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Abstract. This study aimed to investigate the effects 
of ethanol on the expression of caveolin-1 (CAV-1) in 
HepG2 hepatocarcinoma cells. Ethanol-treated HepG2 
cells were investigated using the in vitro model to deter-
mine whether ethanol can influence the expression of 
CAV-1. Cell viability was measured using the colorimetric 
3-(4, 5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide 
(MTT) and lactate dehydrogenase (LDH) assays. Expression of 
CAV-1 was detected using western blot analysis. Quantitative 
PCR (qPCR) was used to determine CAV-1 mRNA levels. 
The distribution of CAV-1 in HepG2 cells was analyzed using 
immunofluorescence. The MTT assay results revealed that cell 
viability was not altered at ethanol concentrations of <1.0%, 
while ethanol concentrations >1.0% caused cell shedding, but 
not cell fragmentation. Western blot analysis showed signifi-
cant differences in the levels of CAV-1 expression between the 
control group and the 1.0% ethanol-treated group at 6, 12 and 
24 h (all P<0.05). qPCR showed significant differences in the 
expression levels of caveolin-1 mRNA between the control 
group and the 1.0% ethanol-treated group at 6 h, 12 h and 
24 h (all P<0.05). Immunofluorescence demonstrated that 
CAV-1 was distributed discontinuously at the boundaries of 
HepG2 cells. The results indicate that ethanol may increase 
the expression of CAV-1 in HepG2 cells.

Introduction

Caveolae are 50-100 nm omega-shaped membranes that 
represent a sub-compartment of the plasma membrane (1). 
Caveolin-1 (CAV-1) is the most researched among the three 
principal proteins in caveolae (CAV-1, -2 and -3) (1). CAV-1 
is a 21-24 kDa protein which has emerged as a plasma 
membrane organizer, sensor and protector that can respond 
to plasma membrane stress and remodel the extracellular 

environment (2). The expression of CAV-1 is closely associ-
ated with its transcription through various signaling pathways 
that are mediated by a number of molecules, and it is widely 
expressed in numerous cell types, including fibroblasts, endo-
thelial cells and epithelial cells (3,4). Transcriptional control 
of gene expression is regulated by microRNAs (miRNAs), 
regulatory molecules that mediate effects by interacting with 
messenger RNA (mRNA) targets (5). Thus, CAV-1 mRNA, 
and the abundance of CAV-1 protein associated with it, can 
be considered a potential controller that subtly adjusts the 
proteome levels in transcriptional and translational repres-
sion despite a small number of targets (1,2). Previous studies 
revealed that CAV-1 and its mRNA could be expressed in 
numerous types of human cancer, including breast, lung, pros-
tate and renal cancers (6-9). A number of studies have also 
identified significant correlations between the expression of 
CAV-1 and its mRNA and liver carcinogenesis (10,11).

Ethanol is an important factor in the pathogenesis of 
liver cancer. Metabolically, ethanol is first converted to 
acetalde hyde, an unstable molecule that generates reactive 
oxygen species (ROS) and can directly drive the onset of 
DNA damage and the DNA damage/repair response (12,13). 
Generally, ethanol may be directly involved in hepatic cell 
injury through the induction of ROS following oxidative 
stress or by CAV-1 translocation to the lipid droplets, thereby 
affecting DNA methylation patterns and cell signaling path-
ways and resulting in increased liver iron deposition (14,15). 
A previous study indicates that CAV-1 expression can be used 
as a new biomarker for monitoring oxidative stress induced by 
ethanol (16). However, whether ethanol can affect the expres-
sion of CAV-1 has not yet been reported. In the present study, 
ethanol-treated HepG2 cells were observed using the in vitro 
model to investigate the effects of ethanol on the expression 
of CAV-1.

Materials and methods

Chemicals and reagents. Unless otherwise noted, all chemicals 
were obtained from Sigma-Aldrich Chimie (Saint-Quentin 
Fallavier, France). Standard molecular biological techniques 
were applied. Rabbit monoclonal glyceraldehyde-3-phosphate 
dehydrogenase (GAPDH) antibody, rabbit anti-cav-1 and anti-
GAPDH antibodies and the CAV-1 (1:1,000) antibody were 
obtained from Santa Cruz Biotechnology, Inc. (Santa Cruz, 
CA, USA). TRIzol® reagent was purchased from Invitrogen™ 
(Life Technologies, Carlsbad, CA, USA). ReverTra Ace® qPCR 
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RT kit and Thunderbird™ SYBR® qPCR mix were obtained 
from Toyobo (Tokyo, Japan). Primers were designed by 
AlleleID6.01 (Premier Biosoft International, Palo Alto, CA, 
USA) and synthesized by Sangon Biotech Co. Ltd. (Shanghai, 
China). Total protein extraction kits were also purchased from 
Sangon Biotech Co. Ltd.

Culture of HepG2 cells. Human HepG2 hepatocarcinoma 
cells were obtained from American Type Culture Collection 
(Rockville, MD, USA). The HepG2 cells were routinely 
cultivated in Dulbecco's modified Eagle's medium (DMEM; 
Hyclone, Logan, UT, USA), which consisted of 10% fetal calf 
serum (FCS; Hyclone), glucose (4.5 mg/ml), glutamine (4 mm), 
and antibiotics (50 U/ml penicillin and 50 U/ml streptomycin; 
Sigma, St. Louis, MO, USA). Prior to the experiment, cells 
were incubated at 37˚C in a humidified atmosphere of 95% air 
and 5% CO2, and the medium was changed every other day.

HepG2 cells were divided into two groups, one of which 
was plated onto 6-well plates in DMEM with 10% fetal bovine 
serum. After overnight attachment, HepG2 cells were incu-
bated for up to 12 h with 0.5, 1.0, 2.5, 5.0 and 7.5% ethanol 
or without ethanol and in the presence or absence of 5 mol/l 
4-methylpyrazole, 10 mol/l diallyl sulfide, or 100 mol/l uric 
acid. Unless otherwise indicated, the medium was exposed to 
the stated ethanol concentrations for 24 h prior to analysis.

Cell viability assay. To determine cell viability the 
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide 
(MTT) assays were used. The MTT relies on a reductive 
coloring reagent and dehydrogenase in a viable cell to deter-
mine cell viability with a colorimetric method (17). The 
MTT assay is the best known method for determining mito-
chondrial dehydrogenase (SDH) activities in living cells (18). 
With this method, MTT is reduced to a purple formazan by 
nicotinamide-adenine dinucleotide. However, MTT formazan 
is insoluble in water, and it forms purple needle-shaped crys-
tals in the cells. Therefore, prior to measuring absorbance, 
an organic solvent is required to solubilize the crystals. SDH 
activity was detected after 3 h incubation in culture medium 
without serum, containing 250 µg/ml MTT. After removing the 
culture medium, formazan crystals were dissolved in dimethyl 
sulphoxide. The absorbance intensity of the purple solution 
that was produced was spectrophotometrically measured by 
a Fusion™ microplate reader (Packard Bioscience, Meriden, 
CT, USA) with a reference wavelength of 535 nm.

Cell viability was also assessed by measuring the release 
of lactate dehydrogenase (LDH) in the culture medium and 
cell lysate using a LDH kit (Roche Diagnostics, Mannheim, 
Germany). LDH is a soluble cytosolic enzyme present in the 
majority of eukaryotic cells, and upon cell death it is released 
into the culture medium as a result of damage to the plasma 
membrane (19). The increase of LDH activity in the culture 
supernatant is proportional to the number of lysed cells (20). 
LDH participates in a coupled reaction, converting yellow 
tetrazolium salt into a red, formazan-class dye, which was 
measured by absorbance at 485 nm. A LDH standard curve 
(0-3,000 mU/ml) was used for quantifying enzyme activity.

Western blot analysis. The HepG2 cells were washed three 
times without calcium and magnesium using Dulbecco's 

phosphate-buffered saline (DPBS; Dulbecco's Formula 
Modified; ICN Biochemicals, England), which contained 
0.1 mM ethylenediamine tetraacetic acid (EDTA). 
Subsequently, the HepG2 cells were homogenized in 1 ml 
lysis buffer A (2 mm EDTA, 10 mm ethylene glycol tetraacetic 
acid, 0.4% NaF, 20 mm Tris-HCL, protease inhibitor cock-
tail, phosphatase inhibitor 1% Triton® X‑100, pH 7.5) at 4˚C. 
Samples were centrifuged at 14,000 x g for 30 min and the 
supernatant was decanted to a separate tube and collected as 
a soluble fraction. Buffer A (150 µl) with 1% sodium dodecyl 
sulfate (SDS) at 4˚C was then added to the pellet. The pellet 
was disrupted using an ultrasonic crusher. The samples were 
then centrifuged at 14,000 x g for 30 min at 4˚C, as previ-
ously described. The supernatant was collected as an insoluble 
fraction. Equal amounts of proteins (40-50 µg) were separated 
by SDS-polyacrylamide gel electrophoresis and processed for 
immunoblotting with antibodies for CAV-1 (diluted 1:1,000). 
The blots were inhibited with 5% nonfat dry milk in Tris-
buffered saline containing TBS (20 mM Tris and 137 mM 
NaCl; pH 7.5) and 0.3% Tween 20 (TBS‑T) for 3 h at 25˚C and 
then incubated with antibodies for CAV-1 (1:1,000) for 16 h at 
4˚C. All protein bands were scanned using ChemiImager 5500 
V2.03 software (Alpha Innotech, San Leandro, CA, USA), and 
integrated density values were calculated with a computerized 
image analysis system (FluorChem 2.0; Bio-Rad, Hercules, 
CA, USA) and normalized to that of β-actin.

Quantitative PCR (qPCR). Total RNA was extracted 
from cells using the RNA Mini kit (Ambion, Paisley, UK) 
according to the manufacturer's instructions. Genes of 
interest were amplified from 2 mg DNase I-treated total 
RNAs with Thunderbird™ reverse transcriptase (Toyobo) 
and a random primer. The primers used for qPCR are listed 
in Table I (21). For qPCR, transcripts were quantified by 
Applied Biosystems 7300 Real-Time PCR system (Life 
Technologies) and Thunderbird™ SYBR® qPCR mix. The 
qPCR reactions were performed by adding 10 µl solution 
of clone pC (10-fold dilutions of an initial stock solution 
concentration of 0.0056 fmol pC/µl) to 1 µl test DNA (0.1-
0.5 fmol total mtDNA/µl) in a standard 100 µl PCR reaction 
[10 mM Tris-HCl, 50 mM KCI, 2 mM MgC12, 400 µM each 
of dATP, dCTP, dGTP, TTP (Pharmacia Biotech, Picastaway, 
NJ, USA), 100 pmol of each primer, 2.5 units of Taq poly-
merase (Perkin-Elmer, Waltham, MA, USA) and 10 UCi 
of [a-32P]dATP (Amersham, Arlington Heights, IL, USA)]. 
The PCR reaction was run on a Biocycler (IBI; Bios Corp., 
New Haven, CT, USA) at 94˚C for 20 sec, 65˚C for 20 sec 
and 72˚C for 20 sec for 25 cycles. The extension of the last 
cycle was at 72˚C for 10 min. Following the last cycle, the 
DNA was denatured at 95˚C for 10 min and then cooled to 
room temperature. Subsequently, 10 µl PCR product was 
digested with 0.5 units Sspl overnight at 37˚C. The digested 
DNA fragments were separated by electrophoresis on a 12% 
non-denaturing polyacrylamide gel (29:1 acrylamide:bis) and 
the labelled fragments were visualized by autoradiography 
on X‑ray films [Ray Chem Medica (P) Ltd., Delhi, India] of 
the vacuum-dried gels. These experiments were performed 
in triplicate and independently repeated at least three times. 
GAPDH was used as an internal control for gene expression 
analysis.
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Immunofluorescence. The HepG2 cell monolayers grown on 
glass coverslips were fixed with 4% paraformaldehyde and 
permeabilized with 0.5% Triton® X-100. Following blocking 
with 2% bovine serum albumin in PBS, the cells were incu-
bated with rabbit anti-CAV-1 (diluted 1:50) to visualize the 
distribution of CAV-1. The glass slides were analyzed using 
BX-50-FLA immunofluorescence microscopy (Olympus, 
Tokyo, Japan).

Statistical analysis. Experiments were repeated at least 
three times. Continuous variables were expressed as the 
mean ± standard deviation. Categorical data were presented as 
frequencies and percentages. Differences between the groups 
were compared using the two-tailed, non-paired Student's 
t-test or one-way analysis of variance for continuous variables, 
where appropriate. Comparisons of categorical variables 
between the groups were performed using the χ2 test. All tests 

of statistical significance were two-sided, and P<0.05 was 
considered to indicate a statistically significant difference. The 
statistical analyses were calculated with SPSS 17.0 (SPSS, Inc., 
Chicago, IL, USA).

Results

Effect of ethanol on HepG2 cell viability. The HepG2 cells 
were treated with ethanol at different concentrations (0.5, 
1.0, 2.5, 5.0 and 7.5%) for 6, 12 or 24 h. MTT assay showed 
that cell viability was not altered at ethanol concentrations of 
≤1.0% (Fig. 1). LDH assay indicated that ≥7.5% ethanol did 

Figure 1. Effect of ethanol on the viability of HepG2 cells by using the 
colori metric 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide 
(MTT) assay. The HepG2 cells were treated with ethanol at different concen-
trations (0.5, 1.0, 2.5, 5.0 and 7.5%) for 6, 12 or 24 h.

Figure 2. Cell viability was assessed by measuring the released cytosolic 
enzyme lactate dehydrogenase (LDH) in the culture medium and the cell 
lysate. The HepG2 cells were treated with ethanol at different concentrations 
(0.5, 1.0, 2.5, 5.0 and 7.5%) for 6, 12 or 24 h.

Figure 3. Effect of 1.0% ethanol on the expression of caveolin-1 (CAV-1) in 
HepG2 cells using western blot analysis with glyceraldehyde 3-phosphate 
dehydrogenase (GAPDH) as a control. The HepG2 cells in the ethanol group 
were treated with 1.0% ethanol for 6, 12, or 24 h. *P<0.05 compared with the 
control group.

Figure 4. Effect of 1.0% ethanol on the expression of  caveolin-1 (CAV-1) 
mRNA in HepG2 cells using quantitative PCR. The HepG2 cells in the 
ethanol group were treated with 1.0% ethanol for 6, 12 or 24 h. *P<0.05 com-
pared with the control group.

Table I. Quantitative PCR primer sequences.

Gene PCR primer sequences Cycle number PCR products (bp)

CAV-1 5'-CGCGACCCTAAACACCTCAA-3' 40 254
 5'-GCCGTCAAAACTGTGTGTCC-3'  
GAPDH 5'-ACCACAGTCCATGCCATCAC-3' 40 605
 5'-TCCACCACCCTGTTGCTGTA-3'  

CAV-1, calveolin-1; GAPDH, glyceraldehyde-3-phosphate dehydrogenase. 
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not increase the release of the cytosolic enzyme LDH into the 
medium (Fig. 2). Ethanol concentrations >1.0% caused cell 
shedding, but not cell fragmentation. At an ethanol concentra-
tion of 7.5%, the ratio of shedding cells was up to 32.16±2.28%. 
Therefore, subsequent experiments were conducted using an 
ethanol concentration of 1.0%.

Effect of ethanol on the expression of CAV‑1. The HepG2 cells 
in the ethanol group were treated with 1% ethanol for 6, 12, 
and 24 h. As shown in Fig. 3, the expression levels of CAV-1 
showed an increase after treatment with 1.0% ethanol. Western 
blot analysis showed significant differences in CAV‑1 expres-
sion between the control group and the 1.0% ethanol-treated 
group at 6, 12 and 24 h (all P<0.05). After treatment with 1.0% 
ethanol, the expression levels of CAV-1 mRNA in HepG2 cells 
also exhibited an increasing trend (Fig. 4). Significant differ-
ences in the expression levels of CAV‑1 mRNA were identified 
between the control group and the 1.0% ethanol-treated group 
at 6, 12 and 24 h (all P<0.05).

Distribution of CAV‑1 in HepG2 cells. The distribution of 
CAV-1 in HepG2 cells was assessed by immunofluorescent 
microscopy. CAV-1 was distributed discontinuously in the 
boundaries of HepG2 cells (Fig. 5).

Discussion

CAV-1 is the chief structural protein of caveolae and is a plasma 
membrane protector organizer and sensor that can respond to 
plasma membrane stresses and remodel the extracellular envi-
ronment (22). Numerous studies suggest that the involvement of 

CAV‑1 in a variety of cellular processes has a significant effect 
on the internalization of pathogens, cholesterol homeostasis, 
transendothelial vesicular transport, integration of signaling 
pathways, and regulation of cell growth and proliferation (23-28). 
Generally, downregulation of CAV-1 can release and activate 
signaling molecules and promote cell transformation and 
proliferation during the first stage of tumorigenesis, which may 
encourage rapid tumor growth and advanced metastasis (29,30). 
On the contrary, the overexpression of CAV-1 has been demon-
strated to be closely correlated with the expression of classic 
markers of tumor progression (Ki-67 and p53), and can mediate 
filopodia formation, increase proliferation and protect against 
apoptosis, which may enhance the invasive ability of certain 
adenocarcinoma cells (31,32). Numerous previous studies have 
revealed that CAV-1 expression is downregulated in many forms 
of cancer (6,7,33,34). Even though the molecular mechanism of 
this controversial function of CAV-1 remains to be elucidated, 
these findings imply that CAV‑1 may act as a tumor suppressor 
gene and a metastasis-promoting gene (35).

In the present study, MTT and LDH assays showed that cell 
viability was not altered at ethanol concentrations of ≤1.0%, 
while ethanol concentrations >1.0% led to cell shedding. Based 
on these results, 1.0% ethanol was defined as the maximum 
concentration at which ethanol has no significant influence on 
HepG2 cell viability and molecular structure. The results of 
the current study demonstrate that 1.0% ethanol may result in a 
significant increase in the levels of CAV-1 expression in HepG2 
cells at 6, 12 and 24 h. This result may be due to proteolysis 
caused by increased ROS following oxidative stress, or to CAV-1 
translocation to the lipid droplets, considering its role in lipo-
genesis. A previous study indicated that this increase in CAV-1 

Figure 5. Immunofluoresence (magnification, x400) showed the distribution of caveolin‑1 in HepG2 cells following treatment with 1.0% ethanol. (A) HepG2 
cells in the control group; HepG2 cells treated with 1.0% ethanol for (B) 6 h; (C) 12 h; and (D) 24 h.
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may be associated with the alteration of mitochondrial perme-
ability, a primary cause of the swelling. However, there are other 
factors involved in the regulation of mitochondrial permeability, 
and their role cannot be completely dismissed (36). The present 
study also demonstrated that the expression of CAV-1 mRNA 
in HepG2 cells exhibited an increasing trend following treat-
ment with 1.0% ethanol, which supports the theory that ethanol 
affects the expression of CAV-1 and its mRNA. Metabolically, 
ethanol is first converted to acetaldehyde, which is an unstable 
molecule that generates ROS and can directly drive the onset 
of DNA-damage and the DNA-damage/repair response (12,13). 
Ethanol may be involved directly in the injury of hepatic cells 
by the effect of CAV-1 translocation to the lipid droplets on 
DNA methylation patterns and cell signaling pathways (14,15). 
Wang and Abdel-Rahman (16) presented evidence that ethanol 
induces metabolic changes in the tumor microenvironment and 
fuels tumor cell growth via oxidative mitochondrial metabo-
lism. They also demonstrate that caveolin-1 protein expression 
can be effectively used as a new biomarker to monitor oxidative 
stress induced by ethanol.

In conclusion, this study indicates that ethanol may increase 
the expression levels of CAV-1 in HepG2 cells.
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