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Retinoid X receptor (RXR) agonists are candidate agents for the treatment of metabolic syndrome and
type 2 diabetes via activation of peroxisome proliferator-activated receptor (PPAR)/RXR or liver X
receptor (LXR)/RXR-heterodimers, which control lipid and glucose metabolism. Reporter gene assays or
binding assays with radiolabeled compounds are available for RXR ligand screening, but are unsuitable
for high-throughput screening. Therefore, as a first step towards stabilizing a fluorescence polarization
(FP) assay system for high-throughput RXR ligand screening, we synthesized fluorescent RXR ligands
by modification of the lipophilic domain of RXR ligands with a carbostyril fluorophore, and selected
the fluorescent RXR agonist 6-[ethyl(1-isobutyl-2-oxo-4-trifluoromethyl-1,2-dihydroquinolin-7-
yl)amino]nicotinic acid 8d for further characterization. Compound 8d showed FP in the presence of
RXR and the FP was decreased in the presence of the RXR agonist LGD1069 (2). This compound should
be a lead compound for use in high-throughput assay systems for screening RXR ligands.

� 2010 Elsevier Ltd. All rights reserved.
Retinoid X receptors (RXRs) are nuclear receptors that func-
tion as homodimers or heterodimers with other nuclear receptors,
such as peroxisome proliferator-activated receptors (PPARs), liver
X receptors (LXRs), farnesoid X receptor (FXR), retinoic acid recep-
tors (RARs), thyroid hormone receptors (TRs), and so on.1,2 In RXR-
heterodimers, RXRs are involved in stabilization of the binding of
the heterodimer partner to DNA.2 RXR agonists can stabilize the
heterodimeric structures and sometimes potentiate the agonistic
activity of the heterodimer partners. For example, an RAR agonist
at a low concentration which does not induce cell differentiation
by itself may induce cell differentiation upon synergistic activation
of RAR/RXR with an RXR agonist.3 Moreover, PPARs, which are target
molecules for treatment of metabolic syndrome and type 2 diabetes,
and LXRs, which are involved in lipid and glucose metabolism, can be
activated synergistically by RXR agonists in combination with PPAR
or LXR agonists, respectively, and also can be activated by RXR ago-
nists alone (permissive mechanism) to promote transcription of
downstream genes.4 Thus, RXRs are attractive targets for the treat-
ment of metabolic syndrome and type 2 diabetes.5,6

Known RXR agonists include 9-cis retinoic acid (1), an endoge-
nous ligand of RXRs, and LGD1069 (2), which is approved in the
USA for treatment of cutaneous T cell lymphoma, HX630 (3),
PA024 (4), and so on (Fig. 1).2,3,7–11 We have also created less lipo-
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philic RXR agonists, NEt-3IP (5), and NEt-3IB (6).12–14 Interestingly,
3 and 4 have different characteristics in activation of permissive
heterodimers PPAR/RXR and LXR/RXR,15 although we have ob-
tained similar results with carboxy bioisosteric derivatives.16 In
other words, RXR agonists can show a structure-dependent activa-
tion profile towards RXR-heterodimers, and thus are attractive
candidates for application as RXR-heterodimer modulators.

For the screening of RXR ligands, reporter gene assays based on
gene transactivation or binding assays using radioisotopes are gen-
erally used.17 Though the former approach is useful for the verifi-
cation of RXR-agonistic or antagonistic activities, it takes several
days. On the other hand, although the latter approach offers high
sensitivity, the use of radioisotopes is inconvenient. We considered
that safe, simple, and inexpensive high-throughput RXR ligand
screening might be attained by using fluorescence polarization
(FP) assay systems. However, no fluorescent RXR ligand has yet
been reported. Here we describe the molecular design, synthesis,
and characterization of fluorescent RXR ligands suitable for fluo-
rescence polarization-based screening of RXR ligands.

Fluorescent ligands for FP assay are generally created by intro-
duction of a fluorophore, such as fluorescein or rhodamine, into an
existing ligand via a spacer.18–20 However, X-ray structure analysis
of RXRs indicates that there is insufficient space at the ligand-bind-
ing site for the introduction of a fluorophore or a spacer (e.g.,
1FBY). Thus, we considered that a part of the RXR ligand would
have to be converted to a fluorophore. Focusing on RXR agonist
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Figure 1. Chemical structures of known RXR agonists.

Figure 2. Design strategy of fluorescent RXR ligands.

Scheme 1. Reagents and conditions: (a) CH3COCH2CO2Et, water, microwave, 150 �C, 46%. (b) CF3COCH2CO2Et, p-TsOH, EtOH, reflux, 42%. (c) RI (R = Me, Et), NaH, DMF or i-
BuBr, NaH, KI, DMF, rt 22–72%. (d) 6-Chloronicotinic acid methyl ester, p-TsOH, dioxane, DMSO, reflux, 20–87%. (e) EtI, NaH, DMF, rt 13–67%. (f) NaOHaq, MeOH, 60 or 65 �C,
19–97%.
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Figure 3. Co-transfection data (RXRa) for synthetic compounds and known RXR
agonist LGD1069 (2) in COS-1 cells. Data are the average (n = 3) ±SEM.

Table 1
Fluorescence properties of 8b–d (10 lM) in PBS

NNO

CF3

R
N

CO2H

Et

Compound R Exa (nm) Emb (nm) Intensityc (arb. units)

8b Me 372 494 5.60
8c Et 368 496 7.90
8d i-Bu 368 493 14.5

a Excitation maximum wavelength.
b Emission maximum wavelength.
c Fluorescent intensity shown by arbitrary units.
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Figure 5. Fluorescence polarization values upon addition of RXRa to 8d (1 lM) in
HEPES buffer. Data are the average (n = 3) ±SEM.
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7, in which the structure of the so-called lipophilic domain resem-
bles a fluorescent carbostyril structure, we designed 8, which pos-
sesses a carbostyril structure as its lipophilic domain in the general
RXR structure (Fig. 2).21

The synthetic scheme is shown in Scheme 1, starting from m-
phenylenediamine. 7-Amino-4-methyl-1H-quinolin-2-one (10a:
R = methyl) was synthesized by the use of microwave irradiation
at 150 W and 150 �C for 80 min,22 while 7-amino-4-trifluoro-
methyl-1H-quinolin-2-one (10b: R = trifluoromethyl) was pre-
pared by Knorr condensation with ethyl acetoacetate or ethyl
1,1,1-trifluoroacetoacetate and a catalytic amount of p-tosylic acid
in ethanol.23 N-Alkylation at the lactam ring of 10 was performed
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Figure 4. Fluorescence polarization characteristics of 8d. (a) Fluorescence polarization c
values as a function of the concentration of 8d in PBS. Data are the average (n = 3) ±SEM
with corresponding alkyl halides and sodium hydride in dry DMF
to afford anilino derivatives 11. After coupling reaction of the ob-
tained anilino derivatives and methyl 6-chloronicotinate with a
catalytic amount of p-tosylic acid in dioxane and DMSO, N-alkyl-
ation at the linking group and deprotection of the carboxylic group
afforded the target molecules 8.

RXR-agonistic activity of 8a–d, as an indicator of RXR binding
activity, was evaluated by reporter gene assay. While 8a showed
no RXR-agonistic activity (data not shown), 8b–d show RXR-ago-
nistic activity with EC50 values of about 1 lM, although they are
less potent than 2 (Fig. 3).

Next, the fluorescence properties of 8b–d were evaluated (Table
1). Each compound showed a fluorescence excitation maximum at
around 370 nm, and emission at around 490 nm. As the N-alkyl
chain at the lactam ring was extended, the relative fluorescence
intensity tended to increase. Thus, we selected 8d as the most po-
tent RXR agonist, with the highest fluorescence intensity, and eval-
uated its FP characteristics according to the procedure reported by
Peterson et al.19 Figure 4a shows the FP of 8d in glycerol solution, a
viscous liquid, that impedes solute motion. As the ratio of glycerol
in the solution was increased, increasing FP of 8d was observed.
The fluorescence intensity of 8d increased in proportion to the con-
centration of 8d, while the FP value remained constant, at a fixed
ratio of glycerol (Fig. 4b).

In order to evaluate the binding of 8d to RXR, we added RXRa
protein to a solution of 1 lM 8d in PBS buffer (Fig. 5). With increas-
ing RXR concentration, the FP value of 8d was increased, indicating
that 8d was bound to RXR. Moreover, addition of 2 to the solution
decreased the FP value, indicating that binding of 8d is competitive
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.
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with that of 2, and therefore presumably occurs at the same site in
RXR.

We designed, synthesized, and characterized fluorescent RXR
agonists that were expected to be suitable for high-throughput
FP screening of RXR ligands. One of them, 6-[ethyl(1-isobutyl-2-
oxo-4-trifluoromethyl-1,2-dihydroquinolin-7-yl)amino]nicotinic
acid 8d, was concluded to be suitable for this purpose. Further
work is planned to increase the RXR-agonistic activity and fluores-
cence intensity of 8d. The strategy presented here is expected to be
useful for creation and development of other fluorescent RXR ago-
nists for RXR ligand screening systems.
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