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Pioglitazone reduces lipid droplets in cholesterolosis
of the gallbladder by increasing ABCA1 and NCEH1 expression
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Abstract As a cholesterol-induced metabolic disease,
cholesterolosis of the gallbladder is often resected clini-
cally, which could lead to many complications. The his-
topathology of cholesterolosis is due to excessive lipid
droplet accumulation in epithelial and subcutaneous tis-
sues. The main components of lipid droplets are cholesterol
esters (CEs). Removal of CEs from gallbladder epithelial
cells (GBECs) is very important for maintaining intracel-
lular cholesterol homeostasis and for treating cholesterol-
related diseases. In this study, pioglitazone was used to
reduce intracellular CEs. To further elucidate the mecha-
nism, cholesterolosis GBECs were treated with pioglitaz-
one, 22-(R)-hydroxycholesterol (a liver X receptor o
(LXRa) agonist), or peroxisome proliferator-activated
receptor gamma (PPARY) siRNA. Western blotting for
PPARYy, LXRa, ATP-binding cassette transporter Al
(ABCA1), and neutral cholesteryl ester hydrolase 1
(NCEH1) was performed. At length, cholesterol efflux to
apoA-I was measured, and oil red O staining was used to
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visualize lipid droplet variations in cells. In conclusion, we
observed that pioglitazone increased ABCA1 expression in
an LXR-dependent manner and NCEH1 expression in an
LXRa-independent manner, which mobilized CE hydro-
lysis and cholesterol efflux to reduce lipid droplet content
in cholesterolosis GBECs. Our data provide a plausible
alternative to human gallbladder cholesterolosis.
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Introduction

Gallbladder cholesterolosis is becoming more common
among Asian populations. Clinically, these cases are often
treated with different types of cholecystectomy, which
could result in bile duct injury, post cholecystectomy
syndrome or other serious complications during and after
the operation. As a benign disease, patients with choles-
terolosis suffer too much misery, and there should be a
better treatment.

Histopathologically, cholesterolosis is characterized by
excessive lipid droplet accumulation in epithelial and sub-
cutaneous tissues. The main components of lipid droplets are
cholesterol esters (CEs) [1]. Under physiological conditions,
intracellular cholesterol levels can be regulated in two ways.
On the one hand, they are regulated by cholesterol hydrolysis
or esterification to maintain intracellular homeostasis
involving two processes working in tandem [2, 3]. Free
cholesterol (FC) can be esterified to form CEs by acyl-CoA
cholesterol acyltransferase-1 (ACAT 1), or CEs can be
hydrolyzed to form FC by neutral cholesteryl ester hydrolase
1 (NCEH 1) [4, 5]. On the other hand, FC can be effluxed out
of gallbladder epithelial cells (GBECs) by ATP-binding
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cassette transporter A1 (ABCA1) [6, 7], which localizes to
the basolateral plasma membrane [8].

Regulation of ABCA1l or NCEHI1 should influence
intracellular cholesterol levels. NCEHI up-regulation
could transform CE into FC; however, if the activity of
ABCA1 is limited, excess FC that is detained in the
cytoplasm must be re-esterified into CE. ABCA1 up-reg-
ulation could provide a pathway to efflux FC; however, the
lipid droplets in gallbladder cholesterolosis are mainly
composed of CE that cannot efflux out of cells. Up-regu-
lation of both NCEH1 and ABCA1 should be optimal.

In human macrophages, NCEH1 can be regulated by a
PPARY agonist. In THP-1-derived macrophages, ABCAL1
expression is regulated by liver X receptor o (LXRo) [9,
10], and LXRa expression is regulated by peroxisome
proliferator-activated receptor gamma (PPARy) [11, 12].
However, in human hepatocytes, PPARY ligand treatment
inhibited LXRa expression, thereby negatively regulating
ABCAL1 expression [13]. As members of the nuclear
receptor superfamily, PPARy and LXRa can be regulated
by ligands to influence cholesterol homeostasis [14, 15].

In cholesterolosis GBECs, specific pathways that mod-
ify NCEH1 and ABCAL to regulate intracellular choles-
terol levels and reduce lipid droplets remain unclear and
should be clarified. In this study, we used pioglitazone (a
PPARY agonist) to decrease lipid droplets in cholesterol-
osis GBECs in an attempt to treat gallbladder cholesterol-
osis [16].

Materials and methods
Materials

Pioglitazone hydrochloride was obtained from Cayman
Chemicals (USA). 22-(R)-hydroxycholesterol was pur-
chased from Sigma (USA). ApoA-I, fetal bovine serum
(FBS), phosphate-buffered saline (PBS), Dulbecco’s mod-
ified Eagle medium (DMEM), penicillin, streptomycin,
NBD-cholesterol and Lipofectamine were purchased from
Invitrogen/Life Technologies (CA). 3-[4,5-Dimethylthia-
zol-2-yl]-2,5-diphenyltetrazolium bromide (MTT) was
purchased from Amresco (USA). Anti-B-actin antibodies
were obtained from Santa Cruz Biotechnology (USA).

Patients

The use of human gallbladders in our experiment was
approved by the medical ethics committee of Zhongda
Hospital, which is affiliated with Southeast University. In
the study, we harvested 6 normal gallbladders from patients
who had undergone pancreaticoduodenectomies for pan-
creas head carcinoma, and their gallbladders were normal.

@ Springer

In addition, we harvested 282 cholesterolosis gallbladders
from patients who had undergone cholecystectomy for
gallbladder cholesterolosis. In total, 6 normal gallbladders
and 6 cholesterolosis gallbladders were used to compare
the NCEHI1, PPARy, LXRa, and ABCA1 protein expres-
sion. The other specimens were used for the remaining
experiments.

Cell culture

Cell culture plates were coated overnight with 0.2 ml of a
1:1 mixture of collagen IV(rat-tail collagen, Sigma,
USA)and FBS. Gallbladder mucosa were incubated with
0.25 % collagenase type IV for 20 min. Next, GBECs were
collected, washed twice with DMEM, and seeded onto
25 cm culture plates with 10 ml DMEM supplemented
with 15 % FBS, 100 U/ml penicillin, and 100 pg/ml
streptomycin. The cells were incubated at 37 °C in 5 %
CO,, and the medium was changed every 3 days.

Cell viability assay (MTT)

GBECs were treated with 0.01-10 pM pioglitazone for
3-24 h. Cell viability was then examined by MTT assay.

Western blot analyses

GBECs were cultured in DMEM containing 15 % FBS.
Cells were treated with pioglitazone (0.01, 0.1, 1, 10 uM)
and/or 10 pM 22-(R)-hydroxycholesterol. Cells were then
washed with PBS, harvested, and lysed in buffer containing
protease inhibitor cocktail to obtain protein extracts. After
gel electrophoresis, the extracted proteins were transferred
onto polyvinylidene difluoride membranes in buffer for 1 h
at room temperature. Residual binding sites on the mem-
branes were blocked, and the blots were incubated with the
following antibodies in Tris-buffered saline: monoclonal
PPARYy antibodies (1:800 dilution, sc-7273, Santa Cruz
Biotechnology, USA), polyclonal LXRa antibodies (1:400
dilution, sc-1202, Santa Cruz Biotechnology, USA),
ABCAI-specific antibodies (1:400 dilution, 21676, Sig-
nalway Antibody Co, Ltd, USA), NCEHI1-specific anti-
bodies (1:400 dilution, 01-P2002, ARP, USA), and
monoclonal B-actin-specific antibodies (1:4000 dilution).
Membranes were then washed with PBST and incubated
with horseradish peroxidase-conjugated secondary anti-
bodies (Santa Cruz Biotechnology) in PBST for 20 min.
Membranes were then washed and incubated with WB
detection reagent for 3 min, after which photography was
conducted. P-actin immunoreactivity was used as an
internal control. The proteins were analyzed and quantified
with Image J 1.42.
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RNA interference

Cells was seeded on 6 cm culture plates (107 per well)
containing 5 ml DMEM and 15 % FBS for 3 days. On day 4,
200 pmol PPARYy siRNA (sc-29455 Santa Cruz Biotech-
nology, USA) or control siRNA (sc-36869 Santa Cruz Bio-
technology, USA) were added to 500 pl culture media, and
10 pl Lipofectamine was added to a separate 500 pl aliquot
of culture media. After 5 min, the two 500 pl media aliquots
were mixed gently for 20 min at room temperature to form a
siRNA-Lipofectamine mixture. To each culture plate, 1 ml
siRNA mixture was added, and the cells were incubated at
37 °C for 48 h. The cells were then lysed and subjected to
Western blotting with anti-PPARY antibodies to analyze the
effect of RNA interference on PPARY expression.

Luciferase reporter assays

Briefly, following the protocols provided (E1910, Pro-
mega, USA), 10’ GBECs in 2 ml DMEM were supple-
mented with 80 pl Lipofectamine 2,000, 40 pg luciferase
reporter construct or control vector, and 10 pg CMV-p-
galactosidase plasmid as an internal control and incubated
at 37 °C for 10 h. Cells were then harvested, washed twice,
and re-cultured in DMEM. 24 h later, cell extracts were
collected, and lysate luciferase activity was measured using
the Dual-Luciferase Reporter Assay System.

Cellular lipid efflux

GBECs were seeded in each well of 96-well culture plates.
After incubation with 10 mM NBD-cholesterol for 24 h,
the cells were washed twice with PBS and serum-starved
overnight. The starved GBECs were cultured in serum-free
medium with 0.01, 0.1, 1, or 10 uM pioglitazone for 24 h
or with 1 uM pioglitazone for 3, 6, 12, and 24 h. Next, the
medium in each well was aspirated carefully. The cells
were washed twice with PBS and incubated in PBS con-
taining 15 % FBS and 10 pg/ml apoA-I. Finally, the fluo-
rescently-labeled cholesterol in the medium was collected
and measured with a fluorescence microplate reader at
485 nm (excitation) and 535 nm (emission). All of the data
were measured six times, and DMSO was added as a
negative control.

Cytoplasmic lipid droplet staining

After 3 days of primary cell culture, cholesterolosis
GBECs that had been seeded in 24-well culture plates were
washed twice with PBS. The cells were cultured in a
serum-free medium with 1 pM pioglitazone for 6, 12, 24,
and 48 h. Next, the medium was replaced with PBS con-
taining 15 % FBS and 10 pg/ml apoA-I, and the cells were
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Fig. 1 Comparison of PPARY, LXRa, ABCA1 and NCEHI1 protein
expression in normal and cholesterolosis gallbladders. There were no
statistically differences between cholesterolosis and normal gallblad-
ders for all four proteins. (P > 0.05)

incubated for 6, 12, 24, and 48 h. Finally, the cells were
collected and fixed in 10 % formaldehyde in PBS. After
25 min, the cells were washed twice again and stained with
oil red-O by incubation at 37 °C overnight. After washing
three times with 75 % alcohol, the cells were photographed
using a microscope that had been fitted with a digital
camera. We chose 3 regions in each photo and six cells in
each region. The red portion of each cell was quantified by
Image J 1.42 software. At each time-point, the mean value
and standard deviation was obtained. All of the data were
merged into a curve graph.

Statistical analysis

All of the outcomes represented six separate experiments
and were expressed as the mean + SD. The data were
analyzed with SPSS 20.0 statistical software. Student’s
t test or one-way ANOVA were used to analyze the dif-
ferences between groups. Values of P < 0.05 were con-
sidered to be statistically significant.
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Fig. 2 Pioglitazone (Pio) induced NCEHI1 protein expression. GBECs
were treated with a increasing pioglitazone concentrations for 24 h or
b 1 uM Pio for 0-24 h. Pio dose-dependently enhanced NCEHI
expression, which reached 342 4 14.79 % at 10 uM for 24 h and time-
dependently increased NCEH]1 expression to 242 + 39.19 % at 1 uM
for 24 h. All of the data are shown as the mean £+ SD. (**P < 0.01)

Results
Pioglitazone did not affect cell viability

GBECs were treated with increasing concentrations of
pioglitazone ranging from 0.01 to 10 uM for 3-24 h. Cell
viability was not remarkably decreased. This result indicated
that pioglitazone at this dose did not inhibit cell viability.

Comparing PPARy, LXRa, ABCA1, and NCEH1
expression

Though the expression of PPARYy, LXRa, and ABCAL in
cholesterolosis of the gallbladder were slightly higher than
in normal GBECs, and the mean NCEHI1 expression in
cholesterolosis of the gallbladder was slightly lower than in
normal gallbladder. In this experiment, we determined that
there was no statistically difference between cholesterolo-
sis gallbladders and normal gallbladders for all four pro-
teins. (P > 0.05; Fig. 1) [17]
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Fig. 3 Pioglitazone (Pio) induced ABCA1 protein expression.
GBECs were treated with a increasing concentrations of pioglitazone
for 24 h or b 1 uM Pio for 0-24 h. Pio dose-dependently activated
ABCAI1 expression, which reached 322 £ 31.2 % at 10 uM for 24 h
and time-dependently increased ABCA1 expression to 281 + 66.5 %
at 1 pM for 24 h. All of the data are shown as the mean =+ SD.
(**P < 0.01)

Pioglitazone markedly increased NCEH]1 expression

Cholesterolosis GBECs were treated with 0, 0.01, 0.1, 1, or
10 uM pioglitazone for 24 h, and a dose-dependent effect of
the drug on NCEHI1 expression was observed. NCEH1
transcription increased to 90.22 + 21.53, 98.18 + 11.47,
127 £ 16.04, 257 £ 14.33, and 342 £ 14.79 %, respec-
tively, (P < 0.01; Fig. 2a). After treatment with 1 uM
pioglitazone for 0, 3, 6, 12, and 24 h, NCEHI1 protein levels
were gradually up-regulated to 90.22 £ 21.53, 97.87 &+
16.92, 131 £ 19.18, 210 £ 29.12, and 242 =+ 39.19 %,
respectively, (P < 0.01; Fig. 2b). In all of the experiments,
10 uM pioglitazone for 24 h resulted in the highest level of
NCEHI protein, and 1 pM pioglitazone resulted in 75.13 %
of the highest protein expression.

Pioglitazone markedly induced ABCA1

Cholesterolosis GBECs were treated with 0, 0.01, 0.1, 1, or
10 uM  pioglitazone for 24 h, and ABCAIl expression
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Fig. 4 Pioglitazone (Pio) up-
regulated NCEHI1 and ABCA1
protein expression. GBECs
were treated with 0.1 pM
pioglitazone, 1 pM
pioglitazone, PPAR siRNA, and
PPAR siRNA + 10 pM 22-(R)-
hydroxycholesterol (Hydro).
PPARY, LXRa, NCEHI1 and
ABCAL1 protein expression were
increased by 0.1 and 1 pM
pioglitazone treatment. All of
the proteins were decreased
markedly by PPARY siRNA,
and treatment with 10 uM
22-(R)-hydroxycholesterol (an

LXRa
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increased to 86.95 + 12.7 %, 112 £ 27.8 %, 142 + 18.2 %,
291 &£ 24.6 %, and 322 + 31.2 %, respectively, (P < 0.01;
Fig. 3a). Furthermore, after I uM pioglitazone treatment for 0,
3, 6, 12, and 24 h, ABCAIl expression was induced to
86.95 £ 12.7, 97 + 32.6, 144 + 45.1, 235 + 55.2, and
281 £ 66.5 %, respectively, (P < 0.01; Fig. 3b). In all of the
experiments, 10 uM pioglitazone for 24 h resulted in the
highest levels of ABCA1 protein, and 1 uM pioglitazone for
24 hresulted in 93.63 % of the highest protein expression.

Pioglitazone activated NCEH]1 expression in an LXRo-
independent manner

After treatment with 10 pM pioglitazone for 24 h, NCEH1
protein expression increased remarkably. Upon incubation
with PPARY siRNA, there was a 77.85 % reduction in
NCEHLI1 protein expression. To further determine whether

B PPARY siRNA+10uM Hydro

NCEH1

LXRa ABCA1

LXRa agonists directly regulated NCEHI expression,
GBECs transfected with PPARy siRNA were incubated
with 10 pM 22-(R)-hydroxycholesterol (an LXRa agonist)
for 24 h. As demonstrated in Fig. 4, there was no effect of
the LXRa agonist on NCEH1 and PPARY expression.

Pioglitazone induced ABCA1 expression in an LXRa-
dependent manner

After treatment with 10 pM pioglitazone for 24 h, PPARY,
LXRa, and ABCAL1 expression increased noticeably. This
result suggested that LXRa and ABCAL transcription was
likely mediated by increased PPARY expression. To test
this hypothesis, GBECs were incubated with PPARY siR-
NA, which reduced PPARy expression to 20.11 %. In
accordance with this change in PPARY expression, LXRa
levels decreased to 40.49 % and ABCAL levels declined to
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Fig. 5 Pioglitazone (Pio) promoted cholesterol efflux into apoA-I.
GBECs were incubated with 10 mM NBD-cholesterol for 24 h and
were then induced by 10 pg/ml apoA-I+ a 1 uM Pio for 0, 3, 6, 12
and 24 horb 0,0.01, 0.1, 1 and 10 uM Pio for 24 h (DMSO was used
as a negative control). Media cholesterol concentrations were
measured. All of data are shown as the mean + SD. (**P < 0.01)

23.62 %. To further determine the relationship among
PPARY, LXRa, and ABCAL, studies were conducted using
10 pM 22-(R)-hydroxycholesterol. LXRa protein expres-
sion increased to 128.28 % and ABCAI1 expression
increased to 176.98 %; however, PPARY expression was
not noticeably affected by 22-(R)-hydroxycholesterol
treatment (Fig. 4).

Pioglitazone-induced cholesterol efflux

To reduce the interference of intracellular lipid droplets to
cholesterol efflux, NBD-cholesterol was used. After stimu-
lation with 1 pM pioglitazone for 0, 3, 6, 12, and 24 h, NBD-
cholesterol concentration in the supernatant was 0.79 +
0.19, 1.13 £ 0.16, 3.27 £ 0.52, 7.39 £ 063, and 9.75 +
0.36 mmol/L, respectively, (Fig. 5a). Conversely, after
treatment with 0, 0.01, 0.1, 1, and 10 pM pioglitazone for
24 h, NBD-cholesterol concentrations were 0.79 =+ 0.19,
1.07 £ 0.16, 5.71 £0.98, 9.89 + 0.65, and 13.31 £
1.23 mmol/L, respectively, (Fig. 5b). Therefore, pioglitazone
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time- and dose-dependently promoted apoA-I-mediated
cholesterol efflux from human cholesterolosis GBECs.

Photomicrographs demonstrated reduced lipid droplets
in cholesterolosis GBECs

To determine the influence of PPARY activation on cho-
lesterolosis of the gallbladder, GBECs were cultured for
3 days and then incubated with 1 pM pioglitazone for 0, 6,
12, 24, and 48 h, and the cells were stained by oil red-O.
Representative images of intracellular lipid droplets are
shown in Fig. 6. Untreated control cells were dark red at
200x (Fig. 6a) and 400x (Fig. 6b) magnification and were
filled with lipid droplets. After time, at 200 x magnification,
the cell color gradually faded and became pink in the 48 h
group (Fig. 6i). At 400 xmagnification, red color decreased
gradually and began to appear as needle-like features
(Fig. 6f). Finally, the needle-like region also gradually
reduced or disappeared (Fig. 6j). Using Image J 1.42, lipid
droplets were counted, and a curve demonstrated that
pioglitazone might effectively decrease lipid accumulation
in cholesterolosis GBECs (P < 0.01; Fig. 6k).

Discussion

Supersaturated cholesterol in bile can be absorbed through
both passive and active mechanisms by GBECs. If cho-
lesterol levels exceed cellular transport capacity, excess
cholesterol may be esterified and deposited in cells, which
is known as cholesterolosis. Altering cholesterol metabo-
lism and transport in GBECs may potentially prevent or
treat cholesterolosis [18]. For the first time, our study
demonstrated that pioglitazone mitigated cholesterolosis by
two pathways. As demonstrated in Fig. 7, pioglitazone up-
regulated NCEH1 expression, resulting in CEs hydrolysis
into cytoplasmic FC. Pioglitazone also up-regulated
ABCA1 via an LXRa-dependent pathway to efflux
hydrolyzed FC into apoA-I. Ultimately, pioglitazone
decreased cholesterol deposits in cholesterolosis GBECs.

In this study combined with our previous studies,
PPARY, LXRa, NCEHI1, and ABCAL1 expression in normal
and cholesterolosis gallbladders was similar. All of these
data provide the basis for regulation of intracellular cho-
lesterol homeostasis. In this study, GBECs treated with
0.01-10 uM pioglitazone were viable. Clinically, the
maximum plasma concentration should be 3.6 uM [19].
Therefore, 1 ptM pioglitazone was selected as the optimal
drug concentration.

Endoplasmic reticulum-localized NCEH1 promoted CE
hydrolysis to FC, but the relationship between PPARYy and
NCEH1 was not distinct. NCEH1 expression may be
increased [19], decreased [20], or unchanged [21] by
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Fig. 6 Pioglitazone (Pio) effluxed lipid droplets from cholesterolosis
GBECs. Primary cells from cholesterolosis gallbladders were incu-
bated with 1 pM Pio + 10 pg apoA-I for 0, 6, 12, 24 and 48 h.
Representative images of intracellular lipid droplets are demonstrated
in Fig. 6. Lipid droplets were counted using Image J 1.42, and a curve

Fig. 7 Pioglitazone (Pio) could
reduce lipid droplets in
cholesterolosis GBECs by two
pathways. First, Pio up-
regulated NCEH1 to hydrolyze
cholesterol esters (CEs) into
free cholesterol (FC); second,
Pio up-regulated ABCA1 in an
LXRa-dependent pathway,
which then effluxed FC to
apoA-IL. Ultimately, Pio
decreased lipid droplets in
cholesterolosis GBECs

. basolateral plasma membrane

24h 48h

was made. A time-dependent effect on the reduction of intracellular
lipid droplets was observed. (**P < 0.01; Fig. 6k) a control, x200;
¢ 6 h, x200; e 12 h, x200; g 24 h, x200; i 48 h, x200; b control,
x400; d 6 h, x400; £ 12 h, x400; h 24 h, x400; j 48 h, x400

PPARY agonists. To analyze the underlying relationship
between NCEH1 and PPARY in GBECs, several tests
were performed. In our study, PPARy siRNA decreased
NCEHI1 protein expression by 77.85 %, and pioglitazone

dose- and time-dependently activated NCEHI1. Mean-
while, 1 uM pioglitazone treatment for 24 h resulted in a
2.57-fold increase of NCEHI1. To further study the cor-
relation between LXRo and NCEHI1 expression, 22-(R)-
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hydroxycholesterol was applied to GBECs that had been
transfected with PPARy siRNA. In those cells, no dif-
ference in NCEH1 expression was observed. Thus, LXRo
may not regulate NCEH1 expression. Therefore, pioglit-
azone activates NCEHI via an LXRo-independent
pathway.

ABCAL is located in the basolateral plasma membrane
and is the most predominant transporter for eliminating
intracellular cholesterol in GBECs [6]. Previous reports
demonstrated that the ABCA1 gene is a target of LXRa
[22, 23], and that the LXRa gene is a target of PPARY.
PPARY can regulate ABCA1 protein [24], but there does
not appear to be a functional PPARY binding site in the
ABCAI1 promoter, which suggested that PPARYy-induced
ABCAL1 expression is likely to be secondary to LXRa
regulation. Nevertheless, in intestinal mucosa epithelial
cells and human macrophages, PPARYy can positively reg-
ulate LXRo expression; in contrast, PPARY negatively
regulated LXRo expression in human hepatocytes. Thus,
this pathway and its corresponding modulator acted in a
tissue-specific manner [25-27]. In our study, PPARY siR-
NA decreased ABCAI protein expression, and pioglitaz-
one treatment markedly enhanced ABCAl protein
expression in a dose- and time-dependent manner. To
further study the correlation between LXRa and ABCAL,
22-(R)-hydroxycholesterol was applied, and LXRa and
ABCA1 protein expression increased accordingly. There-
fore, a PPARYy-LXRa-ABCAL1 pathway exists, and piog-
litazone up-regulated ABCA1l via an LXR-dependent
pathway in human GBECs.

Thus, pioglitazone may be useful to promote lipid
droplets efflux. To test this hypothesis, we measured cho-
lesterol flow in cell supernatants and stained lipid droplets
with oil red-O. Indeed, cholesterol content increased and
cytoplasmic lipid droplet content was remarkably reduced
after pioglitazone treatment. As demonstrated in Fig. 6,
pioglitazone treatment resulted in a marked mobilization to
mitigate cholesterol. Furthermore, the observable effects of
pioglitazone on cholesterol deposits can be interpreted as a
combination of NCEH1 and ABCAL activities, leading to a
much steeper increase in lipid droplet efflux.

The limited availability of animal models to study cho-
lesterolosis in vivo was overcome using primary cell cultures
from cholesterolosis gallbladders. Additionally, pioglitaz-
one administration only represents an acute effect on CE
accumulation in GBECs. Many genes have effects not only
on cholesterol intake and discharge but also on lipid
metabolism. GBECs incubated with siRNA did not attain
100 % inhibition of PPARY expression, which might be
other mechanism that is involved, although it is unlikely to be
a major contribution to NCEH1 and ABCAI1 regulation.
These unsolved questions would be answered by further
experimentation. In any case, this study demonstrated that
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pioglitazone caused a net removal of lipid droplets from
cholesterolosis GBECs. Thus, regulating cholesterol
metabolism and transportation may be a new therapeutic
method.

In conclusion, this study demonstrated that pioglitazone
treatment enhanced cholesterol efflux from cholesterolosis
GBECs by increasing ABCA1 expression in an LXR-
dependent manner and NCEH1 expression in an LXRa-
independent manner. Pioglitazone treatment also reduced
lipid droplet number in cholesterolosis GBECs. Our data
provide a plausible alternative to cholecystectomy for the
treatment of human gallbladder cholesterolosis.
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