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Abstract

Background—Chronic alcohol consumption causes alcoholic liver disease, which is associated,
or initiated, with dysregulated lipid metabolism. Very recent evidence suggested that dysregulated
cholesterol metabolism plays an important role in the pathogenesis of alcoholic fatty liver
diseases, however, the effects of chronic alcohol exposure on cholesterol homeostasis have not
been well studied and underlying mechanisms behind are still elusive.

Methods—Male Sprague-Dawley rats weighing 250 + 5.5 g (mean + SEM) divided into two
groups (8 rats per group) and pair-fed with liquid diets containing (in percent of energy intake)
18% protein, 35% fat, 12% carbohydrate, and 35% either ethanol (ethanol diet) or an isocaloric
maltose-dextrin mixture (control diet), according to Lieber and De Carli, for four weeks.

Results—Long-term excessive alcohol feeding to rats caused fatty liver and liver injury, which
was associated with disrupted cholesterol homeostasis, characterized by increased hepatic
cholesterol levels and hypercholesterolemia. Hepatic cholesterol increases were concomitant with
constantly activated SREBP-2 in the liver and increased expression of HMG-CoA reductase, a
rate-limiting enzyme for cholesterol de novo synthesis, indicating enhanced cholesterol
biosynthesis. Alcohol-induced hypercholesterolemia was accompanied by decreased LDL receptor
levels in the liver. Further investigations revealed that chronic alcohol exposure increased hepatic
PCSK9 contents, a proprotein convertase to downregulate LDLr via a post-translational
mechanism. Moreover, alcohol feeding suppressed ERK activation in the liver. In vitro studies
showed that inhibition of ERK activation was associated with decreased LDLr expression in
HepG2 cells.

Conclusions—Our study provides the first evidence that both increased PCSK9 expression and
suppressed ERK activation in the liver contributes to alcohol-induced hypercholesterolemia in
rats.
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Introduction

Chronic ethanol intake is well known to cause dysregulated lipid metabolism. Excessive
triglyceride accumulation in hepatocytes due to alcohol abuse not only is the initial stage of
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disease spectrum of alcoholic liver disease, but also plays a critical role in the disease
progression to late stage hepatitis and/or cirrhosis (Maxwell et al., 2003; Song et al., 2004;
You et al., 2004). Fat accumulation in the liver originates from an imbalance among the
uptake/synthesis and export/oxidation of fatty acids. Correspondingly, deleterious effects of
excessive alcohol intake on all these processes have been extensively investigated, and
reported to contribute to the development of hepatic steatosis (Donohue, 2007; Fischer et al.,
2003; Kharbanda et al., 2009; You et al., 2004). Moreover, chronic alcohol consumption
also causes hypertriglyceridemia (increased blood triglyceride level), mainly due to elevated
VLDL and chylomicrons levels in the blood (Chait et al., 1972).

In addition to disturbing triglyceride metabolism, chronic consumption of excessive alcohol
can also exert adverse effects on cholesterol metabolism. It has been reported previously that
ethanol feeding increased hepatic esterified cholesterol levels in rats, and this was associated
with both enhanced cholesterol biosynthesis and decreased bile acid excretion (Lefevre et
al., 1972). Cholesterol is a lipid molecule required for the growth and viability of
mammalian cells and plays important structural and functional roles in membranes.
Disturbed cholesterol homeostasis has been well-established to play an etiologic role in the
pathogenesis of atherosclerotic cardiovascular disease. The liver plays a central role in the
regulation of cholesterol homeostasis. It is the major organ for the clearance of circulating
LDL, the major cholesterol-carrying lipoprotein, via LDL receptor (LDLYr) regulated
mechanism. Importantly, the liver is the only organ in the body for cholesterol disposition,
via bile acids synthesis and excretion (Chiang, 2003; Chang et al., 2006; Kang and Davis,
2000). Very recent studies provide strong evidence demonstrating that dysregulated
cholesterol metabolism was critically involved in the development of both alcoholic and
non-alcoholic fatty liver diseases (Fernandez et al., 2008; Wouters et al., 2008). For
instance, it has been reported that chronic alcohol exposure increased hepatic free
cholesterol pool, which was associated with mitochondrial dysfunction and consequent
sensitization to TNF-a induced hepatotoxicity (Fernandez et al., 2008). Nevertheless, studies
with regard to the effects of excessive alcohol intake on cholesterol metabolism are still
lacking and underlying mechanisms behind are still elusive. Therefore, defining mechanisms
behind the deleterious effects of chronic alcohol consumption on cholesterol metabolism
will provide critical information to help us better understand the pathogenesis of alcoholic
liver disease. In this study, using a heavy drinking rat model, our aims were to investigate
the effects of chronic alcohol exposure on cholesterol homeostasis and to identify
mechanisms underlying alcohol-induced disruption of cholesterol homeostasis.

Animals and treatments

Male Sprague-Dawley rats weighing 250 £ 5.5 g (mean + SEM) were obtained from the
Jackson Laboratory (Bar Harbor, ME). All animals were treated according to the
experimental procedures approved by the Institutional Animal Care and Use Committee.
Sixteen rats were randomly assigned to 2 groups and pair-fed with liquid diets containing (in
percent of energy intake) 18% protein, 35% fat, 12% carbohydrate, and 35% either ethanol
(ethanol diet) or an isocaloric maltose-dextrin mixture (control diet), according to Lieber and
De Carli (Lieber and De Carli, 1973), for four weeks. Food intake and body weight were
recorded daily and weekly, respectively. At the end of the experiment, the rats were killed
and plasma and liver tissue samples were harvested for assays.

Cells and culture conditions

HepG2 cells, a human hepatoma cell line, were obtained from the American Type Culture
Collection (ATCC, Manassas, VA) and were cultured in DMEM containing 10% (v/v) fetal
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bovine serum, 2 mM glutamine, 5 U/ml penicillin, and 50 pg/ml streptomycin at 37 °C in a
humidified O,/CO5, (19:1) atmosphere.

Plasma biochemical assays

Plasma alanine aminotransferases (ALT) and aspartate transaminase (AST) assays were
performed with commercially available kits (Infinity, Thermo Electron, Melbourne,
Australia). Plasma total cholesterol, high-density lipoprotein (HDL)-cholesterol, and low-
density lipoprotein (LDL)-cholesterol levels were measured using a clinical CardioChek
analyzer (Polymer Technology Systems, Indianapolis, IN).

Liver triglyceride and cholesterol measurements

Liver tissues were homogenized and hepatic total lipids were extracted according to Bligh
and Dyer and redissolved in 2% Triton X-100 in water. Hepatic triglyceride content was
determined by enzymatic colorimetric methods using commercially available Kits (Sigma).

Preparation of nuclear extracts

To isolate nuclear proteins we used a Nuclear Extraction Kit (Imgenex, San Diego, CA)
according to manufacturer’s instructions. Briefly, small pieces of fresh liver tissue were
washed twice with 5 ml of ice-cold PBS/PMSF buffer, homogenized in 5 ml 1 x hypotonic
buffer supplemented with 1 mM DTT and 1% detergent, and put on ice for 30 min. After
centrifugation at 10,000 rpm at 4°Cfor 10 min, supernatants (cytoplasmic fraction) were
removed and 500 pl of complete lysis buffer was added to the nuclei and incubated for 30
min at 4°C with rocking. The samples were vortexed and centrifuged at 14,000 rpm for 10
min at 4°C. Supernatants containing nuclear proteins were harvested and transferred to
prechilled tubes.

Total RNA isolation

Frozen liver samples (~70 mg) were transferred to 1.0 ml of Trizol (Invitrogen, Carlshad,
CA) and homogenized in a Mixer Mill 300 tissue homogenizer (Retsch, Germany). Total
RNA was isolated according to the manufacturer’s protocol with an additional phenol-
chloroform extraction. Isolated RNA was re-suspended in RNA storage solution (Ambion,
Austin, TX), quantified (Aygp), and assessed for purity by determining the Asgo/Aogg ratio
and by visual inspection of 1.0 ug on a denaturing gel.

Quantitative real-time RT-PCR

Total RNA was extracted from liver tissue as described in the previous paragraph. For each
sample, 1.0 pg of total RNA was reverse transcribed using a high-capacity cDNA reverse
transcription kit as described by the manufacturer (Applied Biosystems, Foster City, CA).
The cDNA (1.0 pl) was used as a template in a 25-pul PCR reaction solution containing 10.5
ul,1 pl 10 uM gene-specific primers, and 12.5 pl 1 x SYBR Green PCR master mix
(SuperArray Bioscience, Frederick, MD). PCR amplification was conducted in MicroAmp
Optical 96-wellreaction plates (Applied Biosystems) on an Applied Biosystems PRISM
7000 sequence detection system under the following conditions: initial denaturation and
enzyme activation for 10 min at 95°C, followed by 40 cycles of 95°C for 15 s and 60°C for
1 min. Each plate contained duplicate standards of purified PCR products of known template
concentrations covering seven orders of magnitude to interpolate relative template
concentrations of the samples from the standard curves of log copy number vs. threshold
cycle (Ct). No-template controls (NTC) were also included on each plate. Samples with a
Ct value within 2 SD of the mean Cy values for the NTCs were considered below the limits
of detection. The copy number of each unknown sample for each gene was standardized to a
house-keeping gene (rat 18s rRNA) to control for differences in RNA loading, quality, and
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cDNA synthesis. For graphing purposes, the relative expression levels were scaled such that
the expression level of the time-matched control group was equal to 1.

Western blotting detections

Liver tissues were lysed in Western lysis buffer consisting of the following: 20 mM
Tris-HCI, pH 7.4, 150 mM NaCl, 10% glycerol, 2% Nonidet P-40, 1 mM EDTA, pH 8.0, 20
mM sodium fluoride, 30 mM sodium pyrophosphate, 0.2% sodium dodecyl sulfate, 0.5%
sodium deoxycholate, 1 mM phenylmethylsulfonyl fluoride, 1 mM dithiothreitol, 1 mM
sodium vanadate, 50 uM leupeptin, and 5 uM aprotinin. Samples were incubated on ice with
frequent vortexing for 15 min and centrifuged for 20 min at 18,000 g. The protein content of
each supernatant was quantified via a protein assay reagent from Bio-Rad Laboratories
(Hercules, CA) in accordance with the manufacturer’s instructions. Proteins were separated
by SDS-PAGE and transferred to 0.45um Immobilin-P polyvinylidene difluoride membrane
(PerkinElmer Life Sciences). After transfer, membranes were blocked in 5% (wt/vol) nonfat
dry milk in PBS-0.1% Tween 20 and probed with the antibodies specified. Horseradish
peroxidase-conjugated secondary antibodies (Sigma) and enhanced chemiluminescence
substrate kit (PerkinEImer Life Science) were used in the detection of specific proteins.

Statistical analysis

All data were expressed as means + SD. Statistical analysis was performed using a one-way
ANOVA and was analyzed further by Newman-Keuls test for statistical difference.
Differences between treatments were considered to be statistically significant at P < 0.05.

Results

Excessive alcohol intake causes fat accumulation in the liver and liver injury

The pathological alterations in livers from both groups were evaluated by the measurements
of hepatic triglyceride contents and circulating liver enzyme levels. As expected, long-term
excessive alcohol diet feeding resulted in increased triglyceride accumulation in the liver
(Fig. 1A) and liver injury in rats, as judged by increased plasma ALT and AST levels in
alcohol-fed animals (Fig. 1B & C).

Increase of hepatic cholesterol content in alcohol-fed rats is associated with enhanced
cholesterol biosynthesis pathway

The effects of chronic alcohol feeding on hepatic cholesterol content were examined. As
shown in Fig. 2A, alcohol feeding increased hepatic cholesterol levels. Cholesterol
biosynthesis in hepatocytes is essentially regulated by transcription factor, sterol regulatory
element-binding protein (SREBP)-2. To examine the effect of alcohol on cholesterol
biosynthesis pathway, we measured SREBP-2 activation by detecting mature form of
SREBP-2 protein abundance in the liver. As shown in Fig. 2B & C, increased mature form
of SREBP-2 protein was observed in both whole tissue lysates and nuclei from alcohol fed
rats. Furthermore, we examined the effects of alcohol feeding on gene expression of 3-
hydroxy-3-methyl-glutaryl-CoA (HMG-CoA) reductase, one of SREBP-2 targets and the
rate-limiting enzyme for cholesterol synthesis. We showed that HMG-CoA reductase gene
expression was significantly increased by chronic alcohol exposure (Fig. 2D), suggesting
that chronic alcohol exposure enhanced de novo cholesterol synthesis in the liver.

Alcohol feeding induced hypercholesterolemia and reduced hepatic LDL receptor (LDLr)

Plasma total cholesterol, HDL cholesterol, and LDL cholesterol levels in both pair-fed and
alcohol-fed rats were measured. As shown in Fig. 3, alcohol-fed rats showed significantly
elevated plasma total cholesterol levels (Fig. 3A) in comparison to pair-fed animals, and this
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was associated with markedly increased cholesterol enrichments in both HDL and LDL (Fig.
3B & C). LDLr plays a central role in the regulation of hepatic LDL clearance and plasma
cholesterol homeostasis. To examine the effect of chronic alcohol feeding on LDLr
production, we measured hepatic LDLr mRNA levels and protein abundance in both groups.
As shown in Fig. 3D, long-term alcohol exposure suppressed hepatic LDLr gene expression.
Correspondingly, a lower LDLr protein abundance was observed in livers of alcohol-fed rats
in comparison to pair-fed animals (Fig. 3E & F).

Chronic alcohol exposure decreased proprotein convertase subtilisin/kexin type 9
(PCSK9) levels in the liver

PCSK®9 is a recently discovered enzyme capable of degrading LDLr protein through post-
translational mechanisms (Lopez, 2008; Seidah, 2009). In present study, we examined
hepatic PCSK9 levels in both groups and our data showed that both mRNA levels and
cleaved form of PCSK9 protein levels were increased by alcohol feeding (Fig. 4).

Involvement of MEK/ERK pathway in the regulation of LDLr production

To assess the possible involvement of ERK1/2 activation in the reducing effects of alcohol
on hepatic LDLr contents, we first examined ERK1/2 activation in livers of alcohol-fed rats
by Western blot analysis. As shown in Fig. 5A & B, alcohol exposure reduced ERK1/2
protein phosphorylation in the liver. To further determine if the reduced MEK/ERK
activation is associated with decreased LDLr production, we next examined the effect of
U0126, a specific MEK/ERK inhibitor, on LDLr production in HepG2 cells. As shown in
Fig. 5C & D, addition of U0126 decreased LDLr levels in HepG2 cells, while SREBP-2
levels were not affected, suggesting that inhibition of the MEK/ERK pathway contribute to
LDLr reduction by alcohol.

Discussion

In present study, we demonstrated that chronic alcohol exposure for 4 wk resulted in
disturbed cholesterol homeostasis in rats. Chronic alcohol feeding constantly activated
SREBP-2 in the liver and increased gene expression of HMG-CoA reductase, the rate-
limiting enzyme for cholesterol de novo synthesis, indicating that cholesterol biosynthesis
was enhanced. This may account, at least partially, for increased hepatic total cholesterol
contents in alcohol fed rats. Plasma total cholesterol levels were also elevated, which was
associated with decreased LDL receptor gene expression and protein abundance in the liver.
Additional investigations revealed that chronic alcohol exposure activated PCSKO9, a
proprotein convertase to downregulate LDLr via post-translational mechanisms. Moreover,
alcohol feeding suppressed ERK activation in the liver. In vitro investigations demonstrated
that inhibition of ERK activation was associated with decreased LDLr expression in HepG2
cells, suggesting that multiple mechanisms are involved in alcohol-induced downregulation
of LDLr.

Both exogenous uptake and endogenous de novo synthesis contribute to intracellular
cholesterol content. The LDL is the major cholesterol-carrying lipoprotein in the blood and
the liver is the major organ for LDL clearance via mechanisms essentially mediated by LDL
receptor. LDL-LDLr interaction is responsible for ~70% of LDL removed from the
circulation and LDLr deficiency is the major cause for familial hypercholesterolemia
(Brown and Goldstein, 1986; Goldstein and Brown, 2009; Hobbs et al., 1992). Therefore, in
this study, observed decreases in hepatic LDLr abundance in alcohol-fed rats suggested that
suppressive effects of alcohol on LDL receptor may contribute to its hypercholesterolemic
effects. On the other hand, LDLr deficiency may also cause decreased exogenous uptake of
cholesterol by hepatocytes. Surprisingly, in this study, alcohol-induced reduction of LDLr in
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the liver was concomitant with increased hepatic total cholesterol levels, suggesting that
increased intracellular de novo synthesis may compensate, or even surmount, the insufficient
uptake of exogenous cholesterol due to LDLr reduction. Biosynthesis of cholesterol involves
the actions of numerous enzymes and SREBP-2 is a major transcription factor controlling
gene expressions of many enzymes involved in this pathway (Eberle et al., 2004; Webber et
al., 2004). Synthesized as a 125 kDa protein and subsequently localized to the endoplasmic
reticulum, SREBP-2 precursor is transported to the Golgi by SCAP (SREBP-cleavage
activating protein), a chaperone protein, and then cleaved by two proteases to release the
mature, transcriptionally active 68 kDa amino terminal domain, which enters the nucleus
and up-regulates transcription of many genes for the cholesterol synthesis, including HMG-
CoA reductase, the rate-limiting enzyme for intracellular cholesterol synthesis (Caballero et
al., 2009; Konig et al., 2006). Our present study demonstrated that chronic alcohol feeding
resulted in enhanced SREBP-2 activation, manifested by increased mature form of SREBP-2
proteins in the liver of alcohol-fed rats, and this was associated with increased HMG-CoA
gene expression, indicating that alcohol enhanced intracellular cholesterol biosynthesis
pathway. Since the liver is the only organ for cholesterol disposition via bile acids synthesis
pathway, therefore, the potential effects of chronic alcohol intake on bile acids synthesis/
excretion may also contribute to observed alterations in hepatic cholesterol contents. In
present study, we did not examine whether or not alcohol altered bile acids synthesis or
excretion in our animal model, however, previous studies using the same model
demonstrated that chronic alcohol feeding decreased bile acids excretion (Lefevre et al.,
1972), suggesting the both pathways may contribute to elevated hepatic cholesterol levels.

Apart from controlling cholesterol biosynthesis, SREBP-2 also plays a critical role in the
regulation of LDLr gene expression. The transport of the proSREBP-2-SCAP complex to
the Golgi is inhibited by sterols and activated in response to depleted intracellular
cholesterol levels (Caballero et al., 2009; Konig et al., 2006). Cholesterol-lowering therapy
with statins, a group of inhibitors for cholesterol biosynthesis, represents a paradigm for this
regulation. Inhibition of cholesterol synthesis by statin treatment activates SREBP-2 and
subsequently induces LDLr gene expression, thereby enhancing hepatic clearance of LDL
(Attie and Seidah, 2005). Interestingly, in present study, although SREBP-2 activations were
observed in alcohol-fed rats, hepatic LDLr gene expressions in these animals were
suppressed. These observations implied that other regulatory pathways than SREBP-2
activation may be involved. As a matter of fact, the involvement of the sterol-independent
mechanisms in LDLr gene expression has been reported. Among these, extracellular signal-
regulated kinase (ERK) pathway activation has been demonstrated to up-regulate LDLr gene
expression in hepatocyte by enhancing LDLr mRNA stability through sequences present in
the proximal section of the LDLr mRNA 3’ untranslated region. This pathway has been
reported to attribute to the LDL-lowering properties of bile acids and several herbal
medicines, including berberine (Abidi et al., 2005; Kong et al., 2004; Nakahara et al., 2002).
To test the potential involvement of this pathway in alcohol-induced reduction of LDLr gene
expression, we first examined the effects of alcohol exposure on MEK/ERK activation in the
liver. Our data clearly showed that alcohol feeding suppressed ERK1/2 activation. Studies
using HepG2 cells confirmed that inhibition of ERK activation decreased LDLr production
without affecting SREBP-2 levels, suggesting that suppressed ERK pathway activation
contribute to the inhibitory effects of alcohol on hepatic LDLr gene expression.

Another interesting finding of this study is that PCSK9 activations were observed in alcohol-
fed rats. PCSKQ is a recently discovered molecule which plays a critical role in post-
translational degradation of LDLr. PCSKO is highly expressed in hepatocytes and small
intestine and is a sterol-responsive gene, upregulated by statins through SREBP-2 activation
(Dubuc et al., 2004; Maxwell et al., 2004; Rashid et al., 2005). This may explain why many
patients undergoing statin treatment (to increase LDLr gene expression) can not always
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attain their therapeutic goals. Adenovirus-mediated overexpression of PCSK9 in mice
resulted in dramatic reduction of LDLr protein in the liver and elevated circulating LDL
levels (Benjannet et al., 2004; Maxwell et al., 2003; Park et al., 2004). Conversely, PCSK9-
SiRNA studies in HepG2 cells revealed the reverse effect (Benjannet et al., 2004).
Furthermore, PCSK9-knockout mice exhibit ~50% reduction in total cholesterol and ~3-fold
increase in hepatic LDLr (Rashid et al., 2005). That statins dramatically upregulated the
LDLr and potently increased LDL clearance in the absence of PCSK9 (Rashid et al., 2005)
convincingly demonstrated that PCSK9 was responsible for the inability of these drugs to
increase the level of LDLr protein. Since PCSK9 gene expression is upregulated by
SREBP-2, it is rationale to postulate that alcohol feeding should increase its expression. As
we expected, increased mRNA levels of PCSK9 were observed in alcohol-fed animals.
Importantly, we also observed that alcohol feeding increased active form of PCSK9 protein
abundance in livers of alcohol-fed rats, indicating that PCSK9 activation was induced in
response to alcohol feeding. This observation provided further evidence to explain observed
hepatic LDLr reduction in alcohol-fed rats. Together with decreased gene expression of
LDLr by alcohol, our results suggested that both transcriptional and post-translational
mechanisms participate in the suppressive effects of chronic alcohol consumption on LDL
receptor.

Upregulation of intracellular cholesterol levels in the liver by alcohol exposure plays an
important role in the development of alcoholic liver disease. For instance, acetaldehyde, a
major metabolite of hepatic ethanol metabolism, elevates intracellular cholesterol production
through inducing endoplasmic reticulum stress and sensitizes hepatocytes to TNF-a induced
cytotoxicity (Lluis et al., 2003). Using a heavy drinking animal model, our data showed that
chronic alcohol exposure enhanced cholesterol biosynthesis and caused
hypercholesterolemia, which may result from decreased LDL receptor abundance in the
liver. Our study provides the first evidence that both PCSK9 activation and ERK
deactivation contributes to alcohol-induced hypercholesterolemia in rats.
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Chronic alcohol feeding caused hepatic fat accumulation and liver injury. Male Sprague-
Dawley rats were fed with either control or Lieber-De Carli ethanol-containing diet for 4
weeks. Liver triglyceride contents (A), Plasma ALT levels (B), and Plasma AST levels (C)
were measured with corresponding assay kit. Data are means + SD (n = 8). * P < 0.05. PF:

pair-fed; AF: alcohol-fed.
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Fig. 2.

Alcohol-induced increases in hepatic total cholesterol levels were associated with enhanced
cholesterol biosynthesis pathway. A. Liver total cholesterol levels; B. Representative
Western blots of mature form SREBP-2 proteins in both whole liver and nuclei lysates; C.
Quantitation of Western blots of mature form SREBP-2 proteins in both whole liver and
nuclei lysates (n=8). Male Sprague-Dawley rats were fed with either control or Lieber-De
Carli ethanol-containing diet for 4 weeks. Equal amounts of protein were loaded onto the gel
for comparison of pair-fed and alcohol-fed animals. PF: pair-fed; AF: alcohol-fed.
SREBP-2: sterol regulatory element binding proteins-2; D. Gene expression analysis of
HMGCR by real-time RT-PCR. Male Sprague-Dawley rats were fed with either control or
Lieber-De Carli ethanol-containing diet for 4 weeks. Total RNA from liver tissues were
isolated thereafter and subjected to real-time RT-PCR assay to quantitate mRNA for
HMGCR. Data are means = SD (n = 8). * P < 0.05. PF: pair-fed; AF: alcohol-fed. HMGCR:
3-hydroxy-3-methyl-glutaryl-CoA reductase.
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Fig. 3.

Alcohol-induced hypercholesterolemia was associated with reduced hepatic low-density
lipoprotein receptor (LDLr) levels. Male Sprague-Dawley rats were fed with either control
or Lieber-De Carli ethanol-containing diet for 4 weeks. Plasma total cholesterol (A), HDL-
cholesterol (B), and LDL-cholesterol (C) levels were measured using commercially
available kits. Data are means + SD (n = 8). * P < 0.05. PF: pair-fed; AF: alcohol-fed; D.
Gene expression analysis of LDLr by real-time RT-PCR. Male Sprague-Dawley rats were
fed with either control or Lieber-De Carli ethanol-containing diet for 4 weeks. Total RNA
from liver tissues were isolated thereafter and subjected to real-time RT-PCR assay to
quantitate mRNA for LDLr. Data are means + SD (n = 8). * P < 0.05. PF: pair-fed; AF:
alcohol-fed; E. Representative Western blots of LDLr proteins in the liver; F. Quantitation
of Western blots of LDLr proteins in the liver (n=8). Male Sprague-Dawley rats were fed
with either control or Lieber-De Carli ethanol-containing diet for 4 weeks. Equal amounts of
protein were loaded onto the gel for comparison of pair-fed and alcohol-fed animals. PF:
pair-fed; AF: alcohol-fed.
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Fig. 4.

Effects of chronic alcohol feeding on hepatic PCSK9 levels. A. Gene expression analysis of
PCSK9 by real-time RT-PCR. Male Sprague-Dawley rats were fed with either control or
Lieber-De Carli ethanol-containing diet for 4 weeks. Total RNA from liver tissues were
isolated thereafter and subjected to real-time RT-PCR assay to quantitate mMRNA for
PCSKO9. Data are means = SD (n = 8). * P < 0.05. PF: pair-fed; AF: alcohol-fed. PCSK9:
proprotein convertase subtilisin/kexin type 9; B. Representative Western blots of PCSK9
proteins in the liver; C. Quantitation of Western blots of precursor and cleaved form of
PCSK®9 proteins in the liver (n=8). Male Sprague-Dawley rats were fed with either control or
Lieber-De Carli ethanol-containing diet for 4 weeks. Equal amounts of protein were loaded
onto the gel for comparison of pair-fed and alcohol-fed animals. PF: pair-fed; AF: alcohol-
fed. PCSK9: proprotein convertase subtilisin/kexin type 9. p: precursor. c/a: cleaved (active)
form.
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Fig. 5.

Involvement of ERK activities on LDLr production. In the in vivo studies, male Sprague-
Dawley rats were fed with either control or Lieber-De Carli ethanol-containing diet for 4
weeks. Total protein extracts from the liver were prepared thereafter. Forty micrograms of
protein were subjected to Western blot analysis for ERK1/2 phosphorylation using specific
antibodies. A. Representative Western blots for phosphorylated and total ERK1/2 in the
liver; B. Quantitation of Western blots of ERK1/2 phosphorylation in the liver (n=8). PF:
pair-fed; AF: alcohol-fed. In the in vitro investigation, HepG2 cells were cultured in DMEM
medium overnight and incubated with DMEM containing U0126, an ERK inhibitor, for 12
hours. Total cell extracts were subjected to Western blot analysis with specific antibodies. C:
Representative Western blots for phosphorylated and total ERK1/2, LDLr, and mSREBP-2
in whole cell lysate of HepG2 cells; D. Quantitation of Western blots of phosphorylated and
total ERK1/2, LDLr, and mSREBP-2. Data represent a mean of at least 3 experiments + SD,
*P < 0.05. SREBP-2: sterol regulatory element binding proteins-2. LDLr: low-density
lipoprotein receptor.
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