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Introduction
Hepatic stellate cells (HSCs) have an important role in
maintaining vitamin A (retinoid) homeostasis [1,2]. Per-
oxisome proliferator-activated receptors (PPARs) are
members of the steroid/retinoid nuclear hormone recep-
tor superfamily of ligand-activated transcription factors,
form a heterodimer with retinoid X receptor (RXR), and
play an important role in lipid metabolisms. Several
reports [3-5] have suggested that expression of PPAR-
gamma was reduced with the acquisition of activated phe-
notype (termed as "activation") such as lack of cytoplas-
mic lipid droplets containing vitamin A in subcultured
HSC. Previously, we showed that the subcultured HSCs
restored the cytoplasmic lipid droplets emanating vitamin
A autofluorescence by the addition of retinyl acetate to
culture medium [6]. However, it remains unclear whether
or not PPAR-gamma expression is involved in formation
of vitamin A-containing lipid droplets and maintaining of
vitamin A homeostasis in HSCs. In this study, we exam-
ined roles of PPARs, particularly PPAR-gamma, in accu-
mulation of vitamin A-containing lipid droplets in
cultivated HSCs.

Methods
Isolation and cultivation of rat HSCs was performed as
previously described [6]. An adipocyte cell line, 3T3-L1,
was purchased from Japanese Collection of Research
Bioresources (JCRB, Osaka, Japan) and cell culture was
carried out according to the supplier's protocol. HSCs

were cultured with or without 10 micromolar retinyl ace-
tate and 10 micromolar PPAR-gamma ligand such as cigl-
itazone. Autofluorescence of vitamin A emanated from
the cytoplasmic lipid droplets in HSCs was monitored as
previously described [6]. Total RNAs were extracted from
the cultured HSCs and 3T3-L1 adipocytes using TRIZOL
reagent and reverse-transcribed with MMLV reverse tran-
scriptase. The resultant cDNAs were used for RT-PCR anal-
ysis with a specific primer pair for each PPAR subtype, as
well as a primer pair for glyceraldehyde-3-phosphate
dehydrogenase (G3PDH) as an internal control.

Results
RT-PCR analysis showed that mammalian PPAR-alpha,
delta and gamma (Fig. 1-A) but not adipocyte specific
PPAR-gamma 2 (Fig. 1-B) were expressed in cultured
HSCs, and the subtype PPAR-gamma predominantly
expressed (Fig. 1-A). Among PPAR-gamma isoforms,
HSCs expressed PPAR-gamma 1.

We next examined the effect of PPAR-gamma on incorpo-
ration of vitamin A and formation of vitamin A-contain-
ing lipid droplets when the vitamin A was added to the
culture medium. When HSCs were cultured without the
addition of retinyl acetate, the lipid droplets were not
formed in the cytoplasm (Fig. 2-A and 2-D). The cells
restored the cytoplasmic lipid droplets emanating vitamin
A-autofluorescence after the addition of 10 micromolar
retinyl acetate to the culture medium (Fig. 2-B and 2-E).
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RT-PCR analysis for expression of PPAR subtypes (A) and PPAR-gamma isoform (B) in HSCsFigure 1
RT-PCR analysis for expression of PPAR subtypes (A) and PPAR-gamma isoform (B) in HSCs. Total RNA was isolated from 
HSCs (lanes 1-4 in Fig. 1-A and lanes 1-3 in Fig. 1-B) or 3T3-L1 adipocytes (lanes 4-6 in Fig. 1-B). (A): Total RNA was reverse 
transcribed, and then the cDNAs were amplified by PCR using a specific primer pair for PPAR-alpha (lane 1), PPAR-delta (lane 
2), and PPAR-gamma (lane 3), as well as a primer pair for G3PDH as an internal control (lane 4). (B): Expression of mRNAs for 
PPAR-gamma isoform in HSCs was analyzed with the common primer pair for both PPAR gamma 1 and gamma 2 isoforms 
(lanes 1 and 4) and the specific primer pair for PPAR-gamma 2 isoform (lanes 2 and 5). Amplification of G3PDH cDNA was 
used as an internal control (lanes 3 and 6). A single band with the predicted size, 200 bp for each of PPAR-gamma isoforms and 
460 bp for G3PDH was detected. M: DNA size markers.

Increase of vitamin A-containing lipid droplets by addition of PPAR-gamma agonist in cultured HSCsFigure 2
Increase of vitamin A-containing lipid droplets by addition of PPAR-gamma agonist in cultured HSCs. HSCs were cultured for 
48 h in the presence of (A and D) 0.2% ethanol used as vehicle, or (B and E) 10 micromolar retinyl acetate, or (C and F) both 
10 micromolar retinyl acetate and 10 micromolar PPAR-gamma agonist, ciglitazone. After fixation of the cells (phase contrast 
images: A, B, and C), autofluorescence emanated from vitamin A in the cytoplasmic lipid droplets was detected and recorded 
by using a fluorescence microscope equipped with a chilled CCD camera (D, E, and F).
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Accumulation of lipid droplets was further enhanced by
the simultaneous addition of 10 micromolar retinyl ace-
tate and 10 micromolar PPAR-gamma ligand to the cul-
ture medium (Fig. 2-C and 2-F).

Discussion
In this study, we demonstrated that PPAR-gamma 1 was
expressed in HSCs and had a promotional role in vitamin
A uptake and lipid droplet formation by addition of its
ligand to the culture medium. Transdifferentiation of
HSCs occurs following liver injury or merely during cell
culture after isolation from the liver tissue, and is accom-
panied with the loss of cytoplasmic lipid droplets contain-
ing vitamin A. Several transcription factors such as NF-
kappa B [7], AP-1 [8], and Kruppel-like transcription fac-
tors [9] have been described to be upregulated accompa-
nied by acquiring the activated phenotype of HSCs.
Conversely, other transcription factors such as Id1 [10]
and Ets-1 [11] are active in quiescent HSCs, and these
activities are diminished during HSC activation. The latter
types of transcription factors may suppress HSC activation
and/or be required for maintaining the quiescent pheno-
type of HSCs. Several reports indicate that the loss of
PPAR-gamma expression and transcriptional activity is
coupled with HSC activation [3-5]. Taken together, we
conclude that PPAR-gamma 1 have a promotional role in
vitamin A uptake, lipid droplet formation, and probably
maintaining the quiescent vitamin A-storing phenotype
of HSCs.
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