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14,15-Epoxyeicosatrienoic acid induces the proliferation and anti-
apoptosis of human carcinoma cell
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ABSTRACT

Background and the purpose of the study: Epoxyeicosatrienoic acids (EETs), which are
cytochrome P450 epoxygenase metabolites of arachidonic acid, have anti-inflammatory effects,
modulate smooth muscle proliferation, and inhibit smooth muscle migration. This study was
designed to determine whether exogenous EETs have any effect on the cell proliferation and
apoptosis of carcinoma cell as well as the possible signaling pathways of EETSs in this regulation.
Methods: The effects of EETs on the proliferation and anti-apoptosis of human carcinoma
cells were measured by MTT assay and flowcytometric analysis, and the regulation of PPARY,
epithelial growth factor receptor (EGFR), extracellular signal-regulated kinase (ERK),
phosphatidylinositol 3 (P13)-Kinase/AKT pathways was investigated by reverse transcriptase
polymerase chain reaction (RT-PCR) and western blot analysis.

Results: Results of this study suggested that 14, 15-EET may activate the expression of PPARy
in Tca-8113 cells. 14,15-EET may stimulate cell proliferation, and increase the percentage of
cells during S-G2-M phase in Tca-8113 cells significantly. The levels of EGFR, ERK, and PI3
kinase/AKT proteins were significantly induced by treatment of 14, 15-EET and 14,15-EET/
AUDA, but no significant changes were observed by addition of GW9662.

Conclusion: These findings suggest that exogenous 14,15-EET has potent inhibitory effect on
proliferation, and could induce apoptosis in Tca-8113 cell, and these changes are related to the
expression of PPARY, the activation of EGFR, ERK, and PI3 kinase/AKT proteins.
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INTRODUCTION

Peroxisome proliferator-activated receptor gamma
(PPARY), a steroid/retinoid nuclear receptor
family of ligand activated transcription factors,
is expressed in vascular and inflammatory cells.
It may regulate the expression of genes networks
encoding proteins involved in all aspects of
adipogenesis and lipid metabolism (1). Evidences
from cell culture models show that blocking PPARy
activity reduces EETS/ soluble epoxide hydrolase
(sEH) and inhibitor-mediated anti-inflammatory
effect, indicating PPARy is an effector of EETs
(2). Activation of PPARy may inhibit tumour
progression via induction of differentiation
and apoptosis in several lung cancers and lung
cancer-derived cell lines (3). In lung cancers, the
expression of PPARy is found to be significantly
lower in tumour than in adjacent non-tumour
tissues, and there is a correlation between a lower
survival rate and decreased PPARy expression (3,
4). These studies will help to understand the anti-
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proliferative functions of PPARY in tumour cells.

Epoxyeicosatrienoic acids (EETSs), are synthesized
from arachidonic acid via cytochrome P450 enzyme-
mediated pathway to four regioisomers, 5,6-EET,
8,9-EET, 11,12-EET, and 14,15-EET (5). EETs are
also reported to have diverse physiological and
pathophysiological functions, such as vasodilation
by activating membrane maxi-Ca®*-activated K*
(BKCa) channels, anti-inflammatory effects, ion
channel activation, promotion of the proliferation
of vascular cells and angiogenesis, modulation of
the proliferation, and migration of vessel smooth
muscle cells (6, 7). Recently, it has been found that
EETs in particular 11,12- and 14,15-EET, activate
several intracellular signaling molecules including
tyrosine kinases and phosphatases, p38 MAP
kinase, extracellular regulated protein kinases 1/2
(ERK1/2) and MAP kinase phosphatases (8, 9).
Chen et al have reported that exogenous EET in
cultured human-derived malignant hematologic
cell lines may promote proliferation and attenuated
apoptosis (10). These findings led us to further
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investigate the effects and mechanisms of EETs on
proliferation, apoptosis and metastasis processes in
tumour cells. In the present study, it was intended
to verify the proliferative and anti-apoptotic effects
of exogenous 14,15-EET, GW9662 and AUDA on
carcinoma cancer cells. Furthermore, the expression
of PPAR-y, as well as regulation of EGFR, ERK1/2,
PI3K and AKT proteins in carcinoma cancer cells
was investigated.

MATERIAL AND METHODS

Materials

Dulbecco’s modified Eagle’s medium (DMEM),
trypsin and Fetal Bovine Serum (FBS) were
obtained from Hyclone (Hyclone, Logan, USA).
Antibodies against Epidermal Growth Factor
Receptor (EGFR), phosphorous EGFR (p-EGFR),
phosphatidylinositol 3-kinase (PI3K), AKT, sEH
and p-AKT were purchased from Cell Signaling
Technology (Beverly, MA, USA). Antibody against
B-actin was obtained from Neomarkers (Fremont,
CA, USA). 2-Chloro-5-nitro-N-phenyl-benzamide
(GW9662) was purchased from Sigma (St. Louis,
USA). 14, 15-Epoxyeicosatrienoic acid (14,15-
EET) and adamantyl-ureido-dodecanoic acid
(AUDA) were obtained from Cayman Chemical
Co. (Ann Arbor, USA), and ciglitazone was from
Calbiochem (San Diego, CA, USA). All other
reagents were purchased from standard commercial
suppliers.

Assays of cell proliferation

Human lingual squamous cell carcinoma (Tca-8113)
and umbilical vein endothelial (HUVEC, ECV304
cells) cell lines were obtained from Shanghai
Institute of Cell Biology (introduced from American
Type Culture Collection). The cells were seeded in
triplicate 96-well plates at a density of 1x10%ells.
When the cells were grown to 60% confluence, they
were incubated with FBS-free DMEM at 37 °C for
12 hrs to allow for synchronization. Then, AUDA
and/or GW9662 (10 pM) were added into medium
in the presence or absence of 14,15-EET (100
nM). After 12 or 24 hrs treatment, the medium was
removed and replace with new medium containing 5
mg/ml MTT, and incubated for 4 hrs. The medium
was then aspirated, and the product was dissolved
in dimethyl sulfoxide. Absorbance was measured
at 490 nm using a microplate reader (Bio-Tek.
Instruments, Winooski, Vermont, USA).

Assay by flowcytometry

The cells (1.5x10° cells) were cultured in the
presence of 14,15-EET, 14,15-EET/AUDA and/
or GW9662 for 12 hrs in 24-wells plates, and then
collected and fixed with 70% ethanol. The cells
were resuspended and incubated in phosphate citrate
buffer (4 mM citric acid and 192 mM Na,HPO,) for
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30 min at room temperature. The cells were collected
by centrifugation at 1000 g for 10 min, and were
resuspended in PBS containing propidium iodide/
RNase (10 pg/ml). The ratio of sub-G1 DNA content
were detected and analyzed using CELLQuest
program on a FACStar-Plus flow cytometer (BD
Biosciences, San Jose, CA, USA).

Assays of transfection and luciferase

Luciferase assays were performed using a Dual-
Glo luciferase assay system (Promega, Madison,
WI, USA) with phRL-TK vector as an internal
control for normalization of transfection efficiency.
Plasmids were constructed as described previously
(11). Transfection was performed in 24-well culture
plates, and luciferase activities were measured using
a luminometer (Bio-Lumat LB9507, Berthold,
Wildbad, Germany). Briefly, cells were seeded into
24-well plates at a density of 8x10* cells/well, and
cultured for 24 hrs. After removal of medium, the
cells were co-transfected with 0.4 ng of PPRE-tk-
Luc, 0.4 pg of pPCMX?PPARY and 0.1 pg of control
plasmid (phRL-TK) using Lipofectamine PLUS
reagents (Invitrogen, Carlsbad, CA). After 4 hrs,
500 pl of full medium was added into each well
and then after 24 hrs, the cells were incubated with
100 nM 14,15-EET, 10uM GW9662 and/or 20 uM
ciglitazone for 12 hrs, and then luciferase activities
were measured.

Quantification of mRNA levels by real-time PCR
Total RNA from cell cultures was isolated with
TRIzol reagent, and the amount of RNA was
measured spectrophotometrically. One microgram
of total RNA from each sample were reversed
transcribed. The obtained cDNAs were then used
as the templates for quantitative RT-PCR with the
use of the Brilliant SYBR Green QPCR Master Mix
(Stratagene, La Jolla, CA, USA).

Assay of western blot

After treatments of 14,15-EET, 14,15-EET/AUDA
and/or GW9662, the cells were lysed using lysate
buffer, and cell lysate supernatants were harvested
by centrifugation at 10000 rpm for 10 min at 4°C.
Protein concentrations of the cell supernatants
were evaluated. Proteins were separated in a SDS-
polyacrylamide gel (10%) with 5% stacking gel
in SDS-Tris-glycine running buffer. The proteins
were transferred electrophoretically using a PVDF
membrane. The membranes were incubated in
TTBS buffer containing specific antibodies for
12 hrs, and then incubated with horseradish
peroxidase-conjugated  goat anti-rabbit 1gG
(1:10000, Boehringer Mannheim) for 60 min. The
immunodetection was accomplished by using an
enhanced chemiluminescence detection system
(Pierce Chemical Co., USA) and exposure to X-ray
film.
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Figure 1. Effects of 14,15-EET treatment on the expression of PPARy and sEH in Tca-8113 (A) and HUVEC (B) cells. PPARY protein
levels in carcinoma and cells were measured by treatment with different concentrations (0-200 nM) of 14,15-EET after 24 hrs. Total
protein was extracted and analyzed by Western blot as described in materials and methods. Data are representative of two independent
experiments. Lanes from 1 to 5 were 0, 25, 50, 100 and 200 nM, respectively. B-actin is shown as an internal control.

Statistical analyses

Data was expressed as mean S.E. Comparisons
between groups were performed by a Student’s
paired two-tailed t test. One-way analysis of variance
was used to examine differences in response to
treatments and between groups. P values less than
0.05 were considered statistically significant.

RESULTS AND DISCUSSION

Effects of 14,15-EET on expression of PPARy and
SEH in human tumor and ECV304 cells

PPARY has been proved to be a key transcription
factor of adipocyte differentiation lipid and glucose
homeostasis and an important target in type 2
diabetes and metabolic syndrome. Moreover,
they also appear to be expressed in monocytes/
macrophages, dendritic cells, eosinophils, T cells,
B cells and endothelial cells, etc (12). To confirm
whether PPARy and sEH were expressed in human
carcinoma and ECV304 cells, western blot analysis
was performed. Results suggested that PPARy and
SEH proteins were expressed in two tested cell lines,
and have different degrees of intensity when treated
with different concentrations of 14,15-EET. The
degree of intensity of PPARy in Tca-8113 cell line
was significantly higher than that of the ECV304
cells. Results also suggested that the expression
of PPARy reached a maximum level after 24 hrs
treatment with 14,15-EET within the range of 25-
200 nM (Fig. 1).

Activation of PPARy by 14,15-EET in tumor cells

As a ligand-activated transcription factor, the role of
PPARYy in cancer remains a subject of debate (4, 6,
13). Based on luciferase activity assay system, the
activation of PPARy in carcinoma cells by 100 nM
of 14,15-EET was investigated. As shown in figure
2, luciferase activities showed 4.28, 3.15 and 4.47-
fold increase when the cells were incubated and
transfected by using PPRE-TK-Luc and addition of
14,15-EET, 14,15-EET+GW9662 and ciglitazone,
respectively. In addition, GW9662, as a PPARy

antagonist, may inhibit the luciferase activities
compared to that which was obtained by addition of
14,15-EET. Under co-transfected PPRE-tk-Luc and
pCMX3/PPARY condition, activities resulting by the
addition of 14,15-EET and ciglitazone compared to
control increased significantly 7.75 and 5.13-fold,
respectively.

Effects of 14,15-EET on carcinoma cell proliferation
and cycle progression

Previous studies have indicated that EET may
induce cell growth and apoptosis in various cancer
cells (5). However, the effects of 14,15-EET on the
cell proliferation in human carcinoma cell is still
unclear. In the present study, a human carcinoma cell
was used as an in vitro model to evaluate whether
exogenous EET-induced proliferative effects via
PPARy activation. As shown in figure 3, results
suggested that the addition of 14,15-EET (100 nM)
in carcinoma cells cultured for 12 and 24 hrs may
stimulate cell proliferation compared to the control.
The addition of GW9662 and AUDA in the cells
had no effects compared to the control, but cell
proliferation was inhibited by the addition of 14,15-
EET and GW9662. Recent data have shown that
PPARy activation by thiazolidinediones such as
troglitazone induced inhibition of a wide variety of
cancer cells, suggesting that activation of PPARy
down-regulates cell growth (3,4). Results of this
study suggested that 14,15-EET could up-regulate
the expressions of PPARy in the human carcinoma
cells, and also showed that it may stimulate cell
proliferation (Figs 2 and 3).

A reduction in cell proliferation, an increase in the
rate of apoptosis, or both may explain the reduction
of cell viability caused by PPARy agonists. In a
variety of cancer cells, PPARy inhibits proliferation
and cell cycle arrest at G /G, restriction point (14).
To study the proliferative effect of 14,15-EET, the
fate of 14,15-EET-treated carcinoma cells within
the cell cycle was investigated using flowcytometry
analysis. As shown in figure 4 and table 1,
exogenous 14,15-EET significantly increased the
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Figure 2. Activation of PPARy by 100 nM 14,15-EET in carcinoma cells. Cells were seeded in 24 well plates and separated into six
groups. The third and sixth groups were co-transfected using 0.4 pg PPRE-tk-Luc, 0.4 pg pCMX3/PPARy and 0.1 pg control plasmid
(phRL-TK). Other groups were transfected by using 0.4 pg PPRE-tk-Luc and 0.1 pg control plasmid (phRL-TK). The first group was
incubated using DMSO as negative control. The fifth and sixth groups were administrated with Ciglitazone (20 uM) as positive control.
The third and fourth groups were then incubated with 14,15-EET (100 nM) in the absence or presence of GW9662. Data points and error

bars represent means+S.E. Significant difference is denoted as asterisk (*) between control and treatments.
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Figure 3. Effects of exogenous 14,15-EET and 14,15-EET (100 nM)/AUDA carcinoma cell proliferation for 12 and 24 hrs. Data points
and error bars represent means+S.E. Significant difference (p < 0.05) is denoted as asterisk (*) between control and treatments.

percentage (47.08%) of cells during S-G2-M phase
in Tca-8113 cells compared to the control and that
of vehicle. However, the proportion of S-G2-M
phase cell populations compared to the control was
reduced significantly by treatment with GW9662.
These results suggest that 14, 15-EEET may have
the ability to promote the proliferation of carcinoma
cells and contribute to the anti-apoptosis effects in
human carcinoma cells.

14,15-EET stimulates cell proliferation via
regulation of EGFR, PI3 kinase and AKT
Previous studies have shown that EET may bind

to putative binding protein or receptor, which may
trans-activate EGFR and AKT in regulation of the
cell motility, and have revealed that expression of by
epoxygenase is very strong and selective in human
cancer tissues. The levels of phosphorylated EGFR,
PI3K/Akt, and ERK1/2 in tumor cells transfected
with cytochrome epoxygenases were significantly
upregulated. Studies have also shown the status of
signal molecules, such as EGFR, PI3K, Akt, and
ERK1/2, in tumor cells after transfection with CYP
genes. These results suggest that PI3K/Akt and
ERK1/2 pathways are involved in the promotion of
tumor cells by CYP epoxygenases overexpression
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Figure 4. Effects of 14,15-EET on cell cycle progression in human carcinoma cell lines by treatment with 14,15-EET. Tca-8113 cells were
pretreated with AUDA (1 uM) for 2 h and then incubated with 14,15-EET (100 nM) in the presence or absence of GW9662 (10 uM). After

12hrs, flow cytometry analysis was performed.
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between control and treatments.

(15, 16). Results of this study suggest that the total
amount of EGFR, ERK, and P13 kinase/Akt proteins
were quite refractory to 14, 15-EET and other
additives, and their expression levels were correlated
with these stimulators in human carcinoma cell (Figs
5 and 6). The phosphorylated ERK and P13 kinase/
Akt pathways are induced significantly by AUDA

and 14,15-EET treatments. However, the levels of
PI3 kinase-AKT pathway was reduced significantly
by treatment with GW9662 compared to the control,
suggesting that GW9662, an antagonist of PPARY,
may block PI3 kinases-AKT pathways slightly.
The phosphorylated EGFR was also elevated
significantly by treatment with 14,15-EET, but no
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Figure 6. Effects of 14,15-EET on the expression levels of PI3K-AKT pathways in human carcinoma cells. Tca-8113 cells were pre-
treated with AUDA (1 uM) for 2 hrs and then stimulated with 14,15-EET (100 nM) in the presence or absence of GW9662. After 8 hrs,
the collected cell lysates were immunoblotted with anti-p-EGFR antibody, and p-ERK antibody. PI3K antibody and p-AKT antibod-
ies. EGFR, ERK, B-actin, AKT were used as a loading control. Lanes from 1 to 8 were control, vehicle, GW9662, AUDA, 14,15-EET,
14,15-EET+GW9662, 14,15-EET+AUDA, 14,15-EET+ AUDA+GW9662, respectively.

Table 1. 14,15-EET promotes cell cycle progression in human carcinoma cells.

Group G,-G, S G,-M

Control 57.22+5.6 33.43+3.5 9.35+2.6
Vehicle 62.24 £ 8.6 31.05+27 8.71+43
GW9662 55.14 +3.7 35.85+3.1 9.01+£57
AUDA 56.74 £ 6.8 32.08 £2.3 11.18+24
14,15-EET 43.72£5.6 47.66 +3.7" 10.62 £5.6
14,15-EET+GW9662 54.46 £ 4.9 35.68 + 6.4 9.86 + 3.6
14,15-EET+AUDA 36.86 £5.0 49.75+3.7" 1339+23
14,15-EET+AUDA+GW9662 60.13+4.7 30.48 +5.4" 9.39+£27

Data represent mean values + SD (n = 3).

significant changes were observed by treatment
with GW9662. The changes in signal transduction
pathways and transcriptional mechanisms induced
by EET have been investigated, and recent studies
are attempting to isolate an EET membrane receptor
that mediates cell proliferation and anti-apoptosis in
some tumor cell lines (6, 17). Findings of this study
suggest that exogenous EETs significantly promote
carcinoma cancer cell proliferation and inhibit
apoptosis significantly via the activation of the
EGFR, ERK and P13 kinase/Akt signaling pathways.

CONCLUSION
Results of this study suggest that 14,15-EET may

promote the proliferation of tumor cells through
activation of PPARYy, up-regulation of PI3 kinase/
Akt system in human carcinoma cells. These findings
provide a novel clue regarding the role of 14,15-
EET as a potential cancer therapeutic in tumor cells.
Importantly, the detailed mechanisms of 14,15-EET
on carcinoma cells will be of high importance for
future study.
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