 
(SEQ ID N011, 3, or 5, respectively) or to one of the 
MAdCAM coding regions thereof. More preferably, the 
nucleic acid shares at least about 75% nucleotide sequence 
similarity, and still more preferably, at least about 90% 
nucleotide sequence similarity, to any one of the sequences 
shoWn in FIG. 1, FIG. 2, or FIG. 3 (SEQ ID N011, 3, or 5, 
respectively) or to one of the MAdCAM coding regions 
thereof. 
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[0069] Isolated and/or recombinant nucleic acids meeting 
these criteria comprise nucleic acids having sequences iden 
tical to sequences of naturally occurring primate MAdCAMs 
or variants of the naturally occurring sequences. Such vari 
ants include mutants differing by the addition, deletion or 
substitution of one or more residues, modi?ed nucleic acids 
in Which one or more residues are modi?ed (e.g., DNA or 
RNA analogs), and mutants comprising one or more modi 
?ed residues. 

[0070] Nucleic acids of the present invention, including 
those Which hybridiZe to a selected nucleic acid as described 
above, can be detected or isolated under high stringency 
conditions or moderate stringency conditions, for example. 
“High stringency conditions” and “moderate stringency con 
ditions” for nucleic acid hybridiZations are explained at 
pages 2.10.1-2.10.16 (see particularly 2108-11) and pages 
6.3.1-6 in Current Protocols in Molecular Biology (Ausubel, 
F. M. et al., eds., Vol. 1, Suppl. 26, 1991), the teachings of 
Which are hereby incorporated by reference. Factors such as 
probe length, base composition, percent mismatch betWeen 
the hybridiZing sequences, temperature and ionic strength 
in?uence the stability of nucleic acid hybrids. Thus, high or 
moderate stringency conditions can be determined empiri 
cally, and depend in part upon the characteristics of the 
knoWn nucleic acid (e.g., DNA) and the other nucleic acids 
to be assessed for hybridiZation thereto. 

[0071] Isolated and/or recombinant nucleic acids that are 
characteriZed by their ability to hybridiZe (e.g. under high or 
moderate stringency conditions) to (a) a nucleic acid encod 
ing a primate MAdCAM (for example, those nucleic acids 
depicted in FIG. 1 (SEQ ID N011), FIG. 2 (SEQ ID N013), 
and FIG. 3 (SEQ ID N015), (b) the complement of such 
nucleic acids, (c) or a portion thereof, can also encode a 
protein or polypeptide having at least one property, activity 
or function characteristic of a primate MAdCAM (as de?ned 
herein), such as binding function (e.g., the ability to bind an 
(x467 integrin), and/or cellular adhesion molecule function 
(e.g., the ability to mediate cellular adhesion such as (x467 
dependent adhesion in vitro and/or in vivo), and/or an 
immunological property as de?ned herein. Preferred nucleic 
acids have lengths of at least about 40 nucleotides, more 
preferably at least about 50, and still more preferably at least 
about 75 nucleotides. 

[0072] The binding function of a primate MAdCAM or 
variant thereof Which is encoded by a nucleic acid of the 
present invention can be detected by standard assays for 
ligand binding (e.g., assays Which monitor formation of a 
complex betWeen isolated and/or recombinant MAdCAM 
and an (x467 integrin) or standard adhesion assays (e.g., in 
Which adhesion betWeen a ?rst cell expressing a recombi 
nant primate MAdCAM, and a second cell bearing an (x467 
integrin is monitored), or other suitable methods. Binding 
and/or adhesion assays or other suitable methods can also be 
used in procedures for the identi?cation and/or isolation of 
nucleic acids Which encode a polypeptide of the present 
invention (see e.g., Example 1). The antigenic properties of 
proteins or polypeptides encoded by nucleic acids of the 
present invention can be determined by immunological 
methods employing antibodies that bind to a primate MAd 
CAM, such as immunoblotting, immunoprecipitation and 
immunoassay (e.g., radioimmunoassay, ELISA). 
[0073] Nucleic acids of the present invention can be used 
in the production of proteins or polypeptides. For example, 




























