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Abstract － Peroxisome proliferator-activated receptor γ (PPARγ) is a ligand-activated transcription factor 
that is used as a target for anti-diabetic drug development. In a search for novel PPARγ agonists, the 
β-carboxyethyl-rhodanine derivative SP1818 was identified. We report here the characteristics of SP1818 as 
a selective PPARγ agonist. In transactivation assays, SP1818 selectively activated PPARγ, but the degree of 
PPARγ stimulation was less than with 1 μM rosiglitazone. SP1818 also stimulated glucose uptake in a 
concentration-dependent manner. The adipocyte differentiation markers adiponectin, scavenger receptor 
CD36 and aP2 were weakly induced by treatment with SP1818, and TRAP220 subunit was specifically 
recruited into PPARγ activated by rosiglitazone but not PPARγ activated by SP1818.
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INTRODUCTION

    The peroxisome proliferator-activated receptors (PPARs) 
belong to the nuclear receptor superfamily of ligand-acti-
vated transcription factors (Lehmann et al., 1997; Hauser 
et al., 2000). The PPARγ gene is transcribed from alter-
native promoters that give rise to two major protein iso-
forms, PPARγ1 and PPARγ2 (Zhu et al., 1995). Both iso-
forms are expressed most abundantly in adipocytes, and 
PPARγ2 is almost entirely adipocyte-specific (Vidal-Puig et 
al., 1996). PPARγ is structurally composed of a central 
DNA-binding domain, an amino-terminal activation do-
main, and a carboxyl-terminal ligand-binding domain 
(LBD) that is required for a ligand-dependent transacti-
vation (AF-2) function (Zoete et al., 2007).
    Thiazolidinediones such as pioglitazone and rosiglita-
zone are high-affinity ligands and agonists for PPARγ that 
are currently used in the treatment of type 2 diabetes melli-
tus (Chiarelli and Di Marzio, 2008). However, the use of 
thiazolidinediones has been associated with adverse ef-
fects including weight gain, increased adipogenesis, renal 
fluid retention, plasma volume expansion and, more re-

cently, possible increased incidence of cardiovascular 
events (Berger et al., 2005; Nissen and Wolski, 2007). Be-
cause of the adverse effects of glitazones, the character-
ization of new PPARγ ligands that retain metabolic efficacy 
without exerting adverse actions is essential for the devel-
opment of new therapeutic strategies for type 2 diabetes 
mellitus. Thus, in a screen for novel PPARγ agonists, we 
found SP1818.

MATERIALS AND METHODS

Cell lines and reagents
    3T3-L1 cells and 293T cells obtained from the American 
Type Culture Collection (ATCC) were maintained in Dul-
becco’s Modified Eagle Medium (DMEM) containing 10% 
fetal bovine serum (FBS). Deoxy-[3H]-glucose was ob-
tained from R&D (Minneapolis, MN, USA) and a scintilla-
tion cocktail was obtained from PerkinElmer (Waltham, 
MA, USA). D-glucose was obtained from DUCHEFA Bio-
chemie (St. Louis, MO, USA). Trizol was obtained from 
Takara Korea (Seoul, Korea). A reverse transcription sys-
tem was obtained from Fermentas (Glen Burnie, MD, 
USA). 

Transactivation assay
    The pFA-Gal4-PPARα-LBD, pFA-PPARδ-LBD and pFA- 
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PPARγ-LBD expression plasmids were provided by Dr. 
Jung Hyeong Lee (Kangwon National University, Chun-
cheon, Korea). At 75-90% confluence, 293T cells were 
transiently co-transfected with one of the expression vec-
tors for pFA-Gal4-PPAR-LBDs together with pFR-Luc us-
ing the calcium phosphate transfection method. Following 
a 24 h incubation, the cells were treated with various con-
centrations of SP1818 or rosiglitazone and incubated for 
16 h. Luciferase assays were performed using a dual-luci-
ferase reporter assay system according to the instructions 
of the manufacturer (Promega, CA, USA), and the activity 
was determined in a Victor3 luminometer (PerkinElmer, 
Inc., MA, USA). 

Adipocyte differentiation and glucose uptake assay
    Glucose uptake was carried out as previously described 
with some modifications (Elsegood et al., 2009). Differen-
tiation of the 3T3-L1 cells was induced by the addition of 
DMEM medium supplemented with 0.5 M isobutylmethy-
lxanthine (SIGMA-ALDRICH KOREA, Seoul, Korea), 2 μM 
dexamethasone (SIGMA-ALDRICH KOREA, Seoul, Korea), 
1.7 μM insulin (SIGMA-ALDRICH KOREA, Seoul, Korea), 
and 10% FBS. The induction medium was removed after 
two days. Thereafter, the medium was changed every two 
days with DMEM containing 10% FBS. At the time of the 
experiments, 90% of the 3T3-L1 cells were filled with multi-
ple lipid droplets. Fully differentiated cells were incubated 
for 12 h with various concentrations of the compounds. For 
the glucose transport assay, cells were washed three 
times with 1 ml of prewarmed transport buffer (140 mM 
NaCl, 5 mM KCl, 1 mM CaCl2, 2.5 mM MgCl2, 20 mM Tris- 
HEPES pH 7.4) followed by incubation in the presence or 
absence of various concentration of either SP1818 or 
rosiglitazone. After 30 min of incubation, cells were treated 
with a mixture of 5 mM D-glucose and 2 μCi 2-[14C(U)] de-
oxy-D-glucose followed by incubation for 10 min at 37oC. 
The reaction was stopped by the addition of 0.25 ml of 50 
mM NaOH. The cell lysates were collected in a glass scin-
tillation vial containing 3 ml of a scintillation cocktail. After 
proper vortexing of the cell lysates and the scintillation 
cocktail, each vial was subjected to 14C scintillation coun-
ting. Glucose uptake values were normalized against total 
protein values measured from lysates extracted in NaOH. 
The values were also corrected for non-carrier mediated 
transport by measuring glucose uptake in the presence of 
0.01 mM of cytochalasin B.

Reverse transcriptase-polymerase chain reaction
    Total RNA from differentiated 3T3-L1 cells was pre-
pared using Trizol (Takara Korea, Seoul, Korea) and 3 μg 

of total RNA was reverse transcribed using M-MuLV re-
verse transcriptase (Fermentas, MD, USA) at 37oC for 1 h. 
PCR for the amplification of aP2, CD36, and adiponectin 
was then performed using a primer pair (mouse aP2: for-
ward 5'-GCCAGGGACTTTGGGTACGTGTG-3', reverse 5'- 
GGCCTTGAGGGCCTCGGTGAGA-3; mouse CD36 for-
ward 5'-ATGGGCTGTGATCGGAACTG-3', reverse 5'-TG 
TGGTGCAGCTGCTACAGC-3; mouse adiponectin: forward 
5'-CGGAATTCGGCATCCCAGGACA', reverse 5'-CACAT 
AAGCGGCTTCAAGCTTCG-3). PCR was performed with 
amplification cycles of 30 s of denaturation at 94oC, 30 s of 
annealing at 55oC, and 30 s of extension at 72oC. β-actin 
was used as the control.

Mammalian two-hybrid assay
    A mammalian two-hybrid assay was performed as de-
scribed previously with some modifications Expression 
vectors for pVP-PPARγ (DEF), pM-SRC-1, pM-TIF2, pM- 
AIB-1, pM-p300, pM-TRAP220 and a reporter plasmid 
pFR-LUC were kindly provided by Dr. Shigeaki Kato 
(University of Tokyo, Tokyo, Japan). HEK 293T cells were 
transiently co-transfected with one of the expression vec-
tors for pM-SRC-1, pM-TIF2, pM-AIB-1, pM-p300 or pM- 
TRAP220 together with pVP-PPARγ (DEF) and pFR-LUC 
using the calcium phosphate transfection method. As a ref-
erence plasmid for normalization, pcDNA3.1 vector was 
used. The cells were treated with the indicated concen-
tration of compounds 24 h after transfection. Following 24 
h of incubation, luciferase assays were performed using a 
dual-luciferase reporter assay system according to the in-
structions of the manufacturer (Promega, CA, USA), and 
the activity was determined in a Victor3 luminometer (Per-
kinElmer, Inc., MA, USA).

RESULTS

PPARγ is specifically activated by SP1818
    SP1818, a β-carboxyethyl-rhodanine derivative, was 
identified by an improved virtual screening scheme com-
bining ligand-centric and receptor-centric methods using a 
library of commercially available compounds in SDF for-
mat as a PPARγ binder (Choi et al., 2009) and structure is 
shown in Fig. 1. Rhodanine derivatives showing PPARγ 
stimulating activity were reported previously (Liu et al., 
2007), but their structures are different with SP1818. To 
determine whether SP1818 is capable of activating 
PPARγ, the specific activity of SP1818 as a PPARγ agonist 
was evaluated in a transient transfection assay in 293T 
cells. The cells were co-transfected with pFA-Gal4-PPARγ- 
LBD together with pFR-Luc and then treated with SP1818 
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Fig. 1. Chemical structure of SP1818. SP1818 has a novel 
scaffold, (β-carboxyethyl)-rhodanine.

and rosiglitazone. SP1818-induced activity increased in a 
concentration-dependent manner, and the activity of 
SP1818 at 10 μM was similar to that of 1 μM rosiglitazone, 

indicating that SP1818 is a partial PPARγ agonist (Fig. 2A). 
To determine whether SP1818 specifically increases 
PPARγ activity without affecting PPARα and PPARδ activ-
ities, cells were co-transfected pFA-Gal4-PPAR-LBDs with 
pFR-Luc. The transactivation activity of PPARγ was in-
duced by SP1818 up to 70% that of rosiglitazone, whereas 
SP1818 was unable to activate PPARα or PPARδ, indicat-
ing that SP1818 is a selective PPARγ agonist (Fig. 2B). 
Since rosiglitazone is able to stimulate glucose uptake in 
3T3-L1 adipocytes, we next examined whether SP1818 in-
duce glucose uptake. SP1818 significantly increased 2-de-
oxyglucose uptake (Fig. 2C).

Adipogenesis is reduced by SP1818
    Several PPARγ agonists induce adipogenesis of pre-
adipocytes, and this is one of the adverse effects of PPARγ 
agonists. We therefore examined whether SP1818 has an 
adipogenic effect using 3T3-L1 preadipocyte cells. The 
cells were treated with the differentiation cocktail, insulin, 

Fig. 2. PPARγ is specifically activated by SP1818. (A) HEK 293T cells were 
transiently transfected with pFA-Gal4-PPARγ-LBD together with pFR-Luc and 
treated with the indicated concentration of SP1818 or rosiglitazone, respectively. (B) 
HEK 293T cells were transiently transfected with pFA-Gal4-PPAR-LBDs with 
pFR-Luc and treated with 10 μM SP1818 or 1 μM rosiglitazone. Luciferase activity 
was determined after cell lysis and expressed as fold activation relative to untreated 
cells. (C) The preadipocyte cell line 3T3-L1 was differentiated with differentiation 
cocktail and then incubated with the indicated concentration of SP1818 for 30 min. 
Deoxyglucose uptake was measured using scintillation counter. Values are means ± 
S.E.M. of three different experiments. **p＜0.01 compared to vector control.
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Fig. 3. SP1818 is less adipogenic than rosiglitazone. The preadipocyte cell line 3T3-L1 was differentiated with differentiation cocktail, 1
μM rosiglitazone, 10 μM SP1818, or 170 nM insulin. (A) On day seven of differentiation, cells were photographed. (B) The levels of 
aP2, CD36, and adiponectin mRNA were measured by RT-PCR and the level of beta-actin mRNA was also measured as a loading 
control.

Fig. 4. AIB-1 and TRAP220 are mainly recruited to PPARγ by 
SP1818. HEK 293T cells were transiently cotransfected with 
expression vectors for pVP-PPARγ and pFR-Luc reporter 
construct together with one of the PPARγ cofactor expressing 
plasmids, including TRAP220, AIB-1, p300, TIF2, and SRC-1. 
Cells were grown for 24 h in the presence or absence of 
SP1818 (10 μM) or rosiglitazone (1 μM). The recruitment of the 
cofactor is expressed as fold induction relative to luciferase 
activity. Values are means ± S.E.M. of three different experi-
ments in triplicate. *p＜0.05, **p＜0.01 compared to vector 
control.

rosiglitazone, or SP1818 for two days, and then culture 
medium was changed every other day. On day seven of 
differentiation, lipid droplet levels were photographed and 
total RNA was isolated. Treatment with SP1818 resulted in 
less differentiation compared to rosiglitazone treatment 

(Fig. 3A). To further confirm this, the expression level of 
various adipocyte differentiation marker genes was exam-
ined, including aP2, CD36, and adiponectin. SP1818 treat-
ment resulted in lower expression levels of all genes tested 
compared with rosiglitazone treatment (Fig. 3B), indicating 
that SP1818 has lower adipogenic potential than rosiglita-
zone.  

PPARγ cofactor specificity of SP1818 is different from 

that of rosiglitazone
    SP1818 showed different adipogenic effects from those 
of rosiglitazone. Thus, to know the underlying mechanism, 
we performed a mammalian two-hybrid assay using 
TRAP220, AIB-1, p300, TIF2, and SRC-1 cofactors fused 
in-frame to Gal4 binding protein. Cells were co-transfected 
with one of the cofactor expressing plasmids together with 
pVP-PPARγ and pFR-luc as a reporter plasmid. 
Rosiglitazone strongly stimulated interaction of TRAP220 
with PPARγ, and SP1818 marginally recruited AIB-1 and 
TRAP220 into PPARγ (Fig. 4), suggesting that SP1818 re-
cruits different cofactors than does rosiglitazone.

DISCUSSION

    Thiazolidinediones (TZDs) are a class of oral hypogly-
cemic agents to improve insulin sensitivity and the meta-
bolic processes responsible for the development of insulin 
resistance (Mudaliar and Henry, 2001; Bhatia and Viswa-
nathan, 2006). TZDs lower hyperglycemia by increasing 
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peripheral glucose utilization and decreasing hepatic glu-
cose production in both human and in experimental mod-
els of insulin resistance (Olefsky, 2000). These effects of 
TZDs are mediated through PPARγ, which is highly ex-
pressed in adipose tissue and to a lesser extent in skeletal 
muscle and liver (Auwerx, 1999). Because the storage of 
excess energy in adipocytes favors insulin sensitivity, it is 
not surprise that PPAR has adipogenic activity.However, 
side effects including weight gain, liver toxicity, fluid re-
tention, and edema need to be surmounted before TZDs 
are used more widely in the market (Chao et al., 2000; 
Scheen, 2001; Watkins et al., 2002; Tolman and Chandra-
mouli, 2003). In an effort to find a compound with fewer 
side effects, we screened candidate compounds. One of 
the functions of PPARγ is enhancing adipocyte differen-
tiation. Thus we tested whether SP1818 induces the differ-
entiation of adipocytes. The adipogenic activity of SP1818 
is less than that of rosiglitazone, which is on the market. 
    It has been known that cofactors interacts with nuclear 
receptors and they can either repress or enhance their 
transcriptional activities (Glass et al., 1997). Both SRC-1 
and p300 activators are not specific to PPARγ and the in-
teraction between PGC-1 and PPARγ is ligand-indepen-
dent both in vitro and in vivo. Although several cofactors in-
teract with PPARγ, none of these cofactors seems to be 
specific for PPARγ. Thus, understanding PPARγ ligand- 
dependent cofactor profiles is important to estimate the ac-
tion mechanism of each PPARγ ligand. To elucidate the 
mechanism underlying SP1818's different profile, we 
therefore analyzed which of PPARγ's cofactors (SRC-1, 
TIF2, AIB-1, p300, and TRAP220) is recruited because di-
rect interactions between PPARγ and SRC-1, TIF2, AIB-1, 
p300, and TRAP220 have been observed when prosta-
glandin derivative 15-deoxy-12,14 prostaglandin J2 
(15d-PGJ2) is bound to PPARγ. Interestingly, when rosigli-
tazone was bound to PPARγ, TRAP220 subunit, a subunit 
of the thyroid hormone receptor-associated protein 
(TRAP) transcription coactivator complex, was specifically 
recruited. However, SP1818 did not interact strongly with 
TRAP220 subunit compared to rosiglitazone, which may 
be why SP1818 is less adipogenic than rosiglitazone. 
PPARγ has an unusually large ligand-binding pocket, 
which allows it to interact with diverse endogenous and 
chemical ligands including various fatty acids and the thia-
zolidinediones (Xu and Li, 2008). It is therefore possible for 
SP1818 to recruit an unknown coactivator or a lower 
amount of coactivators such as AIB-1 and TRAP220, 
which could explain why SP1818 activates PPARγ only 
half as much as rosiglitazone. In summary, SP1818 has 
the ability to stimulate PPARγ activity and is less adipo-

genic than rosiglitazone. Since weight gain is one of the 
side effects of PPARγ agonists, being less adipogenic 
could make SP1818 a promising candidate drug for the 
treatment of type II diabetes.
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