
Abstract. – OBJECTIVE: This study aimed to
explore the effects and mechanisms of polyun-
saturated fatty acids in the endometrial carcino-
ma Ishikawa cells.

MATERIALS AND METHODS: The Ishikawa
cells were treated with n-6 PUFAs, n-3 PUFAs, or
the mixture of n-6/n-3 PUFAs at a ratio of
1:1/10:1. Cell proliferation was quantified by MTT
assay, while expressions of Akt, mTOR and
VEGF mRNAs by PCR.

RESULTS: Treatment with n-6 PUFAs and 10:1
n-6/n-3PUFAs markedly promoted cell prolifera-
tion and up-regulated expressions of Akt, mTOR
and VEGF mRNAs. Further, n-3 PUFAs and 1:1 n-
6/n-3 PUFAs markedly suppressed cell prolifera-
tion and down-regulated expressions of Akt,
mTOR and VEGF mRNAs.

CONCLUSIONS: Different ratios of n-6/n-
3PUFAs exhibit differential effects on the en-
dometrial carcinoma Ishikawa cells through the
PI3k/Akt/mTOR signaling pathway and differen-
tially regulate VEGF expression.
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Introduction

The incidence of endometrial cancer is in-
creasing and now presents with an annual mor-
bidity of 189,000 cases and mortality of 45,000
cases1. The most important risk factor for en-
dometrial cancer is exposure to unopposed estro-
gen2. Further, unhealthy diet also plays a role in
the development of endometrial cancer3. Specifi-
cally, an unbalanced ratio of dietary n-6 polyun-
saturated fatty acids (n-6 PUFAs) and n-3
polyunsaturated fatty acids (n-3 PUFAs), with a
prevalence of the former, is thought to lead to
many diseases, including endometrial cancer. It
is further believed that n-3 PUFAs may play a
role as potential anti-cachectic agents4,5. In the
present study, we examined the effects and mech-
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anisms of different ratios of polyunsaturated fatty
acids in the endometrial carcinoma Ishikawa
cells to gain a scientific evidence for the use of n-
3 PUFAs in the treatment of endometrial cancer.

Materials and Methods

Cell Culture
The endometrial carcinoma Ishikawa cells

were obtained from the Institute of Obstetrics
and Gynecology of The Affiliated Hospital of
Xuzhou Medical College. The cells were cul-
tured at 37°C in a humidified incubator supple-
mented with 5% CO2 in high-glucose Dulbecco’s
Modified Eagle Medium (DMEM) supplemented
with 10% fetal bovine serum (FBS).

Drug Treatment
Linoeic acid (LA) and docosahexaenoic acid

(DHA) were obtained from Sigma-Aldirich (St.
Louis, MO, USA), diluted in ethanol, and stored
at -20°C after flushing with nitrogen. The
Ishikawa cells were treated with different PUFAs
(n-6 PUFAs, n-3 PUFAs, or the mixture of n-6/n-
3 PUFAs at a ratio of 1:1 or 10:1) diluted in cul-
ture medium. The n-6 PUFAs and n-3 PUFAs
were used at a concentration of 2.0 × 10-4 mol/L.
Cells in control group were treated with ethanol
vehicle only.

Cell Viability
After cell treatments, 20 µl of MTT [3-(4,5-

dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide] solution were added to each well in the
96-well culture plate and incubated with cells for
4 hours at 37°C. Then, culture medium was re-
moved, and 150 µl of dimethyl sulfoxide (DM-
SO) were added to dissolve the formed for-
mazan. Cell solubilization proceeded for 30 min.
After that, cell optical densities were documented
at 490 nm.
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RNA Isolation, Reverse Transcription,
and PCR

Total RNA were extracted and reverse tran-
scribed using the kit from Bioteker (Beijing, Chi-
na). Primers for polymerase chain reaction (PCR)
quantification of expression Akt, mammalian tar-
get of rapamycin (mTOR) and vascular endothe-
lial growth factor (VEGF) mRNAs were pur-
chased from Invitrogen (Shanghai, China), with
expression of β-actin serving as endogenous con-
trol. Primer sequences are presented in Table I.
PCR products were elecrophoresed on a 1.5%-
agarose gel (100 volt for 40 min), and then ana-
lyzed using gel imaging analysis system.

Statistical Analysis
The experiments were repeated three times.

All statistical analyses were performed using the
SPSS13 (SPSS Inc., Chicago, IL, USA). The da-
ta are presented are mean ± SEM of three experi-
ments. The values were compared using the Stu-
dent’s t or ANOVA tests. The p value of < 0.05
was considered as statistically significant.

Results

Effects of Different Ratios of PUFAs on
Growth of Ishikawa Cells

Compared with cells in control group, n-6
PUFAs and 10:1 n-6/n-3PUFAs significantly
facilitated cell proliferation (p < 0.05 vs. con-
trol group; Figure 1). By contrast, n-3 PUFAs
and 1:1 n-6/n-3 PUFAs greatly suppressed cell
proliferation (p < 0.05 vs. control group; Fig-
ure 1).
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Primer Sequence Temperature Length

β-actin 5′-TCACCCACACTGTGCCCATCTACG -3′ 53°C 295 bp
5′-CAGCGGAACCGCTCATTGCCAATGG-3′

Akt 5′- ACGGGCACATTAAGATCACAG-3′ 53°C 414 bp
5- GGCTGAGCTTCTTCTCGTACA-3′

mTOR 5′-CTGGGACTCAAATGTGTGCAGTTC-3′ 53°C 538 bp
5′- GAACAATAGGGTGAATGATCCGGG-3′

VEGF 5′-GCCACGGGAGGTGTGTATAG-3′ 58°C 107 bp
5′- TATTGCAGCAACCCCCACAT -3′

Table I. Primer sequences.

Figure 1. Cell viability. *p < 0.05 vs. control group.

Control n-6 PUFAs 10:1 1:1 n-3PUFAs
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Figure 2. Expression of Akt, mTOR and VEGF mRNAs.



Expression of Akt, mTOR and
VEGF mRNAs

We observed that n-6 PUFAs and 10:1 n-6/n-
3PUFAs markedly up-regulated expression of
Akt, mTOR and VEGF mRNAs (p < 0.05 vs.
control group; Figure 2 and Table II). In a
marked contrast, n-3 PUFAs and 1:1 n-6/n-3 PU-
FAs significantly down-regulated the levels of
these mRNAs (p < 0.05 vs. control group; Figure
2 and Table II).

Discussion

PUFAs, uptaken with food, are necessary fatty
acids. Levels of n-3 PFUAs in cancer patients are
less 50% than those in healthy individuals. The
incidence of cancer inversely correlates with the
n-3 PUFAs intake6-8. Supporting the role of these
fatty acids, our study demonstrates that prolifera-
tion of Ishikawa carcinoma cells is facilitated by
n-6PUFAs and 10:1 n-6/n-3 PUFAs, while n-
3PUFAs and 1:1 n-6/n-3 PUFAs markedly sup-
pressed cell proliferation.

The phosphatidylinositol 3’-kinase (PI3K)/
Akt pathway regulates cell proliferation, growth,
survival, and apoptosis. One of the major conse-
quences of PI3k/Akt activation is phosphoryla-
tion of mTOR, a PI3k regulated protein kinase,
that responds to external environment9. VEGF is
also one of the most important factors in indicat-
ing the prognosis of malignant tumor1,10. When
the mTOR is phosphorylated by PI3k/Akt infor-
mation, it auto-phosphorylates, then activates
and releases eIF4E, up-regulating several growth
factors, including VEGF, to promote cell prolif-
eration11,12. It has been reported that the
PI3k/Akt/mTOR pathways is the most frequent
abnormal signaling pathway in endometrial car-
cinoma13. Specifically, when estrogen receptor is
overexpressed in endometrial carcinoma, it binds
to the p85 subunit of PI3K which leads to activa-

tion of the PI3K/Akt/mTOR pathway and uncon-
trolled tumor cell proliferation14. We, therefore,
decided to test Ishikawa cells which overexpress
estrogen receptor as a model for endometrial
carcinoma. In these cells n-6 PUFAs and 10:1 n-
6/n-3PUFAs markedly up-regulated the levels of
Akt, mTOR and VEGF mRNAs, while the ef-
fects n-3 PUFAs and 1:1 n-6/n-3 PUFAs were
exactly the opposite. Therefore, it can be con-
cluded that different ratios of n-6/n-3PUFAs ex-
hibit differential effects on the endometrial car-
cinoma Ishikawa cells through the PI3k/Akt/
mTOR signalling mechanism and regulation of
VEGF expression.

The present study examined one pertinent
pathway that is modulated by PUFAs. It is possi-
ble that other pathways can be affected as well. It
is necessary to study in a greater detail the bene-
ficial effects of n-3PUFAs as anticancer agents or
as adjuvants to conventional anticancer therapies
for endometrial carcinoma.

Conclusions

Our results confirm the anti-proliferative and
anti-tumorigenic efficacy of n-3PUFAs.
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Footnote: Results are presented as mean ± SEM of three experiments. *p < 0.05 vs. control group.
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