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Background: The dysfunction of cell apoptosis is an important event in the progression of 

cancer, and the growth of cancer cells is negatively regulated by cell apoptosis. In different 

types of cancers, inhibition of cellular apoptosis is often observed in the cancerous tissue, and 

increased resistance to apoptosis is a hallmark of cancer. Although previous studies have shown 

that 12-lipoxygenase (12-LOX)/12-hydroxyeicosatetraenoic acid (12-HETE) is activated and 

upregulated in different types of cancers, the consequences of 12-LOX/12-HETE upregulation 

and its precise roles in the survival of ovarian carcinoma cells are still unknown.

Methods: MTT assays, caspase activity assays, lactate dehydrogenase (LDH) assays, and 

Western blot analysis were the methods used in this study.

Results: In our study, we found that 12-HETE, a major metabolic product of arachidonic acid 

using 12-LOX catalysis, inhibited cell apoptosis in a dose-dependent manner and that the effects 

of 12-HETE on cell apoptosis were mediated by the integrin-linked kinase (ILK) pathway. 

Moreover, the downstream target of 12-HETE-activated ILK was nuclear factor kappa-B (NF-

κB) in ovarian carcinoma. The inhibitory effects of 12-HETE on cell apoptosis were attenuated 

by the inhibition of the NF-κB pathway.

Conclusion: These results indicate that 12-HETE participates in the inhibition of cell apop-

tosis by activating the ILK/NF-κB pathway, implying an important underlying mechanism that 

promotes the survival of ovarian cancer cells.

Keywords: 12-HETE, ILK, apoptosis, NF-κB, ovarian cancer

Background
Ranking fifth among all the causes of cancer-related deaths in women, ovarian cancer 

is associated with the highest mortality rate among gynecological malignancies.1 The 

major treatment for ovarian cancer is cytoreductive surgery (debulking) followed by 

chemotherapy (platinum-based drugs). Unfortunately, symptoms usually do not appear 

until the disease has spread outside the ovaries, which leads to its late diagnosis and 

poor prognosis. In addition, a large number of patients with ovarian cancer lose the 

chance to undergo the operation because of hysteretic diagnosis.2,3 Therefore, targeted 

drug therapy has become increasingly important in the treatment of ovarian cancer. 

This situation requires us to conduct more research to define the molecular mechanism 

regulating the progression of ovarian cancer and to provide novel treatment targets for 

improving the therapeutic strategy.

Arachidonic acid (AA), a polyunsaturated omega-6 fatty acid, is a component of 

the phospholipid domain of most cell membranes. Three main pathways, including 
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the cyclooxygenase (COX) pathway, the lipoxygenase (LOX) 

pathway, and the cytochrome P450 pathway, can metabolize 

AA to eicosanoids. Humans have three major LOX isoforms: 

5-LOX, 12-LOX, and 15-LOX.4,5 The LOX pathways produce 

several products that exert numerous physiological and patho-

logical effects.6 Among the three LOX isoforms, 12-LOX and 

its metabolite 12-hydroxyeicosatetraenoic acid (12-HETE) 

have been reported to advance tumorigenesis and participate 

in regulating the growth of cancer cells, angiogenesis, inter-

actions between tumor cells and the vasculature, tumor cell 

mobility, invasion, and proteolysis.7,8 However, the exact role 

of 12-HETE in the survival of ovarian carcinoma cells and the 

corresponding molecular mechanism are still poorly defined.

Integrin-linked kinase (ILK) is an intracellular protein 

serine/threonine kinase that is involved in coordinating the cell 

signaling pathway regulated by integrins and growth factors, 

including insulin-like growth factor-I, nerve growth factor, 

platelet-derived growth factor, and vascular endothelial growth 

factor.9,10 Moreover, because of its kinase activity, ILK possesses 

regulatory effects on many physiological functions, such as cell 

growth and death, cell cycle progression, epithelial-mesenchy-

mal transition (EMT), invasion and migration, cell motility, cell 

contraction, vascular development, and tumor angiogenesis.11 

Previous studies have demonstrated that ILK is closely related 

to the invasive features, epithelial–mesenchymal transition, and 

tumorigenesis in ovarian cancer,12–14 but the upstream regulator 

and downstream target of ILK remain to be explored.

In this study, we found that 12-HETE activated the ILK 

pathway and prevented mitochondria-dependent apoptosis 

in ovarian cancer cells. Moreover, the activation and nuclear 

translocation of nuclear factor kappa-B (NF-κB) facilitated 

by 12-HETE were mediated by the ILK pathway. In addition, 

inhibition of the NF-κB pathway could mitigate the inhibi-

tory effects of 12-HETE on cell apoptosis. All our results 

indicate that 12-LOX/12-HETE and its downstream target 

pathway (the ILK/NF-κB pathway) are involved in positively 

regulating the growth and survival of ovarian cancer cells, 

which implies an important regulatory mechanism affecting 

ovarian cancer cell growth and provides a potential strategy 

for the treatment of ovarian cancer.

Materials and methods
Materials
The antibodies against ILK (sc-13075), Bcl-2 (sc-492), Bax 

(sc-493), beta-actin (sc-1616), GAPDH (sc-25778), NF-κB 

p65 (sc-372), IKB alpha (IKBa; sc-371), and IKBa (ser32; 

sc-7977) were purchased from Santa Cruz Biotechnology 

Inc., CA, USA. The antibodies against Histone 1.2 (ab17677) 

and NF-κB p65 (phospho-S536; ab86299) were purchased 

from Abcam (Shanghai, China). Kits for measuring caspase-3 

(C1116) and caspase-9 (C1158) activities and a lactate 

dehydrogenase (LDH) assay kit (C0017) were obtained from 

Beyotime Institute of Biotechnology (Haimen, China). All 

other reagents were obtained from common commercial 

sources.

Cell culture
OVCAR-3 and SKOV3 cells were obtained from ATCC. 

The cells were maintained in DMEM supplemented with 

10% FBS, 1% penicillin, and 1% streptomycin in 5% CO
2
 

atmosphere at 37°C.

siRna design and transfection
OVCAR-3 and SKOV3 cells were transfected with two ILK 

small interfering RNAs (siILK and siILK#2), respectively, 

and a nontargeted control siRNA (siNC) was used as a nega-

tive control. Both ILK siRNAs and siNC were designed and 

synthesized by GenePharma, Shanghai, China. The trans-

fection was conducted as described below. First, OVCAR-3 

cells were cultured in 10% FBS DMEM until 30%–50% 

confluent. After the cells were cultured in serum-free DMEM 

overnight, 1.5 µg siRNAs and 10 µL X-treme Gene Trans-

fection Reagent were added to serum-free Opti-MEM-1 and 

gently mixed. Finally, the mixture was incubated at room 

temperature for 20 minutes and added directly onto cells. 

After transfection, cells were rested for 24 hours and then 

used as required.

MTT assay
Cells (OVCAR-3 and SKOV3) were cultured in 96-well plates 

at a density of approximately 1×104 cells per well. After cul-

turing in 10% FBS DMEM medium for 8–12 hours, the cells 

were cultured in DMEM without serum overnight and treated 

with the indicated reagents by group in low-glucose DMEM 

without FBS (serum deprivation [SD]). Solvent control and 

other agents were added at the indicated concentrations every 

24 hours. After being treated as different groups for 48 hours, 

the cells were incubated in 0.5% MTT, which is a yellow 

mitochondrial dye and is dissolved in sterile PBS buffer, for 

4 hours at 37°C, and then, the reaction was terminated by 

incubating the cells with DMSO for 10 minutes. The spectro-

photometer absorbance at 540 nm was measured. The amount 

of blue formazan dye formed from MTT is proportional to 

the number of surviving cells.

Powered by TCPDF (www.tcpdf.org)

www.dovepress.com
www.dovepress.com
www.dovepress.com


Cancer Management and Research 2018:10 submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

5827

12-HETE promotes cell survival via ILK/NF-κB in ovarian cancer

lDh assay
The activity of LDH was used to detect the levels of LDH, 

which was released into the culture media, and was mea-

sured by a cytotoxicity detection kit from Beyotime Institute 

of Biotechnology. The proportion of injured cells in the 

cultures was determined by comparing the LDH activity 

of the medium with the LDH activity after complete cell 

lysis or total LDH activity. The maximum LDH activity 

was determined using medium containing Triton-lysed cell 

supernatants. The experiments were carried out according 

to the manufacturers’ instructions. A portion of the culture 

medium was treated with an equal volume of LDH substrate 

solution for 30 minutes and then stopped with 5 volumes 

of 0.1 M NaOH; a spectrophotometer was used to measure 

the absorbance at 440 nm in sister cultures that were treated 

with 1/100 volume of 10% Triton X-100 and incubated for 

30 minutes at 37°C.

Caspase-3 and caspase-9 activity assays
We measured the cleavage of chromogenic caspase substrates, 

Ac-DEVD-pNA (acetyl-Asp-Glu-Val-Asp p-nitroanilide), 

a caspase-3 substrate, and Ac-LEHD-pNA (acetyl-Leu-

Glu-His-Asp p-nitroanilide), a caspase-9 substrate, to cal-

culate caspase-3 and caspase-9 activities, respectively. The 

experiment was performed according to the manufacturer’s 

protocols. Approximately 50 µg of total protein was added 

to the reaction buffer containing Ac-DEVD-pNA (2 mM) or 

Ac-LEHD-pNA (2 mM) and then incubated at 37°C for 2 

hours. The absorbance of yellow pNA cleaved from its cor-

responding precursors was measured using a spectrometer 

at 405 nm. The specific caspase activities, normalized to the 

total protein of the cell lysates, were then expressed as the 

fold change relative to the baseline of control cells cultured 

in DMEM with 10% FBS.

Western blot assay
We used protein lysis buffer (Beyotime Institute of Biotechnol-

ogy) together with the appropriate concentrations of proteinase 

inhibitors and phosphatase inhibitors (Roche Applied Science, 

Indianapolis, IN, USA) to extract cell proteins. Then, the 

Bradford assay (Beyotime Institute of Biotechnology) was used 

to detect the total protein concentration. The protein samples 

were fractionated by SDS-PAGE (12% polyacrylamide gels) 

followed by transfer onto nitrocellulose membranes (Bio-Rad 

Laboratories Inc., Hercules, CA, USA). After incubation in 

blocking buffer (20 mM Tris, pH 7.6, 150 mM NaCl, and 

0.1% Tween-20) containing 5% nonfat dry milk powder, the 

membranes were incubated with the indicated antibodies over-

night at 4°C, followed by reaction with horseradish peroxidase 

(HRP)-conjugated secondary antibodies for 1 hour at room 

temperature. Enhanced chemiluminescent reagents were used 

to visualize the protein bands by chemiluminescence detection 

kit. Beta-actin was used as an internal control.

statistical analyses
The composite data were expressed as mean±standard error 

of the mean (SEM) of at least three independent experiments. 

Statistical analyses were performed by Student’s t-test or one-

way ANOVA followed by Dunnett’s test where appropriate. 

P<0.05 was considered statistically significant.

Results
12-heTe inhibits cell apoptosis in a dose-
dependent manner
It is well known that an increased resistance to apoptosis is a 

hallmark of cancer. To determine the crucial role of 12-HETE 

in the growth of ovarian cancer cells, we examined whether 

12-HETE protected against cell apoptosis in ovarian cancer 

cells. In this study, SD was used as an apoptotic model 

for experiments. As shown in Figure 1A, the MTT results 

showed that cell viability was significantly decreased by SD 

after 48 hours of treatment, while SD-induced decreases in 

cell viability were obviously mitigated by 1 µM exogeneous 

12-HETE. We obtained similar results when we detected the 

activity of caspase-3. The results show that 1 µM 12-HETE 

significantly decreases the activation of caspase-3 induced 

by SD (Figure 1B). Moreover, we also examined cellular half 

maximal inhibitory concentration (IC
50

) values of 12-HETE 

for the caspase-3 activity in OVCAR-3 cells and found that 

12-HETE repressed the increased activity of caspase-3 

induced by SD in a concentration-dependent manner, with an 

IC
50

 value of 1.13 µM (Figure 1C). The results indicate that 

12-HETE protects against cell apoptosis in ovarian cancer 

cells in a concentration-dependent manner.

The effects of 12-heTe on cell apoptosis 
are mediated by the ilK pathway
Our previous study demonstrated that ILK participates in the 

regulation of the progression of ovarian cancer and plays a 

critical role in the survival of cancer cells.15 We examined 

whether 12-HETE was responsible for the activation of the 

ILK pathway during the progression of ovarian cancer. In 

OVCAR-3 cells, treatment with 1 µM 12-HETE led to the 

increased expression of ILK (Figure 2A). To elucidate the 

role of ILK in the inhibition of cell apoptosis by 12-HETE, 

ILK siRNA (siILK) was used to knock down the expression 
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of ILK (Figure 2B). As shown in Figure S1, cell viability, 

caspase-3 activity, and ILK expression were not obviously 

affected by the transfection of siControl compared with the 

untransfected OVCAR-3 cells (Figure S1A–C), implying that 

there are no significant differences between the siControl 

transfection and untransfected cells. Thus, we utilized the 

siControl transfection cells as the negative control in the fol-

lowing experiments. The results of a cell growth assay showed 

that 1 µM 12-HETE antagonized the decrease in cell viability 

induced by SD, but the effects of 12-HETE on cell survival 

were abolished after repressing the expression of ILK with 

siILK (Figure 2C). As shown in Figure 2D, the release of LDH 

(an indication of cell death) induced by SD was attenuated 

by 1 µM 12-HETE, whereas the ILK siRNA eliminated the 

roles of 12-HETE in LDH release (Figure 2D). Moreover, the 

inhibitory effects of 12-HETE on the activation of caspase-3 

and the increased expression of cleaved caspase-3 induced by 

SD were attenuated by ILK siRNA (Figure 2E and F). These 

results imply that 12-HETE promotes the survival of ovarian 

cancer cells by activating the ILK pathway.

12-heTe activation of the ilK pathway 
inhibits mitochondria-dependent 
apoptosis
Intrinsic cell apoptosis is an important event induced by SD 

that leads to cell growth arrest. We examined some important 

changes in mitochondria-dependent apoptosis, including the 

protein levels of Bcl-2 and Bax, the release of cytochrome C 

into the cytoplasm, and the activity of caspase-9. As shown in 

Figure 3A and B, 1 µM 12-HETE induced the expression of 

Bcl-2 (an antiapoptotic protein) and depressed the expression 

of Bax (a pro-apoptotic protein), and these effects were weak-

ened by the ILK siRNA. Moreover, the release of cytochrome 

C from the mitochondria into the cytoplasm is a critical event 

that triggers the progression of mitochondria-dependent apop-

tosis. We found that SD treatment led to increased expression 

of cytoplasmic cytochrome C and decreased expression of 

cytochrome C in mitochondria, but 1 µM 12-HETE mitigated 

the release of cytochrome C from the mitochondria into the 

cytoplasm. However, the inhibitory effects of 12-HETE on 

cytochrome C release were eliminated by the ILK siRNA 

Figure 1 12-heTe protected ovarian cancer cells against cell apoptosis in a dose-dependent manner.
Notes: (A) 12-HETE inhibited the decrease in cell viability induced by SD in a dose-dependent manner, and 1 µM 12-HETE treatment significantly mitigated the decrease 
in cell viability under conditions of sD. (B) SD-induced activation of caspase-3 was significantly attenuated by 1 µM 12-HETE in ovarian cancer cells. (C) 12-heTe repressed 
the increased activity of caspase-3 induced by sD in a concentration-dependent manner, with an iC50 value of 1.13 µM. all values are represented as the mean±seM from 
three or more independent batches of cells. *P<0.05.
Abbreviations: 12-heTe, 12-hydroxyeicosatetraenoic acid; iC50, half maximal inhibitory concentration; sD, serum deprivation; seM, standard error of the mean.
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(Figure 3C). In addition, we also examined the activity of cas-

pase-9, which is specifically activated in the intrinsic apoptosis 

pathway. We found that 1 µM 12-HETE inhibited the activation 

of caspase-9 induced by SD, while the ILK siRNA impaired 

the inhibitory effects of 12-HETE on caspase-9 activation 

(Figure 3D). These results imply that ILK is involved in the 

inhibition of mitochondria-dependent apoptosis by 12-HETE.

Meanwhile, to validate the role of 12-HETE in cell apop-

tosis, we also tried an additional concentration of 12-HETE 

for some functional experiments. Our results showed that 

the treatment with 3 µM 12-HETE induced the expression 

of ILK in OVCAR-3 cells (Figure S2A). Both the decreased 

cell viability and the increased LDH release induced by SD 

were mitigated by 3 µM 12-HETE. However, the ILK siRNA 

antagonized the facilitating roles of 12-HETE in cell survival 

(Figure S2B and C). Moreover, the treatment with 3 µM 

12-HETE inhibited the activation of caspase-3 and increased 

the expression of Bax induced by SD, but these effects were 

eliminated by ILK siRNA (Figure S2D and E).

The activation of nF-κB induced by 
12-heTe is eliminated by silencing the 
expression of ilK
NF-κB is an ubiquitous transcription factor the dysfunction 

of which is closely related to different types of cancers. The 

increased activation of NF-κB is a predictor of poor disease 

progression and confers resistance to cell apoptosis.16 Based 

on this evidence, we examined the status of NF-κB in ovar-

Figure 2 The inhibitory effects of 12-heTe on cell apoptosis are mediated by the ilK pathway.
Notes: (A) Treatment with 1 µM 12-heTe induced the expression of ilK in ovarian cancer cells. (B) Expression of ILK was significantly knocked down by ILK siRNA. (C) 
The cell viability increase induced by 1 µM 12-heTe was mitigated by ilK siRna. (D) 12-heTe treatment attenuated the release of lDh induced by sD through the ilK 
pathway. (E) ilK participated in the 12-heTe-mediated inhibition of the activation of caspase-3 in ovarian cancer cells. (F) sD-enhanced expression of cleaved caspase-3 was 
antagonized by 1 µM 12-heTe, while ilK siRna eliminated the inhibitory effects of 12-heTe. *P<0.05.
Abbreviations: ilK, integrin-linked kinase; lDh, lactate dehydrogenase; sD, serum deprivation; 12-heTe, 12-hydroxyeicosatetraenoic acid; si, small interfering.
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ian cancer cells under conditions of 12-HETE treatment. 

The results showed that 1 µM 12-HETE led to increased 

levels of NF-κB p65 phosphorylation, and the increased 

phosphorylation of NF-κB p65 caused by 12-HETE was 

attenuated by the knockdown of ILK (Figure 4A). Moreover, 

the protein levels of NF-κB p65 in cytoplasmic and nuclear 

extracts indicated that 1 µM 12-HETE treatment caused a 

significant increase in the protein levels of nuclear NF-κB 

p65, which was accompanied by decreased levels of NF-κB 

p65 in the cytoplasm. However, the nuclear translocation 

elicited by 12-HETE treatment was abolished by the ILK 

siRNA (Figure 4B). In addition, the activation of NF-κB is 

Figure 3 12-heTe antagonizes the mitochondria-dependent apoptosis via the ilK pathway in ovarian cancer cells.
Notes: (A) an increased expression of Bcl-2 induced by 1 µM 12-heTe treatment was reversed by repressing the ilK expression. (B) The decrease in the expression of Bax 
after 12-heTe treatment was mediated by ilK. (C) Treatment with 1 µM 12-heTe led to the decreased expression of cytoplasmic cytochrome c and increased expression 
of cytochrome c in mitochondria, but these effects were eliminated by ilK siRna. (D) 12-heTe mitigated the activation of caspase-9 induced by sD via the ilK pathway. 
*P<0.05.
Abbreviations: ilK, integrin-linked kinase; sD, serum deprivation; 12-heTe, 12-hydroxyeicosatetraenoic acid.

siControl
siILK

12-HETE

SD
+
–
–

–
+
–
+

+
+
–
–

+
–
+
+

+
–
+
–

+

siControl
siILK

12-HETE

SD
+
–
–

–
+
–
+

+
+
–
–

+
–
+
+

+
–
+
–

+

siControl
siILK

12-HETE

SD
+
–
–

–
+
–
+

+
+
–
–

+
–
+
+

+
–
+
–

+

siControl
siILK

12-HETE

SD
+
–
–

–
+
–
+

+
+
–
–

+
–
+
+

+
–
+
–

+

siControl
siILK

12-HETE

SD
+
–
–

–
+
–
+

+
+
–
–

+

Cytosol

*
*

*

*
*

*

*
*

*

Mitochondria

–
+
+

+
–
+
–

+

siControl
siILK

12-HETE

SD
+
–
–

–
+
–
+

+
+
–
–

+
–
+
+

+
–
+
–

+

siControl
siILK

12-HETE

Cytochrome C
(mitochondria)

�-Actin
(mitochondria)

�-Actin
(cytosol)

Cytochrome C
(cytosol)

SD
+
–
–

–
+
–
+

+
+
–
–

+
–
+
+

+
–
+
–

+

siControl
siILK

12-HETE

SD
+
–
–

–
+
–
+

+
+
–
–

+
–
+
+

+
–
+
–

+

Bax

�-Actin

BCL-2

1.5

*
*

*

*
*

*

1.0

0.5

R
el

at
iv

e 
pr

ot
ei

n 
ex

pr
es

si
on

(fo
ld

 c
ha

ng
e)

R
el

at
iv

e 
pr

ot
ei

n 
ex

pr
es

si
on

(fo
ld

 c
ha

ng
e)

R
el

at
iv

e 
pr

ot
ei

n 
ex

pr
es

si
on

(fo
ld

 c
ha

ng
e)

0.0 0

1

2

3

0

1

2

R
el

at
iv

e 
pr

ot
ei

n 
ex

pr
es

si
on

(fo
ld

 c
ha

ng
e) R

el
at

iv
e 

va
lu

e 
of

ca
sp

as
e-

9 
ac

tiv
ity

0

1

3

4

2 0

1

3

2

4

�-Actin

A

C D

B

Powered by TCPDF (www.tcpdf.org)

www.dovepress.com
www.dovepress.com
www.dovepress.com


Cancer Management and Research 2018:10 submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

5831

12-HETE promotes cell survival via ILK/NF-κB in ovarian cancer

closely modulated by IKB kinases. Hence, we further exam-

ined the effects of 12-HETE on the phosphorylation of IKBa 

protein. As shown in Figure 4C, 1 µM 12-HETE promoted 

the phosphorylation of IKBa, which was attenuated by the 

ILK siRNA. These results indicate that 12-HETE facilitates 

the activation and nuclear translocation of NF-κB via ILK 

in ovarian cancer cells.

In addition, to avoid the nonspecific suppression of the 

ILK siRNA, we then utilized another independent siRNA of 

ILK (siILK#2) and repeated some important experiments. 

The knockdown efficiency of siILK#2 was confirmed by 

Western blot (Figure S3A). We found that the inhibitory 

effects of 1 µM 12-HETE on the decrease of cell viabil-

ity and the increase of caspase-3 activity induced by SD 

Figure 4 12-heTe promotes the activation and nuclear translocation of nF-κB through the ilK pathway.
Notes: (A) 1 µM 12-heTe treatment led to increased levels of phosphorylated nF-κB p65 but was antagonized by the knockdown of ilK. (B) 1 µM 12-HETE significantly 
increased the protein level of nuclear nF-κB p65 and decreased the protein level of nF-κB p65 in the cytoplasm via ilK. (C) The 12-heTe-induced phosphorylation of iKBa 
was mediated by ilK in ovarian cancer cells. all values are represented as the mean±seM from three or more independent batches of cells (*P<0.05).
Abbreviations: iKBa, iKB alpha; ilK, integrin-linked kinase; nF-κB, nuclear factor kappa-B; seM, standard error of the mean; 12-heTe, 12-hydroxyeicosatetraenoic acid.
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were mitigated by siILK#2 (Figure S3B and C). Moreover, 

12-HETE repressed the expression of Bax and increased the 

phosphorylation of NF-κB p65, but these effects were abol-

ished after repressing the expression of ILK with siILK#2 

(Figure S3D and E).

The inhibitory effects of 12-heTe on cell 
apoptosis are weakened by the inhibition 
of nF-κB
To illustrate the critical role of NF-κB in the inhibition of 

cell apoptosis by 12-HETE, we used 5 µM Bay-117082 

to block the NF-κB pathway in ovarian cancer cells.17 As 

shown in Figure 5A, the cell viability increase caused by 1 

µM 12-HETE was antagonized by the NF-κB inhibitor. In 

addition, the inhibitory effects of 12-HETE on SD-induced 

activation of caspase-3 and caspase-9 were weakened by 

the inhibition of NF-κB (Figure 5B and C). Moreover, the 

12-HETE-mediated decrease of the protein level of Bax was 

mitigated by Bay-117082 (Figure 5D). These results indicate 

that 12-HETE protects against cell apoptosis through the 

ILK/NF-κB pathway in ovarian cancer.

12-heTe inhibited cell growth and 
apoptosis via ilK and nF-κB in sKOV3 
ovarian cancer cells
To determine whether the anti-apoptotic effect of 12-HETE is 

specific to OVCAR-3 cells, we examined its roles in SKOV3 

ovarian cancer cells. Our results showed that 1 µM 12-HETE 

inhibited the decrease in cell viability induced by SD and that 

this effect was attenuated by siILK (Figure 6A). The activa-

tion of caspase-3 and increased protein level of Bax were 

repressed in SKOV3 cells by treatment with 1 µM 12-HETE, 

Figure 5 The inhibitory effects of 12-heTe on cell apoptosis are attenuated by blocking the nF-κB pathway.
Notes: (A) The increase in cell viability induced by 1 µM 12-heTe was antagonized by an nF-κB pathway inhibitor. (B) inhibition of nF-κB attenuated the inhibition of 
caspase-3 activation by 1 µM 12-heTe. (C) 12-heTe reduced the activity of caspase-9 under sD conditions, but this effect was abolished by Bay-117082. (D) The repression 
of Bax expression by 12-heTe was mediated by the nF-κB pathway. *P<0.05.
Abbreviations: nF-κB, nuclear factor kappa-B; sD, serum deprivation; 12-heTe, 12-hydroxyeicosatetraenoic acid.
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Figure 6 12-heTe inhibited cellular apoptosis via ilK and nF-κB in sKOV3 cells.
Notes: (A) 1 µM 12-heTe inhibited the decrease in the cell viability of sKOV3 cells caused by sD, but this effect was attenuated by the knockdown of ilK. (B) and (C) 
inhibitory effects of 12-heTe on caspase-3 activation and Bax expression were mediated by ilK in sKOV3 cells. (D) The 12-heTe-mediated increase in cell viability was 
impeded by an inhibitor of the nF-κB pathway. (E) and (F) 1 µM 12-heTe depressed the activation of caspase-3 (e) and the protein level of Bax (F) in sKOV3 cells, but these 
effects were mitigated by the inhibition of the nF-κB pathway. *P<0.05.
Abbreviations: ilK, integrin-linked kinase; nF-κB, nuclear factor kappa-B; sD, serum deprivation; 12-heTe, 12-hydroxyeicosatetraenoic acid.
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while the inhibitory effects of 12-HETE on cellular apop-

tosis were mitigated by knockdown of ILK (Figure 6B and 

C). Moreover, 1 µM 12-HETE inhibited the decrease in cell 

viability, and the 12-HETE-mediated increase in caspase-3 

activity and Bax expression was impeded by an inhibitor of 

the NF-κB pathway (Figure 6D–F). All of the above results 

imply that 12-HETE promotes cell survival by regulating the 

ILK/NF-κB pathway in ovarian cancer cells.
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Discussion
Ovarian cancer is a common gynecologic malignancy in 

the female reproductive system.1 However, the molecular 

mechanisms of ovarian cancer progression were imperfectly 

understood until now. In the present study, our results dem-

onstrate an important role for 12-HETE in regulating the 

survival of ovarian cancer cells and illustrate the correspond-

ing molecular mechanism involved.

Apoptosis plays a negative role in the development of 

cancers. An important step in the progression of tumors is 

the overgrowth of cancer cells, and the increased resistance 

of cancer cells to apoptosis strongly contributes to their 

infinite growth. Moreover, genes involved in modulating 

cell apoptosis are considered to be a class of tumor-related 

genes.18 Previous reports have shown that the 12-LOX/12-

HETE pathway is necessary for cell survival in vascular 

smooth muscle cells and that the expression of 12-LOX and 

the generation of 12-HETE are upregulated in different types 

of cancers.8,19 However, no systematic study has revealed the 

corresponding molecular mechanism of 12-HETE in modu-

lating ovarian cancer cell apoptosis. In this study, our results 

showed that 12-HETE inhibited cell apoptosis and promoted 

cell growth in a dose-dependent manner.

ILK, a serine-threonine kinase, has been implicated in 

the activation of a range of signaling pathways that regulate 

cell growth, survival, and tumor angiogenesis.11 It has been 

reported that the upregulation of ILK strongly correlates with 

the invasion and progression of some types of cancers, and 

increased expression of ILK has been found in the serum and 

tumor tissues of patients with cancer.20,21 In our research, we 

first demonstrate that 12-HETE, an important metabolic prod-

uct of AA catalysis by 12-LOX, acts as a critical upstream 

regulator of ILK. We found that 12-HETE treatment induced 

the expression of ILK in ovarian cancer cells. Moreover, the 

inhibitory effects of 12-HETE on cytochrome c release into 

the cytoplasm and activation of caspase-9 and caspase-3 were 

abolished by the knockdown of ILK. The results indicate 

that 12-HETE inhibits cell apoptosis by upregulating ILK 

in ovarian cancer.

The transcription factor NF-κB, a major inducer of 

stress-response genes in the survival pathway, is associ-

ated with many biological processes, including inflamma-

tion, angiogenesis, cell proliferation, and apoptosis.22 The 

NF-κB family has been demonstrated to participate in the 

regulation of cancer progression. It has been reported that 

the increased activity of NF-κB is significantly correlated 

with cancer progression and poor patient prognosis, and the 

resistance to apoptosis was conferred to ovarian cancer cells 

by activation of NF-κB.16 An important step for activating 

the biological activity of NF-κB is the phosphorylation of 

NF-κB p65.23 In the present study, we found that 12-HETE 

treatment augmented the phosphorylation of NF-κB p65 and 

promoted the nuclear translocation of NF-κB p65, but this 

effect was attenuated by knockdown of ILK. Moreover, IkBa, 

a protein known to phosphorylate the transactivation domain 

of NF-κB p65, modulates the activation of NF-κB.24,25 Our 

results showed that the 12-HETE-enhanced phosphorylation 

of IkBa was abolished by ILK siRNA. These results indicate 

that the increases in the activation and nuclear translocation 

of NF-κB induced by 12-HETE are mediated by ILK.

Conclusion
Our study suggests that 12-HETE inhibits the mitochondria-

dependent apoptosis pathway through the ILK pathway and 

that NF-κB acts as a downstream target of 12-HETE-activated 

ILK. This study implies that 12-LOX/12-HETE and its 

downstream targets (ILK and NF-κB) play critical roles in 

promoting the survival of ovarian cancer cells and positively 

regulate the progression of ovarian cancer, which indicates a 

new potential target for future treatment of ovarian cancer.
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Supplementary materials

Figure S1 (A and B) Cell viability and caspase-3 activity were not significantly affected by the transfection of siControl compared with the untransfected OVCAR-3 cells. 
(C) There were no detectable differences of ilK protein expression between the siControl transfection and the untransfected cells.
Abbreviation: ilK, integrin-linked kinase.
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Figure S2 3 µM 12-heTe also protects against cell apoptosis by the ilK pathway in ovarian cancer cells. (A) The expression of ILK was significantly upregulated by 3 µM 12-
heTe in OVCaR-3 cells. (B) Treatment with 3 µM 12-heTe led to the increased cell viability in OVCaR-3 cells, which was attenuated by ilK siRna. (C) 12-heTe-inhibited 
release of lDh induced by sD was mitigated by the knockdown of ilK. (D) Treatment with 3 µM 12-heTe inhibited the activation of caspase-3 induced by sD through the 
ilK pathway. (E) ilK participated in the 12-heTe-mediated inhibition of Bax expression in OVCaR-3 cells. *P<0.05.
Abbreviations: ilK, integrin-linked kinase; lDh, lactate dehydrogenase; sD, serum deprivation; 12-heTe, 12-hydroxyeicosatetraenoic acid.
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Figure S3 12-heTe inhibits cell apoptosis and promotes the activation of nF-κB through the ilK pathway in ovarian cancer cells. (A) The protein level of ilK was obviously 
knocked down by another independent siRna of ilK (siilK#2) in OVCaR-3 cells. (B) Treatment with 1 µM 12-heTe increased the cell viability in OVCaR-3 cells, which was 
mitigated by siilK#2. (C) The inhibitory effects of 1 µM 12-heTe on the caspase-3 activation were attenuated by siilK#2. (D) 12-heTe treatment repressed the expression 
of Bax induced by sD through the ilK pathway. (E) Treatment with 1 µM 12-heTe induced phosphorylation of nF-κB p65, which was depressed by the knockdown of ilK 
with siilK#2. *P<0.05.
Abbreviations: ilK, integrin-linked kinase; nF-κB, nuclear factor κB; sD, serum deprivation; 12-heTe, 12-hydroxyeicosatetraenoic acid.
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