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Objective: We investigated the effect of docosahexaenoic acid (DHA) on the invasion and
metastasis of ovarian cancer cells (A2780, HO8910, and SKOV-3).
Methods: Cytotoxicity assay was performed to determine the optimal doses of DHA in
this experiment. The effects of DHA on invasion ability were assessed by invasion assay.
The expressions of messenger RNA and/or proteins associated with invasion or metastasis
were detected by quantitative Real Time-Polymerase Chain Reaction or Western blot. The
effect of DHA on cell metastasis was assessed in xenograft model of zebrafish.
Results: Docosahexaenoic acid and >-linolenic acid could reduce the cell vitalities in
dose-dependent manner. However, DHA inhibited the invasion and metastasis of ovarian
cancer cells, but >-linolenic acid did not (**P G 0.01). Docosahexaenoic acid could
downregulate the expressions ofWAVE3, vascular endothelial cell growth factor, andMMP-9,
and upregulate KISS-1, TIMP-1, and PPAR-F, which negatively correlated with cell invasion
and metastasis (*P G 0.05). Docosahexaenoic acid restrained the development of subintestinal
vessels and cancer cell metastasis in xenograft model of zebrafish (**P G 0.01).
Conclusions: Docosahexaenoic acid inhibited the invasion and metastasis of ovarian cancer
cells in vitro and in vivo through the modulation of NF-JB signaling pathway, suggesting that
DHA is a promising candidate for ovarian cancer therapy.
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Ovarian cancer is the most lethal gynecological malig-
nancy. Because the symptoms of ovarian cancer are not

obvious, it is not easy to be detected in the early stage.

Approximately 70% of patients are diagnosed at advanced
stage,1 which raised challenge to the subsequent therapy. One
of the main characteristics of ovarian cancer is easy metastasis
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and recurrence even after the tumor tissue was removed,
which severely worsened the prognosis of patients. Despite
of the improvements of treatment methods in recent years,
patients with advanced ovarian cancer still lack effective
therapy. So suppression of tumor metastasis and recurrence
might be a promising therapeutic strategy for improving
living quality of these patients. Many researches are con-
centrating on effective therapy methods through adjusting
lifestyle, such as nutrient supplement.2

Epidemiological studies show that a diet rich in U-3
polyunsaturated fatty acids (U-3 PUFAs) was correlated with
reduced risk of cancers.3Y5U-3 PUFAs include >-linolenic acid
(ALA), docosahexaenoic acid (DHA), and eicosapentaenoic
acid. They are essential fatty acids and the main component of
cell membrane phospholipids. They cannot be synthesized by
mammals and must be obtained from dietary sources, such as
cold-water fish, certain seeds (flax), and nuts (walnuts). Pre-
vious studies reported that DHA could inhibit the invasion
and metastasis of a variety of cancer cells, such as hepato-
cellular carcinoma,2,6,7 breast cancer,8Y10 colorectal cancer,11

pancreatic cancer,12 and stomach cancer.13However, the effects
of DHA on invasion and metastasis in ovarian cancer were
scarcely reported. In this study, we investigated the effect of
DHA on in vitro and in vivo inhibition of invasion and
metastasis in 3 kinds of ovarian cancer cells (A2780, HO8910,
and SKOV-3).

MATERIALS AND METHODS

Cell, Chemicals, and Reagents
The human ovarian cancer cell lines A2780, HO8910,

and SKOV-3 were purchased from Enogene Biotech Co, Ltd
(Jiangsu, China). The 1640 medium (RPMI 1640) and fetal
bovine serum (FBS) was purchased from Gibco (United States).
A2780, HO8910, and SKOV-3 were routinely cultivated in RPMI
1640medium suppliedwith 10%FBS, 100 IU/mL penicillin, and
100Kg/mLstreptomycin.Cellswere routinelygrown in a75-mm
flask at 37-C in a humidified environment containing 5% CO2.
Horseradish peroxidaseYlinked secondary antibody was pur-
chased from Nanjing Enogene Biotech Co, Ltd (Jiangsu, China).
Matrigel was purchased from BD Biosciences (United States).
>-Linolenic acid,DHA, andDMSOwere obtained fromSigma-
Aldrich (St Louis, MO). RT-PCR primers were designed and
synthesized by GenScript Co, Ltd (Nanjing, China). CM-DiI
(Invitrogen, United States), 1-phenyl-2-thiourea (PTU; Sigma,
United States), and polyvinyl pyrrolidone (PVP; BioDee, Japan)
were used according to manufacturer.

Cell Viability Assay
To determine the optimal doses of ALA and DHA on

A2780, HO8910, and SKOV-3, viability assay was performed
by cell counting kit-8 (CCK-8) in these 3 kinds of ovarian
cancer cell lines. Briefly, cells at logarithmic phase were seeded
into 96-well plates (1000 cells/well). After 24-hour incubation,
the medium was removed and then treated with fresh medium
containing different doses of ALA and DHA, each concen-
tration was replicated in 3 wells. >-Linolenic acid was used as
isotype control.After 72-hour treatment, cellswere incubated in
medium containing 10 KL CCK-8 at 37-C for 4 hours, and the

colorimetric change was measured with an enzyme-linked
immunosorbent assay reader at 450 nm. The absorbance in
the control group was regarded as 100% cell viability. The
results were expressed as the percentage of inhibition in the
form of absorbance. The maximum safe dosage for ALA and
DHA (survival rates of cancer cells were more than 95%) was
used as optimal dose of ALA and DHA in 3 cancer cells.

Invasion Assays
The effects of ALA and DHA on the invasion ability of

3 kinds of ovarian cancer cells were determined by invasion
assays using 24-well transwell chamber (8Km, BD Biosciences),
coated with 50 KL Matrigel. A2780 cells were pretreated with
64 KM ALA, 32 KM and 64 KM DHA, HO8910 cells with
120 KMALA, 60 KM, and 120 KMDHA, and SKOV-3 cells
with 60 KM ALA, 30 KM, and 60 KM DHA for 72 hours,
respectively. >-Linolenic acid was used as isotype control.
Two hundred microliters of serum-free RPMI 1640 medium
containing 4� 104A2780 cellswas placed in the upper chamber,
and 600 KL of RPMI 1640 supplemented with 10% FBS was
added to the lower chamber. The plateswere incubated at 37-C in
5% CO2 incubator for 48 hours. Then cells on the upper side of
the filters were removed with cotton-tipped swabs, and the
filters were washed with Phosphate buffer saline. Cells were
fixed in 4% paraformaldehyde for 15 minutes and stained with
0.05% crystal violet for 30 minutes. Cells on the lower surface
of the filters were counted from 4 fields at 200 magnification
under a microscope. The invasive abilities of DHA onHO8910
and SKOV-3 cells were determined according to the same
method, but the migrated cells were counted from 4 fields at
100 magnification. Each experiment was repeated at least
3 times. The cell line with the strongest invasive ability among
the 3 cell lines was used to do the subsequent in vivo test.

RNA Extraction and Quantitative
RT-PCR Analysis

To investigate the effect of DHA on cancer cell invasion
after DHA treatment, some genes associated with invasion
were chosen and performed by RT-PCR.14Y20 Cells treated
with ALAwere use as a control. After 3 kinds of ovarian cancer
cells were pretreated with DHA for 72 hours, total RNA from
cells was extracted using RNAiso Reagent (Takara, Japan).
Concentrations of RNA were determined and quantified by
measuring the absorbance at 260 and 280 nm on a spectro-
photometer. Complementary cDNAwas synthesized from total
RNA using the PrimeScript RT Reagent Kit (TaKaRa, Dalian,
China) following the manufacturer’s instructions. A real-time
PCR analysis was performed using the StepOnePlus Real-
Time PCR System (Applied Biosystems, United States) with
SYBR Premix Ex Taq II (TaKaRa, Dalian, China) to determine
each messenger RNA (mRNA) expression. The cycling con-
ditions were as follows: 95-C for 10 minutes, followed by 40
cycles including 95-C for 15 seconds and 60-C for 1 minute.
GAPDH was used as the reference gene. The relative levels of
gene expression were represented as $Ct = Ct gene j Ct ref-
erence, and the fold change of gene expression was calculated
by the 2-$$CT method. Experiments were repeated in tripli-
cate. The primer sequences forKISS-1, vascular endothelial cell
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growth factor (VEGF), MMP-9, TIMP-1, WAVE3, PPAR-F, and
GAPDH are listed as follows:

KISS-1 forward, 5¶-GCTTCTCCTCTGTGTGGCCTC-3¶
KISS-1 reverse, 5¶-AGCCCCAGGCTTGCTCTC-3¶
VEGF forward, 5¶-GCAGGGGACAGAGGGACTTG-3¶
VEGF reverse, 5¶-GAGGCCATCGCTGCACTCA-3¶
MMP-9 forward, 5¶-CCTCTGGAGGTTCGACGTGA-3¶
MMP-9 reverse, 5¶-TAGGCTTTCTCTCGGTACTGG
AA-3¶
TIMP-l forward, 5¶-CTGGCTTCTGGCATCCTGTT-3¶
TIMP-l reverse, 5¶-CCCTAAGGCTTGGAACCCTTT-3¶
WAVE3 forward, 5¶-TGCCTTTAGTGAAGAGGAA
CA-3¶
WAVE3 reverse, 5¶-ATTCGAATAGCAGCGAGGAG-3¶
PPAR-F forward, 5¶-GACCACTCCCACTCCTTTGA-3¶
PPAR-F reverse, 5¶-AGGCTCCACTTTGATTGCAC-3¶
GAPDH forward, 5¶-AGGTGAAGGTCGGAGTCA
AC-3¶
GAPDH reverse, 5¶-CGCTCCTGGAAGATGGTGAT-3¶

Western Blot Analysis
According to the changes in gene expression, some pro-

teins associatedwith cell invasionwere detectedbyWestern blot.
A2780 cells were treated with 32 and 64 KM DHA; HO8910
cells were treated with 60 and 120KMDHA; and SKOV-3 cells
were treated with 30 and 60 KM DHA. After 72 hours, cells
were washed with ice-cold PBS and cracked in RIPA lysis
buffer (Beyotime, Haimen, China) containing protease inhib-
itor (Complete, Roche Diagnostics, Mannheim, Germany). Cell
lysate was centrifuged at 13,000 rpm for 10 minutes at 4-C; the
supernatant was collected and boiled at 100-C for 10 minutes.
Protein concentrations were measured using the BCA protein
assay kit. Then, 50Kg of proteins was electrophoresed in SDS-
PAGE, and transferred onto PVDF (polyvinylidene difluoride)
membranes in awet-transfer apparatus. Membranes were blocked
with 5% bovine serum albumin in TBS-Tween for 1 hour and
then incubatedwith a specific primary antibody (VEGF, COX-2,
MMP-3, MMP-9, N-Ca, WAVE3, STAT3, and NF-JB) over-
night at 4-C.Membranes were washed 3 times with TBS-Tween
(TBS containing 0.1% Tween 20) and incubated with horse-
radish peroxidaseYconjugated secondary antibodies for 1 hour
at room temperature, and blots were developed with en-
hanced chemiluminescence reagents (PerkinElmer Life
Sciences, Waltham, MA) and exposed to x-ray film. The ex-
pression levels were normalized to GAPDH.

Zebrafish Model
Transgenic zebrafishes (fli-1:EGFP) were purchased

from the Model Animal Research Center of Nanjing Uni-
versity, raised by strict control of light and temperature in the
laboratory. Day and night time ratio is 14:10 hours. The pH is
7.0 T 0.2, and temperature is approximately 28.0-C T 1.0-C
in water. Zebrafishes were fed with brine shrimp once and
prawn crackers twice every day. Adult transgenic zebrafishes
younger than 1 year were used in the experiments. The day
before fertilization, individual female zebrafishes were placed
in mating tanks with 2 males. The next morning, mating was
initiated by light stimuli, followedbycollection of fertilized eggs.
The eggswere incubated in eggwater (0.2 g/L Instant Ocean Salt

in demi water) at 28.5-C. All protocols were approved by the
Institutional Animal Care and Use Committee at Nanjing
Tech University.

DHA Microinjection
At 1 day after fertilization (dpf ), embryos were posi-

tioned on a 10-cm Petri dish coated with 1% agarose. One-
microgram ALA and DHA preparations were injected into
the yolk sac of transgenic zebrafishes, respectively. Trans-
genic zebrafishes injected with the same dose of PBS was
used as a control. At 2 dpf, images were taken using fluo-
rescence microscope to examine the effects of ALA and DHA
on the growth of the subintestinal vessels of zebrafishes. Angio-
genic perimeter (pixel) was measured using the ImagePro plus
software, and vascular branch number was calculated. Ten
embryos per group were used in our study, and each exper-
iment was carried out in 3 independent replicates.

Human Ovarian Cancer Cell Implantation
HO8910 cells were pretreated with 120 KM ALA and

DHA for 72 hours, respectively. Before microinjection, cells
were incubatedwith cell trackerCM-Dil at a final concentration
of 2.5Kg/mL for 5minutes at 37-C, then followed by 15minutes
at 4-C. Cells were washed twice to remove unincorporated dye
with PBS and resuspended with 2% PVP as described pre-
viously (2 � 107 cells/mL).21 In general, PVP is used as
pharmaceutic adjuvant to prevent cell clumping and needle
clogging. At 2 dpf, embryos were anesthetized with 0.003%
tricaine (Sigma-Aldrich Corp) and positioned on a 10-cm Petri
dish coated with 1% agarose. Then the avascular region of
the yolk sac was injected with 10 nL cell suspension con-
taining approximately 200 cells using a glass needle, Narishige
IM-31 injection system (Narishige, Tokyo, Japan) under the
dissecting microscope (Nikon SMZ745, Japan). The glass
needles used to inject the cells were prepared from G-100
glass capillaries (Narishige, Tokyo, Japan) using a P-97 flaming/
brown micropipette puller (Sutter Instrument Co, United
States). Injection of 2% PVP was used as a control. After the
implantation, zebrafishes were raised by standard methods as
described previously,22,23 and the embryos were kept in egg
water at 32-C containing 1% PTU to inhibit melanin produc-
tion. This temperature was chosen as an intermediate between
37-C (optimal cells temperature) and 28-C (optimal fishes
temperature), which allowed for normal development of the
embryo and not impaired ovarian cancer cells. At 1 dpi,
embryos with cells injected into the circulation were discarded.
At 5 dpi, images were taken using fluorescence microscope
(IX71, Olympus, Japan). The red florescence of ovarian cancer
cells was examined to determine metastasis. We used 30 embryos
per group in our study, and each experimentwas carried out in
3 independent replicates.

Statistical Analysis
The measurement data were presented as mean T SD

and were processed by using GraphPad Prism 5.0 (GraphPad
Software Inc,SanDiego,CA) andSPSS17.0 statistical software
package (SPSS, Illinois). Intergroup differences were analyzed
by t test, and multiple comparisons among several groups were
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conducted by analysis of variance. *P G 0.05 was considered to
be statistically significant.

RESULTS

The Effects of DHA on Cell Viability in
A2780, HO8910, and SKOV-3

As shown in Figure 1, significant inhibition was noted
in A2780, HO8910, or SKOV-3 after treatment with ALA and
DHA, and in a dose-dependent manner. In fact, the ratio of 50%
inhibition was approximately at a concentration of 128 KM of
ALA and DHA in A2780 and SKOV-3 cell lines except HO8910
whose proliferation was 50% inhibited at 256KM. It is seemed
that HO8910 was resistant to the inhibitory effects of ALA and
DHA and need a much higher concentration of ALA and DHA
compared with A2780 and SKOV-3. The maximum safe dos-
age for ALA and DHA in HO8910 was 120 KM (survival rates
of cancer cells were more than 95%). According to the low
growth-inhibitory effect, A2780 cells pretreated with 64 KM
ALA, 32 KM and 64 KM DHA, HO8910 cells with 120 KM
ALA, 60 KM, and 120 KM DHA, and SKOV-3 cells with
60 KM ALA, 30 KM, and 60 KM DHA for 72 hours were
selected in subsequent experiment, respectively.

DHA Inhibited Invasive Abilities of
Ovarian Cancer Cell

The invasion assay was performed to test the effects of
ALA and DHA on 3 kinds of ovarian cancer cells. A2780,
HO8910, andSKOV-3cellswerepretreatedwith64KM,120KM,
and 60KMofALA and 32/64KM, 60/120KM, and 30/60KM
ofDHA and 0.1%DMSO for 72 hours, respectively. Cells were
considered to be invasive if they could get through the layer of
Matrigel. As shown in Figure 2, HO8910 showed the strongest
aggressiveness with maximum number of cells (approximately
133 cells), but A2780 showed the weakest invasion ability
(approximately 50 cells) among 3 kinds cell lines. Therefore,
HO8910 was chosen to do the subsequent in vivo metastasis
experiment. With the increasing concentrations of DHA, the
number of cells got through the Matrigel was obviously de-
creased in 3 kinds of cell lines (P G 0.005). However, compared
with 0.1% DMSO groups, there were not significantly differ-
ences in 3 kinds of cells treated with the same concentration of

ALA (P 9 0.05). It is seemed that DHA suppressed the invasive
abilities of ovarian cancer cells in dose-dependent manner.

DHA Downregulated mRNA Expression
or Proteins Expression Associated with
Invasion and Metastasis in Human Ovarian
Cancer Cells

To qualitatively detect the effects of DHA on mRNA or
proteins expression associated with invasion and metastasis,
we investigated mRNA or proteins associated with invasion
andmetastasis using cancer cells treatedwithDHA (32/64KM,
60/120 KM, and 30/60 KM) for 72 hours, respectively. As
shown in Figure 3A, compared with the control, the levels of
genes expression associatedwith invasion andmetastasis (VEGF,
WAVE3,MMP-9) were decreased, but anti-invasion or metastasis
genes (KISS-1, PPAR-F, TIMP-1) were increased obviously. As
shown in Figure 3B, compared with 0.1% DMSO group, the
level of expression (NF-JB, VEGF, MMP-9, MMP-3, STAT3,
WAVE3, COX-2) was low in A2780, HO8910, or SKOV-3
treated with DHA, respectively, except N-Ca protein, though
the expression of some proteins were not detected (the blanks
were shown).

DHA Inhibited the Development
of Subintestinal Vessels in
Transgenic Zebrafish

To elucidate the vascular development affected by DHA,
angiogenesis, which was considered to be an essential element
of solid tumor metastasis, was assessed. We examined the changes
in subintestinal vessels after ALA and DHA treatment by
transgenic zebrafishes. The development of subintestinal ves-
sels of transgenic zebrafishes was significantly suppressed at
48 hpi after microinjection with DHA. Either the vascular
perimeter or the vascular branch number in the DHA group
was less than that in the control group (P G 0.01). However, this
inhibitory effect was not obvious in the ALA group (Fig. 4).

DHA Inhibited Metastasis of HO8910 Cells
in Model of Transgenic Zebrafishes

To further elucidate the effect of ALA and DHA on
metastasis of human ovarian cancer cells, the aggressive
ability of HO8910 cells was assayed. We evaluated the

FIGURE 1. The cytotoxicity of ALA and DHA in A2780, HO8910, and SKOV-3. The effects of ALA and DHA on
cell viability in A2780, HO8910, and SKOV-3 were determined by CCK-8 assay. Each column shows cell viability
(%) mean T SD of 3 independent experiments performed in triplicate. ALA was used as isotype control.

International Journal of Gynecological Cancer & Volume 26, Number 6, July 2016 DHA Effects on Ovarian Cancer Behavior

* 2016 IGCS and ESGO 997



optimal number (200 cells injected per fish). The cancer
cell disseminationwas considered asmigration if the cells were
beyond the boundaries with the heart cavity frontally, on top

of the swim bladder dorsally and beyond the urogenital
opening caudally. After 5 days, approximately 40% of the
zebrafishes injected by HO8910 cells displayed metastasis

FIGURE 2. The effect of ALA and DHA on invasion abilities in A2780, HO8910, and SKOV-3 cells. A2780, HO8910,
and SKOV-3 cells were pretreated with ALA (64 KM, 120 KM, and 60 KM), DHA (32/64 KM, 60/120 KM, and
30/60 KM), or without DHA for 72 hours, respectively. Images of A2780 were acquired at 200 magnification,
and images of HO8910 and SKOV-3 were acquired at 100magnification under an invertedmicroscope. Each column
shows the mean of 3 independent experiments performed in triplicate. The asterisks labeled above the error bars
indicated significant differences compared with the group treated with ALA or 0.1% DMSO (***P G 0.005 compared
with the control). ALA was used as isotype control.
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phenotype, and approximately 35% of the zebrafishes injected
by HO8910 cells pretreated with 120 KM ALA displayed
metastasis phenotype (Fig. 5B). As shown in Figure 5A,
HO8910 cells untreated with DHA migrated to the head,
blood vessels, and the tail part; while pretreated with 120KM
DHA for 72 hours, cells were jailed in the injection site or
within the boundaries without migration phenotype. The
5 days survival rate of zebrafishes injected cells were both
approximately 85% in groups treated with or without ALA or
DHA, however, 90% in 2% PVP group. There was no statis-
tically significant difference in survival rate among groups;
however, there was statistically significant difference in the

metastasis rate between the groups treated with or without
DHA (P G 0.005) (Fig. 5B).

DISCUSSION
Cancer invasion is started and maintained by signaling

pathways that control cytoskeletal dynamics in tumor cells.24

It is also the first step of cancer metastasis, suggesting that
effective inhibition of tumor cells invasion can also effectively
inhibit tumor metastasis.25 In the present study, we observe
that DHA administration could significantly reduce the
number of cells that got through the basement membrane in a

FIGURE 3. The effect of DHA on expression of genes or proteins associated with invasion and metastasis (A) A2780,
HO8910, and SKOV-3 cells were respectively pretreated with (64 KM, 120 KM, and 60 KM) or without DHA for
72 hours. RT-PCR analysis was used to assess the relative expression of KISS-1, VEGF, MMP-9, TIMP-1, WAVE3,
and PPAR-F. The fold change of gene expression was calculated by the 2-$$CT method. GAPDH was used as the
reference gene. Cells with ALA treatment were used as the respective control (***P G 0.005, **P G 0.01,
*P G 0.05). B, A2780, HO8910, and SKOV-3 cells were pretreated with DHA (32 and 64 KM, 60 and 120 KM,
30 and 60 KM) for 72 hours, respectively. Western blot analysis was performed using antibodies against NF-JB,
VEGF, MMP-9, MMP-3, STAT3, WAVE3, COX-2, and N-Ca. The expressions of some genes or proteins were
not detected by RT-PCR or Western bolt (the blanks were shown).
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dose-dependent manner (Fig. 2). All of these suggest that
DHA had a beneficial effect on inhibition of invasion in
human ovarian cancer cells.

Tumor metastasis, the spread of cancer from the pri-
mary tissue or origin and subsequent growth in distant organs
or tissues,25 is recognized to be one of the major causes of
failure in cancer therapy. Vascular growth is often regulated

by angiogenic cytokines, growth factors, and integrins.26

Vascular endothelial cell growth factor plays an important
role in endothelial cell proliferation, angiogenesis, tumor
invasion, tumor metastasis, and often highly expressed in
many malignant tumors, such as gastric cancer, bladder cancer,
and ovarian cancer. In this study, we find that DHA admin-
istration could suppress both VEGF mRNA and/or protein

FIGURE 4. The effects of ALA and DHA on the development of vascular system in transgenic zebrafishes. One
microgram of ALA and DHA was injected into the yolk sac of transgenic zebrafish at 24 hpf, respectively. The
vascular branch number and the vascular perimeter were calculated in each fish at 48 hpi. Results showed 1 of
3 independent experiments (**P G 0.01, *P G 0.05 compared with the control). The same dose of PBS was
used as a control. ALA was used as isotype control.
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expression of A2780 and HO8910 (Fig. 3). Our results
suggest that DHA might directly or indirectly affect inva-
sion ability of A2780 and HO8910 through downregulation
expression of VEGF gene or protein.

It is known that KISS-1 is an important tumor metas-
tasis suppressor gene in a variety of cancer cells.14 Over-
expression of KISS-1 reduces invasion and migration of
breast cancer cells15 and loss of KISS-1 results in metastasis.16

KISS-1 can also inhibit tumor metastasis through inhibiting
MMP-9 activity by decreasing NF-JB expression, which binds
to the MMP-9 promoter.27 NF-JB, a transcription factor widely
existing in organisms, is involved in cell proliferation, inflam-
mation, and tumor invasion and metastasis. NF-JB can pro-
mote cancer invasion and metastasis by inducing tumor cell
Epithelial Mesenchymal Transformation28 and upregulate an-
giogenic factors expression.29 The key changes in this pro-
cess are the downregulation of the E-cadherin expression and

upregulation of the N-cadherin expression.30 Gravaghi et al
reported that DHA could suppress tumor cells invasion and
metastasis through reducing the NF-JB mRNA transcription
and protein expression.31 Stöcker et al also showed that DHA
could inhibit tumor invasion and metastasis through down-
regulation COX-2 expression, downstream target of NF-JB.32

In this study, the KISS-1 is upregulated in 3 kinds of ovarian
cancer cells (Fig. 3A). In the NF-JB protein and its downstream
target COX-2, E-Ca protein expression is downregulated in both
HO8910 and SKOV-3 treated with DHA for 72 hours (Fig. 3B).
With the increasing of DHA concentration, the expression of
N-Ca protein is increased in SKOV-3 and HO8910. It suggests
that DHA may inhibit ovarian cancer cell invasion and metas-
tasis through upregulatingKISS-1 and downregulatingNF-JB.

MMP-9 is also a major NF-JB target gene and is one of
the most crucial members of the family of MMPs, which are
named for their dependence onmetal ions for catalytic activity

FIGURE 5. The effects of ALA and DHA on metastasis of HO8910 cells in model of transgenic zebrafishes.
A, 200 cells were injected into the yolk sac of transgenic zebrafishes at 48 hpf per fish, which were pretreated
with 120 KM ALA and DHA for 72 hours. A fluorescence microscopy was used to observe dissemination of
HO8910 cells in zebrafishes 5 dpi. Green fluorescence shows vasculature of transgenic zebrafish, red fluorescence
representing HO8910 cells. B, The metastasis rate and survival rate of zebrafishes was shown by histogram.
These experiments were performed in triplicate, and the results showed 1 of 3 independent experiments (***P G 0.005
compared with the control). ALA was used as isotype control. Two percent PVP was used as pharmaceutic
adjuvant to prevent cell clumping and needle clogging, and also as a control.
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and their ability to degrade ECM,33 which can promote EMT,
activate growth factor receptor, and promote angiogenesis
to facilitate the migration and invasion of cancer cells.17 Fur-
thermore, DHA could downregulate the MMP-9 expression
or enzyme activity to inhibit prostate cancer cells invasion
and metastasis, in a dose-dependent fashion.18 In our study,
we find that the expression of TIMP-1 of A2780 andHO8910
was significantly upregulated after treatment with DHA for
72 hours (Fig. 3A), but MMP-9 expression of gene or protein
was downregulated. It is seemed that DHA inhibited inva-
sion and metastasis of ovarian cancer through increasing
expression of TIMP-1 (MMP-9 inhibitor) or inhibiting expres-
sion of MMP-9, as a result of downregulation of upstream
signaling molecule NF-JB. Furthermore, we find that the
WAVE3 gene and protein expressions were downregulated in
A2780 treated with DHA (Fig. 3).

Various animal models have been established to re-
search the role of drug on antiangiogenesis and antitumor
invasion and metastasis before the advent of zebrafishes model.
The most common application model is the transgenic zebrafish,
in which vascular endothelial cells were transfected with green
fluorescent protein (fil-1:EGFP).19 Its bloodvessel systemshows
green fluorescence observation under the fluorescence micro-
scope. Using the advantage of the optical transparency of
zebrafish, we can detect tumor cell progression within 1 week
after injection and provide live imaging of fluorescently
labeled cancer cells.20,34 In this study, compared with the
control group, the development of subintestinal vessels is sig-
nificantly inhibited in terms of branch number and angio-
genic perimeter in transgenic zebrafishes injected with DHA
(Fig. 4). When the dose of DHA is reduced to 500 ng or ob-
servation time is shorted to 24 hours, there is no obvious change
in subintestinal vessel development between the 2 groups
treated with or without DHA, suggesting that DHA inhibits
angiogenesis in dose- and time-dependent manner.

We find that there is no metastasis phenotype in our
zebrafishes model, meanwhile HO8910 cells continued to jail
in the injection site after treatment with 120 KM DHA for
72 hours (Fig. 5A). However approximately 40% of zebrafishes
show metastasis phenotype (injected cells was transferred to
head, tail, and blood vessel) in zebrafishes injected HO8910
without DHA (Fig. 5B). It demonstrates that DHA could sig-
nificantly inhibit the metastasis of HO8910 in zebrafishes.

In conclusion, DHA inhibits angiogenesis, invasion, and
metastasis of ovarian cancer cells in vitro and in vivo, but ALA
(another important member of U-3 PUFAs family) does not
inhibit in the study. The inhibition effect is modulated via
NF-JB signaling pathways directly or indirectly, as well as
other signaling molecules, such as VEGF and MMP-9.
However, these in vitro and in vivo studies cannot accurately
show the integrative nature of DHA in human. Further studies
should be carried out to verify the antitumor activity of
DHA in clinic experiments rather than data obtained from
zebrafish. Next, we are going to test levels of U-3 poly-
unsaturated fatty acids, particularly DHA, stored in adipose
tissue of patients before treatment. As previously men-
tioned, diet is the main supply source of U-3 PUFA to tis-
sues. Because adipose tissue is a biomarker of the past 2 to
3 years of intake of dietary lipids, it was hypothesized that

supplementing patients with these lipids could improve
treatment outcome.
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