
A recent report that VLA-4 also binds to the N-termi-
nal fragment of osteopontin resulting from thrombin cleav-
age, but not full-length osteopontin, may also be of
significance, as both osteopontin and thrombin are pre-
sent at sites of inflammation. The osteopontin cleavage
fragment (OPN 17-168) or either of the two peptides
ELVTDFPTDLPAT (OPN 131-143) or SVVYGLR (OPN
162-168), identified by fragment screening, is indepen-
dently able to inhibit adhesion of VLA-4-expressing cells
(10).

The integrin α4β7 also interacts with the same epi-
topes as VLA-4 in both VCAM and the CS-1 region of
fibronectin, as well as with the mucosal addressin cell
adhesion molecule-1 (MadCAM). The opposite is not
true; VLA-4 does not interact with MadCAM. The expres-
sion of MadCAM is limited to high endothelial venules of
gut-associated lymphoid organs and lamina propria
venules and is involved in the trafficking of α4β7-bearing
lymphocytes to these mucosal tissues (11).

Integrins are involved in two-way signaling. The cyto-
plasmic tail of VLA-4 is linked to intracellular cytoskeletal
proteins as well as kinases (12). While the details of this
signaling process are largely unknown, the affinity of
VLA-4 for its ligands can be modulated by intracellular
pathways linked to chemokine interactions with G-cou-
pled protein receptors on leukocytes in a process referred
to as outside-in signaling (13, 14). In addition, binding of
leukocytes to VCAM or fibronectin causes marked
changes in cell morphology and is crucial for regulating
cell motility (outside-in signaling) (15). Both α- and β-sub-
units are required for ligand binding, with affinity deter-
mined by their juxtaposition under the control of their con-
tacts with proteins associated with the cytoskeleton (16). 

Little is known about the structure of integrins,
although a β-propeller motif in which the 7 N-terminal
repeats are arranged in a torus has been proposed for the
α-subunit (17). Sequence-swapping experiments support
this model and indicate that elements of the β-propeller
are involved in ligand binding (18). While many integrins,
including the α-subunit of leukocyte function antigen-1
(LFA-1), display a well-defined metal ion-dependent
adhesion site (MIDAS) which clearly mediates ligand
affinity, this structural feature is absent from the α-subunit
of α4 integrins. It is apparent that the subunits are confor-
mationally mobile, moving between high- and low-affinity
states in response to physiological stimuli (19, 20).
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Introduction

The integrins constitute a large class of heterodimeric
cell-surface molecules consisting of α- and β-chains,
each of which has a large extracellular domain and a
short cytoplasmic tail. There are at least 14 different 
α-chains and 8 β-chains known which combine in a
restricted manner depending on cell type to give approx-
imately 23 members of the integrin family, each of which
binds specific peptide ligands. Integrins mediate a variety
of cell functions, including adhesion, migration, activation
and survival. 

Lymphocytes and leukocytes, with the exception of
neutrophils, constitutively express the integrin VLA-4
(α4β1, very late activating antigen-4, CD-49d/CD-29) and
are capable of expressing the closely related integrin α4β7
(LPAM, lymphocyte Peyer�s patch cellular adhesion
molecule) (1). VLA-4 interacts with both VCAM-1 (vascu-
lar cell adhesion molecule-1, CD106) or an alternatively
spliced portion of the type III connecting segment of
fibronectin known as the CS-1 region. The predominant
form of VCAM-1 contains 7 extracellular immunoglobulin
domains, a transmembrane domain and a short cytoplas-
mic tail. There is homology between domains 1-3 and
4-6, suggesting that they arose from a gene duplication
event. The critical epitope of VCAM-1 for recognition of
VLA-4 or α4β7 is the sequence �QID(40)SPL� in domain 1,
of which Asp 40 is essential (2-4). A crystal structure of a
fragment containing the two N-terminal domains shows
that this sequence lies on an exposed area of the C-D
loop (5, 6). A related sequence on the CS-1 segment of
fibronectin �LDV� is responsible for its interaction with
VLA-4 (7-9). Compounds based on these sequences
have fueled much of the effort in the development of
small-molecule VLA-4 antagonists. 
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Treatment of normal or LDLR-/- mice on an atherogenic
diet with a peptide mimetic derived from the LDV
sequence over the course of 3 weeks markedly reduced
the amount of lipid accumulation in their aortic sinuses
(38). An antioxidant compound, AGI-1067, whose struc-
ture has not yet been published, is claimed to inhibit both
chemokine MCP-1 and VCAM-1 gene expression and is
being developed jointly by AtheroGenics and Schering-
Plough. It is currently in phase II clinical trials for athero-
sclerosis (39).

Multiple sclerosis (MS) and Guillain-Barré syndrome,
autoimmune diseases of the central and peripheral ner-
vous systems, respectively, are characterized by an infil-
tration of activated T-cells and demyelination leading to
neuronal degeneration. Anti-VLA-4 and anti-β1 antibodies
have been shown to be effective in a number of animal
models of experimental autoimmune encephalo-myelitis
(EAE) (40), although the timing of administration may be
critical (41-43). Recently, preliminary results from the first
human trials of the anti-α4 antibody natalizumab were
reported and will be summarized in the next section.

Treatments directed to VLA-4 and α4β7 integrins may
have a role in rheumatoid arthritis, inflammatory bowel
disease, and possibly reperfusion injury. Fibroblast-like
synovial cells express VCAM-1 and are involved in the
chemotaxis and survival of B- and T-cells which mediate
rheumatoid arthritis (44-46). Antibodies to VLA-4 are
effective in rat models of adjuvant arthritis (47). As noted
in the following sections, a few small-molecule VLA-4
antagonists have shown efficacy in animal models as
well. 

Inflammatory bowel disease is thought to be mediated
at least in part by VCAM and MadCAM expressed locally
in gut mucosal tissues (48, 49). Antibodies against α4β7
have been shown to reduce the spontaneous develop-
ment of ulcerative colitis in the cotton top tamarin (50) and
inflammation in mouse models of colitis (51, 52). Anti-
VCAM is also effective in the mouse dextran sulfate sodi-
um (DSS)-induced colitis model (53). Recent publications
indicate a possible role for VLA-4 in cardiac (54, 55) and
cerebral (56) reperfusion damage. In the former case,
murine neutrophils were shown to express VLA-4 after
penetrating the extracellular matrix. Although these stud-
ies suggest VLA-4 is not important for adhesion, it may be
involved in the coupling of superoxide release with cell-
cell contact. 

In addition to the above, VCAM/VLA-4 interactions
play a role in regulating the trafficking of hematopoietic
cells (58, 59) and may help render myeloma and lym-
phoma cells resistant to apoptosis (59-61). VCAM
expression is required for embryogenesis; VCAM knock-
out mice display placental and heart defects and, with the
exception of a very small percentage which develop to
adulthood, die by embryonic day 11.5-12.5 (62, 63).
However, animals in which the VCAM-1 gene was delet-
ed after birth are viable and show defects in the homing
of hematopoietic cells to bone marrow (64, 65). Mice in
which VCAM expression is markedly attenuated are
viable (37), and while there is little published information

Potential disease targets

In response to inflammatory stimuli, locally released
chemokines and cytokines activate VLA-4 and the related
integrin LFA-1 on the surface of circulating leukocytes
and upregulate the expression of VCAM-1 on endothelial
cells, respectively. While VLA-4 is constitutively
expressed on leukocytes, CD4+ T-cells (21) and
eosinophils (22), it may be upregulated in response to
inflammation. Contact between E-, L- and P-selectins and
their carbohydrate ligands on leukocyte and endothelial
surfaces in concert with VCAM causes leukocytes to stick
and begin to roll when in contact with blood vessel walls
(23-25). This process provides an opportunity for firm
adhesion to occur between these leukocytes and VCAM-
1 expressed on the endothelial cell surface, and leads to
flattening of the cells followed by their transmigration from
the blood vessels to the extracellular matrix. Here they
bind fibronectin and possibly other elements of the extra-
cellular matrix, and migrate along a chemokine gradient
to the site of inflammation. Since many inflammatory dis-
eases are characterized by an influx of lymphocytes and
leukocytes, there is keen interest on the part of the phar-
maceutical industry in finding and testing compounds
which have the potential to attenuate this process. 

Although the ligand for LFA-1, intracellular adhesion
molecule-1 (ICAM-1), is also expressed on endothelial
cells and is involved in mediating leukocyte, including
neutrophil, adherence, the LFA-1/ICAM interaction is less
specific. Compounds which inhibit this interaction are
being targeted to neutrophil-mediated diseases, particu-
larly psoriasis. Adhesion receptors and their role regulat-
ing cell trafficking were recently reviewed (26).

Asthma is an inflammatory disease characterized by
accumulation of activated CD-4+ T-cells and eosinophils
in lung airways, resulting in the restriction of air flow and
hyperreactivity of airways smooth muscle. VCAM expres-
sion and levels of soluble VCAM are increased in asthma
patients (27, 28). Furthermore, antibodies directed
against VLA-4 block eosinophil accumulation, hyperreac-
tivity and inflammation in mouse (29, 30), rat (31) and
guinea pig (32) models of allergic asthma. More recently,
the peptide VLA-4 antagonists CY-9607 (33) and Bio-
1211 (34) were shown to block the late-phase airways
response and to attenuate carbachol-induced airways
hyperresponsivity in a sheep model of allergic asthma.

Recent data support an important role for upregulated
endothelial VCAM-1 in monocyte migration into the subin-
timal space during the early stages of atherosclerosis
(35, 36). Mice in which the fourth domain of VCAM-1 was
knocked out (VCAM-1D4D/D4D) are viable, but produce only
2-8% of the VCAM-1 or VCAM-1 mRNA levels compared
with wild-type mice. When crossed with LDL receptor-null
mice, the resulting LDLR-/- VCAM-1D4D/D4D animals were
paired with LDLR-/- VCAM+/+ littermates and were fed a
high-cholesterol diet for 8 weeks. While lipoprotein and
cholesterol levels were comparable in the two groups, the
extent of the atherosclerotic lesions in the aorta was sig-
nificantly reduced in the LDLR-/- VCAM-1D4D/D4D mice (37).
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Small molecules as drugs

There has been intense interest among pharmaceuti-
cal companies over the past decade in discovering and
evaluating new candidate VCAM/VLA-4 inhibitors. The
early work on peptide derivatives, mostly based on vari-
ants of the LDV sequence, has been published and has
led to a concerted effort directed particularly to phenyl-
ureido-LDV mimetics, as summarized below. Acyl-pheny-
lalanines constitute the second major class of active com-
pounds, many of which are capable of inhibiting both
VLA-4- and α4β7-mediated interactions with varying
degrees of selectivity. In addition, there are individual
reports of compounds of other chemical classes, one of
which is summarized in the section on miscellaneous
compounds. In general, insufficient data are available to
evaluate the relevance of these compounds. While
reports are starting to appear in peer-reviewed journals,
most of the novel structures are only available through
the patent literature and poster presentations at scientific
meetings. In the sections that follow, the binding data that
are cited have been gathered under widely different con-
ditions and protocols and are not useful for directly com-
paring compounds with one another except where they
are members of a series from one organization.

Cyclic peptide derivatives

An early publication (72) from Tanabe reported the
cyclic peptide 1, which was presumably originally
designed as a constrained RGD mimic and is a potent
inhibitor of both the VLA-4 and α5β1 integrins. Structure-
activity studies carried out at Genentech established that
neither the arginine nor the aspartic acid moieties were
necessary for VLA-4-antagonist activity. For example,
compound 2 in which the N-terminal arginine was
replaced with tyrosine had an IC50 of 200 nM in a Ramos
cell/VCAM-1 binding assay. Further gains in potency
could be obtained by substituting the aspartic acid with
various amino acids, including alanine (3; IC50 = 120 nM)
and serine (4; IC50 = 60 nM), while removal of the arginine
and aspartic acid resulted in loss of affinity for the
α5β1 integrin (73). A further enhancement in potency was
gained by incorporation of constraint into the tyrosine to
give 5 as a mixture of diastereomers (IC50 = 8 nM). NMR
analysis indicates that the N-terminal amino acid is disor-
dered, but that the ring system exists in a well-defined,
relatively planar conformation. Administra-tion of 0.5 mg
i.v. of 4 to mice inhibited the homing of
51Cr-labeled lymph node cells to Peyer�s patches (Fig. 1).

Using the SAR and NMR models, Roche workers fur-
ther simplified the structure of these cyclic peptides by
substituting 1-(aminoethyl)cyclopentylcarboxylic acid for
the Asp-Pro dipeptide of 2 to give the tetrapeptide analog
6 (IC50 = 12 nM in  the same Ramos cell/VCAM binding
assay employed at Genentech) (74). Compound 7, in
which one of the sulfur atoms was replaced by �CH2-,
suffered only a modest loss in potency (IC50 = 20 nM)

on the possible reproductive toxicity of compounds tar-
geting VLA-4 or α4β7, several companies have drugs
undergoing chronic studies in phase II, suggesting that
these compounds are free of major reproductive
liabilities. 

Antibodies as drugs � natalizumab

Natalizumab (Antegren®) is a humanized monoclonal
antibody developed by Protein Design Labs from a
murine anti-alpha4 antibody which is currently under joint
development by Biogen and Elan (66). Pharmacokinetic
studies have been carried out in patients with MS at
doses of 0.1-6 mg/kg i.v. The compound exhibits a long
half-life (70-177 hours at doses of 1 and 6 mg/kg) and a
dose-dependent AUC. Only mild adverse effects were
observed and these consisted of transient headache and
fatigue (67, 68). 

A group of 72 patients with relapsing-remitting or sec-
ondary progressive MS were treated with i.v. infusions of
3 mg/kg natalizumab or placebo at weeks 0 and 4 and
were followed for 24 weeks. Patients were evaluated for
general well-being and MS symptoms every 2 weeks for
the first 8 weeks and then every 4 weeks. MRI revealed a
significant reduction in new active (1.8 vs. 3.6 per patient)
and new enhancing lesions (1.6 vs. 3.3 per patient) dur-
ing the first 12 weeks of the study, with no difference in
the second 12 weeks. The number of treated patients
with acute exacerbations was not different from placebo
during the first 12 weeks, but was significantly higher dur-
ing the 12-week follow-up (14 vs. 3) (69).

A phase II study was carried out in a group of 244
patients with moderately severe Crohn�s disease (CDAI,
or Crohn�s Disease Activity Index, scores of 220-450).
Treatment groups received placebo, a single 3 mg/kg
infusion or two infusions of 3 or 6 mg/kg of natalizumab 4
weeks apart and were followed for 12 weeks. Patients
were assessed by means of the CDAI and changes in
quality of life as reflected in an inflammatory bowel dis-
ease questionnaire (IBDQ). The treatment group which
received 3 mg/kg showed an improvement in the CDAI
score of > 70 points by week 2 that was maintained
throughout the study. Remission as defined by a CDAI
score of < 150 was achieved by 46% of the patients who
received 3 mg/kg compared with 27% in the placebo-
treated group. There were also significant responses as
determined by IBDQ scores at weeks 6 and 12 in the
patients who received two infusions of natalizumab (70).
Five of 10 ulcerative colitis patients achieved a positive
clinical response in a small safety trial of a single 3 mg/kg
i.v. dose (71). It is not clear whether further work in ulcer-
ative colitis is ongoing with this drug. 

It is encouraging that patients exposed to natalizum-
ab for 6-10 weeks do not exhibit any significant side
effects and that there is a suggestion of efficacy in MS
and Crohn�s disease. Biogen and Elan intend to start
phase III clinical trials for both indications later this year. 
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ZD-7349 was chosen for development in a prototype
depot formulation through incorporation into a 50:50
poly(d,l-lactide-co-glycolide) depot form suitable for s.c.
implantation. Unlike some potent compounds in the
series, for example 10 (78) (Fig. 2), which was unstable
at pH 3, ZD-7349 has adequate stability and is released
from the polymer matrix at a steady state over the course
of 17 days (77).

Linear peptides � LDV mimics

Starting with the 10-amino-acid CS-1-derived peptide
GPEILDVPST (IC50 = 150 uM), which inhibits the binding
of 51Cr-labeled Jurkat cells to the CS-1 25-mer, Arrhenius
and coworkers examined a series of truncated analogs
and showed that the minimal fragment retaining activity
was the sequence ILDVP (IC50 = 250 µM) (79).
Replacement of isoleucine with phenylalanine and inver-
sion of the stereochemistry of the C-terminal proline led to

(75). The Roche team also prepared the constrained tyro-
sine analog in a stereochemically defined 2-S,3-R-config-
uration and incorporated it to give the extremely potent
cyclic peptide 8 (IC50 < 1 nM) (76) (Fig. 1).

From an extensive series of cyclic peptides built
around the LDV motif, AstraZeneca chemists prepared
the cyclic hexapeptide 9 (ZD-7349), which potently inhib-
ited the binding of MOLT-4 cells to VCAM (IC50 = 260 nM)
and to fibronectin (IC50 = 330 nM) (77) (Fig. 2). Further
profiling of 9 in animal models indicates that it inhibits the
development of ovalbumin-induced delayed-type hyper-
sensitivity (DTH) in mice when given via osmotic
minipumps at a rate of 0.01 mg/kg/day s.c., as a 3-10
mg/kg s.c. injection 4 hours prior to challenge or as an i.v.
bolus 20 hours after challenge. ZD-7349 given chronical-
ly to mice in a 14-day minipump at 10 mg/kg/day also
inhibited the development of collagen-induced arthritis at
3 mg/kg/day and delayed the onset of symptoms in an
experimental autoimmune encephalomyelitis (EAE)
model.  
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Bio-1211 was licensed to Merck & Co. and was taken
into the clinic for the treatment of asthma with disappoint-
ing efficacy results in early phase II trials. Extensive work
to find less peptidic analogs has been carried out at
Biogen, one example of which is the more potent deriva-
tive Bio-1272 (17) (82) (Fig. 3).

A very interesting observation made by Biogen scien-
tists working with [3H]-Bio-1211 is that its dissociation
constant and off-rate for binding to Jurkat cells are highly
dependent on the affinity state of the integrin. In vitro, this
is modulated by cation concentrations. In the presence of
1 mM Ca2+ and 1 mM Mg2+, the Kd of Bio-1211 was 20-40
nM and improved to 100 pM in the presence of 2 mM
Mn2+. A further enhancement of Kd to 18 pM was
observed when the binding experiments were run in the
presence of 2 mM Mn2+ and 10 mg/ml of the activating
antibody TS2/16. The effect is due exclusively to modula-
tion of the off-rates; on-rates did not vary widely among
experiments. Similar results were observed for Jurkat
cells binding to the CS-1 peptide or to an Ig-VCAM con-
jugate, suggesting that regulation of off-rates by ion con-
centrations, and likely by the activation state of cells
expressing VLA-4, may be general (83).

Several companies have pursued related phenylurei-
dophenacyl-LDV mimics; the most advanced of these
being IVL-745 (18) (Fig. 4), which Aventis has taken into
the clinic as an inhaled antiasthmatic agent. Compound
18 is a potent inhibitor of Ramos cell/fibronectin and
Ramos cell/VCAM-1 binding, with little effect on
α5β1- or α4β7-mediated adhesion (84). VCAM-1 binding to
human lymphocytes and eosinophils (85, 86) and the pro-
liferation of human T-cells induced by culture in the pres-
ence of immobilized anti-CD3 and rh-VCAM-1 are inhibit-
ed in a concentration-dependent manner (87). When
administered 4-6 hours prechallenge or up to 4 hours
postchallenge, inhaled doses of 3-10 mg/kg prevented
typical lung histopathological changes and eosinophil
accumulation in allergic Brown-Norway rats challenged
with ovalbumin (88).

the sequence FLDVp (IC50 = 25 µM), prompting a more
extensive investigation of analogs based on LDV and
culminating in the identification of  the N-terminal phenyl
acetyl analog 11 (IC50 = 0.5 µM) (Fig. 3). Compound 11 at
6 mg/kg over 24 hours was active in inhibiting the oxa-
zolone-induced DTH in mice (80). It also inhibits both the
early- and late-phase increase in bronchial resistance in
sheep sensitive to Ascaris suum, as well as the develop-
ment of hyperreactivity in these animals, when given at a
dose of 30 mg/kg by aerosol b.i.d. for 3 days and 30 min-
utes prior to challenge and 4 hours postchallenge on
day 4 (33).

CY-9701 (12) (Fig. 3) is an analog in which an N-
methyl group and a C-terminal piperazine were added to
improve proteolytic stability. CY-9701 (100 mg/kg
intranasally 5 minutes before ovalbumin challenge)
decreased eosinophil influx to the lung, bronchial hyper-
responsiveness and the concentrations of IL-4, IL-5 and
eotaxin in the bronchoalveolar lavage fluid in a murine
allergy model 72 hours after challenge (81).

Starting from the N-(4-hydroxyphenylacetyl)-LDV
peptide 13 (IC50 = 5000 nM in the Jurkat cell/CS-1 bind-
ing assay), Biogen medicinal chemists systematically var-
ied the N-terminal residue and discovered that addition of
a urea terminating in 2-methylphenyl, as in 15 (IC50 =
6 nM), led to a marked increase in potency. The profound
role of the phenylureidophenylacetyl moiety is evident
from its adoption into LDV mimics by many pharmaceuti-
cal companies. Addition of a C-terminal proline led to Bio-
1211 (16), which is a highly selective inhibitor of VLA-4-
mediated binding (IC50 = 4 nM). It is approximately
500-fold selective for VLA-4 over alpha4beta7 integrins
and is inactive in binding assays for inhibition of α5β1,
α6β1, αIIbβIIIa and αLβ2. After a single nebulized dose of 0.1
mg/kg to sheep sensitized to Ascaris suum, 16 inhibited
the early-phase and virtually eliminated the late-phase
increase in bronchial resistance 24 hours after challenge
(34) (Fig. 3).
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inhibit the interaction between U-937 cells and human
VCAM with an IC50 of 2.5 nM (93) (Fig. 4).

Texas Biotechnology has reported a series of ureas,
including 24-26, which are very potent antagonists (IC50 =
0.4-1.5 nM) of VLA-4 binding to the CS-1 peptide and
over 1,000-fold selective for VLA-4 over α4β7 (94-96).
TBC-3486 appears to be the lead compound; 3 mg/kg
intranasally and 3 and 10 mg/kg i.p. were effective in a
mouse lung inflammation model and TBC-3486 was also
active in a mouse adjuvant arthritis model. The related
analog 27 has an IC50 of 7 nM in the VLA-4/CS-1 binding
assay (97). Texas Biotechnology has licensed its VLA-4
program to Schering-Plough and is collaborating with the 

A second member of the class, the 3-fluoroprolinol 19,
was active in VCAM/VLA-4 binding assays and demon-
strated a bioavailability of 16% in the mouse and 59% in
the rat after doses of 10 mg/kg p.o. At a dose of 50 mg/kg
p.o. t.i.d. for 2 days 19 inhibited eosinophil accumulation
in bronchoalveolar lavage fluid of mice sensitive to
Ascaris suum by 46%. At a dose of 50 mg/kg b.i.d. it also
limited pulmonary eosinophilia in rats induced over 24
hours by treatment with compound 48/80 (89). A number
of other related compounds, including the phenylurea 20
(90) and the benzoxazoles 21 (91) and 22 (92), have
been reported in the patent literature, but with insufficient
biological data to assess their relevance. One of a num-
ber of hydantoins patented by Aventis, 23 was reported to
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remarkably broad array of substituents in the 4-position
and on the phenylalanine nitrogen atom. Also, unlike the
LDV mimics which are generally highly selective for
VLA-4, many members of the acylphenylalanine class are
dual inhibitors of VLA-4/VCAM and α4β7/MadCAM,
depending on the particular substitution pattern. Since
relative activities are determined using different cell lines
which express VLA-4 (typically Ramos or Jurkat cells) or

latter company on selecting candidates for development
for the treatment of asthma (Fig. 5).

Acylphenylalanines

Acylphenylalanines constitute a second major class of
α1β4/VCAM antagonists (Fig. 6). The acylphenylalanine
core seems to be critical for activity, but tolerates a
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at the Pro-Phe bond (100). Further SAR work led to the
identification of the piperidine 30 (CT-767) which was
more potent and, importantly, less protein-bound, as
demonstrated in the Jurkat cell/HUVEC assay in the pres-
ence and absence of serum (101).

Many investigators have identified the 2,6-dichloro-
benzoylamino moiety as a highly favorable substituent for
the 4-position of various acylphenylalanines. One of the
first to be described was the camphoric acid derivative 31
(TR-9109) from Tanabe Seiyaku (102). A number of such
compounds with N-benzylpyroglutamyl- (32) (103), N-(1-
substituted cycloalkylcarbonyl)- (33 and 34) (104, 105),
N-(2,6-disubsituted benzoyl)-, (35) (106) and substituted
ureido 36 (107) acyl groups, all gave low-nanomolar inhi-
bition in a cell-based assay of the Ramos cell/VCAM
interaction. Other 4-substituents which are associated
with high potency in the same assay include imides (37)
(108) and the imidazolidinone 38 (104). 

The phenoxyacyl-Leu-Phe derivative 39 (109) and the
squaric acid analog 40 (110) represent still further exam-
ples of structure types associated with potent activity in
cell-based assays. The former compound was also

α4β7 (RPMI 8866 cells), it is not possible to quantitate
them, except by comparison of different compounds in
the same assays.

Of a series of thiaproline-tyrosine esters and ethers,
the 2,6-dichlorobenzyl ether 28 was among the most
potent in a Jurkat cell/VCAM-1 binding assay (IC50 = 35
nM). It was inactive against other integrins except α4β7
(IC50 = 190 nM) and was highly stable to plasma esteras-
es. Given to sheep at doses of 0.03-3 mg/kg i.v., 28 inhib-
ited both the early- and late-phase increase in airways
resistance caused by administration of antigen in a dose-
dependent manner and also inhibited the increase in air-
ways hyperreactivity at the higher doses (98). It has poor
oral bioavailability in rats and sheep and is subject to
rapid elimination, particularly in rats (99).

Elan and American Home Products have been collab-
orating on VLA-4/VCAM antagonists for some time.
Tos-Pro-Phe (29, CT-757) was an early hit from screening
which was extensively investigated. Oral bioavailability
was 10-15% in rats, with most of the drug being rapidly
eliminated in the bile. Both rats and cynomolgus monkeys
hydrolyzed approximately 25% of the administered drug
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they are either very weak inhibitors relative to the LDV
and acylphenylalanine derivatives described in the previ-
ous sections, or they are described in the patent literature
with no associated biological data. One exception is a
patent from Ranbaxy that describes sugars such as 44
(Fig. 7). This compound is active in a Jurkat cell/human
VCAM binding assay (IC50 = 7.5 nM) and is also highly
effective in the mouse DNFB-induced delayed hypersen-
sitivity assay when administered i.v., s.c. or orally (114). It
remains to be determined whether these compounds
work largely or solely through effects on VLA-4 or
whether other mechanisms are involved.

Conclusions

There is a great deal of anticipation concerning the
role of VLA-4/VCAM-1 inhibitors with and without con-
comitant inhibition of α4β7-mediated interactions in the
treatment of various human inflammatory diseases. As
patents are issued and programs begin to mature, we can
expect a considerable volume of data from animal mod-
els employing compounds now in early development in
the near future, with clinical data following over the next
2-3 years. It will be interesting to note whether new struc-
tural classes emerge and, given the rapid clearance of
many of the compounds identified to date, what the rela-
tionship between their pharmacokinetics and pharmaco-
dynamics will be. 
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