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Abstract

In a high-throughput screen of four million compounds from combinatorial libraries for small-molecule modulators of the chemokine
receptor CXCR3, two classes of receptor agonists, based on tetrahydroisoquinoline and piperidinyl diazepanone templates, were iden-
tified. Several of these compounds stimulated calcium flux in HEK293 cells expressing the recombinant human CXCR3 receptor with
efficacies and kinetics similar to those of native ligand CXCL11/I-TAC and stimulated chemotaxis of activated human T-cells. The ago-
nist small molecules also inhibited binding of another CXCR3 ligand, CXCL10/IP-10, to the receptor. The response to small-molecule
agonists was inhibited by a CXCR3-specific small-molecule antagonist previously identified within the same combinatorial compound
collection but structurally unrelated to the agonists. Remarkably, while other, non-amino acid substituents were present in the majority
of the library compounds screened, the agonists from both classes contained a positively charged amino acid component, with preference
for Arg > Lys, as well as a hydrophobic component.
� 2006 Elsevier Inc. All rights reserved.
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The chemokine receptor CXCR3 is a member of the sev-
en transmembrane-spanning G protein-coupled receptor
(GPCR) superfamily. The natural chemokine ligands for
CXCR3, CXCL9/Mig (monokine induced by interferon-
c), CXCL10/IP-10 (interferon-inducible protein 10), and
CXCL11/I-TAC (interferon-inducible T cell a chemoat-
tractant) are thought to play a key role in directing activat-
ed T cells and other cell types (such as NK cells) to sites of
inflammation (a fourth ligand, BCA-1, or B-lymphocyte
chemoattractant, CXCL13, has also been reported to bind
to CXCR3 [1]). CXCR3 is one of the most abundant che-
mokine receptors on Th1 cells, and this receptor has been
implicated in Th1 cell-mediated inflammation [2]. Activa-
tion of CXCR3 has been demonstrated in a number of dis-
eases involving T cells, including inflammatory bowel
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disease, multiple sclerosis, rheumatoid arthritis, and diabe-
tes, as well as in allograft rejection. CXCR3 also functions
in angiogenesis, but its role has been reported to be either
angiogenic or angiostatic. Postischemic neovascularization
is decreased in CXCR3-deficient mice [3]. However, activa-
tion of the receptor has more often been observed to have
an angiostatic effect [4–7] and expression of the receptor in
endothelial cells is cell cycle-regulated [8]. The angiostatic
effect is likely mediated by activation of an alternatively
spliced variant of CXCR3, CXCR3-B, and signaling
through a different cellular pathway [9].

High-throughput screening of encoded combinatorial
libraries synthesized using Encoded Combinatorial
Libraries on Polymeric Support (ECLiPS�) technology
[10,11] in functional assays for small-molecule CXCR3
agonists or antagonists resulted in the discovery not only
of antagonists [12] but also two classes of receptor agonists.
While the compounds tested in the screen were non-peptid-
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ic, the screen for agonists selected for a very limited num-
ber of compounds, each containing one basic amino acid
in the context of a small-molecule scaffold. Representative
compounds of the two chemotypes were evaluated for
receptor binding and receptor activation in a calcium flux
assay and a T-cell chemotaxis assay. The compounds were
shown to be specific for CXCR3 in that they did not induce
calcium flux in a cell line expressing the same chimeric G
protein but lacking the recombinant receptor, they inhibit-
ed binding of CXCL10 to the receptor, they did not inhibit
ligand–receptor binding in a panel of GPCR selectivity
assays, and their functional activity was blocked by a selec-
tive small-molecule CXCR3 antagonist. While several
small-molecule CXCR3 antagonists have been identified
[12–15], the compounds described here are, to our knowl-
edge, the first reported non-peptide agonists. Along with
a recently identified agonist of CCR8 [16] they may be
the only reported non-peptide chemokine receptor agonists
as well.

Materials and methods

Combinatorial compound libraries. Library generation was conducted
utilizing ECLiPS� technology [17,18], in which compounds are synthe-
sized on polymeric beads via a split and mix protocol. This provides all
combinations of the combinatorial variants employed in library synthesis,
with libraries ranging from three to five combinatorial steps (resulting in
the generation of approximately 20,000 to 100,000 compounds per
library). During library synthesis, each combinatorial variant is encoded
using a unique combination of polyhalogenated phenolic ether-based
tagging molecules in an elaborated binary sequence [17] with the exception
of the final combinatorial step, which is termed a sub-library. Each sub-
library is defined by the specific fragment incorporated in the final com-
binatorial step. Encoding molecules (tags) are covalently attached to the
polymeric support through rhodium (II) catalyzed C–H insertion of a
carbene, generated from the corresponding diazoketone. Encoding mole-
cules are released from the polymeric support via an oxidative process
employing ceric ammonium nitrate (CAN), allowing determination of the
chemical history of specific library members. The identity of the encoding
molecules is determined by electron capture gas chromatography, thus
allowing identification of the library member.

Materials and cell lines. All reagents were purchased from Sigma–Al-
drich (St. Louis, MO), unless otherwise specified. Chemoattractants were
obtained from R&D Systems (Minneapolis, MN; CXCL11/I-TAC) or
Peprotech (Rocky Hill, NJ; CXCL9/Mig, CXCL10/IP-10, and CCL21/
SLC). Cell lines were kindly provided by C. Haskell (Berlex Biosciences,
Richmond, CA).

Calcium mobilization assay. Functional CXCR3 activity was deter-
mined using an HEK293/CXCR3 Gqi5 or HEK293/Gqi5E cell calcium flux
assay on FLIPR384 (Molecular Devices, Sunnyvale, CA), with recombi-
nant human CXCL11/I-TAC (EC50–EC70) at 40 nM as control, as
described in [12].

Receptor-binding assays. Membranes were prepared from HEK293/
CXCR3 Gqi5 cells by rinsing culture flasks twice with cation-free phos-
phate-buffered saline, scraping into ice-cold lysis buffer (10 mM Hepes, pH
7.4, 2.5 mM EDTA), Dounce-homogenizing, centrifuging for 15 min at
4 �C at 27,000g, and finally, resuspending in lysis buffer. Four micrograms
membrane preparation was incubated with agitation for 1 h at 25 �C with
25 pM [125I] CXCL10/IP-10 (New England Nuclear/ Perkin-Elmer, Bos-
ton, MA) in 100 lL of 50 mM Hepes, pH 7.5, 5 mM MgCl2, 1 mM CaCl2,
0.5% bovine serum albumin (BSA), and 1% dimethyl sulfoxide (DMSO).
Unlabeled CXCL9/Mig was used at a final concentration of 1 lM to
define nonspecific binding. Following incubation, binding reaction mix-
tures were filtered through MAFCNOB 96-well filter plates (Millipore,
Billerica, MA) that had been pretreated with 0.33% polyethyleneimine for
30 min, drained, and washed once with ice-cold wash buffer (50 mM
Hepes, pH 7.5, 0.5 M NaCl, and 0.1% BSA) prior to the application of
samples. Filter plates were washed three times, dried, and filled with 4 lL
OptiPhase Super Mix (Perkin-Elmer, Boston, MA) per well. Bound
radioactivity was counted in the TriLux (Perkin-Elmer, Boston, MA). The
panel of 10 G protein-coupled receptor radioligand binding assays was
carried out by MDS Pharma Services (Taipei, Taiwan) using membrane
preparations from CHO-K1 cells expressing recombinant human recep-
tors. Compounds were tested in duplicate at a single concentration of
10 lM. Binding conditions were as follows: adrenergic a2B, 2.5 nM
[3H]rauwolscine in 50 mM Tris–HCl, pH 7.4, 1 mM EDTA, 12.5 mM
MgCl2, 0.2% BSA, and 1% DMSO, for 1 h at 25 �C; CCR1, 20 pM
[125I]CCL3/MIP-1a in 50 mM Hepes, pH 7.4, 1 mM CaCl2, 1 mM MgCl2,
0.5% BSA, and 1% DMSO, for 3 h at 25 �C; CCR2B, 100 pM [125I]CCL2/
MCP-1a in 25 mM Hepes, pH 7.4, 1 mM CaCl2, 5 mM MgCl2, 0.5% BSA,
0.1% NaN3, and 1% DMSO, for 1 h at 25 �C; CCR4, 100 pM
[125I]CCL17/TARC in 50 mM Hepes, pH 7.5, 1 mM CaCl2, 5 mM MgCl2,
0.5% BSA, 0.1% NaN3, and 1% DMSO, for 2 h at 25 �C; CCR5, 100 pM
[125I]CCL4/MIP-1b in 50 mM Hepes, pH 7.4, 1 mM CaCl2, 5 mM MgCl2,
0.5% BSA, and 1% DMSO, for 2 h at 25 �C; CX3CR1, 20 pM
[125I]CX3CL1/fractalkine in 50 mM Hepes, pH 7.5, 1 mM CaCl2, 5 mM
MgCl2, 0.5% BSA, 0.1% NaN3, and 1% DMSO, for 1.5 h at 25 �C;
CXCR2, 15 pM [125I]CXCL8/IL-8, 25 mM Hepes, pH 7.4, 2 mM CaCl2,
1 mM MgCl2, 0.2% BSA, and 1% DMSO, for 1 h at 25 �C; dopamine D2S,
160 pM [3H]spiperone, 50 mM Tris–HCl, pH 7.4, 1.4 mM ascorbic acid,
150 mM NaCl, 0.001% BSA, and 1% DMSO, for 2 h at 25 �C; muscarinic
M1, 800 pM [3H]N-methyl scopolamine 50 mM Tris–HCl, pH 7.4, 1 mM
EDTA, 10 mM MgCl2, and 1% DMSO, for 2 h at 25 �C; serotonin (5-
hydroxytryptamine) 5-HT1A, 1.5 nM [3H] 8-OH-DPAT (8-hydroxy-2-(di-
n-propylamino)tetralin), 50 mM Tris–HCl, pH 7.4, 6 mM ascorbic acid,
0.5 mM EDTA, 10 mM MgSO4, and 1% DMSO, for 1 h at 25 �C.

Chemotaxis assay. Chemotaxis assays were performed essentially as
described in [12]. Human peripheral blood mononuclear cells (AllCells,
Berkeley, CA) were cultured for 3 days with 10 lg/mL phytohemagglu-
tinin, then for 4–7 days with 100 U/mL interleukin-2 (Peprotech, Rocky
Hill, NJ). Cells were washed once and resuspended in assay buffer: Hanks,
Buffered Saline Solution (Gibco, Carlsbad, CA), 10 mM Hepes, and 0.1%
bovine serum albumin, pH 7.4. 500,000 cells per well were added in 100 lL
to the upper chamber of a 96-well chemotaxis plate (Costar Transwell,
3 lM pore size; Corning, NY). Chemoattractants were added in 150 lL
assay buffer with 0.1% DMSO to the lower chamber. After 1.5 h at 37 �C/
CO2, 100 lL containing migrated cells was transferred from the lower
chamber to a white 96-well microtiter plate, with detection using CellTiter
Glo (Promega, Madison, WI). Luminescence was measured for 5 s at fast
speed and high gain in the ViewLux (Perkin-Elmer, Boston, MA).

Data analysis. Curve fitting was performed using nonlinear regression
analysis (sigmoidal dose–response with variable slope) with GraphPad
Prism� software (GraphPad Software, San Diego, CA).

Results

High-throughput compound screening for modulators of

CXCR3

Over four million small molecules were evaluated in a
dual screen designed to identify both agonists and antago-
nists at the human CXCR3 receptor. The screen measured
calcium mobilization in the HEK293/CXCR3 Gqi5 cell line
in response to test compounds, as well as inhibition of the
response to CXCL11 by test compounds. Cells were seeded
in microtiter plate wells and cultured for 24–48 h, followed
by loading with fluorescent calcium-sensitive dye. Fluores-
cence was monitored over time as test compounds were
added to the cells in a FLIPR384 detector, to identify ago-



Fig. 1. Comparison of the calcium flux response triggered by a represen-
tative library #1 active compound to that of 40 nM CXCL11/I-TAC, or
no agonist, in three wells of a 384-well FLIPR screening assay plate.
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Fig. 2. Library #1/sub-library #8 compound structure. Variable positions
include R1 (40 possible synthons) and R2 (63 possible synthons).
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nists among the test compounds. After 30 min of incuba-
tion with test compounds, cells were challenged with a
CXCR3 agonist (CXCL11) at a concentration giving 80%
of the maximal calcium flux response, in order to detect
antagonist activity among the test compounds. In the first
phase of screening, 80 combinatorial libraries were sur-
veyed at multiple (up to 20) compounds per well, at con-
centrations of 1–5 lM for each compound. Active
libraries were identified and the most active sub-library
(as defined by the final combinatorial component) in each
library was selected for follow-up testing at a single com-
pound per well. The structures of active compounds were
identified and compounds were subsequently resynthesized
on a multi-milligram scale to confirm activity.

The initial multiple-compound-per-well survey screen
identified two libraries (#1 and #2) with agonist activity,
but no antagonists were found in these two libraries (the
identification of specific antagonists in other libraries is
described in [12]). In order to identify individual com-
pounds with agonist activity, library #1/sub-library #8
and library #2/sub-library #23 were rescreened at a single
compound per well at a concentration of approximately
4 lM, in three library equivalents. As the distribution of
compounds in the screening plates is random, the screening
of multiple library equivalents maximizes the coverage of
compounds within the screen. Theoretically, coverage of
three library equivalents assures that >95% of the com-
pounds are evaluated within the screen at least once, with
a high probability that the active compounds will be detect-
ed more than once. In this way, it is possible to obtain a set
of hit structures that are considered non-random [18].
Activity was reproduced in a screen at the single-com-
pound-per-well level, indicating the presence of efficacious
agonists in the library. Examination of the response to
library #1 and #2 test compounds suggested that the
increase in fluorescence resulted from activation of the
CXCR3 receptor (or some other receptor) and not from
test compound fluorescence, as both CXCL11 and the test
compounds elicited a transient response with similar kinet-
ics (Fig. 1). All of the other active compounds from agonist
screening assays in libraries #1 and #2 exhibited a similar
response with respect to time, although the amplitude of
the signal varied. Similarly, a single-compound-per-well
rescreen of library #2 reproduced activity observed in the
initial screen. To test for specificity for CXCR3, putative
agonists were tested for activity on null cell line
HEK293/Gqi5E. Replicate compound arrays of the active
sub-libraries were added to the HEK293/Gqi5E control
cells but no calcium response occurred, suggesting that
the compounds were specific agonists for the CXCR3
receptor; in contrast, cells in positive control wells respond-
ed robustly to 500 lM ATP acting at endogenous puriner-
gic receptors (data not shown).

Library #1 is an �30,000-membered library consisting
of compounds with a tetrahydroisoquinoline core and
three combinatorially varied substituents (R1–R3), but ago-
nist activity was only detected in one of its twelve 2520-
membered sub-libraries (#8, in which R3 was a 4-oxo-4-
phenylbutyramide; Fig. 2). Seven structures were identified
multiple times in a screen of library #1/sub-library #8 at a
single compound per well. Selected among a set of 16 pos-
sible naturally occurring and 47 other amino acids, the R2

substituent in these structures was always a positively
charged amino acid residue. Arginine was the most com-
mon (6/7) and less frequently lysine (1/7 structures). Fur-
thermore, whereas (L) and (D) amino acids were both
incorporated into the library, only (L) enantiomers were
represented among these seven structures. At a screening
concentration of approximately 4 lM, the compounds
exhibited activities between 16 and 55% of the 40 nM
CXCL11 control (Suppl. Table 1 online). At the R1 posi-
tion, structure-activity relationship was also apparent, with
only 7 of 40 possible R1 synthons eliciting putative agonist
activity. Structures identified within the screen showed a
preference for hydrophobic functionality, as exemplified
by the cyclohexylmethyl and diphenylethyl moieties present
in compounds 1 and 2 (Fig. 3). While agonist activity at a
single test concentration permits an estimate of a minimum
value for its efficacy at the receptor, this measurement does
not distinguish the relative contributions of potency and
efficacy. In order to address this question, two compounds
from library #1, compounds 1 and 2, were resynthesized on
a larger scale (>10 mg; structures in Fig. 3). Compounds 1
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and 2 were tested for CXCR3 agonist activity at a range of
concentrations from 500 pM to 30 lM. Both compounds
showed efficacy approximately 20% greater than that of
CXCL11, with potencies of 1.1 ± 0.2 lM (n = 7) and
3.3 ± 0.6 lM (n = 13), respectively (Fig. 4). The com-
pounds elicited no response in the null cell line (Suppl.
Fig. 1 online), indicating that the agonist response was
dependent on the expression of CXCR3.

A more limited set of compounds were active in library
#2. Library #2 is an �80,000-membered library, consisting
of fifty-one 1575-compound sub-libraries, based on a fused
piperidinyl diazepanone structural motif and incorporating
four combinatorially varied substituents (R1–R4). CXCR3
agonist activity was identified in only one of these sub-li-
braries (sub-library #23). The generic structure of sub-li-
brary #23 compounds (corresponding to R4

functionalization as the ortho-methoxybenzyl tertiary
amine) is shown in Fig. 5. Two compounds were identified
Fig. 4. Calcium flux induced by compound 1, compound 2, buffer alone
(negative control), and CXCL11 in HEK293/CXCR3 Gqi5 cells.
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Fig. 5. Structure of library #2/sub-library #23 compounds, containing 15
possible R1, 15 possible R2, and 7 possible R3 substituents.
multiple times when library #2/sub-library #23 was
screened in three library equivalents at a concentration of
4 lM, with average activities of 33% and 10% relative to
the positive control (CXCL11 at a sub-saturating concen-
tration, 40 nM). Lysine (but not arginine) and several acid-
ic or uncharged amino acids were present in this library.
Both compounds from library #2 contained a (D)-Lys sub-
stituent at the R2 position. Compound 3 was resynthesized
on a multi-milligram scale for full dose–response analysis
in the calcium flux assay (Fig. 6). Compound 3 exhibited
an EC50 of 1.7 ± 0.6 lM (n = 6) and efficacy of approxi-
mately 100% that of CXCL11 (Fig. 7) but it had no agonist
activity on the control null cell line (Suppl. Fig. 2 online).

Antagonism of small-molecule CXCR3 agonists by a small-

molecule antagonist

We have previously described the identification of aryl-
[1,4]diazepane ureas as CXCR3 antagonists [12]. Represen-
tative compounds from this class specifically inhibit
CXCR3-mediated functional responses. Compound 4

(Suppl. Fig. 3 online) is a functional antagonist, with an
IC50 value of 60 nM, of CXCL11 (at 40 nM) and a
20 nM antagonist of CXCL10 (at 100 nM) in calcium flux
assays, inhibits binding of [125I] CXCL10/IP-10 to the
CXCR3 receptor, and has been shown to specifically antag-
onize CXCL11-induced T cell chemotaxis in vitro [12].
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Fig. 6. CXCR3 agonist from library #2 (compound 3). Activity in the
CXCR3 calcium flux screen was 33 ± 7% of the response to 40 nM
CXCL11.

Fig. 7. Response of HEK293/CXCR3 Gqi5 cells to library #2 compound
3, CXCL11, or buffer alone (negative control) in calcium flux assay. EC50

values were 800 nM and 20 nM, respectively, for compound 3 and
CXCL11.



Fig. 8. Antagonism of 4 lM small-molecule CXCR3 agonists compounds
1 and 3 in the HEK293/CXCR3 Gqi5 cell calcium flux assay by small-
molecule antagonist compound 4.
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Compound 4 was inactive when tested in radioligand bind-
ing assays for a panel of fourteen GPCRs (with less than
50% inhibition of binding at a concentration of 10 lM
[12]), suggesting that it binds specifically to CXCR3. We
therefore asked whether this small molecule could inhibit
calcium flux induced in HEK293/CXCR3 Gqi5 cells by
small-molecule agonists from libraries #1 and #2. After
preincubation with the antagonist, agonist compound 1

(library #1) or compound 3 (library #2) was added to a
final concentration of 4 lM (approximately EC70). Fig. 8
shows that compound 4 was able to antagonize the
response to both agonists with IC50 values of 140 nM
and 110 nM, respectively, consistent with the antagonist
potency of 60 nM observed when using 40 nM CXCL11
to activate the receptor [12].

Selective inhibition of binding to CXCR3

The two representative CXCR3 agonists identified in
libraries #1 and #2 were also tested to determine whether
they could inhibit the binding of CXCR3 ligand CXCL10
to the receptor. Compounds 1 and 3 competed for binding
of radiolabeled CXCL10 to membranes prepared from
HEK293/CXCR3 Gqi5 cells, with IC50 values of
42 ± 21 nM and 65 ± 25 nM, respectively (n = 2; Fig. 9).
These binding IC50 values were approximately 30-fold low-
er than the EC50 values measured for induction of calcium
flux. A similar shift between potencies for binding and
functional activity was observed for CXCL11; CXLC11
has been reported to bind the receptor with a high affinity
binding component Kd of approximately 100–300 pM
Fig. 9. Competition of [125I] CXCL10 (25 pM) binding to HEK293/
CXCR3 Gqi5 cell membranes by compounds 1 and 3.
[19,20] yet its EC50 in the calcium flux assay is 20 nM (Figs.
4 and 7). This may be due in part to the fact that the local
concentration of agonist experienced by the cells in the
functional assay depends on mixing conditions in the assay
well, with the response occurring prior to establishment of
equilibrium. More importantly, signaling is likely to
depend on receptor expression levels and G protein cou-
pling and thus to require a threshold level of ligand
binding.

The specificity of compounds 1 and 3 was evaluated in
radioligand binding assays for a panel of ten human
GPCRs, including six chemokine receptors. No significant
inhibition (i.e., greater than 50%) was observed for either
compound at a test concentration of 10 lM against the
adrenergic a2B, dopamine D2S, muscarinic M1, serotonin
5-HT1A, CCR1, CCR2B, CCR4, CCR5, CX3CR1, and
CXCR2 receptors.

Stimulation of chemotaxis

While these small-molecule agonists induced calcium flux
in a recombinant CXCR3 cell line expressing the chimeric G
protein Gqi5, we sought to determine whether they could
elicit a functional response in a more physiological assay.
Compounds 1 and 3 were therefore evaluated for their abil-
ity to stimulate the chemotaxis of activated human T-cells
in vitro. Interleukin-2 (IL-2)-treated T-cells isolated from
two different blood donors migrated towards compound 1,
compound 3, and CXCL11 (Fig. 10 and Suppl. Fig. 4
online). T-cells from the second blood donor were addition-
ally evaluated for their migration toward CXCL10 and
CCL21 (Suppl. Fig. 4 online). The chemotactic response to
compounds 1 and 3 exhibited the bell-shaped concentra-
tion-response curve characteristic of chemotaxis to natural
peptide chemoattractants, as observed for CXCL11 ([21],
Fig. 10). T-cell chemotaxis to compounds 1 and 3 was inhib-
ited by the small-molecule CXCR3 antagonist, compound 4,
as was migration to CXCL10 and CXCL11. In contrast, in
the control experiment, migration induced by CCL21 via a
different chemokine receptor, CCR7, was unaffected by the
CXCR3-specific antagonist (Fig. 11).

Discussion

Our work highlights the importance of basic amino
acids in CXCR3 activation, as does previously published
work. An extensive mutational study of mouse CXCL10
was carried out in which 13 of the 16 basic amino acid res-
idues were substituted with Ala, though Arg38 could not be
successfully replaced and therefore was not tested [19], and
NMR structures for CXCL10 [20] and CXL11 [21] have
been determined. Both the mutation and NMR studies of
CXL10 indicated that Arg8 may play a significant role in
receptor activation. While CXCR3 ligands do not contain
the Glu-Leu-Arg (ELR) sequence that is critical for agonist
activity in a number of other CXC chemokines [22], Arg8
corresponds to the Arg in ‘‘ELR’’ in sequence alignments
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of CXC chemokines [23] and is conserved in CXCR3
ligands. In the CXCL10 NMR structure, Arg38 is in very
close proximity to Arg8, and both Arg residues experience
conformational change upon receptor binding [20].

The small molecules described here are able to at least
partially replace chemokines as agonists, albeit with lower
potencies. It is likely that the two-step binding model for
chemokine binding (in the ‘‘N-loop’’) and activation by
the NH2 terminus, reviewed in [24], does not have to apply
in the case of small-molecule agonists, as long as the surro-
gate agonist can induce a conformational change in the
receptor. Therefore, the small molecules may not mimic
the N-termini of the chemokines and rather point out other
important interactions between chemokine and receptor.
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Conclusion

In a screen of four million compounds from a collection
of diverse combinatorial libraries, we have identified novel
small-molecule agonists of the human CXCR3 receptor
from two different chemical classes, tetrahydroisoquino-
lines and fused piperidinyl diazepanones. These com-
pounds were shown to specifically activate CXCR3 in
functional assays (calcium mobilization and chemotaxis),
to inhibit binding of CXCR3 ligand CXCL10/IP-10 to
the receptor in vitro, and to be antagonized by a specific
small-molecule antagonist. These compounds can activate
the receptor with full efficacy in the calcium flux assay.
The fact that the small molecules function as agonists not
only on a recombinant cell line but in primary cells, and
that their chemotactic activity can be inhibited by a com-
pound that has been demonstrated to specifically antago-
nize CXCR3 [12], suggests that these compounds are true
agonists of this receptor. Regardless of the scaffold, and
while the majority of the compounds screened were non-
peptidic, the preferred chemotype acting as a functional
agonist contains a single basic amino acid, as well as a
hydrophobic substituent. Additional studies will be
required to determine the precise mechanisms by which
these two classes of small molecules activate CXCR3.
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