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Abstract

Purpose: To determine the effect of rosiglitazone on the levels of the cardiotoxic arachidonic acid
metabolite, 20-hydroxyeicosatetraenoic acid (20-HETE), in the human liver hepatocellular carcinoma
cell line, HepG2.

Methods: HepG2 cells were treated with thiazolidinedione rosiglitazone and the mRNA and protein
expressions of cytochrome P450 4F2 (CYP4F2) responsible for synthesizing 20-HETE were measured
using quantitative real-time polymerase chain reaction (QRT-PCR) and western blotting. The levels of
20-HETE were evaluated using liquid chromatography/mass spectrometry (LC-MS).

Results: Rosiglitazone significantly increased the levels of CYP4F2 mRNA and protein when compared
with the control group (p < 0.05). This was correlated with significantly increased 20-HETE levels in the
culture medium of rosiglitazone-treated cells in a dose-dependent manner (p < 0.05). The PPARy
antagonist, GW9662, significantly repressed the increased production of 20-HETE and CYP4F2 mRNA
protein (p < 0.05).

Conclusion: Rosiglitazone increases the synthesis of 20-HETE via activation of PPARy receptor and
upregulation of CYP4F2. These findings may provide an additional explanation, at least in part, for the
unwanted side effects of rosiglitazone on the cardiovascular system.
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INTRODUCTION

weight gain and cardiotoxicity
Thiazolidinediones can cause

Thiazolidinediones are activators of peroxisome
proliferator-activated receptor gamma (PPARYy).
These compounds decrease insulin resistance
and are used in the treatment of diabetes
mellitus type Il [1]. Two thiazolidinediones are
currently available for clinical use: pioglitazone
and rosiglitazone [2]. The adverse effect most
commonly caused by thiazolidinediones are

myocardial
infarction and increase cardiac-related mortality
[3]. Rosiglitazone was evaluated for cardiac
outcomes in a clinical trial study and it found out
that hospitalization, due to cardiovascular event,
was more significant in diabetic patients
receiving rosiglitazone, in combination with other
anti-diabetic drugs [4]. In addition, it was in a
study of the United Kingdom Prospective
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Diabetes group, that combination of rosiglitazone
with  metformin and sulfonylurea increased
diabetes-related mortality [5]. However, the
detailed mechanism of rosiglitazone-induced
cardiotoxicity remains unclear.

20-Hydroxyeicosatetraenoic acid (20-HETE) is a
metabolite of arachidonic acid that synthesized
by cytochrome P450 (CYP450) enzymes, mainly
CYP4 subfamily members including CYP4A11,
CYP4F2, CYP4F3, and CYP4V2 [6]. 20-
Hydroxyeicosatetraenoic acid is produced in
many organs, including the liver [7]. 20-
Hydroxyeicosatetraenoic  acid  affects the
cardiovascular system as it increases the
contractility of blood vessels and platelet
aggregation [8]. High 20-HETE levels increase
the occurrence of chronic diseases, especially
cardiovascular diseases [9]. It was found that 20-
HETE  stimulates the  renin-angiotensin-
aldosterone pathway in the kidney that results in
increasing blood pressure and the risk of other
cardiovascular diseases, such heart failure [10].
20-Hydroxyeicosatetraenoic acid levels are also
increased in rofecoxib- [9] and doxorubicin-
induced cardiotoxicity [11]. Furthermore, the
expression of 20-HETE-synthesizing CYP450s
was significantly upregulated in the mouse heart
after non-steroidal anti-inflammatory  drug
(NSAID) treatment, which was correlated with
toxicological changes in the heart [12].

Although 20-HETE is involved, at least partly, in
drug-induced cardiotoxicity [12], no study has
investigated the effect of cardiotoxic rosiglitazone
on 20-HETE production. Peroxisome proliferator-
activated receptor nuclear receptors regulate the
expression of CYP4 family genes. Yi et al found
that PPARy controls the expression of CYP4V2
in macrophages [13]. Therefore, this study
hypothesized that rosiglitazone affects 20-HETE
production via a PPAR-dependent mechanism.
Accordingly, the current study investigated the
effect of rosiglitazone on the expression of 20-
HETE-synthesizing CYP4 genes and the
production of 20-HETE in HepG2 cells.

EXPERIMENTAL
Chemicals and reagents

Rosiglitazone and a PPARy antagonist
(GW9662) were purchased from Sigma Aldrich
(St. Louis, MO, USA). TRIzol, DNase, 10x
TagMan, and Moloney murine leukemia virus (M-
MLV) reverse transcriptase were obtained from
Invitrogen  (Carlsbad,  CA, USA).  20-
Hydroxyeicosatetraenoic acid and 20-HETE-d6
were purchased from Cayman (Ann Arbor, MI,
USA). Antibodies and chemiluminescence kits for

CYP4F2 and glyceraldehyde phosphate
dehydrogenase (GAPDH) were purchased from
Santa Cruz Biotechnology (Santa Cruz, CA,
USA).

Cell culture

Human HepG2 liver cell line was obtained from
the American Type Culture Collection (Rockville,
MD, USA). The HepG2 cells were incubated at
37 °C with 5 % CO2 in 1 % penicillin and
streptomycin in RPMI 1640 medium containing
10% fetal bovine serum. The HepG2 cells in six-
well plates were treated with 1 % DMSO (control
group), or with 1 and 10 uM of rosiglitazone. The
cells were incubated with cell media containing
rosiglitazone for 24 h. To determine the role of
PPARy receptors in CYP4 expression and 20-
HETE production, the PPARy antagonist
GW9662 (10 uM) was added 3 h before
thiazolidinedione treatment.

Assay of mRNA expression

RNA was isolated from HepG2 cells using TRIzol
reagent. The extracted RNA was incubated with
1 unit of DNase to remove genomic DNA. Then,
cDNA was synthesized by M-MLV reverse
transcriptase enzyme at 42 °C for 1 hour.
Quantitative real time PCR probes for the
CYP4F2 and GAPDH genes were obtained from
Applied Biosystems (Foster City, CA, USA). The
real-time PCR condition was as followings: Initial
95°C for 10 minutes, followed by 40 cycles of 95
°C for 20 seconds and 60 °C for 1 minute. The
expressions of the target genes were normalized

to that of the GAPDH gene using the formula
2AACT_

Immunoblot assay

Western blot analysis of CYP4F2 protein was
done as described previously [7]. HepG2 cells
were lysed and the proteins were extracted using
RIPA buffer contained 150 mM NaCl, 1 %
sodium  deoxycholate, 2.5 mM sodium
pyrophosphate, and 1 mM -glycerophosphate.
The extracted proteins were electrophoresed at
80 V on 10 % polyacrylamide gels, and
transferred to polyvinylidene difluoride
membranes and electrophoresed at 85 V for 60
min. Then, the membranes were blocked with 5
% skim milk solution for 2 h, followed by
incubation with primary CYP4F2 antibodies for 1
h. Then, the membranes were washed and
incubated with secondary horseradish
peroxidase-conjugated anti-lgG  antibodies
overnight at 4 °C. The CYP4F2 and GAPDH
proteins were detected using the ECL method
(GE Healthcare Bio-Sciences, Little Chalfont,
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Buckinghamshire, UK). The density of the bands
was quantified using a MultiGauge (Fuji Photo
Film, Science Laboratory, Tokyo, Japan). The
relative CYP4F2 protein levels were normalized
to the control GAPDH protein.

Quantification of 20-HETE

The amount of 20-HETE produced in the cell
medium was measured using liquid
chromatography—mass spectrometry with an API
3000 LC-MS/MS system (Agilent Technologies,
Santa Clara, CA, USA), as described previously
[13]. The chemical compounds, in the cell media
of HepG2 cells, were separated on a reverse-
phase column Atlantis dC18 (Waters, Ireland).
The mobile solvent consisted of 0.1% formic
acid, acetonitrile, and water. The mass
transitions for detecting of 20-HETE and 20-
HETE-d6 were 319-301 and 281-3, respectively.
20-Hydroxyeicosatetraenoic acid -d6 (100
pg/mL) was used as the internal standard.

Statistical analysis

All results are presented as mean + standard
deviation. Analysis of variance (ANOVA) followed
by Newman-Keuls post-hoc test was used as a
statistical tool for analyzing the difference
between the tested groups. The p-value was
considered significant at < 0.05. All statistical
analyses were performed using SAS (ver. 9.1.3;
SAS Institute, Cary, NC, USA).

RESULTS

Effect of rosiglitazone on CYP4F2 mRNA
expression

Quantitative RT-PCR analysis of the CYP4F2
gene showed a concentration-dependent
increase in the expression of CYP4F2 in HepG2
cells treated with rosiglitazone (Figure 1).
CYP4F2 mRNA expression was increased
approximately two-fold with 10 yM rosiglitazone
compared with DMSO (p < 0.05). When the cells
were pretreated with GW9662, CYP4F2 mRNA
expression was significantly (p < 0.05) lower than
in HepG2 cells treated with 10 uM rosiglitazone
only.

Effect of rosiglitazone on CYP4F2 protein
expression

Rosiglitazone significantly increased (p < 0.05)
CYP4F2 protein expression in a dose-dependent
manner and pretreating the cells with GW9662
significantly attenuated this increase (Figure 2).

Relative mRNA expression
(CYP4F2/GAPDH)
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GWS662 (uM) - 2 s 10

Figure 1: Expression of CYP4F2 mRNA in HepG2
cells following rosiglitazone treatment. Data are
representative of three independent experiments. *p <
0.05, indicates a significant difference compared with
the DMSO vehicle group; #p < 0.05, indicates a
significant difference compared with the rosiglitazone
(10 uM)-treated group
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Figure 2: Western blot analysis of CYP4F2 protein in
HepG2 cells with rosiglitazone treatment. Data are
representative of three independent experiments. (A)
CYP4F2 immunoreactive proteins in cellular fractions
from HepG2 cells treated with rosiglitazone and the
PPAR-y antagonist Gw9662. (B) Relative pixel values
of the CYP4F2 protein were normalized to GAPDH
levels. *p < 0.05, indicates a significant difference
compared with the DMSO vehicle group; #p < 0.05,
indicates a significant difference compared with the
rosiglitazone (10 pM)-treated group. R10 is the
abbreviation of 10 pM rosiglitazone, R30 is the
abbreviation of 30 puM rosiglitazone and GW is the
abbreviation of PPARy antagonist GW9662
Effects of rosiglitazone on 20-HETE
production in HepG2 cells

Figure 3 shows 20-HETE levels in HepG2 cell
medium with different  thiazolidinedione
treatments. Rosiglitazone increased 20-HETE
levels in the cell medium in a concentration-
dependent manner. 20-Hydroxyeicosatetraenoic
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acid levels were decreased significantly (p <
0.05) when the cells were pretreated with
GW9662.
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Figure 3: 20-HETE levels in HepG2 cell medium
following rosiglitazone treatment. 20-HETE levels were
analyzed using liquid chromatography—mass
spectrometry. *p < 0.05, indicates a significant
difference compared with the DMSO vehicle group; #p
< 0.05, indicates a significant difference compared
with the rosiglitazone (10 uM)-treated group. R1 is the
abbreviation of 1 pM rosiglitazone, R10 is the
abbreviation of 10 uM rosiglitazone and GW is the
abbreviation of PPARy antagonist GW9662

DISCUSSION

20-Hydroxyeicosatetraenoic acid has been found
to be associated with increased risk of drug-
induced cardiotoxicity [11,12]. The present study
investigated the influence of rosiglitazone, which
is known to cause cardiotoxicity, on the
production of 20-HETE. It has been found, in this
study, that rosiglitazone increased the production
of 20-HETE via activation of the PPARYy receptor
and induced the expression of 20-HETE-
synthesizing CYP4F2 enzyme. This may provide
an additional explanation for the unwanted side
effects of rosiglitazone on the cardiovascular
system at least in part.

The current study used HepG2 cells because the
liver is a major site of drug metabolism and 20-
HETE synthesis [14]. In addition, HepG2 cells
have been used for studying the upregulation of
P450s [15]. The expression of CYP450s was
reported to be reduced in liver cell lines
compared with primary hepatic cells and tissues
freshly isolated from humans or animals [16].
However, it was found that there was a similarity
in the pattern of P450 induction in both HepG2
cells and primary hepatocytes [17]. The current
study confirmed the expression of 20-HETE-
synthesizing CYP4F2 in HepG2 cells using
reverse-transcriptase PCR (data not shown).
Therefore, HepG2 cells are capable of producing
20-HETE via the expressed CYP4s and could be

used as a model cell line to study the effect of
thiazolidinediones on 20-HETE production.

The present study also attempted to study the
effect of thiazolidinediones on another major 20-
HETE-synthesizing enzyme, CYP4A11.
However, this study was unable to find out
CYP4A11 in HepG2 cells (data not shown).
Therefore, the present research studied the
effect of rosiglitazone on the expression of
CYP4F2 and 20-HETE production in HepG2
cells.

The expression of CYP4F2 mRNA was
increased  significantly  after  rosiglitazone
treatment in a dose-dependent manner in the
assay of quantitative real-time PCR. The
upregulated expression of 20-HETE-synthesizing
enzymes is associated with NSAID-induced
cardiotoxicity [12]. Some studies have reported
that the mRNA expression of specific genes is
not correlated with protein synthesis [18].
Therefore, the present study investigated the
effect of rosiglitazone on the expression of
CYP4F2 protein and found that it was also
significantly induced in a dose-dependent
manner.

There are 13 CYP4 isoforms in the human
genome and seven are CYP4F proteins [6].
Because of their close structural similarities
within the same CYP4F subfamily, there are no
specific antibodies for each CYP4F protein.
Therefore, although immunoblotting results
indicated increased CYP4F2 expression, it
cannot be ruled out the possibility that other
similar CYP4F proteins could be detected
together with the CYP4F2 protein.

Levels of the 20-HETE-synthesizing protein
CYP4 have been shown to be increased in
doxorubicin-induced cardiotoxicity [11]. Since
mRNA and protein levels of 20-HETE-
synthesizing CYP4F2 were induced following
rosiglitazone treatment, it can be concluded that
the increased CYP4F2 levels were due to the
upregulated mRNA expression.

It was observed in this study that rosiglitazone
increased 20-HETE synthesis in HepG2 cells by
5-fold, while CYP4F2 mRNA was upregulated by
2 folds. This might indicate the involvement of
other 20-HETE-synthesizing P450s that were not
analyzed in this study.

The PPARYy receptor is activated by fatty acids
and regulates many genes, including members of
the CYP4 subfamily [13]. Since the PPARy
receptor antagonist GW9662 significantly
inhibited the induction of CYP4F mRNA and
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protein by rosiglitazone treatment, the
upregulation of CYP4F2 mRNA and protein
expression appeared to be due to activation of
the PPARy receptor. Furthermore, insufficient
20-HETE was synthesized in the presence of
GW9662, indicating that PPARy activation is
essential for CYP4F2 expression. Therefore, the
underlying mechanism of rosiglitazone on 20-
HETE production appears to be a PPARYy-
dependent pathway via CYP4 induction. In this
study, it was noticed the possible role of the
PPARYy receptor in thiazolidinedione-induced
cardiotoxicity by showing that rosiglitazone
increases the production of cardiotoxic 20-HETE
through a PPARy-dependent mechanism.

CONCLUSION

The findings of this study demonstrate that
rosiglitazone enhances the production of 20-
HETE in HepG2 cells via a PPARy-dependent
mechanism and also induces 20-HETE-
synthesizing CYP4F2 enzyme. These findings
may provide, at least in part, an additional
explanation for the unwanted side effects of
rosiglitazone on the cardiovascular system.
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