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Cell adhesion molecules (CAMs) are important in the
regulation of the immune response and inflammation.!
The extracellular interactions between specific CAMs
that are expressed on the endothelium and/or leukocytes
mediate leukocyte entry into tissues, T-cell proliferation,
and antigen presentation.2~3 The key event in auto-
immune disease is the migration of leukocytes to the
disease site. However, the continuous recruitment of
leukocytes from blood vessels into inflamed tissues that
occurs in chronic inflammation actually perpetuates
tissue injury. An agent that inhibits leukocyte adhesion
and transmigration represents a novel mechanism of
action as an immunosuppressive and/or antiinflamma-
tory drug. The major adhesive force for lymphocyte
extravasation from the blood stream into tissue sites is
the protein—protein interaction of the adhesion mol-
ecules lymphocyte function-associated molecule 1 (LFA-
1, CD11a/CD18, B, integrin) and its endothelial counter-
receptor intercellular adhesion molecule 1 (ICAM-1,
CD54, immunoglobulin).5~® Monoclonal antibodies to
ICAM-1 have been shown to inhibit lymphocyte trans-
endothelial migration and have yielded very promising
results in clinical trials for rheumatoid arthritis and
organ transplantation.!%1 Recently a series of naturally-
occurring secoliminoids, isolated from the root of Tri-
chilia rubra, were reported as potent inhibitors of
cellular LFA-1/ICAM-1-mediated adhesion.12 However,
the major active component from this root extact was
isolated in only 0.005% overall yield. We initiated a
drug discovery program to identify small molecule
inhibitors of the LFA-1/ICAM-1 interaction for the
potential treatment of rheumatoid arthritis and organ
transplantation as well as other inflammatory disorders.

An in vitro cell/protein adhesion assay was estab-
lished as a screening assay for small molecules that
inhibit the LFA-1/ICAM-1 interaction. The myelo-
monocytic cell line HL60 was chosen as the source of
LFA-1. Flow cytometry analyses (FACS) indicate HL60
cells express the S8y integrin LFA-1. HL60 cells, by
FACs analysis, do not express the (82 integrin Mac-1
(macrophage antigen-1, CD11b/CD18), another counter-
receptor for ICAM-1.12 Fluorochrome-labeled LFA-1
bearing HL60 cells are allowed to adhere to recombinant
soluble ICAM-1 (sICAM-1) that is immobilized onto
plastic. The sICAM-1 utilized in this assay is obtained
in milligram quantities after cDNA insertion into a
baculovirus expression system, isolation, and purifica-
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¢ (a) DMF—dimethyl acetal, benzene, reflux; (b) thiosemicar-
bazide, HOAc; (¢) NaOH, EtOH; (d) CDI, CH3CN, a primary amine
or 1,3-propanediol.

tion to homogeneity by immunoaffinity chromatogra-
phy.’* The adherence levels are quantified using a
fluorescence concentration analyzer. After a 40 min
incubation period at 37 °C, the effect of test compounds
or antibodies on adhesion can be monitored by washing
away nonadherent cells. Blocking antibodies to either
LFA-1 or ICAM-1 exert >90% inhibition in this assay.

Utilizing this assay, we identified 2-[4-[(3-hydroxy-
propyl)carbamoyl]-5-methylpyrazol-1-yll-4-[3-(trifluo-
romethyl)phenyllthiazole (RWJ-50271, 4) as an inhibitor
of lymphocyte adhesion to sSICAM. Compound 4 inhibits
the adhesion of LFA-1 bearing HL60 cells to im-
mobilized ICAM-1 with an ICs5p = 5.0 uM. Several
analogues of RWJ 50271 were prepared as depicted in
Scheme 1. An appropriately substituted ethyl aceto-
acetate derivative 1 is converted to the pyrazolothio-
amide 2 via the dienaminone. Thicamide 2 is condensed
with an appropriately substituted phenacyl bromide to
give the 4-(substituted phenyl)-2-(substituted pyrazol-
1-yDthiazole 3. Saponification of the ester, followed by
activation of the resulting acid with N,N-carbonyldi-
imidazole and coupling with an appropriate primary
amine or 1,3-propanediol affords the compounds in
Table 1.

Compounds in Table 1 were evaluated for inhibitory
activity in the cellular LFA-1/purified ICAM-1 (cell/
protein) adhesion assay. Lengthening the side chain to
a four methylene unit (5) results in a 2-fold decrease in
inhibitory activity. A five methylene spacer (6) is
completeliy devoid of activity. The ester derivative 7
shows greatly diminished inhibitory activity in the cell/
protein assay. Activity is exquisitely sensitive to aro-
matic substitution as indicated by the severely attenu-
ated potency with the unsubstituted (8), 3-chloro (9),
4-methyl (10), and 3,4,5-trimethoxy (11) analogues. The
best aromatic substituent is a 3-trifluoromethyl group.

When the methyl moiety on the pyrazole ring is
substituted with an ethyl (12), a modest increase in
inhibitory activity is observed. Compound 12 has an
ICso = 3 uM. However, homologation to the propyl
derivative 13 results in 4—5-fold decrease in potency.
Replacing the methyl group with a trifluoromethyl
substituent (14) also significantly attenuates activity.
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Table 1. Inhibition of LFA-1/ICAM-1-Mediated Adhesion
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compd R R X-(CH2),-Y mp, °C* protein®
4 3-CF; CH; NH(CH;);OH 166—167 5.0 uM
5 3-CF; CH; NH(CH,);OH 169-171 51%
6 3-CF; CH; NH(CH,)sOH 210-211 0%
7 8-CF; CH; O(CH2);0H 110-111 25%
8 H CH; NH(CH;);OH 154—-155 5%
9 3-Cl CH; NH(CH;);OH 181-183 20%
10 4-CHj; CHj3 NH(CH,);OH 170-171 7%
11 tri-OCH3; CHj; NH(CH,);OH 185—186 0%
12 3-CF; CHs;CH; NH(CH;);0H 210-211 3.0uM
13 3-CF; (CH2)2CH; NH(CH,.);O0H 158—159 26%
14 3-CF; CF3 NH(CH;);OH 184—-187 5%
15 3-CF; CH; NH(CH;)sOCHj 162—163 48%
16 3-CF; CH; NH(CH;);CO,CHo- 167-168 0%
CH;
17 3-CF; CH;CH; NH(CHj)simidazole 202—203 34%
18 8CF; CH,CH; NH(CHyspyrroli- 181-183 10%
dinone

@ All compounds exhibited satisfactory (+0.4%) elemental analy-
ses for C, H, and N. ? Data reported as ICso (uM) or as percent
inhibition at a dose of 10 uM. Each percentage value is from a
single assay that was run in five replicates. The mean standard
error is <5%.

Table 2. Specificity Profile of 4

adherence assay test system inhibitory activity
LFA-1/ICAM-1¢  HL60/U93717 ICs50=5uM
LFA-1/ICAM-1* HL60/rICAM-1 I1C5 =5uM
Mac-1/ICAM-1>  fMLP-PMN/rICAM-1 no effect up to 20 uM
sLe*/E-selectin® HL60/IL-13 HUVEC no effect up to 20 uM

VLA-4/VCAM-1¢° Ramos/IL-18 HUVEC no effect up to 20 uM

a cell/cell adherence assay. ? Cell/protein adherence assay.

The hydroxy terminus is a key requisite for good
inhibitory activity in the cell/protein assay. The meth-
oxy analogue, 15, resulted in a 3-fold decrease in
potency. Oxidation to the ester 16 completely elimi-
nated activity. The imidazole 17 has weak inhibitory
activity, and the pyrrolidinone 18 has only slight
activity. The data from our preliminary SAR studies
indicate 4 and 12 as the most interesting small molecule
inhibitors of LFA-1/ICAM-1-mediated cell adhesion.

The specificity of our novel series of adhesion molecule
antagonists was determined through additional adher-
ence assays which are governed by other leukocyte—
endothelium adhesion molecules as summarized in
Table 2. Fluorescence technology was used to quantify
the adherence of ligand-bearing cells. In each assay
system, adherence was inhibited by specific antibodies
and not by antibodies irrelevant to the adhesion mol-
ecules in the study. Mac-1/ICAM-1-mediated cell adhe-
sion was determined using human neutrophils which
are stimulated with f-MetLeuPhe to specifically activate
Mac-1. Treated neutrophils were allowed to interact
with plastic-immobilized ICAM-1 for 30 min at 37 °C.
To evaluate the interaction between E-selectin and its
carbohydrate ligand sialyl Lewis X, E-selectin expres-
sion was induced by treating confluent monolayers of
human umbilical vein endothelial cells [HUVEC] with
IL-18 for 4 h. This interaction was determined by a 20
min incubation of HL60 cells with the stimulated
HUVEC at 4 °C. The interaction of another inducible
adhesion molecule, VCAM-1 (vascular cell adhesion
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molecule-1), with its ligand VLA-4 (very late antigen-
4, p1 integrin) was determined using Ramos cells, a B
lymphoblastoid cell line which expresses VLA-4, with
overnight IL-18 stimulated HUVECs which express
VCAM-1. Compound 4 does not inhibit Mac-1/ICAM-
1, E-selectin/sialyl Lewis X or VLA-4/VCAM-1-mediated
cell adhesion up to 20 #M concentrations.

FACS analyses indicate 4 does not alter the LFA-1
expression levels on HL60 cells. In addition, 4 inhibited
adhesion of peripheral blood lymphocytes to plastic
immobilized sICAM-1. When studied in an LFA-1/
ICAM-1-dependent natural killer [NK] cytotoxicity as-
say, 4 inhibited both human and murine NK activity
with an ICsp = 5.0 uM.1> Membrane integrity was
monitored during the natural killer [NK] cytolysis
testing by exposing 51Cr-labeled target cells to varying
doses of the test compounds for 4 h. Lysis above the
spontaneous lysis is attributed to compound toxicity.
Compounds 4 and 12 did not exhibit any cell lysis up
to 100 uM concentrations. To eliminate cellular toxicity
as a possible cause of observed inhibitory activity, the
viability of the HL60 cells after treatment with 4 is
determined. HL6O cells are treated with various doses
of 4 for 1 h at 37 °C before testing for viability by trypan
blue exclusion. Compound 4 did not exhibit any toxic
activity up to 100 uM concentrations.

The delayed-type hypersensitivity [DTH] reaction is
a valuable model for the study of T-cell-mediated
immunity which involves the release of lymphocytes and
the recruitment of monocytes and macrophages. Anti-
bodies to LFA-1 and ICAM-1, given at the time of
challenge to previously immunized mice, have been
found effective in reducing swelling and lympocyte
infiltration at the site of challenge.l® In this model, an
oral dose of 50 mg/kg of 4, given 4 h after challenge,
significantly reduced foot pad swelling (>50%) 48 h after
the challenge. We are currently evaluating additional
analogues in DTH and continuing to investigate 4 in
other animal models of inflammation.
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Supplementary Material Available: Experimental pro-
cedures for compound RWJ 50271 as well as the positive
controls (antibodies) for all adhesion assays (2 pages). Order-
ing information is given on any current masthead page.
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