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Background and Aims. Evidence suggests that quantity and quality of dietary polyunsat-
urated fatty acids (PUFAs) play a role in the development of cancer. However, the mech-
anisms involved in this interaction(s) are not clear. Endocannabinoids are lipid
metabolites known to have growth modulatory actions. We studied the effect of supple-
mentation with PUFAs u-6 and u-3 (essential fatty acids, EFAs), saturated and monoun-
saturated fatty acids (non-EFAs) on the growth of tumor cells and modifications in their
endocannabinoid content.

Methods. Cell cultures of human glioblastoma (T98G) and breast cancer (MCF7) were
supplemented with 50 or 100 mmol EFAs and non-EFAs for 72 h. Cell proliferation
was then determined by MTT, anandamide (AEA) levels by HPLC, total fatty acids pro-
files by GLC, CB1 receptor expression by WB and FAAH activity by spectrophotometric
method.

Results. Fatty acids profile reflected the incorporation of the lipids supplemented in each
assay. Arachidonic acid (EFA u-6) supplementation increased AEA levels and inhibited
the growth of T98G, whereas palmitic acid (non-EFA) enhanced their proliferation. In
breast cancer (MCF7) cells, eicosapentaenoic acid (EFA u-3) reduced and oleic acid
(non-EFA) enhanced their proliferation. CB1 expression was higher in T98G and no dif-
ferences were observed in FAAH activity.

Conclusions. The growth of tumor cells can be differentially modulated by fatty acids
and, at least in part, can be attributed to their ability to act on the components of the en-
docannabinoid system. � 2017 IMSS. Published by Elsevier Inc.
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Introduction

Clinical and experimental trials indicated some correlation
between quantity and quality of dietary fat intake and the
incidence and growth of cancer (1,2). Epidemiologic
studies reported a positive correlation with saturated dietary
fat intake with an increase in cancer risk for breast, colon,
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bladder and prostate (1e5). On the other hand, increased
consumption of u-3 fatty acids (FA) was found to be
related to a low incidence of cancer (1) and the same was
observed for high dietary intake of essential fatty acids
(EFA) (3,4). Data from studies performed in animal tumor
models and experimental treatments of humans show that
u-6 PUFAs can inhibit cell growth and/or promote cell
death in central nervous system (CNS) tumors (5e8). The
inhibitory effects of PUFAs may be linked to their ability
to serve as precursors to several bioactive lipids that have
anti-tumor activities. Some of these bioactive lipids derived
Inc.
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mainly from u-6 PUFAs are eicosanoids and endocannabi-
noids (EC) (9).

The relative proportions and quality of PUFAs in cell
membranes as well as cell type are the primary factors
that determine the type and quantity of eicosanoids and
EC that will be formed in a given situation. Intriguingly,
the hydrolytic release of u-3 and u-6 PUFAs from phos-
pholipids appears to occur indiscriminately (6). Since the
main PUFA substrate for EC in cell membrane is AA
(20:4 u6), most of the ligands are endogenous AA-
derived lipids. These ECs are released in the brain and
many other tissues and have been implicated in a wide
array of physiological and pathological processes
including cancer (10e15). The two major endogenous
cannabinoid ligands are arachidonoylethanolamide (anan-
damide, AEA) and 2-arachidonoylglycerol (2-AG).

The biological effects of EC are due to their binding and
activation of the cannabinoid receptors (CBR), called CB1
and CB2, a family of transmembrane G-protein-coupled re-
ceptors, densely distributed throughout the autonomic and
central nervous system (CNS), immune system and other
human tissue (11). Binding of CB1 or CB2 receptors to
endogenous ligands can cause excitation or inhibition of
certain cellular activities, depending on the enzyme cas-
cades linked to the receptors (12,13). It is likely that EC
arising from other PUFAs (other than AA) or even monoun-
saturated FAs may have different activities, although this
has not yet been fully explored.

EC are not stored as in the case of conventional water-
soluble neurotransmitters, but are rather rapidly synthesized
from PUFAs of the cell membrane (9). Once extracellularly
released by a putative EC transporter, they are quickly
degraded by fatty acid amide hydrolase (FAAH), which
cleaves AEA and 2-AG into AA and ethanolamide and into
AA and glycerol, respectively (16).Thus, EC are akin to ei-
cosanoids and are very short-lived substances, a property
very useful for regulatory mechanisms in almost all body
tissues (9,12).

In vitro and in vivo stimulation of CBR by EC ligand in-
fluence intracellular events that play a significant role in the
proliferation and apoptosis of a wide variety of cancer cells,
thereby leading to antitumor effects (10,17e19). Studies in
mammals (rat, mouse and pigs) showed that dietary PUFAs
influence tissue and cellular concentration of EC (20e23).
These data indicate that dietary PUFAs can alter the levels
and types of EC to a significant extent mainly due to the
availability and release of the precursor AA or other PUFAs
from the membrane phospholipids (12). Evidence shows
that high availability of different kinds of FA could have
pro- or anti-tumor effects and these effects could at least
be partially mediated by EC.

Human tumor cell lines with different origins have been
reported that express CBR (19) as glioblastoma T98G, an
astrocytic-derived line and human breast cancer MCF7,
an epidermal ductal strain. The level of expression of
receptors, agonists and related enzymes in these different
cell lines may lead to diverse physiological responses after
activation of the ECS.

Our previous epidemiological and experimental studies
revealed the modulatory effects of FA, particularly PUFAs,
on cancer process (2,3,24e27). In an extension of these
studies, we evaluated supplementation of EFAs (precursors
of EC metabolites) and non-EFAs to two human tumors cell
lines with different origins, physiology, and metabolic re-
sponses. Data obtained confirm that the kind of FA used
differentially affects cell growth and viability in vitro. This
effect could be due, at least in part, to ECS activation in
T98G cells, whereas in the MCF7 line the observed
response was independent of endocannabinoids.
Materials and Experimental Procedures

The cell lines were purchased from American Type Culture
Collections (ATCC, Rockville, MD). Free and methyl es-
ters of fatty acids were obtained from Nu Check (USA).
Cell culture medium was obtained from Gibco (USA). Dec-
anoyl p-nitroaniline, URB597, Rimonabant (SR141716),
MTT kit and Anandamide standards were purchased from
Cayman Chemicals (USA). Antibodies and Western blot
molecular weight standards were obtained from Santa Cruz
Biotechnology (Santa Cruz, CA) and Sigma-Aldrich (St.
Louis, MO). Solvents and other chemicals of analytical
grade were obtained from Anedra (Argentina) and Sigma-
Aldrich.

Cell Culture

Human glioblastoma T98G (ATCC CRL-1690) and human
breast cancer MCF7 (ATCCHTB-22) were cultured in
75 cm2 flasks or 96-well plates (for MTT essays) in DMEM
medium with 10% fetal bovine serum (FBS), 100 IU/mL
penicillin G and 40 mg/mL gentamycin sulfate and incu-
bated at 37�C in a 5% CO2 atmosphere. Twenty four hours
after seeding, cells were supplemented with AA, EPA, oleic
acid (OA) and palmitic acid (PA). All FA were dissolved in
ethanol at 50 or 100 mmol concentration (final ethanol con-
centration was !0.1%). The FAAH specific inhibitor
URB597 (5 mmol) and CB1 agonist Rimobanant�

(50 mmol) were added in DMSO (final concentration !
0.05%). Controls were treated with ethanol and DMSO at
the same concentration as experimental treatments. Cells
were cultured for 72 h with and without fatty acids and
were harvested for various analyses (26). FA concentrations
and culture time used were selected after exploratory dose-
time assays (data not shown).

Fatty Acid Determination

The fatty acid profile of the cells under different experi-
mental conditions was determined. Cell lipids were extracted
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using Folch’s method and then methylated by sodium meth-
oxide (28). The separation, identification and quantification
of FA methyl esters (FAMEs) were all performed using a
capillary column (BPX 70 30 m long, 0.25 mm ID,
0.25 mm film, Phenomenex, Torrance, CA) in a gas chro-
matograph (Clarus 500 Perkin Elmer, Waltham, MA). The
FAMEs were identified using commercial standards.

Cell Proliferation (CP)

Cells were seeded in 96-well plates (2 � 104 cells per well)
for 24 h and were supplemented with DMEM containing
different FAs as per the design of the experiments for
72 h. Cell proliferation was evaluated by MTT method at
570 nm. For the later experiments, only those FA that modi-
fied CP were selected.

Fatty Acid Amide Hydrolase Activity (FAAH)

Specific activity of FAAH was determined by spectrophoto-
metric assay (410 nm) using as substrate decanoyl p-nitro-
aniline (29). Protein content was measured with Bradford
protein assay and enzymatic activity was adjusted by total
protein concentration.

Western Blot Analysis to Detect CB1 Receptor

The expression of the CB1 receptor was determined only
for controls and those treatments that showed CP
Table 1. Profile of total fatty acids of T98G cells cultured under different FA su

Fatty acid Control

E

AA (u6)

14:0 2.11 � 0.51 1.57 � 0.36

16:0 20.95 � 3.53 22.01 � 4.02

18:0 21.43 � 3.95 21.24 � 3.68

20:0 - 0.53 � 0.15

Total saturated 44.49 � 6.90 45.35 � 5.92

16:1 7.07 � 1.65 4.62 � 0.98

18:1 19.25 � 2.25 16.34 � 3.19

24:1 1.72 � 0.54 0.96 � 0.23a

Total monounsaturated 28.04 � 3.68 21.92 � 4.05

18:2 u6 7.61 � 1.18 8.02 � 0.91

18:3 u6 3.04 � 0.63 4.01 � 0.56

20:4 u6 3.87 � 0.43 8.73 � 1.10a

Total PUFA u6 14.52 � 2.65 20.76 � 3.31a

18:3 u3 8.86 � 1.14 7.23 � 0.93

20:3 u3 0.11 � 0.03 0.64 � 0.18

20:5 u3 0.80 � 0.22 2.34 � 0.56a

22:5 u3 0.23 � 0.07 0.64 � 0.15

22:6 u3 2.85 � 0.43 2.12 � 0.46a

Total PUFA u3 12.85 � 2.69 10.21 � 2.10

Ratio Saturated/PUFAs 1.63 1.02

Ratio PUFAs u6/u3 1.36 2.30

Values are mean � SEM of three independent experiments run in duplicate. De
aIndicates significant difference from control ( p !0.05), ANOVA with Dunnett
modulatory capacity in each cell line. Cell lysates were
electrophoretically separated in SDS-PAGE with 3% stack-
ing gel and 10% resolving gel. Samples were electrophor-
esed at 200 V for 1 h and blotted onto nitrocellulose at
300 mA for 1.5 h using a Trans Blot Mini Protean II appa-
ratus (BioRad, Hercules, CA). After blocking with TBS-5%
bovine serum albumin, the nitrocellulose was incubated
overnight at 4�C with 1:500 dilution of anti-CB1 antibody
(rabbit polyclonal) (Santa Cruz Biotechnology). After three
washes with TBS, nitrocellulose was incubated for 1 h with
1:800 dilutions of peroxidase-conjugated goat antibodies
against rabbit immunoglobulins and revealed with H2O2/
DAB (Sigma-Aldrich Co.). The molecular weight was
calculated using a calibration curve obtained with molecu-
lar weight standards. Negative controls were obtained
without adding primary antibodies. Actin protein was used
as positive control. CB1 expression was evaluated with Im-
ageJ v.1.48 software to measure the area units marked by
Western blot.
Endocannabinoid Ligands

The metabolites were extracted using a STRATA C-18 car-
tridge (1 mL) (Phenomenex) of supernatant obtained from
the cell lysate and reserved for the determination of EC that
was detected by reverse-phase high-performance liquid
chromatography (HPLC). Analyses were conducted with
a C18 Phenosphere-Next column (5 mm; 4.6 � 250 mm,
pplementation

T98G cell treatments

FA Non-EFA

EPA (u3) OA PA

1.95 � 0.38 - 1.06 � 0.27a

20.81 � 5.64 20.28 � 4.66 28.84 � 3.40a

23.08 � 3.49 22.33 � 2.74 23.18 � 2.75

- - 0.12 � 0.02

45.84 � 4.87 42.61 � 4.83 53.20 � 5.72a

5.69 � 1.18 6.33 � 1.10 12.64 � 2.36a

15.97 � 2.08 32.01 � 5.69a 19.18 � 2.72

1.15 � 0.31 2.00 � 0.28 1.69 � 0.35

22.81 � 3.93 40.34 � 6.56a 33.51 � 4.17

6.76 � 0.87 5.90 � 0.61 4.51 � 0.64

3.24 � 0.47 1.69 � 0.33a 2.01 � 0.44a

1.75 � 0.34 1.8 � 0.24 1.55 � 0.20

11.75 � 2.27 9.39 � 1.46a 8.07 � 2.05a

8.39 � 1.27 4.98 � 0.87a 3.11 � 0.69a

0.20 � 0.04a 0.17 � 0.03 -

6.87 � 1.25a 0.92 � 0.19 1.02 � 0.27

0.08 � 0.02 - -

4.06 � 0.47a 1.59 � 0.72a 1.09 � 0.38a

19.52 � 1.78a 7.66 � 1.73a 5.22 � 1.63a

1.46 2.50 4.00

0.61 1.23 1.55

termined by GC and expressed as % of area.

post-hoc test.
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Phenomenex) equipped with a Beckman System Gold Pro-
grammable Module Model 126. Metabolic separation was
achieved using a time program. A linear gradient from sol-
vent A: methanol:water:acetic acid, 50:50:0.02 (v/v), pH 6
to solvent B: methanol, was over 20 min. UV Programma-
ble Detector Beckman System Gold Model 166 linked with
a computer for data processing (24). UV analysis of absor-
bance of the AEA was at 204 nm.

Statistical Analysis

Data obtained from experiments were analyzed by AN-
OVA with Dunnett post-hoc tests for the comparison of
means and Student t test in Western blot analysis; p !
0.05 was chosen to define significant differences. Statis-
tical tests were performed using the InfoStat 2013
software.
Results

Determination of Profiles of FA in Tumoral Cell Lines

The FA profile of analyzed cells reflected the incorporation
of the FA added to the culture medium or its derivatives,
and the different treatments showed quantitative and quali-
tative modifications of these profiles in both cell lines.
The total percentages of FAs grouped as saturated,
Table 2. Profile of total FA of MCF7cells cultured under different FA suppleme

Fatty acid Control

E

AA (u6)

14:0 0.53 � 0.11 0.67 � 0.16

16:0 31.15 � 4.26 32.73 � 3.87

18:0 13.85 � 1.78 14.26 � 2.15

20:0 0.63 � 0.20 -

Total saturated 46.16 � 4.91 47.66 � 5.02

16:1 5.87 � 1.17 2.51 � 0.46a

18:1 30.88 � 4.46 27.62 � 3.01

Total monounsaturated 36.75 � 4.72 30.13 � 4.16

18:2 u6 3.40 � 0.87 3.72 � 0.61

18:3 u6 4.52 � 0.84 4.07 � 0.56

20:2 u6 1.29 � 0.15 1.06 � 0.18

20:4 u6 4.70 � 0.73 10.53 � 1.92a

Total PUFA u6 13.91 � 2.69 19.38 � 3.47a

18:3 u3 0.47 � 0.10 0.40 � 0.14

20:3 u3 1.04 � 0.21 -

20:4 u3 0.24 � 0.06 -

20:5 u3 1.43 � 0.50 0.79 � 0.13a

22:5 u3 - 0.94 � 0.15

22:6 u3 0,27 � 0.19 1.10 � 0.25a

Total PUFA u3 3.45 � 0.52 3.23 � 0.44

Ratio Saturated/PUFAs 2.66 2.11

Ratio PUFAs u6/u3 4.03 6.00

Values are mean � SEM of three independent experiments run in duplicate. De
aIndicates significant difference with control ( p !0.05). ANOVA with Dunnett
monounsaturated and PUFAs of the u6 and u3 families
were determined. Using these data, the ratios saturated/PU-
FAs and u6/u3 were calculated, in which the difference in
the cell profiles under different treatments can be clearly
seen (Tables 1 and 2). Differences were observed in basal
profiles (control treatments) between cell lines, presence
of 20:4 u3 and 20:2 u6. Higher levels of monounsaturated
and lower PUFAs n3 were detected in MCF7 cells
compared to T98G.

Furthermore, in regard to incorporation of FA added to
the culture medium, in those T98G cells grown with PA,
an increase in monounsaturated percentages, decrease in to-
tal PUFAs, presence of 20:0, and 20:3 and 22:5 of the u3
family absence were observed compared to control
(Table 1). Analyzing the calculated ratios, it was observed
that all analyzed treatments altered the total FA profile in
T98G cells (Table 1).

In MCF7cells, in addition to the aforementioned
incorporation of FAs added to the cell culture, 14:0
absence in non-EFA treated cells was observed. Mean-
while, 22:5 u3 was detected in EFA-treated cells only.
Cells treated with EFAs and OA did not show detectable
levels of 20:0 and in those treated with AA, 20:3 u3 and
20:4 u3 FAwere not found (Table 2). As observed for the
T98G line, the ratios showed that all analyzed treatments
produced modifications in the FA profiles of MCF7 cells
(Table 2).
ntation

MCF7 cells treatments

FA Non-EFA

EPA (u3) OA PA

0.03 � 0.01a - -

31.09 � 4.34 27.65 � 3.72 40.07 � 4.35a

11.12 � 3.11 12.12 � 2.23 13.21 � 1.72

- - 0.76 � 0.16

42.24 � 5.25 39.77 � 4.05 54.04 � 6.10

6.02 � 1.25 6.95 � 1.23 9.43 � 1.79a

25.50 � 2.75 44.68 � 5.24a 30.69 � 3.73

31.52 � 3.98 51.63 � 6.73a 40.12 � 5.68

2.57 � 0.25 0.92 � 0.36a 1.08 � 0.20a

2.57 � 0.46a 2.28 � 0.27a 0.65 � 0.16a

0.68 � 0.21a 1.17 � 0.19 0.09 � 0.04a

5.33 � 0.56 1.96 � 0.30a 1.16 � 0.42a

13.15 � 2.16 6.33 � 1.87a 2.98 � 0.72a

1.53 � 0.26a 1.17 � 0.30a 0.50 � 0.08

0.95 � 0.35a 0.23 � 0.11a 0.41 � 0.17a

0.82 � 0.33a 0.18 � 0.05 0.23 � 0.08

7.46 � 1.65a 1.44 � 0.32 0.88 � 0.31

0.73 � 0.22 - -

3.40 � 1.45a 0.25 � 0.16 0.78 � 0.35

14.89 � 3.23a 3.27 � 0.57 2.80 � 0.48

1.51 4.14 9.35

0.88 1.94 1.06

termined by GC and expressed as % of area.

post-hoc test.



Figure 1. Cell proliferation of T98G cells determined by MTT method.

Values are mean of three independent experiments run in triplicate. EFA,

essential fatty acids added. Non-EFA, non-essential fatty acids added. C,

control. DMEM, no FA added. AA: DMEMþAA (50 or 100 mmol).

EPA, DMEMþ EPA (50 or 100 mmol). OA, DMEMþOA (50 or

100 mmol). PA: DMEMþPA (50 or 100 mmol). *Indicates significant dif-

ferences at both concentrations compared to C ( p !0.05), ANOVA with

Dunnett post-hoc test.
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Cell Proliferation (CP)

The addition of EFAs decreased and non-EFAs increased
CP in both cell lines (Figures 1 and 2). In T98G cells AA
addition arrested proliferation, whereas PA significantly
enhanced cell proliferation at both concentrations used
(50 mmol and 100 mmol). EPA reduces (statistically non-
significant) and OA did not affect the CP (Figure 1).
MCF7 cells showed that EPA at 50 mmol and 100 mmol
decreased and OA addition increased CP to a significant de-
gree. AA shows a trend, which does not become significant,
to increase CP. No significant differences were observed
with the PA addition (Figure 2).
Figure 2. Cell proliferation of MCF7 cells determined by MTT method.

Values are mean of three independent experiments run in triplicate. Con-

ditions as in Figure 1. *Indicates significant differences at both concentra-

tions compared to C ( p !0.05). ANOVA with Dunnett post-hoc test.
FAAH Specific Activity

No changes in the activity of FAAH were recorded in
response to treatments performed. All cells cultured with
FA addition showed greater FAAH specific activity than
its controls, but this difference did not reach statistical sig-
nificance in our experiments (Figure 3).

CB1 Receptor

T98G cells cultured with AA and PA were analyzed. Mean-
while, inMCF7cellsCB1 receptor expressionwas determined
in EPA and OA treatments. Levels of CB1 expression did not
show any significant difference among treatments within each
cell line. However, the measured expression of CB1 was
significantly lower (|56 %) in the MCF7 compared to
T98G cells. This fact could indicate different basal expression
of this receptor in the studied cell lines (Figure 4).

AEA Levels

In T98G cells treated with AA alone or AA plus Rimoban-
ant� (CB1 blockage) or AA plus URB597 (FAAH inhibi-
tor) the levels of AEA were increased (2e6 fold)
compared to their respective controls. Cells cultured only
with addition of Rimobanant� (CþRimobanant�) decrease
49.5% its level of AEA, whereas those treated only with
URB597 (CþURB597) concentrations 73-fold higher than
in untreated cells (C) were detected. It is remarkable that
in the cells added with AA and the URB597 inhibitor the
detected levels of AEA were, on average, 246 times higher
than baseline. In contrast, treatment with PA plus URB597
decreased 84% of AEA level compared to control (Table 3).

In MCF7 cells, only significant increases of AEA were
observed in those treated with AA plus URB597 compared
with control and those treated only with URB597
(CþURB597) compared with baseline (C) level (Table 3).
Figure 3. Specific activity of FAAH. Activity of EC degradative enzyme

from cell homogenates of cultures with medium supplemented with

different FA. Values are mean of three independent experiments run by

triplicate, expressed as mmol of product/mg of protein. Conditions as shown

in Figure 1. No significant differences were found at p !0.05. ANOVA

with Dunnett post-hoc tests.



Figure 4. Western blot to detect CB1 protein expression. CB1 was detected in homogenates from both human tumor cell lines tested. Values are mean of two

independent experiments run in duplicate and are expressed as area units by software ‘‘Scion Image for Windows’’ that measured the marked area. Conditions

as in Figure 1. A Indicates significant difference with T98G control ( p !0.05), Student t test.
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Discussion

Effect of FAs on cancer cell proliferation depends of the
type of FA supplemented and the strain/type of cell lines
and/or tumor variety. Depending on the FAs that are being
tested, they may either enhance or inhibit tumor growth. In
general, it is reported that high-fat diets, especially satu-
rated FA, have a cancer-promoting action (1,3,4). Epidemi-
ological and experimental studies revealed that optimum
amounts of u-6 and u-3 PUFAs could prevent or inhibit
tumor growth. It is also known that an imbalance between
u-6/u-3 FA, with lower u-3 levels, may have proliferative
effects on cancer (5,9,27,30,31). There appear to be
Table 3. Levels of AEA detect by HPLC from cell cultures

T98G cell

Treatment AEA level

1.03 � 0.28

EFA (AA) 5.64 � 1.48a

Non-EFA (PA) 0.71 � 0.17a

CþRimobanant� 0.51 � 0.12

EFA (AA)þ Rimobanant� 1.15 � 0.36a

Non-EFA (PA)þRimobanant� 0.73 � 0.40

CþURB597 73.74 � 14.89

EFA (AA)þURB597 253.86 � 36.63a

Non-EFA (PA)þURB597 11.51 � 2.39a

Values are mean (�SEM) of three independent experiments run in duplicate and

Conditions as Figure 1. Rimonabant� (SR141716) and URB597 were added to
aIndicates significant differences from control ( p !0.05).
multiple mechanisms by which FAs would exert their ef-
fects on tumor growth. Some of which may include gener-
ation of various eicosanoids and endocannabinoids,
formation of increased amounts of lipoperoxides, modifica-
tion of mitochondria function, perturbation of the plasma
membrane properties (3,6,9,27,32), interaction with nuclear
receptors of the PPAR-type (33,34).

A growing body of evidence supports the argument that
cannabinoids (endogenous and exogenous) have the ability
to regulate development, growth and migration, at least on
some types, of tumor cells (9e12,18,19,35,36). It is likely
that EC would act in conjunction with other cell signaling
pathways in bringing about their actions (5,36,37).
MCF7 cells

Treatment ANAE level

C 1.07 � 0.39

EFA (AA) 1.63 � 0.66

EFA (EPA) 0.56 � 0.31

Non-EFA (OA) 0.49 � 0.26

CþRimobanant� 0.61 � 0.33

EFA (AA)þRimobanant� 0.48 � 0.05

EFA (EPA)þRimobanant� 0.24 � 0.15

Non-EFA (OA)þ Rimobanant� 0.65 � 0.20

CþURB597 6.15 � 0.94

EFA (AA)þURB597 8.36 � 0.62a

EFA (EPA)þURB597 5.51 � 0.86

Non-EFA (OA)þURB597 5.45 � 1.10

expressed as area units.

50 mmol and 5 mmol concentrations, respectively.
a
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Data obtained in this study confirm that there could
feature a differential regulation of CP by the exogenous kind
of FA added, as previously reported (6,24,25,27,31,38) and
suggest that observed changes in the rate of CP may involve
activation of ECS. T98G and MCF7 showed differential
sensitivity to the FA supplemented and this was reflected
in cell growth rate and production of EC released as well
(Figures 1 and 2 and Table 3).

The enhanced proliferation of tested tumor cells with
non-EFAs such as PA and OA may be due to competition
among substrates sharing the same metabolic pathways
with the EFAs resulting in pro-tumor action and/or blocking
synthesis EFA-derived metabolites such as lipoperoxides
(because EFAs can undergo significant peroxidation
compared to saturated and monounsaturated fatty acids),
which have pro-apoptotic or anti-proliferative actions on
cancer cells (3e5,39,40).

AA-enriched T98G cultures showed significantly
increased levels of AEA, high expression of CB1 receptor
and diminution of CP. This is in agreement with the higher
concentrations of AEA and 2-AG and higher density of
CBR found in cells belonging to the nervous tissue (41) and
this density of CB1 receptors in T98G cells could explain
the sensitivity to EC. This cancer cell line derived from CNS
produced an amount of ECmetabolites that normally undergo
rapid degradation by the FAAH system. Inhibition of this
enzyme with URB597 allows high concentrations of AEA to
be reached (Table 3). Our results lend further support to previ-
ous reports that experimental animals fed diets rich in AA
showed an increase ofAEA inCNS (20e23). Indeed, the path-
ways that regulate CP depend on the enzyme cascades linked
to theCBR in each cell population (12). The addition ofRimo-
banant� caused a decrease in the levels detected of AEA in
both cell lines (Table 3), probably due to negative feedback
regulation mechanisms.

On the other hand, MCF7 cells displayed a lack of
response to AA supplementation, but did not show a signif-
icant increment in AEA levels and their CP remained un-
changed. Whereas cells treated with u-3 EFA showed a
decrease in their growth rate, it in agreement with reports
that EPA and ALA inhibited proliferation in MCF7 cells
(24,39,42). The results of the present study showed that
the effect of u-3 EFA (EPA) on CP decrement in this cell
line would follow a different pathway, without intervention
of the ECS (9). It has been reported that EPA can directly
inhibit tumor growth (in vitro and in vivo) by activation
of PPAR-g receptors (42) and/or by synthesis of eicosa-
noids derived from u-3 PUFAs. The action of these metab-
olites on mitochondria and gene expression may regulate
the apoptotic activity in MCF7 cells and other cancer cell
lines and tumors (6,42,43). There is a large amount of evi-
dence supporting the anti-proliferative, anti-inflammatory
and antitumor effects of u-3 PUFAs (1e3,5e9,38,43).

However, some types of tumors such as glioblastomas are
relatively refractory to u-3 and sensitive to u-6 PUFAs
treatments, in agreement with what was observed in our as-
says (43). Both in vitro and in vivo studies revealed that u-6
PUFAs, especially gamma-linolenic acid (GLA), had a
modulatory influence on the growth and proliferation of
glioma-derived cell lines (5e7,40) and successful therapeutic
trials were reported in patients with grade IV gliomas using
GLA (44e46). Recently, investigators from the Department
of Neurosurgery of Wuhan University (China) reported the
effectiveness of AEA to increase apoptosis, suppress migra-
tion, adhesion and invasion capabilities of glioma cells
in vitro. Furthermore, AEA inhibited tumor growth in vivo
(47). In our experiments, we demonstrated that the in vitro
addition of exogenous u-6 PUFAs to glioma cells activates
high AEA synthesis and decreases cell proliferation.

Similar mechanisms with u-6 PUFAs conversion to EC
ligands, CBR activation and triggering of apoptotic path-
ways could partially explain the efficacy of experimental
trials with GLA in patients with advanced gliomas
(5,7,39e41).

The results of the present study suggest that the growth
of tumor cells can be differentially influenced by FAs.
Data obtained in our assays would indicate that in
T98G and MCF7 cell lines, the tested EFAs inhibit
growth, whereas non-EFAs can stimulate cell prolifera-
tion. Our results demonstrated that u-6 PUFAs (AA)
differentially increase the levels of synthesis of AEA.
This fact, plus high expression of CBR in glioma cells,
could be linked to diminution of cell proliferation. Very
high concentrations of AEA were measured in
T98G cells following treatment with an inhibitor of the
FAAH enzyme and addition of AA.

The effects reported by therapeutic utilization of u-6
PUFAs on gliomas in animals and humans can be related
to its modulatory action on ECs (5,38e41).

Based on the results of the present study, it is suggested
that more assays are needed to explore the use of u-6 PU-
FAs and specific inhibitors of FAAH in order to develop
newer therapeutic strategies in the management of cancer,
especially cannabinoid-sensitive tumors such as CNS
tumors.
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