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Abstract
Background/Aims—A recently-determined target of lipopolysaccharide (LPS) and cytokine
signaling in liver is the central Type II nuclear receptor (NR) heterodimer partner, Retinoid X receptor
α (RXRα). We sought to determine if rosiglitazone (Rosi) a peroxisome proliferator activated
receptor γ(PPARγ) agonist with anti-inflammatory properties, can attenuate LPS and cytokine-
induced molecular suppression of RXRα-regulated genes.

Methods—In vivo, mice were gavage-fed Rosi for 3 days, prior to intraperitoneal injection of LPS,
followed by harvest of liver and serum. In vitro, HepG2 cells were treated with IL-1β, ± short-term
Rosi pretreatment. RNA was analyzed by quantitative RT-PCR, while nuclear and cytoplasmic
proteins were analyzed by immunoblotting and gel shifts.

Results—Rosi attenuated LPS-mediated suppression of RNA levels of several Type II NR-
regulated genes, including bile acid transporters and the major drug metabolizing enzyme, Cyp3a11,
without affecting cytokine expression, suggesting a novel, direct anti-inflammatory effect in
hepatocytes. Rosi suppressed the inflammation-induced nuclear export of RXRα, in both LPS-
injected mice and IL-1β-treated HepG2 cells, leading to maintenance of nuclear RXRα levels and
heterodimer binding activity.

Conclusions—Rosi directly attenuates the suppressive effects of inflammation-induced cell
signaling on nuclear RXRα levels in liver.
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1. Introduction
Inflammation induces the negative hepatic APR, which is characterized by disruption of critical
physiological processes in the liver [1,2]. LPS-induced APR involves Kupffer cell (KC)-
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mediated release of the pro-inflammatory cytokines, interleukin (IL)-1β, IL-6, and tumor
necrosis factor (TNF)-α, which results in the activation of cell-signaling pathways leading to
the suppression of hepatic genes [3,4]. APR leads to the pathogenesis and progression of a
variety of liver diseases, including cholestasis, which results from altered expression of the
bile acid transporters, including sodium/taurocholate cotransporter (Ntcp/Slc10a1), bile acid
salt exporter pump (Bsep, Abcb11), and the multi-drug resistance-related proteins (Mrp, Abcc)
2 & 3 [2,5]. The effects of LPS on hepatic genes are attenuated in rodent models upon
inactivation or depletion of KCs, or by administration of anti-cytokine antibodies [6-9]. This
suggests that counteracting either the production or intracellular action of inflammatory
mediators secreted by KCs may attenuate the pathogenesis of inflammation in liver diseases.

The expression of many of the genes which are repressed during negative hepatic APR are
regulated by Type II nuclear receptors (NRs), which require heterodimerization with retinoid
X receptor (RXR) to activate gene transcription [10,11]. RXRα is the most highly expressed
RXR isoform in the liver and plays a central role in regulating major physiological processes
in the liver, including endobiotic/xenobiotic metabolism and homeostasis [12,13]. We have
recently demonstrated that reduction of nuclear RXRα protein levels by LPS administration in
vivo and IL-1β in vitro, appear to be a major contributor to the repression of hepatic genes
during the negative hepatic APR [14-16]. Thus, maintaining RXRα levels in the nucleus may
be a new and potent means to attenuate LPS-mediated suppression of hepatic genes.

In addition to playing major roles in lipid metabolism, members of the PPAR (Nr1c1-3)
subfamily of Type II NRs (α,β/δ,γ), may possess potent anti-inflammatory properties [17-19].
PPARγ ligands can inhibit the expression of inflammatory genes such as IL-1β, TNFα, IL-6,
iNOS, MMP-9 and scavenger receptor A in macrophages and monocytes [17-20]. There is
increasing evidence to support a protective role of PPARγ in various pathophysiological
conditions including cancer, atherosclerosis, diabetes and hepatogastroenterological diseases
[19,21]. PPARγ ligands can inhibit LPS-induced NO and TNFα production in cultured KCs
and the inhibition was potentiated by co-treatment with RXR agonists [22]. However, it is not
known whether PPARγ agonists have any role in reducing the effects of inflammation on NR
genes in hepatocytes, although recent studies in humans with non-alcoholic steatohepatitis
(NASH) support PPARγ ligands as potential anti-inflammatory agents [23,24].

In this study we sought to determine whether the PPARγ ligand, Rosiglitazone (Rosi) can
attenuate the deleterious effects of inflammation on the expression of genes regulating
endobiotic/xenobiotic transport and metabolism in liver. Rosi attenuated the effects of LPS on
the expression of critical RXRα-regulated hepatic genes (Ntcp, Bsep, Cyp3a11 and Lfabp),
while inhibiting LPS-mediated RXRα nuclear export, resulting in increased nuclear binding
activity of RXRα heterodimers in vivo. Surprisingly, Rosi did not affect LPS-mediated
induction of cytokine expression, but appears to have a direct anti-inflammatory effect in
hepatocytes. In vitro studies indicate that Rosi can act intracellularly in liver-derived HepG2
cells to prevent IL-1β-mediated nuclear export and degradation of RXRα. This suggests that
PPARγ agonists can be utilized as novel therapeutic agents to modulate hepatic inflammatory
responses in acute and chronic liver diseases.

2. Materials and methods
2.1. Mice

Male C57BL/6 mice from Charles River Laboratories (Wilmington, MA) were maintained in
a temperature and humidity-controlled environment and provided with water and rodent chow
ad lib. Mice were gavage-fed 50 mg/kg/d of Rosiglitazone (Alexis Biochemicals, San Diego,
CA) or corn-oil once daily for 3 days. On day 3, the animals were intraperitoneally (IP) injected
with 2 mg/kg body weight of LPS (Salmonella typhimurium; Sigma Chemical Co., St. Louis,
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MO) or saline and livers were harvested after 1, 4, 8 and 16 hours [16]. All animal protocols
were approved by the Baylor College of Medicine Institutional Animal Care and Use
Committee. Experiments were performed in triplicate and repeated three to four times.

2.2. Real time quantitative PCR analysis
Total RNA was isolated from liver tissues using the RNeasy kit from Qiagen, and cDNA was
synthesized using the ProSTAR™ First-Strand RT-PCR Kit (Stratagene, La Jolla, CA). Real
time quantitative PCR was performed using an ABI PRISM 7000 Sequence Detection System
(Applied Biosystems, Inc., Foster City, CA). Quantitative expression values were extrapolated
from standard curves and were normalized to cyclophilin. The sequences of the primers and
probes are listed as supplemental data. All data were analyzed by Kruskal Wallis ANOVA
followed by Mann-Whitney test. P-values less than 0.05 were used as the criteria of
significance.

2.3. Plasma cytokine analysis
Plasma levels of IL-1β, IL-6 and TNFα were determined simultaneously using xMAP
technology (Luminex Corporation, Austin, TX) with a commercially available kit (Linco
Research, St.Charles, MO).

2.4. Cell fractionation and immunoblotting
Cell extracts were prepared as previously described [15,16,25]. The following antibodies were
used in immunoblot analysis: JNK, phospho-JNK and phospho-c-Jun antibodies (Ser 63) (Cell
Signaling, Beverly, MA), IκBα and anti-RXRα (D-20) (Santa Cruz Biotechnology, Santa Cruz,
CA). Signals were developed using Tropix luminescence following the manufacturer’s
protocol (Applied Biosystems, Foster City, CA).

2.5. Electrophoretic gel mobility shift assay (EMSA)
Nuclear extracts were prepared according to Timchenko et al. with some modifications [26].
10 μg of nuclear extracts were incubated on ice for 30 min with 32P end-labeled oligonucleotide
as described previously [15]. After binding, the samples were electrophoresed through a non-
denaturing 6% polyacrylamide gel, dried and exposed to x-ray film.

2.6. Cell culture
The human hepatoma cell line, HepG2, was maintained in MEM containing Earle’s salts and
supplemented with 10 % certified fetal bovine serum (FBS), penicillinstreptomycin and L-
Glutamine. The cells were plated at 2.5 × 105 cells/ml and maintained in serum-containing
media for 48 hours and then serum starved for 20 hours prior to treatment with 10 μM Rosi or
DMSO. After 30 minutes of Rosi treatment, cells were treated with either 10ng/ml IL-1β or
vehicle control (0.0001% BSA in PBS) for 30 minutes.

2.7. Immunofluorescent analysis
Mice were pre-treated with Rosi or vehicle, followed by saline or LPS injection, and livers
were harvested after 1 hour. Livers were fixed in 10% buffered neutral formalin overnight at
4 °C and then stored in 70% ethanol. Fluorescent detection was performed by using anti-
RXRα (D-20) antibody and fluorescein isothiocyanate (FITC)- labeled secondary antibody and
nuclei was stained with 4’-6-diamidino-2-phenylindole (DAPI). Visualization was performed
with a Deltavision Spectris Deconvolution Microscope System (Applied Precision, Inc.).

HepG2 cells were grown on cover slips, treated with Rosi or DMSO for 30 minutes, followed
by IL-1β or vehicle treatment for another 30 minutes. Cells were washed with cold phosphate
buffered saline, and immunostaining was performed as described previously [14]. The cells
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were stained with anti-RXRα antibody and Alexa Fluor 555 goat anti-rabbit secondary
antibody (Invitrogen, Eugene, Oregon).

3. Results
3.1. Rosiglitazone pre-treatment attenuates LPS-mediated suppression of RXRα-regulated
hepatic genes

Administration of LPS leads to the down-regulation of hepatic genes involved in bile acid
metabolism and transport [27,28]. To determine whether the PPARγ agonist, Rosi can attenuate
the effect of LPS on hepatic gene expression, four groups of mice were tested—vehicle feeding
followed by saline injection (Veh/Sal), vehicle feeding followed by LPS (Veh/LPS), Rosi
feeding followed by saline injection (Rosi/Sal), and Rosi feeding followed by LPS injection
(Rosi/LPS). RNA was isolated from livers harvested at 16 hours after injection and analyzed
by real-time PCR (Fig. 1). The RNA levels of Veh/LPS and Rosi/LPS samples were determined
relative to their controls, Veh/Sal and Rosi/Sal, respectively. RNA levels of the major bile acid
transporters, Ntcp and Bsep, from Rosi/LPS treated mice increased 2-3 fold compared to Veh/
LPS treated control mice (Ntcp: 15% → 30%; Bsep: 12% → 31%). RNA levels of the major
bile acid and drug metabolizing enzyme, cytochrome P450 3a11 (Cyp3a11) increased ∼2-fold
(12% → 25%), with Rosi pre-treatment as did RNA levels of the liver fatty acid binding protein
(lfabp) (20% → 45%). Rosi did not affect the LPS-mediated suppression of 2 NR-regulated
transporter genes, Mrp2 and Mrp3, suggesting that Rosi exhibited gene-specific responses.

A direct hepatocyte target gene of PPARγ, fatty acid translocase (FAT)/CD36 [29] was induced
by Rosi (data not shown) indicating that 50 mg/kg/d of Rosi treatment activates PPARγ in
hepatocytes. Thus, Rosi is capable of activating PPARγ in liver and attenuating LPS-mediated
down-regulation of key genes involved in bile acid homeostasis.

3.2. Rosi attenuates effects of LPS on RXRα subcellular localization in mouse liver
Recent results indicate that LPS reduces RXRα target gene expression by inducing its nuclear
export [16]. We wanted to determine whether Rosi attenuated LPS-mediated suppression of
RXRα-regulated hepatic gene expression by reducing its nuclear export and maintaining
nuclear RXRα levels. As reported by us [16], in Veh/LPS-treated mice, nuclear RXRα levels
were significantly reduced with a corresponding increase in cytosolic RXRα levels, compared
to Veh/Sal controls (Fig. 2A). However, LPS-mediated reduction in nuclear levels of RXRα
was attenuated by Rosi pre-treatment (10% in Veh/LPS→ 20% in Rosi/LPS). LPS-mediated
induction in cytosolic RXRα levels was also attenuated by Rosi (80% in Veh/LPS→ 1% in
Rosi/LPS), indicating that Rosi pre-treatment attenuates LPS-induced nuclear export of
RXRα. Rosi treatment alone did not affect the nuclear or cytosolic levels of RXRα (Fig. 2A).
Immunofluorescent analysis of formalin-fixed liver tissues show that RXRα was localized in
the nucleus in Veh/Sal treated sample, and was detected in the cytosol after LPS treatment
(Fig. 2B). Rosi treatment alone had no effect on nuclear RXRα, however, Rosi pre-treatment
blocked LPS-induced nuclear export of RXRα, as evidenced by the lack of cytoplasmic
RXRα in Rosi/LPS-treated panel (Fig. 2B).

In order to determine if attenuation of LPS-mediated nuclear export of RXRα by Rosi affects
DNA binding activity of RXRα and its partners, EMSA was performed. Nuclear extracts were
incubated with oligonucleotides containing canonical DNA elements scanning Type II NR
binding sites--direct repeats of the hexad AGGTCA, separated by 2 and 4 nucleotides (DR2
& DR4), or an inverted repeat separated by 1 nucleotide (IR1)—sequences in promoter regions
that regulate many genes involved in metabolism and transport in hepatocytes [10,16]. In
response to LPS treatment, binding to these RXRα-containing conserved sequences was
reduced (Fig. 2C), while, Rosi pre-treatment increased binding activity to all three target
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sequences back to baseline levels (DR2: 50% → 85%, DR4: 40% → 90% and IR1: 60% →
100% in Rosi/LPS compared to Veh/LPS).

3.3. Effect of Rosi on cell-signaling pathways in vivo
We next examined the role of LPS-activated cell-signaling on nuclear RXRα export in mouse
liver. The MAP kinase, c-Jun N-terminal kinase, JNK was recently shown to be involved in
nuclear export of RXRα during activation of inflammatory pathways [14,16]. Rosi treatment
did not alter the LPS-mediated increase in phosphorylation of JNK, or its substrate, c-Jun in
nuclear extracts, thus indicating that Rosi has no effect on activation of JNK by LPS (Fig. 2D).

PPARγ ligands inhibit NF-κβ and AP1 signaling pathways in LPS-treated peritoneal
macrophages, although the mechanisms are unclear [18,20]. Whether or not such mechanisms
are active in whole liver is unknown. We examined the effects of Rosi on LPS-induced
activation of AP1 and NF-κβ by EMSA (Fig. 2E). Interestingly, Rosi inhibits AP1 activation,
but had no effect on NF-κβ activation in the presence of LPS, distinguishing the effects of Rosi
in isolated macrophages from whole liver.

3.4. Rosi does not affect induction of hepatic cytokines by LPS
Rosi inhibits the expression of pro-inflammatory cytokines in cultured macrophages and in
isolated KCs [18,20,22]. We hypothesized that the anti-inflammatory effects of Rosi in vivo
were due to either impaired KC activity, or direct hepatocellular targeting. Compared to Veh/
LPS, there was no reduction in IL-1β, TNFα, IL-6 and IFNγ RNA levels in Rosi/LPS mice.
The induction of the anti-inflammatory cytokine, IL-10 and the secreted form of the IL-1
receptor antagonist (sIL-1Ra) by LPS was also not affected by Rosi (Fig. 3A). Plasma protein
levels of the cytokines IL-1β, TNFα and IL-6 were significantly increased after LPS, but were
not affected by Rosi (Fig. 3B). Thus, the effect of Rosi on LPS-mediated hepatic gene
expression is not mediated by alteration of cytokine RNA and protein levels, but likely may
be due to inhibition of inflammation-mediated signaling within hepatocytes.

3.5. Rosi attenuates cytokine-mediated nuclear export of RXR α in cell culture
LPS administration to mice or cytokine treatment of HepG2 cells leads to rapid nuclear export
of RXRα [14,16]. Since Rosi did not affect induction of cytokines by LPS (Fig. 3), we explored
potential direct hepatocellular mechanisms by utilizing IL-1β-treated HepG2 cells, which
models the negative effects of inflammation on RXRα-regulated gene expression [15]. IL-1β
treatment of HepG2 cells resulted in rapid JNK-mediated nuclear export of RXRα, while short-
term (30 min) pre-treatment with Rosi inhibited this export (Fig. 4A). Thus, Rosi inhibits
IL-1β-mediated nuclear export of RXRα in HepG2 cells, in agreement with the in vivo results.
This was confirmed by immunofluorescent analysis of HepG2 cells (Fig. 4B), where RXRα
was detected in the cytosol after IL-1β treatment (Veh/IL-1β versus Veh/Sal). RXRα remains
in the nucleus in Rosi/Sal-treated cells, indicating that Rosi by itself does not affect RXRα
protein levels in the nucleus. RXRα was not detected in the cytosol in IL-1β-treated cells, which
has been pre-treated with Rosi (Rosi/IL-1β), indicating that Rosi pre-treatment blocked nuclear
export of RXRα by IL-1β.

IL-1β-induced JNK activation contributed to reduced nuclear levels and activity of RXRα with
the consequent down-regulation of target gene expression [14,15]. Rosi did not attenuate
IL-1β-induced phosphorylation of JNK, or its substrate, c-jun, indicating that Rosi affects
IL-1β mediated RXRα nuclear export without altering activation of the JNK pathway (Fig.
4C).

The fate of RXRα after nuclear export is unknown, but likely involves proteasome-mediated
degradation in the cytosol [30]. In HepG2 cells, IL-1β treatment led to reduced RXRα levels
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in whole cell extracts, which was significantly reversed by pre-incubation with Rosi (Fig. 4D).
These inhibitory effects on proteasome-dependent degradation of RXRα is unlikely due to a
global, non-specific interference of proteasomal activity by Rosi, since Rosi had no effect on
IL-1β-dependent degradation of prototypic proteasome target, IκBα [31] (Fig. 4E). These
results demonstrate that Rosi prevents cytokine-mediated nuclear export of the central NR,
RXRα, sequestering it in the nucleus, resulting in attenuation of suppression of hepatic genes
during inflammation.

4. Discussion
Induction of the negative hepatic APR by inflammation is characterized by suppression of
hepatic genes, resulting in broad defects in liver function. Effective treatment for inflammation-
induced pathogenesis of liver diseases is lacking, and warrants continued exploration into novel
mechanisms for therapeutic intervention. Agonists for PPAR family members have anti-
inflammatory properties, although any role for direct effects on hepatocyte function is
unknown. This study demonstrates that the PPARγ agonist, Rosiglitazone, attenuates the
effects of inflammation on hepatic gene expression. The protective action of Rosi is in part
mediated by blocking inflammation-mediated nuclear export of RXRα, the common and
essential heterodimer partner for type II NRs [10]. Rosi pretreatment of mice led to a marked
inhibition of the suppressive effects of LPS on target gene expression in liver, correlating with
a mechanism involving retention of RXRα in the nucleus and maintenance of nuclear binding
activities of RXRα-containing heterodimer pairs. Rosi had no effect on cytokine expression,
suggesting a direct effect on cytokine-mediated cell signaling events in hepatocytes rather than
the possibility of an indirect action by inhibiting cytokine-production by KCs. In IL-1β-treated
HepG2 cells, short-term exposure to Rosi markedly attenuated IL-1β-mediated nuclear export
of RXRα. Taken together, Rosi potentially and directly interferes with inflammation-based cell
signaling pathways in liver cells.

One component of our initial working hypothesis was that Rosi blocked KC activation by LPS.
This appears to be a minor player, since liver cytokine RNA and serum cytokine levels were
unchanged by Rosi pre-treatment, raising the possibility that Rosi can act directly on
hepatocytes. Rosi blocked inflammation-mediated RXRα nuclear export both in vivo and in
vitro (Figs 2 & 4) without affecting JNK activation, as illustrated by comparable levels of P-
JNK and P-cjun regardless of the presence of Rosi. This suggests that there is an effect of Rosi
on phospho-JNK targeting of RXRα, or on the RXRα protein itself, rendering it less accessible
to phosphorylation by activated JNK. There are several possibilities, involving either PPARγ-
dependent or PPARγ-independent mechanisms. The anti-inflammatory effects of Rosi are
unlikely to require Rosi-activated PPARγ-dependent gene expression, since short-term 30
minute pre-treatment in HepG2 cells blocked IL-1β’s effects on RXRα. Rosi’s effects may still
involve PPARγ, perhaps via Rosi-activated PPARγ sequestering of RXRα in PPARγ:RXRα
heterodimers, altering RXRα’s conformation, or the amount of non-dimerized RXRα in the
nucleus accessible to activated JNK. Another possible role for Rosi and PPARγ involves direct
association with other nuclear regulators, as has been reported whereby PPARγ associates with
JunD in hepatic stellate cells to decrease JunD binding to the AP1 site [32]. Rosi-liganded
PPARγ may associate with c-fos, c-Jun, JunD or other AP1-binding proteins, thus preventing
one or more of these factors to bind to the AP1 promoter element. Since P-cJun levels were
comparable in Rosi/LPS and Veh/LPS nuclear extracts, PPARγ binding to c-Jun is unlikely,
however, association of PPARγ to other AP1-binding factors remain to be explored.

There are several possible PPARγ-independent mechanisms for Rosi’s anti-inflammatory
actions [19,33,34]. In peritoneal macrophages derived from PPARγ conditional knockout mice,
Rosi has both PPARγ-dependent and independent effects [35]. There is indirect evidence that
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some PPARγ-independent effects of Rosi might be mediated by the activation of PPARδ[35].
Further studies will determine roles for PPARγ in mediating the effects of Rosi.

Rosi attenuated the effects of LPS on hepatic genes without reducing expression of the
cytokines IL-1β, TNFα and IL6. This was surprising, since PPARγ ligands inhibit production
of inflammatory cytokines in monocytes and macrophages in culture, and macrophage-derived
liver-resident KCs are the main producers of cytokines in vivo [18,20]. Furthermore, a specific
PPARγ agonist inhibited LPS-induced TNFα production in cultured rat KCs, although any
effect on mouse KCs remains to be determined [22]. Although the entire array of cytokines
was not evaluated, the lack of effect on these critical and sentinel cytokines involved in hepatic
APR indicates that the mode of action of Rosi in attenuating the effects of LPS does not appear
to be at the level of inhibiting non-parenchymal cell expression of cytokines, nor excess
production of anti-inflammatory cytokines. The lack of effect on cytokine levels in LPS-treated
mice might, overall, be a positive attribute to Rosi, since cytokine-activated pathways are
involved in the hepatic regenerative response, which, in the setting of liver cell damage, should
likely be preserved to enhance overall healing from injury.

Recent studies demonstrate that the therapeutic effects of PPARγ ligands are not limited to
their use as insulin-sensitizers, as many of these agents have beneficial effects in conditions
associated with cardiovascular diseases and inflammation [34]. Animal models of liver cell
damage and fibrosis are attenuated with PPARγ agonists [36], while a pilot study in patients
with steatohepatitis have shown that Rosi improved the histology & laboratory abnormalities
associated with this disease [23,37]. Given the current safety profile of this agent, it is tempting
to consider Rosi and other PPARγ-agonists as potential anti-inflammatory agents for clinical
trials in liver diseases where inflammation plays a role in pathogenesis.

Overall, we conclude that the PPARγ agonist, Rosi attenuates the effects of inflammation on
hepatic gene expression by preventing the nuclear export of the central NR, RXRα. RXRα, as
an obligate heterodimer with other class II NRs, regulates the expression of a broad array of
genes involved in important physiological processes in the liver, many of which are impaired
during the negative hepatic APR. Thus, Rosi may have a role in counteracting the
pathophysiology of inflammation in chronic and acute liver disease.
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Glossary
The abbreviations used are:

RXR, retinoid X receptor
PPAR, peroxisome proliferator-activated receptor
NR, nuclear receptor
JNK, c-Jun N-terminal kinase
LPS, lipopolysaccharide
AP-1, activator protein-1
Ntcp, sodium/taurocholate cotransporting polypeptide
Bsep, Bile salt export pump
Mrp, multi-drug resistance protein
Lfabp, liver fatty acid binding protein
Cyp3a11, cytochrome P450 3a11
IL-1β, interleukin-1β
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IL-6, interleukin-6
TNFα, tumor necrosis factor-α
KC, Kupffer cells
PCR, polymerase chain reaction
APR, acute phase response
DR, Direct Repeat
IR, Inverted Repeat
EMSA, electrophoretic mobility shift assay
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Figure 1.
Rosiglitazone attenuates suppression of hepatic genes by LPS. C57BL/6 male mice were
gavage-fed 50 mg/kg/d of Rosi or corn-oil for 3 days. On day 3, the animals were
intraperitoneally (IP) injected with 2 mg/kg body weight of Salmonella LPS or saline and livers
were harvested after 16 hours (n=6 per group). RNA was isolated from the livers and analyzed
by TaqMan real-time PCR. All data were presented as ± SD and standardized for cyclophilin
RNA levels. The expression of the genes after LPS treatment is shown here. In case of vehicle
or Rosi pre-treatment, expression in saline-injected animals was set to 1, and fold change after
LPS treatment was compared to vehicle or Rosi controls respectively. The asterisks indicate
significant difference (p < 0.05). See supplemental information for primers and probes.
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Figure 2.
Rosiglitazone attenuates effects of LPS on RXRα localization and binding activity in
vivo. C57BL/6 male mice were gavage-fed 50 mg/kg/d of Rosi or corn-oil for 3 days prior to
saline or LPS (2 μg/g bw) injection on day 3. Livers were isolated at the 1, 4 and 16h and
nuclear and cytosolic extracts were prepared. Extracts from 4-5 animals were analyzed
individually and combined to account for inter-animal variability. (A) Nuclear (Nuc) and
cytosolic (Cyt) extracts from 1h samples were analyzed by immunoblotting with antibodies to
RXRα to determine the effects of Rosi on subcellular localization of RXRα in the presence of
saline or LPS. (B) Immunofluorescence analysis of formalin-fixed liver tissues. RXRα was
stained with FITC-labeled secondary antibody, nuclei were stained with DAPI, and the merged
images are shown. (C) Electrophoretic mobility shift assay analysis of 16h samples where
radiolabeled DR2, DR4 and IR1 elements were incubated with hepatic nuclear extracts. The
samples were electrophoresed through a 6% non-denaturing polyacrylamide gel, dried and
analyzed by autoradiography. (D) Phosphorylation of JNK (P-JNK) and c-JUN (P-cJUN) was
determined by immunoblotting cell lysates from 1h samples with phospho-JNK and phospho-
c-JUN antibodies respectively. (E) In order to determine the effects of Rosi on LPS-mediated
AP1 or NF-κB activation, binding activity of nuclear extracts (prepared from 4h samples) to
consensus AP1 or NF-κB elements was measured by EMSA.
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Figure 3.
Rosiglitazone has no effect on the induction of cytokines by LPS. C57BL/6 male mice were
gavage-fed 50 mg/kg/d of Rosi or corn-oil for 3 days. On day 3, the animals were IP injected
with 2 mg/kg body weight of Salmonella LPS or saline and livers were harvested after 4 hours
(n=5 per group). (A) RNA was isolated from the livers and analyzed by TaqMan real-time
PCR. All data were presented as ± SD and standardized for cyclophilin RNA levels. The
expression of the genes after LPS treatment is shown here. In case of vehicle pre-treatment,
expression in saline-injected animals was set to 1, and fold change after LPS treatment was
compared to vehicle controls. See supplemental information for primers and probes. (B) Plasma
levels of the cytokines were determined by xMAP technology. In case of vehicle or Rosi pre-
treatment, expression in saline-injected animals was set to 1, and fold change after LPS
treatment was compared to vehicle or Rosi controls respectively. The asterisks indicate
significant difference (p < 0.05).
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Figure 4.
Rosiglitazone attenuates IL-1β -mediated RXRα nuclear export and degradation in
vitro. HepG2 cells were pre-treated for 30 mins. with 10 μM Rosi or DMSO vehicle, followed
by treatment with IL-1β (10 ng/ml) or vehicle control (0.0001% BSA in PBS) for 30 minutes.
(A) Nuclear (Nuc) and cytosolic (Cyt) extracts were analyzed by immunoblotting with
antibodies to RXRα to determine the effects of Rosi on subcellular localization of RXRα in
the presence of IL-1β. (B) Immunofluorescence analysis of saline or IL-1β-treated HepG2 cells,
pre-treated with vehicle or Rosi. The cells were stained with Alexa-Fluor-labeled antibody
detecting RXRα, DAPI-staining of the nuclei, and the merged images are shown. (C) Nuclear
protein levels of P-JNK (upper panel) or P-c-JUN were determined at 30 and 60 mins. of
IL-1β treatment, preceeded by pre-incubation with Rosi. (D) Whole cell extracts (WCEs) were
probed with RXRα antibodies to determine the effect of Rosi on protein levels of RXRα in
total cell extracts, after IL-1β treatment. (E) Total cell lysates were prepared from HepG2 cells
treated with DMSO or Rosi, prior to treatment with IL-1β from 0 - 3 hours. The samples were
analyzed by immunoblotting with IκBα antibodies.
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