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Abstract Hepatic ATP-binding cassette A1 (ABCA1)

transporter is the modulator of intrahepatic cholesterol

levels via the efflux of cholesterol into plasma. This study

aimed to determine the expression of hepatic ABCA1

levels in a cholestatic rat model and patients with primary

biliary cholangitis (PBC). A cholesterol efflux study was

conducted with Abca1 knock down using siRNA in WIF9

cells. Cholesterol levels in the ABCA1 siRNA cells in the

medium were significantly decreased compared with those

in controls (P\ 0.05). Hepatic ABCA1 mRNA levels were

significantly higher in BDL rats than in control rats

(P\ 0.05). Furthermore, the protein expression level of

hepatic ABCA1 was also significantly increased by 200%

in BDL rats (P\ 0.05). In PBC patients, expression of

hepatic ABCA1 mRNA was 2.2-fold higher than that in

controls (P\ 0.05). The level of hepatic liver X receptor

(LXR)b mRNA was correlated with ABCA1 mRNA levels

in PBC patients. The expression of hepatic ABCA1 trans-

porter was upregulated in both the cholestatic rat model

and PBC patients. Upregulated hepatic ABCA1 may lead

to efflux of cholesterol into plasma, thus explaining the

mechanism of cholestasis leading to hypercholesterolemia.
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Abbreviations

ABCA1 ATP-binding cassette transporter A1

HDL High-density lipoprotein

GFP Green fluorescent protein

BDL Bile duct ligation

siRNA Short interfering RNA

FTF Fetoprotein transcriptional factor

MRP3 Multidrug resistance-associated protein 3

FRX Farnesoid X receptor

CYP7A1 Cholesterol 7-hydroxylase

LXRa Liver X receptor a
EMSA Electrophoretic mobility shift assay

RXR Retinoid X receptor

DR4 Direct repeat 4

SWH Southwestern histochemistry

PBC Primary biliary cholangitis

RT Reverse transcriptase

PCR Polymerase chain reaction

SHP Small heterodimer partner

Introduction

Patients with cholestatic disorders have lipid abnormalities,

including high total serum cholesterol [1], but the mecha-

nism underlying this phenomenon is unknown. The liver is

the most important modulator of cholesterol homeostasis.

Hepatic cholesterol and bile acid metabolism are important

to physiological processes such as digestion, lipid and

vitamin uptake and distribution, steroid hormone and cell

membrane fraction, and toxin elimination.

ATP-binding cassette transporter A1 (ABCA1), also

known as cholesterol efflux regulatory protein (CERP), is a

protein that is encoded by the ABCA1 gene in humans

(Abca1 in rodents). Mutations in this gene have been
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associated with Tangier disease and familial high-density

lipoprotein (HDL) deficiency [2]. This transporter is a

major regulator of cellular cholesterol and phospholipid

homeostasis [3]. With cholesterol as its substrate, this

protein functions as a cholesterol efflux pump in the cel-

lular lipid removal pathway. ABCA1 mediates the efflux of

cholesterol and phospholipids to lipid-poor apolipoproteins

(ApoA1 and ApoE), which then form nascent HDL.

ABCA1 transporter is highly expressed in the liver, and is

located at the basolateral membrane of hepatocytes [4].

Several molecular biological studies have shown that

ABCA1 transporter is involved in the regulation of

cholesterol efflux from hepatocytes to plasma in vivo and

in vitro [5–9]. Transgenic mice overexpressing Abca1 have

an increase in serum cholesterol levels [10], while the

Abca1 knockout mice have a marked decrease in plasma

total cholesterol [11]. Confocal fluorescence microscopy

has shown that the ABCA1-green fluorescent protein

(GFP) fusion protein in WIF-B cells, a suitable model for

in vitro studies of polarized hepatocytes structure and

function, is located on the basolateral membrane of the

hepatocytes [4]. Expression of ABCA1-GFP stimulated

efflux of WIF-B cell cholesterol into the culture medium

[4]. ABCA1 may participate in the regulation of the levels

of intracellular hepatic cholesterol. The Wisconsin

hypoalpha mutant (WHAM) chicken is an animal model

with a naturally occurring mutation in the Abca1 gene [12].

WHAM chickens have a 70% reduction in serum choles-

terol levels [13, 14]. Serum cholesterol concentration in

Abca1 knockout mice using ABCA1 short interfering RNA

(siRNA) was also reduced [15].

Bile acids are derived from cholesterol, and bile acid

synthesis pathways involve signaling molecules that regu-

late cholesterol homeostasis in mammals. Nuclear hormone

receptors function as ligand-activated transcription factors

with pivotal roles in the regulation of cholesterol and bile

acid metabolism [16]. In general, both serum and hepatic

bile acid concentrations are increased in cholestatic disor-

ders in human and animal models [17]. Bile acids activate

hepatic fetoprotein transcriptional factor (FTF), which

induces multidrug resistance-associated protein 3 (MRP3)

to excrete and transport bile acids [18, 19]. Moreover, bile

acids activate farnesoid X receptor (FXR) to inhibit tran-

scription of the gene encoding cholesterol 7-hydroxylase

(CYP7A1) [20], which is the rate-limiting enzyme in the

bile acid synthesis pathway that catalyzes conversion of

cholesterol into bile acids [21]. Cholesterol is converted to

bile acids by liver X receptor a (LXRa)-mediated stimu-

lation of CYP7A1 transcription, and CYP7A1 is regulated

by LXRa [22]. Using quantitative analyses for the char-

acterization of interacting systems, we investigated nuclear

protein with DNA binding with the hepatic CYP7A1/LXR

element in the rat model of cholestasis using the elec-

trophoretic mobility shift assay (EMSA).

Moreover, LXR agonist (T0901317) stimulated hepatic

ABCA1 transporter via upregulated LXRb [23]. Using

qualitative analyses for the characterization of interacting

systems, we investigated the protein-DNA binding site for

LXR/retinoid X receptor (RXR) direct repeat 4 (DR4) ele-

ment using southwestern histochemistry (SWH), as the

LXR/RXR DR4 element is the transcription factor that

regulates the expression of ABCA1 gene by binding to LXR/

RXR DR4 element [24]. SWH is used to localize tran-

scription regulatory factors that bind to specific sequences of

DNA and regulate the transcriptional activity of the genes,

using a haptenized double-stranded DNA [25].

The aim of this study was to clarify that an increase in

hepatic ABCA1 transporters leads to hypercholesterolemia

in primary biliary cholangitis (PBC) patients and in a

cholestatic rat model. PBC is the most common cholestatic

liver disease. Hence, we studied the liver tissue samples

from PBC patients.

Methods

Animals and animal treatment

Male Wistar rats were obtained from KYUDO (Fukuoka,

Japan) and maintained in the Fukuoka University Center

for Experimental Animals. All rats were housed in a tem-

perature and humidity controlled environment under a

constant light–dark cycle, and provided regular rat chow

with free access to water. The experimental protocols were

approved by the Animal Care and Use Committee of

Fukuoka University (Approval No. 0401603, 2003)

according to criteria outlined in the National Institutes of

Health Guide for the Care and Use of Laboratory Animals

(NIH Publication No. 86-23, revised 1985). Rats underwent

bile duct ligation (BDL) or sham operation as described

previously [26]. Lipopolysaccharide (LPS) from Sal-

monella typhimurium (2 mg/kg body weight; Sigma

Chemical Co., St Louis, MO, USA) was injected

intraperitoneally and animals were killed 16 h after injec-

tion as described elsewhere [27–29]. Controls were injec-

ted with the vehicle (saline) alone. After pentobarbital

anesthesia, all animals were sacrificed at 7 days, and livers

were harvested for analysis.

PBC patients

This part of the study involved PBC patients at Fukuoka

University Hospital, Japan. In accordance with the regu-

lations of the Human Investigations Committee of Fukuoka
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University, informed consent was obtained from all

patients. The diagnosis of PBC (n = 44) was based on the

following criteria: (a) abnormal biochemical tests with

preferential elevation of serum ALP and GGT; (b) presence

of antimitochondrial antibodies with M2 (AMA) specificity

as confirmed by ELISA or immune blotting; and (c) evi-

dence of chronic non-suppurative destructive cholangitis

(CNSDC) at histology [30]. None of the patients had

undergone treatment with anti-hyperlipidemic drug. Liver

samples were obtained by percutaneous needle biopsy. The

PBC staging was used Scheuer’s histological staging

system.

Real-time reverse transcriptase (RT)-PCR analysis

TaqMan� real-time quantitative polymerase chain reaction

(PCR) assay was performed on an ABI Prism 7500EAST

Sequence Detection System, according to the manufac-

turer’s protocol (Applied Biosystems, Foster City, CA,

USA). The following primers and probes were used for the

TaqMan� RT-PCR assay (Applied Biosystems, Foster

City, CA, USA): ABCA1, MRP3, FTF, CYP7A1, and

LXRb.

SiRNA of ABCA1 transporter study

WIF-B9 cells were cultured in a humidified 7% CO2

incubator at 37 �C as described previously [31]. siRNA

against ABCA1 was purchased from Dharmacon (siGEN-

OME SMART pools; Thermo Fisher Scientific, Pittsburgh,

PA, USA). SiRNA transfection with Dharmacon FECT4

(Thermo Fisher Scientific) was performed according to the

manufacturer’s protocol.

Cholesterol concentrations in the medium

Cholesterol levels were determined by a commercial

company (SRL, Tokyo, Japan) in media of pre- and post-

ABCA1 siRNA cells, and Control.

Western blot analysis

Blots were incubated for 1 h at room temperature with

ABCA1 (1:1000) (Novus Biologicals Inc., Littleton, CO,

USA), MRP3 (1:2000) (Santa Cruz Biotechnology, Inc.,

Santa Cruz, CA, USA), FTF (1:1000) (Santa Cruz

Biotechnology, Inc.), and mouse, rabbit, or goat polyclonal

IgG antibodies. Blots were washed and then incubated with

anti-mouse, -rabbit, or -goat horseradish peroxidase-con-

jugated antibody (1:2000) (Santa Cruz Biotechnology,

Inc.). The immune complexes were detected with the

ECLTM Western Blotting Analysis System kit (Amersham

Biosciences, Little Chalfont, UK).

Electrophoretic mobility shift assays

Liver nuclei were prepared from BDL and sham rats at the

given timepoints according to the NE-PER Nuclear and

Cytoplasmic Extraction Reagents (Pierce, Rockford, IL,

USA) DIG Gel Shift Kit, 2nd Generation (Roche Diag-

nostics GmbH, Penzberg, Germany) according to the

manufacturer’s protocol with CYP7A1-LXR element,

sense (50-GATCCCTTTGGTCACTCAAGTTCAAGTG-
GATC-30) and antisense (50-CTAGGGAAACCAGT-
GAGTTCAAGTTCACCTAG-30) probes (Sigma Aldrich,

Tokyo, Japan).

Southwestern histochemistry

SWH was used to elucidate DNA and its binding nuclear

protein interactions, according to a previously described

technique with modification [18, 25]. ABCA1 LXR/RXR

DR4 element, transcriptional factor of ABCA1, and sense

(50-ACTGGGCTTTGACCGATAGTAACCTCTGCGCTC
G-30) and antisense (50-CGAGCGCAGAGGTTACTAT
CGAAAGCCCAGT-30) probes (Sigma Aldrich) were

annealed by heating at 80 �C for 2 min. The probes were

subjected to digoxigenin (DIG) oligonucleotide 39-end

labeling (Roche Diagnostics GmbH). Liver sections were

dewaxed, rehydrated, incubated with 5 mmol/L levamisole

for 30 min, and fixed with 0.2% paraformaldehyde. They

were then digested with 0.5% pepsin in 1 M HCl for 30 min,

washed with HEPES, incubated with 0.1 mg/mL DNAse I

for 30 min, and washed again with HEPES buffer.

Confocal immunofluorescence microscopy

Indirect immunofluorescence was conducted on liver

specimens from sham-operated and BDL rats and PBC

patients [18, 20, 32]. ABCA1 antiserum was used at a

dilution of 1:100. The secondary antibody was Alexa546

anti-rabbit immunoglobulin G (Molecular Probes, Eugene,

OR, USA). All fluorescent imaging was performed on a

Zeiss LSM5 PASCAL confocal scanning microscope (Carl

Zeiss Japan, Tokyo, Japan). Digital images were processed

with Adobe Photoshop (Adobe, San Jose, CA, USA).

Serum and hepatic lipid profiles

Hepatic total bile acids (Direct Spectrophotometry: TEST

WAKO�) and hepatic cholesterol (cholesterol oxidase

DAOS: E-TEST WAKO�) concentrations were determined

using commercially available kits (Wako Pure Chemical

Industries, Ltd, Osaka, Japan) according to the manufac-

turer’s protocol. Serum total cholesterol, HDL cholesterol,

and phospholipid levels were analyzed by a commercial

company (SRL).
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Statistical analysis

All data were expressed as the mean ± standard deviation.

Data were subjected to analysis of variance, and statistical

significance was accepted at P\ 0.05. Differences

between specific groups were determined using an unpaired

Student’s t test.

Results

Cholesterol efflux study in cells treated with ABCA1

siRNA

We confirmed the inhibition of ABCA1 expression of

membrane protein levels by 50% and mRNA levels by

59% in the ABCA1 siRNA transfected WIF-B9 cells

(ABCA1 siRNA cells) using immunoblot and real-time

RT-PCR, respectively (Fig. 1a). In the ABCA1 siRNA

cells, culture medium cholesterol levels were significantly

decreased by 22% compared with those in controls

(Fig. 1b, P\ 0.05) after applying the background sub-

traction method (Fig. 1b, P\ 0.001).

Increased bile acids upregulate Mrp3 via FTF

in BDL rats

As shown in Table 1, hepatic and serum total bile acid

concentrations in the BDL rats were significantly higher

than in sham rats. Both mRNA and hepatic Mrp3 mem-

brane protein levels were significantly increased in BDL

rats compared with those of sham rats (Fig. 2a). Otherwise,

hepatic Mrp3 mRNA and membrane protein levels were

decreased in BDL rats (data not shown; previously

described) [26]. The expressions of hepatic FTF mRNA

and nuclear protein were significantly increased in BDL

rats compared with sham rats (Fig. 2b, P\ 0.01).

LXRa abundance and DNA binding to the Cyp7a1

promoter in BDL rats

The EMSA study indicated the binding capacity of LXR

element on the hepatic Cyp7a1 gene. This binding capacity

was significantly reduced in BDL rats to 38% of sham

levels; this also correlated with the observed reduction the

expression levels of hepatic Cyp7a1 mRNA (Fig. 2c).

ABCA1 expression in BDL rats

The immunofluorescence study was performed to analyze

the distribution pattern of Abca1 expression in the liver. As

shown in Fig. 2d, Abca1 expression appeared to be

restricted to the basolateral membrane of hepatocytes in

BDL rats. The expression of hepatic Abca1 (both mRNA

levels and membrane protein levels) was significantly

increased in BDL rats (Fig. 2e). Abca1 was labeled with

the same antibodies used for immunoblots. The upregu-

lated Abca1 was accompanied by notably higher serum

cholesterol levels in BDL rats than in sham rats (Table 1).

Serum HDL cholesterol levels were lower in BDL rats than

in sham rats (Table 1). Abca1 is also a transporter of

phospholipids from hepatocytes to sinusoidal blood, and

serum phospholipid concentrations in BDL rats were also

significantly increased compared with sham rats (Table 1).

PBC patients study (Table 2)

Hepatic ABCA1 mRNA expression in liver biopsy samples

was significantly increased in PBC patients compared with

controls (Fig. 3a, P\ 0.05). In PBC patients, there were

no significant differences in hepatic ABCA1 mRNA

expression among each PBC stage (data not shown).

Confocal immunofluorescence study showed that ABCA1

transporter protein was expressed on the basolateral

membrane of hepatocytes in PBC patients (Fig. 3b).

Immunohistochemical localization of ABCA1 was no

change among each PBC stage. As LXRb regulates the

expression of ABCA1 transporter, we showed that hepatic

LXRb mRNA levels were correlated with hepatic ABCA1

mRNA levels in PBC patients (Fig. 3c, r = 0.64). There

was no correlation between hepatic ABCA1 mRNA levels

and serum total cholesterol in all PBC patients (data not

shown).

Southwestern histochemistry

SWH showed DNA and its binding nuclear protein inter-

actions; binding protein with the LXR/RXR DR4 elements

on hepatic ABCA1 gene localized on the nucleus in PBC

patients (Fig. 3d). In SWH, the expression of DNA and its

binding nuclear protein complex was localized on the

nucleus in each PBC stage. LXR/RXR DR4 element, a

transcriptional factor of ABCA1, was activated by

cholesterol, which leads to ABCA1 transporter expression.

Discussion

This study showed that hypercholesterolemia in humans

and cholestatic rats results from upregulated hepatic

ABCA1 transporter with a defense mechanism by which

liver cells avoid bile acid and bilirubin accumulation dur-

ing cholestasis (Fig. 4). Homeostasis of bile acids and

cholesterol in cholestatic disorders occurs first with an

increased accumulation of bile acids within hepatocytes.

Bile acids stimulate FTF, which induces MRP3. Serum bile
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acid concentrations were higher, because bile acids were

exported from hepatocytes to sinusoidal blood via upreg-

ulated MRP3 transporter. Bile acids also stimulate the

FXR-small heterodimer partner (SHP) signal route, and

thus, the LXR element on CYP7A1 was inhibited by SHP.

There was a reduction in hepatic CYP7A1 mRNA in BDL

rats, which equates to a reduction in biosynthesis of bile

acids [33]. The expression of CYP7A1 mRNA was

decreased in PBC patients as previously described [20]. In

this way, bile acids effectively downregulate their own
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Fig. 1 Cholesterol efflux study

in cells treated with ABCA1

siRNA. a Levels of ATP-

binding cassette transporter A1

(ABCA1) mRNA (left) and

membrane protein (right) in

ABCA1 short interfering RNA

(siRNA) cells (n = 3) and

control (n = 6). ABCA1

expression of mRNA levels was

inhibited by 59% and membrane

protein levels were reduced by

50% in the ABCA1 siRNA

transfected WIF-B9 cells

(ABCA1 siRNA cells).

b Culture medium cholesterol

levels (lg/mL) in ATP-binding

cassette transporter A1

(ABCA1) short interfering RNA

(siRNA cells) (n = 3) and mock

(n = 6). Background

subtraction (right): the amount

of medium cholesterol levels

(post ABCA1 siRNA cells)–(pre

ABCA1 siRNA cells). In the

ABCA1 siRNA cells, culture

medium cholesterol levels were

significantly decreased by 22%

compared with those in controls

(left, P\ 0.05) and culture

medium cholesterol levels were

significantly decreased after

applying the background

subtraction method (right,

P\ 0.001)

Table 1 Lipid profile in cholestatic rat models

Serum bile acid

(lmol/L)

Serum cholesterol

(mg/dL)

Serum HDL

cholesterol (mg/dL)

Serum PL (mg/

dL)

Hepatic bile acid

(lmol/L)

Hepatic cholesterol

(mg/dL)

Sham

(n = 4)

21.6 ± 18.1 85.3 ± 13.2 35.3 ± 5.56 131.7 ± 24.2 25.0 ± 6.6 115.4 ± 10.8

BDL rats

(n = 4)

447.3 ± 39.2*** 149.3 ± 20.2** 18.0 ± 4.9** 335.3 ± 72.2** 231.3 ± 36.4** 137.0 ± 9.5*

PL phospholipid

* P\ 0.05, ** P\ 0.01, *** P\ 0.001; compared to Sham rats
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synthesis. Hepatic bile acid and other transporters undergo

adaptive regulation in the liver in response to cholestatic

disorders. Elevated cholesterol results in the formation of

oxysterols that bind LXRb. and activates LXR/RXR DR4

element on ABCA1 transcription [34]. Upregulation of

ABCA1 results in subsequent excretion of cholesterol.

Hepatic Mrp3 expressions in cholestatic rat models
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Fig. 2 Study in cholestatic rat

models. a Expression of hepatic

multidrug resistance-associated

protein 3 (Mrp3) mRNA and

membrane protein levels in

cholestatic rat models. Both

mRNA (left) and hepatic Mrp3

membrane protein (right) levels

were significantly increased in

bile duct ligation (BDL) rats

compared with those of sham

rats. b Expression of hepatic

fetoprotein transcriptional factor

(FTF) mRNA (left) and nuclear

protein levels (right) in

cholestatic rat models. The

expressions of FTF mRNA (left)

and nuclear protein (right) were

significantly increased in bile

duct ligation (BDL) rats

compared with those in sham

rats. c Electrophoretic mobility

shift assay (EMSA): the binding

capacity of liver X receptor

(LXR) element on hepatic

cholesterol 7a-hydroxylase
(Cyp7a1) (left) and the

expression of hepatic Cyp7a1

mRNA levels (right) in a

cholestatic rat model. This

binding capacity was

significantly reduced in bile

duct ligation (BDL) rats to 38%

of sham levels (left); this

correlated with the observed

reduction in the expression

levels of hepatic Cyp7a1 mRNA

(right). d Immunolocalization

study of hepatic ATP-binding

cassette transporter A1 (Abca1)

in cholestatic rats. Abca1

expression appeared to be

restricted to the basolateral

membrane of hepatocytes in bile

duct ligation (BDL) rats.

e Expression of hepatic ATP-

binding cassette transporter A1

(Abca1) mRNA (left) and

membrane protein (right) levels

in cholestatic rat models. The

expression of hepatic Abca1

[both mRNA levels (left) and

membrane protein levels

(right)] was significantly

increased in bile duct ligation

(BDL) rats
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Hence, hepatic ABCA1 may regulate transport and prevent

overaccumulation of cholesterol in the hepatocytes of

patients with cholestatic disorder.

To analyze the interaction of ABCA1 and its tran-

scriptional region, LXR/RXR DR4 element, we studied

LXR/RXR DR4 element and nuclear protein complex

HHepatic Abca1 expression in cholestatic rat modeels 
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Fig. 2 continued

Table 2 Laboratory data of patients with PBC N = 44

Scheuer stage AST (IU/L) ALT (IU/L) ALP (IU/L) Total cholesterol (mg/dL) HDL cholesterol (mg/dL)

Total 86.5 ± 102.3 87.0 ± 126.1 849.0 ± 753.4 206.3 ± 49.1 60.0 ± 21.4

Stage 1 (5) 28.4 ± 10.7 28.2 ± 11.9 482.2 ± 242.6 206.4 ± 41.3 55.8 ± 6.0

Stage 2 (22) 76.7 ± 110.9 89.1 ± 149.2 720.1 ± 485.0 218.6 ± 54.5 70.6 ± 19.0

Stage 3 (13) 94.7 ± 85.2 102 ± 118.2 990.2 ± 928.1 186.2 ± 41.2 55.5 ± 14.5

Stage 4 (4) 186.6 ± 121.3a,b 100.7 ± 93.9a,b 1556.6 ± 1365.6 203.1 ± 43.3 17.0 ± 5.0c,d,e

a Statistical significance (P\ 0.05) compared to stage 1
b Statistical significance (P\ 0.05) compared to stage 2
c Statistical significance (P\ 0.01) compared to stage 1
d Statistical significance (P\ 0.01) compared to stage 2
e Statistical significance (P\ 0.01) compared to stage 3
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Fig. 3 Study in PBC patients. a Expression of hepatic ATP-binding

cassette transporter A1 (ABCA1) mRNA levels in primary biliary

cholangitis (PBC) patients (n = 35). We obtained liver samples of

PBC patients by percutaneous needle biopsy. Hepatic ABCA1 mRNA

expression was significantly increased in PBC patients compared with

controls. b Immunolocalization study of hepatic ATP-binding cassette

transporter A1 (ABCA1) in primary biliary cholangitis (PBC)

patients. ABCA1 transporter protein was expressed on the basolateral

membrane of hepatocytes in PBC patients. c Correlations between

hepatic ATP-binding cassette transporter A1 (ABCA1) and liver X

receptor a (LXRb) mRNA levels in primary biliary cirrhosis (PBC)

patients. Hepatic LXRb mRNA levels were correlated with hepatic

ABCA1 mRNA levels in PBC patients (r = 0.64). d Southwestern

histochemistry (SWH) is used to localize transcription regulatory

factors that bind to specific sequences of DNA and regulate the

transcriptional activity of the genes using a digoxigenin (DIG)-

labeled double-stranded DNA probe14. SWH: a specific consensus

sequence that binds to the ATP-binding cassette transporter A1

(ABCA1) transcription factor; the liver X receptor a (LXR)/retinoid

X receptor (RXR) direct repeat 4 (DR4) elements and nuclear-binding

protein complex in the hepatocyte nucleus of a primary biliary

cholangitis (PBC) patient (arrows)
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using SWH. EMSA is used to detect protein complexes

with nucleic acids. It is the core technology underlying a

wide range of qualitative and quantitative analyses for the

characterization of interacting systems. It is difficult to

obtain a sufficient amount of hepatic nuclear protein for

EMSA from human liver samples using needle biopsy.

SWH is suitable for detection of binding ability with DNA

and its binding protein. SWH is not able to quantify

amount of these complexes precisely. For the localization

of a transcription regulatory protein in tissue sections,

SWH, in which a DNA segment, containing a transcription

regulatory protein-specific responsive element consensus

sequence, is used as a probe.

Bile acids, cholesterol, and phospholipids accumulate in

hepatocytes in cholestasis. We have shown increased

expressions of mRNA and protein levels of the efflux

transporters including MRP3 in cholestatic rats [26].

Another study has demonstrated that a serum total

cholesterol level increases and a serum HDL cholesterol

level decreases after BDL in mice [35]. In cholestasis, it is

a reasonable response to change these transporters alter-

natively to avoid these compounds from accumulating in

hepatocytes.

Cholesterol homeostasis maintenance carried out in

many mechanisms. Serum cholesterol is regulated by

several factors. Our study revealed that 61% of PBC

patients had total plasma cholesterol values above 200 mg/

dL. None of the patients had undergone treatment with

anti-hyperlipidemic drug including bezafibrate; however,

the part of patients had undergone treatment with UDCA.

Serum concentrations of cholesterol decreased during

UDCA administration [36]. Therefore, it was no correlation

between Hepatic ABCA1 mRNA and serum total choles-

terol level.

In end-stage cirrhotic patients, including PBC cases,

serum cholesterol levels decline. This phenomenon is

thought to be accompanied by an impaired ability to syn-

thesize proteins. The amount of hepatic sample obtained by

needle biopsy was insufficient for immunoblot analysis of

hepatic ABCA1 protein levels (data not shown). Further

studies are required, including an investigation of the

quantitative levels of ABCA1 protein in PBC patients in

liver samples, and this could contribute to the development

of a new methodology for protein determination.
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