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ABSTRACT 

The invention relates to the treatment of individuals suffer 
ing from a disease associated With leukocyte recruitment to 
the gastrointestinal tract or other tissues as a result of 
binding of leukocytes to gut-associated endothelium 
expressing the molecule MAdCAM (such as in?ammatory 
boWel disease), comprising administering to the individual 
an effective amount of an antibody Wh1Ch inhibits the 
binding of leukocytes to endothelial MAdCAM. 
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TREATMENT OF INFLAMMATORY BOWEL 
DISEASE BY INHIBITING BINDING AND/OR 

SIGNALLING THROUGH ALPHA4BETA7 AND ITS 
LIGANDS AND MADCAM 

RELATED APPLICATION 

[0001] This application is a continuation of US. applica 
tion Ser. No. 08/386,857, ?led Feb. 10, 1995. The entire 
teachings of the above application are incorporated herein 
by reference. 

BACKGROUND OF THE INVENTION 

[0002] 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 mil 
lion people in the United States. Symptoms include abdomi 
nal pain, cramping, diarrhea and rectal bleeding. IBD treat 
ments 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, The New 
England Journal of Medicine, 325:928-937 (1991) and 
Podolsky, The New England Journal ofMedicine, 325: 1008 
1016 (1991). 

[0003] 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 ot4[32 (Springer, Nature, 
346:425-434 (1990)). In addition, vascular cell adhesion 
molecule-1 (VCAM-1), recogniZing the (x461 integrin 
(VLA-4), has been reported to play a role in in vivo 
leukocyte recruitment as Well (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 VCAM-1 With (x461 (e.g., WO 93/15764). 
HoWever, these therapeutic targets are likely involved in 
in?ammatory processes in multiple organs, and a functional 
blockade Would likely result in systemic immune dysfunc 
tion. 

[0004] Mucosal addressin MAdCAM, a mucosal vascular 
adhesion molecule, is a 58-66K glycoprotein adhesion 
receptor for lymphocytes Which is distinct from VCAM-1 
and ICAM-1 (Briskin et al.,Nature, 363:461-463 (1993)). In 
contrast to VCAM-1 and ICAM- 1, MAdCAM is preferen 
tially expressed in the gastrointestinal tract, binds the (x467 
integrin (also called LPAM-1 and CD49d/CD‘) 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 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. 

SUMMARY OF THE INVENTION 

[0005] The invention relates to the treatment of individu 
als suffering from a disease associated With leukocyte 
recruitment to the gastrointestinal tract as a result of binding 
of leukocytes to gut-associated endothelium expressing the 
molecule MAdCAM, comprising administering to the indi 
vidual an effective amount of a compound, such as an 
antibody, Which inhibits the binding of leukocytes to endot 
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helial MAdCAM. The antibody is preferably monoclonal, 
chimeric and/or humaniZed or an antigen binding fragment 
thereof, and inhibits adhesion of leukocytes expressing an 
integrin containing the [37 chain (such as (x467) to endot 
helium expressing MAdCAM. In one embodiment, the 
monoclonal antibody or antigen binding fragment thereof 
has the antigenic speci?city of a monoclonal antibody 
selected from the group consisting of FIB 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 eosi 
nophilic gastroenteritis can be treated according to the 
claimed method. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0006] FIGS. 1a and 1b are graphic illustrations of his 
tologic 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, FIB21, or FIB30 antibodies. 

[0007] FIG. 2 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, and FIB21 With MECA-367. 

[0008] FIG. 3 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. 
[0009] FIG. 4 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. 
[0010] FIGS. 5 and 6 are graphic illustrations of the stool 
consistency and in?ammatory activity in colitic animals 
(cotton-top tamarins) treated With ACT-1 antibody. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0011] The invention relates to the discovery that diseases 
associated With leukocyte recruitment to the gastrointestinal 
tract, such as IBD, or other mucosal tissues can be treated by 
inhibiting MAdCAM binding to the (x467 integrin or trig 
gering of (x4[37-mediated cellular responses. Compounds 
Which inhibit binding include antibodies or antigen binding 
fragments thereof Which bind MAdCAM and/or the (x467 
integrin. Antibodies Which can be used in the method 
include recombinant or non-recombinant polyclonal, mono 
clonal, chimeric, humaniZed and/or anti-idiotypic antibod 
ies. 

[0012] Monoclonal antibodies that bind MAdCAM or 
(x467 have been described. For example, MECA 367 is an 
anti-MAdCAM antibody of the IgG2a subtype and is 
described in Gallatin et al., Nature, 304:30 (1983) and 
Michie et al.,Am. J. Pathol. 143:1688-1698 (1993). ACT-1 
is a monoclonal antibody Which binds the (x467 integrin 
(LaZarovits et al., Journal of Immunology, 133:1857 (1984) 
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and SchWeighoffer et al., Journal oflmmunology, 151:717 
729 (1993)). FIB 21 binds the [37 chain is described and 
characterized in Berlin et al., Cell 74:184-195 (1993); 
AndreW, D. P. et al., J. Immunol. 153:3847-3861 (1994)). 
Other monoclonal antibodies, such as antibodies Which bind 
to the same or similar epitopes as the antibodies described 
above, can be made according to methods knoWn in the art, 
such as Kohler et al., Nature, 256:495-497 (1975), HarloW 
et al., 1988, Antibodies: ALaboratory Manual, (Cold Spring 
Harbor, NY.) or Current Protocols in Molecular Biology, 
Vol. 2 (Supplemental 27, Summer ’94), Ausubel et al., Eds. 
(John Wiley & Sons: NeW York, NY), Chapter 11 (1991). 
For example, antibodies can be raised against an appropriate 
immunogen in a suitable mammal. Immunogens include, for 
example, MAdCAM (x467 or immunogenic fragments 
thereof. The mammal can be a mouse, rat, rabbit or sheep, 
for example. The antibody-producing cell (e.g., a lympho 
cyte) can be isolated from, for example, the lymph nodes or 
spleen of the mammal. The cell can then be fused to a 
suitable immortaliZed cell (e.g., a myeloma cell line), 
thereby forming a hybridoma. The fused cells can be iso 
lated employing selective culturing techniques. Cells Which 
produce antibodies With the desired speci?city can be 
selected by a suitable assay (e.g., ELISA). 

[0013] In one embodiment, the immunogen can be an 
antibody Which binds, for example, MAdCAM (x467 or 
immunogenic fragments thereof. The antibody raised 
thereby can be an anti-idiotypic antibody, Which can also be 
used in the present invention. 

[0014] Single chain antibodies, and chimeric, humaniZed 
or primatiZed (CDR-grafted or resurfaced, such as, accord 
ing to EP 592406, Apr. 13, 1994) antibodies, as Well as 
chimeric or CDR-grafted single chain antibodies, compris 
ing portions derived from different species, can also be used 
in the invention. The various portions of these antibodies can 
be joined together chemically by conventional techniques, 
or can be prepared as a contiguous protein using genetic 
engineering techniques. For example, nucleic acids encod 
ing a chimeric or humaniZed chain can be expressed to 
produce a contiguous protein. See, e.g., Cabilly et al., US. 
Pat. No. 4,816,567; Cabilly et al., European Patent No. 
0,125,023 B1; Boss et al., US. Pat. No. 4,816,397; Boss et 
al., European Patent No. 0,120,694 B1; Neuberger, M. S. et 
al., WO 86/01533; Neuberger, M. S. et al., European Patent 
No. 0,194,276 B1; Winter, US. Pat. No. 5,225,539; and 
Winter, European Patent No. 0,239,400 B1. See also, NeW 
man, R. et al., BioTechnology, 10:1455-1460 (1992), regard 
ing primatiZed antibody, and Ladner et al., US. Pat. No. 
4,946,778 and Bird, R. E. et al., Science, 242:423-426 
(1988)) regarding single chain antibodies. 

[0015] In addition, functional fragments of antibodies, 
including fragments of chimeric, humaniZed, primatiZed or 
single chain antibodies, can also be produced. Functional 
fragments of the foregoing antibodies retain at least one 
binding function of the full-length antibody from Which they 
are derived and, preferably, retains the ability to inhibit 
interaction. For example, antibody fragments capable of 
binding to the (x467 integrin; MAdCAM or portion thereof 
include, but are not limited to, Fv, Fab, Fab‘ and F(ab‘)2 
fragments. Such fragments can be produced by enZymatic 
cleavage or by recombinant techniques. For instance, papain 
or pepsin cleavage can generate Fab or F(ab‘)2 fragments, 
respectively. Alternatively, antibodies can be produced in a 
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variety of truncated forms using antibody genes in Which 
one or more stop codons has been introduced upstream of 
the natural stop site. For example, a chimeric gene encoding 
a F(ab‘)2 heavy chain portion can be designed to include 
DNA sequences encoding the CH1 domain and hinge region 
of the heavy chain. 

[0016] Antibodies and antigen binding fragments thereof 
Which can be used in the claimed method include antibodies 

Which bind to MAdCAM and/or (x467, such as the [37 chain. 
For example, antibodies from the group including FIB 21, 
FIB 30, FIB 504 and ACT-1 and mixtures thereof can be 
administered. Alternatively or in addition, antigen fragments 
of these antibodies can be administered. 

[0017] Compounds Which inhibit the binding of MAd 
CAM and the (x467 integrin can be administered according 
to the claimed method in the treatment of diseases Which are 

associated With leukocyte (such as lymphocyte or monocyte) 
recruitment to the gastrointestinal tract or other tissues as a 

result of binding of leukocytes to gut-associated endothe 
lium expressing the molecule MAdCAM. Diseases Which 
can be treated accordingly include in?ammatory boWel 
disease, such as ulcerative colitis, Crohn’s disease, Celiac 
disease (nontropical Sprue), enteropathy associated With 
seronegative arthropathies, microscopic or collagenous coli 
tis, eosinophilic gastroenteritis, or pouchitis resulting after 
proctocolectomy and ileoanal anastomosis. In one embodi 
ment, more than one monoclonal antibody Which inhibits the 
binding of leukocytes to endothelial MAdCAM is adminis 
tered. Alternatively, a monoclonal antibody Which inhibits 
the binding of leukocytes to endothelial ligands is adminis 
tered in addition to an anti-MAdCAM or anti-[37 antibody. 
For example, an antibody that inhibits the binding of leu 
kocytes to an endothelial ligand other than MAdCAM, such 
as an anti-ICAM-1 or anti-VCAM-1 antibody can also be 

administered. In another embodiment, an additional phar 
macologically active ingredient (such as a steroid) can be 
administered in conjunction With the antibody of the present 
invention. 

[0018] A variety of routes of administration are possible 
including, but not necessarily limited to parenteral (e.g., 
intravenous, intraarterial, intramuscular, subcutaneous inj ec 
tion), oral (e.g., dietary), topical, inhalation (e.g., intrabron 
chial, intranasal or oral inhalation, intranasal drops), or 
rectal, depending on the disease or condition to be treated. 
Parenteral administration is a preferred mode of adminis 
tration. 

[0019] Formulation of a compound to be administered Will 
vary according to the route of administration selected (e.g., 
solution, emulsion, capsule). An appropriate composition 
comprising the compound to be administered can be pre 
pared in a physiologically acceptable vehicle or carrier. For 
solutions or emulsions, suitable carriers include, for 
example, aqueous or alcoholic/ aqueous solutions, emulsions 
or suspensions, including saline and buffered media. 
Parenteral vehicles can include sodium chloride solution, 
Ringer’s dextrose, dextrose and sodium chloride, lactated 
Ringer’s or ?xed oils. Intravenous vehicles can include 
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various additives, preservatives, or ?uid, nutrient or elec 
trolyte replenishers (See, generally, Remington’s Pharma 
ceutical Science, 16th Edition, Mack, Ed. 1980). For inha 
lation, the compound is solubiliZed and loaded into a 
suitable dispenser for administration (e.g., an atomiZer, 
nebuliZer or pressuriZed aerosol dispenser). 

[0020] The compound is administered in an amount Which 
Will inhibit binding of MAdCAM to the (x467 integrin. The 
compounds can be administered in a single dose or multiple 
doses. The dosage can be determined by methods knoWn in 
the art and is dependent, for example, upon the individual’s 
age, sensitivity, tolerance and overall Well-being. Suitable 
dosages can be from 0.1-1.0 mg/kg body Weight per treat 
ment. 

[0021] The subject invention Will noW be illustrated by the 
folloWing examples, Which are not intended to be limiting in 
any Way. 

EXEMPLIFICATION 

EXAMPLE 1 

Inhibition of Lymphocyte Recruitment to Colon 
Induction of Colitis in Mice 

[0022] BALB/c mice Were given access to a 5% solution 
of dextran sodium sulfate (DSS) in their drinking Water for 
a period of 10 days, as previously described (Lab. Invest. 
69:238-249, 1993). During this time period, the mice devel 
oped clinical symptoms of colitis including softening of 
stools and bloody diarrhea. Multifocal epithelial injury and 
ulceration, similar to ulcerative colitis in humans, Was 
evident on histologic examination of colonic mucosa from 
affected mice. Moreover, affected mice lost 20-30% of their 
initial body Weight by day 10. 

Antibody blockade of [37 and MAdCAM 
Interactions 

[0023] To determine the ef?cacy of [37-speci?c antibodies 
in blocking the recruitment of lymphocytes to the colon, 
BALB/c mice Were given daily intraperitoneal (i.p.) injec 
tions of 100 pg of monoclonal antibodies against [37, con 
sisting of either FIB21 or FIB30 in saline, as previously 
characteriZed and described (Berlin, C., et al., Cell 74:185 
195, 1993; Michie, S. A., et al, Am. J. Pathol. 143:1688 
1698, 1993; Hamann, A., et al.,]. Immunol. 152:3282-3293, 
1994) or an isotype-matched control rat monoclonal anti 
body at the same dose (AndreW et al., supra) over the 10 day 
course of DSS treatment. 

Methods of Evaluation 

[0024] TWo methods Were used to evaluate ef?cacy of the 
antibody therapy to inhibit leukocyte in?ltration and 
mucosal injury in the colitic mouse. In the ?rst method, 
treatment Was judged histologically by tWo blinded observ 
ers using a scoring system for the evaluation of epithelial 
injury and degree of leukocyte cellular in?ltration (Table 1). 
For this assessment, colon tissue Was ?rst ?xed in 10% 
neutral buffered formalin, dehydrated, embedded in paraf?n, 
sectioned, and the sections Were stained With hematoxylin 
and eosin prior to examination. 
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TABLE 

PATHOLOGY EVALUATION 

Grade De?nition 

INFLAMMATION 

Normal (0) Absence of clusters of polymorphonoclear 
leukocytes (PMNs) or mononuclear cells in the 
lamina propria; absence of intraepithelial 
PMNs 
Focal aggregates of PMNs and/or mononuclear 
cells in the lamina propria (equivocal or slight) 
or presence of isolated intraepithelial PMNs in 
3 or feWer crypts per cross-section 
Focal aggregates of PMNs and/or mononuclear 
cells in the lamina propria (multi-focal or 
diffuse 2-5X) or intraepithelial PMNs in more 
than 3 crypts per cross-section 
Diffuse in?ltration of PMNs or mononuclear 

cells in the lamina propria (diffuse > 5X) or 
crypt abscesses 

STRUCTURAL OR EPITHELIAL 

Mild (1) 

Moderate (2) 

Severe (3) 

ALTERATIONS 

Normal (0) Tight crypts, no erosion, columnar epithelial 
cells 

Mild (1) Epithelial immaturity; equivocal irregularity of 
epithelial surface 
At least tWo foci of crypt branching or loss of 
crypts (<50%); loss of surface epithelium 
Diffuse or multifocal branching or loss of 

crypts (>50%); ?brosis; complete loss of 
epithelium (focal) 

Moderate (2) 

Severe (3) 

Additional histologic assessment Was performed using immunohistochem 
istry for the detection and semiquanti?cation of lymphocytes expressing 
[57 integrins and mucosal venules expressing MAdCAM. As previously 
described (Ringler, D.J., et al., Am. J. Pathol. 134:373-383, 1989), colon 
tissue Was ?rst snap-frozen in OCT compound, sectioned While frozen, 
and the sections Were subsequently ?xed in acetone for 10 min at 4° C. 
After Washing in phosphate buffered saline (PBS), nonspeci?c antibody 
binding sites Were blocked With 10% normal rabbit serum diluted in PBS 
for 10 min, followed in sequence With Washes by FIB21 antibody at 20 
,ug/ml in PBS for 30 min at room temperature (RT), biotinylated rabbit 
anti-rat polyclonal antibody, avidinperoxidase complexes, and ?nally the 
chromogen, diaminobenzidine and hydrogen peroxide diluted in Tris 
buffer. 

[0025] In the second method, recruitment of lymphocytes 
to the colon Was quantitatively assessed using radiolabeled 
mesenteric lymph node lymphocytes from syngeneic donor 
mice. The experimental design of the animal experiments 
Was similar to that described above except that BALB/c 
mice Were placed on 5% DSS for 9 days (instead of 10) and 
on day 8, mice Were given i.p. injections of 100 pg of FIB21 
(anti-[37), MECA-367 (anti-MAdCAM), a mixture of both, 
or an isotype-matched control monoclonal antibody in 
saline. On day 9, mesenteric lymph node cells Were isolated 
from donor syngeneic BALB/c mice, labeled With 51Cr, and 
5.0><106 cells/mouse Were incubated for 30 minutes at 37° C. 
With 500 pg control antibody, 250 pg of MECA-367, 500 pg 
FIB21, or both (total amount is 750 pig) in saline. The 
labeled cells and antibody Were then injected intravenously 
(i.v.) into the DSS-treated recipient mice. Full-length colons 
Were harvested from all experimental animals 1 hour after 
injection, and y-irradiation Was measured using a y-counter. 

Data Analysis 

[0026] Differences betWeen mean scores obtained for each 
group of animals Were assessed for statistical signi?cance 
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using a paired Student’s t-test. Differences between means 
Were considered signi?cant When P<0.05. 

Results 

[0027] Histologically, in?ammation and epithelial injury 
to the mucosa Were most severe in the descending colon, 
rectum and cecum. Analysis of froZen tissue sections of 
colon by immunohistochemistry revealed that the most 
signi?cant recruitment of [37+ lymphocytes Was to the right 
colon. In addition, the level of expression of the mucosal 
vascular addressin, MAdCAM-1, Was found to be expressed 
only at loW levels in vessels in the intestinal mucosa early in 
DSS treatment (3 days), but increased dramatically after 9 
days of DSS treatment, supporting the conclusion that [37 
and MAdCAM-1 interactions are relevant to the in?amma 
tory process in the colonic mucosa during DSS-induced 
colitis. 

[0028] Histologic evaluation of mice exposed to a 10-day 
course of D55 and daily therapy using [37-speci?c antibod 
ies demonstrated that substantial reductions of leukocyte 
recruitment (P<0.01 for FIB30 and P<0.001 for FIB21) and 
epithelial injury (P<0.05) occurred in right (ascending) 
colon compared to animals receiving a control antibody at 
the same dose (FIGS. 1a and 1b). Furthermore, analysis 
using immunohistochemistry of froZen sections from these 
animals suggested that the number of [37+ cells recruited to 
the right colon, but not other sections of colon, during DSS 
treatment Was reduced. 

[0029] Lymphocyte recruitment to in?amed colon Was 
then quantitatively assessed using radiolabeled mesenteric 
lymphocytes taken from syngeneic donors. One hour after 
injection of these cells in DSS-treated recipients, there Was 
a trend toWards a reduction in the number of 51Cr-labeled 
cells recruited to colon in mice that Were treated With either 
[37-speci?c antibodies or the MAdCAM-speci?c antibodies, 
but not in mice treated With the isotope-matched control 
antibodies (FIG. 2). 

EXAMPLE 2 

Resolution of Villus Alterations in the Common 
Marmoset (Callithrix jacchus) With Malabsorptive 

Enteritis 

Description of Model 

[0030] Common marmosets (Callithrix jacchus) are a neW 
World nonhuman primate that, under captive conditions at 
the NeW England Regional Primate Research Center (NER 
PRC), develop a steroid-nonresponsive, spontaneous mal 
absorption syndrome characteriZed by Weight loss, diarrhea, 
and small intestinal mucosal changes consistent With loss of 
absorptive capacity. These histologic changes include small 
intestinal villus atrophy and fusion, and a mononuclear 
leukocyte in?ltrate Within the lamina propria similar to 
Celiac disease (nontropical sprue) in humans. Retrospective 
analysis from the pathology archive ?les at NERPRC dem 
onstrated that up to 80% of common marmosets have, to 
various degrees, malabsorptive enteritis at the time of post 
mortem examination. 

Antibody Therapy Protocol 
[0031] Adult common marmosets Were selected for study 
from the colony-at-large at NERPRC. Base-line studies on 
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all animals included physical examination, complete blood 
count (CBC), blood chemistry pro?le, serum B12, c-reactive 
protein, and full-thickness jejunal biopsy by laparotomy. 
FolloWing recovery from abdominal surgery, the animals 
Were treated for 14 days With 2 mg/kg/day of ACT-1 
monoclonal antibody, a blocking monoclonal antibody 
against a conformational epitope of (x467 (SchWeighoffer, 
T., et al., J. Immunol. 151:717-729, 1993). Previous studies 
indicated that this antibody cross-reacted to Callithrix (x467. 
All assessments that Were performed prior to antibody 
therapy Were repeated betWeen the 10th and 14th day of 
antibody therapy. 

Analysis of Jejunal Biopsies 

[0032] Full-thickness jejunal biopsies from each marmo 
set Were evaluated histologically by tWo independent 
pathologists, and villus architecture Was scored according to 
the folloWing grading criteria: 

Villus atrophy 

0 normal mucosal thickness and villus height 
1 mild atrophy; slight shortening of villi; height approximately 75% 

of normal 
2 moderate atrophy; villi approximately 33-50% normal height 
3 severe atrophy; short (<33% normal) or no observable villi 

Villus fusion 

normal; no fusion 
1-2 villi in specimen fused 
Between 1-2 and 50% of villi in specimen fused 
>50% villi in specimen fused UJNHO 

Data Analysis 

[0033] Differences betWeen mean scores obtained for each 
group of animals Were assessed for statistical signi?cance 
using a paired Student’s t-test. Differences betWeen means 
Were considered signi?cant When P<0.05. 

Results 

[0034] The mean scores for villus fusion and atrophy 
before and after antibody therapy With the ACT-1 mono 
clonal antibody are shoWn in FIGS. 3 and 4, respectively. 
As demonstrated, there Was almost complete resolution of 
villus atrophy (P<0.01) and a trend for improvement of 
villus fusion after a tWo-Week course of therapy With the 
ACT-1 antibody. The effect Was not secondary to nonspeci?c 
effects of exposure to foreign immunoglobulin since other 
animals treated With various monoclonal antibodies directed 
against epitopes other than that recogniZed by ACT-1 Were 
ineffective in reducing villus fusion and atrophy scores. 

EXAMPLE 3 

Resolution of Colitis in the Cotton Top Tamarin 

Description of Model 

[0035] The cotton-top tamarin (Saguinus Oedipus) is a 
NeW World nonhuman primate Which develops a spontane 
ous colitis similar to ulcerative colitis in man. 
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[0036] ACT-1 Was known to cross-react in the tamarin 
because of immunohistologic staining With ACT-1 antibody 
of colitic mucosa from affected animals. These initial pilot 
studies demonstrated that from 40-80% of mononuclear 
cells Within the lamina propria of colon from affected 
animals Were (x4[37+ similar to human colitic mucosa. 

Methods 

[0037] Colitic animals Were chosen from the colony-at 
large based upon gross observation of diarrhea and Weight 
loss. All candidate animals Were then subjected to colon 
biopsy to con?rm the presence of colitis, as de?ned as a 
histologic in?ammatory activity score of 2 or 3. The scoring 
system used Was originally described in Madara, J. L. et al., 
Gastroenterology 88:13-19 (1985). Brie?y, in?ammatory 
activity scores Were based upon the relative numbers of 
neutrophils Within the lamina propria, crypt lumena, crypt 
epithelium, and surface epithelium. All biopsy samples Were 
scored and categorized into four groups, With 0 representing 
normal mucosa and 3 representing the most severe and 
in?amed mucosa. Scores of 0 and 1 do not represent 
symptomatic colitis, While scores of 2 to 3 represent mild to 
severe colitic activity. Within 5 days of con?rmation of 
colitis, the animals began immunotherapy With ACT-1 
monoclonal antibody. 

[0038] Four colitic animals received ACT-1 monoclonal 
antibody at a dose of 2 mg/kg/day intravenously (IV) the 
?rst day folloWed by intramuscularly (I.M.) injections for 7 
consecutive days thereafter. The dosing regime Was the same 
as that used in the common marmoset study above. 

[0039] Colon biopsies Were again obtained at the time of 
the ?rst antibody infusion (Day 0) and on days 5, 10 and 20. 
The biopsies Were evaluated by an independent pathologist. 
Additional colon biopsies Were froZen for immunohistology. 
Animal caretakers evaluated stool consistency on a daily 
basis by categoriZing stool as diarrhea, semi-solid, or solid. 
Animals Were Weighed every other day, While blood Was 
draWn at the same intervals for ?oW cytometry, hematology, 
and storage of serum or plasma for further analyses, such as 
antibody concentration, anti-mouse IgG titer, clinical chem 
istry, or acute phase proteins. 

Results/Progress 
[0040] All four animals maintained either a grade 2 or 3 
colitic in?ammatory activity in both the pre-treatment and 
Day 0 biopsy samples, Which for 3 animals Was separated by 
5 days. In addition, changes Within the mucosal architecture 
of all four animals demonstrated that these four animals had 
colitis of a long-lasting nature. Therefore, all animals 
appeared to have a chronic disease course. 

[0041] With respect to stool consistency, diarrhea resolved 
in all four animals by day 8 of ACT-1 immunotherapy (FIG. 
4). All animals maintained solid stools for approximately 1 
Week after termination of antibody injections (FIG. 4). One 
animal (Sgo 63-93) has had solid stool from Day 4 until the 
end of the protocol at Day 20 (FIG. 4). TWo animals (Sgo 
129-91 and Sgo 17-85) had slight relapses to semi-solid 
stools after Day 14 in the study (FIG. 4). The fourth animal 
(Sgo 326-84) shoWed a persistent improvement/resolution 
of diarrhea from Day 6 to Day 20. 

[0042] With respect to histologic changes, all four animals 
have shoWn improvement in in?ammatory activity during or 

Nov. 21, 2002 

after ACT-1 immunotherapy. The colitis in tWo animals (Sgo 
129-91 and Sgo 17-85) completely resolved by Day 10 
(FIG. 6). Another animal (Sgo 63-93) did not shoW com 
plete abrogation of colitis activity until Day 20 (FIG. 6), 
While mucosal biopsy scores from the fourth animal (Sgo 
326-84) shoWed improvement during the entire study period 
(FIG. 6; tWo biopsies on day 20 in Sgo 326-84 Were scored 
as 0 and 1). Furthermore, animal 326-84 gained 20% of its 
original body Weight during the study period. 

[0043] To detect antibody administered in vivo, ?oW 
cytometry and immunohistology Were performed. FloW 
cytometry Without a primary antibody shoWed excellent 
labeling to peripheral blood lymphocytes in animals at all 
time points after antibody administration. Immunohistology 
on colon biopsies using no primary antibody in the sequence 
from three animals on samples up to and including Day 10 
shoWed excellent labeling of lymphocytes Within the lamina 
propria on the samples from Days 5 and 10 but not, as 
expected, from Day 0 prior to antibody infusion. Collec 
tively, these results shoWed that ACT-1 antibody localiZed to 
the target site, namely lymphocytes Within the peripheral 
blood and speci?cally to the extravascular compartment 
Within colitic mucosa. 

Summary 

[0044] By histologic criteria and stool consistency, ACT-1 
Was ef?cacious in improving colitis in the cotton top tama 
rin. 

[0045] There appeared to be a good correlation betWeen 
histologic in?ammatory activity scores and stool consis 
tency. NoteWorthy is the observation that stool consistency 
generally improved in 1-2 days in animals receiving ACT-1 
antibody. 

Equivalents 
[0046] Those skilled in the art Will knoW, or be able to 
ascertain, using no more than routine experimentation, many 
equivalents to the speci?c embodiments of the invention 
described herein. These and all other equivalents are 
intended to be encompassed by the folloWing claims. 

What is claimed is: 
1. A method for treating an individual having a disease 

associated With leukocyte recruitment to the gastrointestinal 
tract or other tissues as a result of binding of leukocytes to 
gut-associated endothelium expressing the molecule MAd 
CAM, comprising: 

administering to the individual an effective amount of an 
antibody Which inhibits the binding of leukocytes to 
endothelial MAdCAM. 

2. The method of claim 1 Wherein antibody is a mono 
clonal antibody or an antigen binding fragment thereof. 

3. The method of claim 2 Wherein the monoclonal anti 
body or antigen binding fragment thereof inhibits adhesion 
of leukocytes expressing an integrin containing the [37 chain 
and endothelium expressing MAdCAM. 

4. The method of claim 3 Wherein the monoclonal anti 
body or antigen binding fragment thereof binds (x467 inte 
grin. 

5. The method of claim 4 Wherein the monoclonal anti 
body or antigen binding fragment thereof binds [37. 
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6. The method of claim 3 wherein the monoclonal anti 
body or antigen binding fragment thereof binds MAdCAM. 

7. The method of claim 3 Wherein the monoclonal anti 
body or antigen binding fragment thereof has the antigenic 
speci?city of a monoclonal antibody selected from the group 
consisting of FIB 21, FIB 30, FIB 504 and ACT-1. 

8. The method of claim 7 Wherein the monoclonal anti 
body or antigen binding fragment thereof is selected from 
the group consisting of FIB 21, FIB 30, FIB 504 and ACT-1 
or antigen binding fragments thereof. 

9. The method of claim 8 Wherein the monoclonal anti 
body is ACT-1. 

10. The method of claim 3 Wherein the monoclonal 
antibody is selected from the group consisting of a chimeric 
antibody and a humaniZed antibody. 

11. The method of claim 3 Wherein the leukocytes are 
lymphocytes. 

12. The method of claim 3 Wherein the leukocytes are 
monocytes. 

13. The method of claim 3 Wherein the disease is in?am 
matory boWel disease. 

14. The method of claim 13 Wherein the disease is 
ulcerative colitis. 

15. The method of claim 13 Wherein the disease is 
Crohn’s disease. 

16. The method of claim 13 Wherein the disease is Celiac 
disease, enteropathy associated With seronegative arthropa 
thies, microscopic or collagenous colitis, eosinophilic gas 
troenteritis, or pouchitis. 

17. The method of claim 13 Wherein the monoclonal 
antibody or antigen binding fragment thereof binds (x487. 

18. The method of claim 13 Wherein the monoclonal 
antibody or antigen binding fragment thereof binds MAd 
CAM. 

19. The method of claim 13 Wherein the monoclonal 
antibody or antigen binding fragment thereof has the anti 
genic speci?city of a monoclonal antibody selected from the 
group consisting of FIB 21, FIB30, FIB 504 and ACT-1. 

20. The method of claim 19 Wherein the monoclonal 
antibody or antigen binding fragment thereof is selected 
from the group consisting of FIB 21, FIB30, FIB 504 and 
ACT-1 or antigen binding fragments thereof. 

21. The method of claim 20 Wherein the monoclonal 
antibody is ACT-1. 

22. The method of claim 13 Wherein the monoclonal 
antibody is selected from the group consisting of a chimeric 
antibody and a humaniZed antibody. 
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23. The method of claim 13 Wherein more than one 
monoclonal antibody Which inhibits the binding of leuko 
cytes to endothelial MAdCAM is administered. 

24. The method of claim 13 Wherein more than one 
monoclonal antibody Which inhibits the binding of leuko 
cytes to endothelial ligands is administered. 

25. The method of claim 24 Wherein at least one mono 
clonal antibody inhibits the binding of leukocytes to an 
endothelial ligand other than MAdCAM. 

26. A method for treating in?ammatory boWel disease in 
an individual comprising administering to the individual an 
effective amount of an antibody Which binds endothelial 
MAdCAM or the (x467 integrin. 

27. The method of claim 26 Wherein antibody is a 
monoclonal antibody or an antigen binding fragment 
thereof. 

28. The method of claim 27 Wherein the monoclonal 
antibody or antigen binding fragment thereof binds (x467 
integrin. 

29. The method of claim 28 Wherein the monoclonal 
antibody or antigen binding fragment thereof binds [37. 

30. The method of claim 27 Wherein the monoclonal 
antibody or antigen binding fragment thereof binds MAd 
CAM. 

31. The method of claim 27 Wherein the monoclonal 
antibody or antigen binding fragment thereof has the anti 
genic speci?city of a monoclonal antibody selected from the 
group consisting of FIB 21, FIB 30, FIB 504 and ACT-1. 

32. The method of claim 31 Wherein the monoclonal 
antibody or antigen binding fragment thereof is selected 
from the group consisting of FIB 21, FIB 30, FIB 504 and 
ACT-1 or antigen binding fragments thereof. 

33. The method of claim 32 Wherein the monoclonal 
antibody is ACT-1. 

34. The method of claim 27 Wherein the monoclonal 
antibody is selected from the group consisting of a chimeric 
antibody and a humaniZed antibody. 

35. The method of claim 27 Wherein the disease is 
ulcerative colitis. 

36. The method of claim 27 Wherein the disease is 
Crohn’s disease. 

37. The method of claim 27 Wherein the disease is Celiac 
disease, enteropathy associated With seronegative arthropa 
thies, microscopic or collagenous colitis, eosinophilic gas 
troenteritis, or pouchitis. 

* * * * * 


