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Summary

Purpose: To elucidate the influence of Fucoidan on chang-
ing ovarian cancer cell functions through the miR-20a-5p/
PKD2 axis.

Methods: Ovarian cancer cell lines SKOV3 and CAOV3 were
induced with DMSO (negative control), 20 ng/ml Fucoidan,
50 ng/ml Fucoidan, 100 ng/ml Fucoidan or 200 ng/ml Fu-
coidan for 24 h, followed by fresh medium replacement and
cell culture for another 48 h. Proliferation inhibition rate
was detected by CCK-8 assay. Subsequently, proliferative
and migratory rates in SKOV3 and CAOV3 cells induced
with 100 ng/ml Fucoidan for 24 h were determined by CCK-
8, EdU and Transwell assay, respectively. Relative levels of
miR-20a-5p and PKD2 in Fucoidan-induced cells were de-
tected. Subsequently, requlatory effects of miR-20a-5p on
phenotypes of Fucoidan-induced ovarian cancer cells were
examined. The binding interaction between miR-20a-p and

Introduction

Among all gynecologic malignancies, epithe-
lial ovarian cancer has the highest mortality [1-3].
Over time the therapeutic strategies for ovarian
cancer achieved great progress [3,4]. Tumor cytore-
ductive surgery combined postoperative paclitaxel
and platinum-based chemotherapy is the standard
treatment for ovarian cancer at present [4,5]. It ef-
fectively improves prognosis of initially diagnosed
ovarian cancer cases. Nevertheless, advanced pa-
tients have a poor response to this standard treat-
ment. The 5-year survival of stage III and IV ovari-
an cancer is only 29% and 13%, respectively, which
is largely attributed to chemotherapy resistance

PKD2 was finally assessed by dual-luciferase reporter assay
and rescue experiments.

Results: Fucoidan induction enhanced dose-dependently
proliferation inhibition rate in SKOV3 and CAOV3 cells. It
remarkably inhibited proliferative and migratory functions
in ovarian cancer cells. Fucoidan induction upregulated
miR-20a-5p and downrequlated PKD2. The binding rela-
tionship between miR-20a-5p and PKD2 was ascertained.
Overexpression of miR-20a-5p reduced proliferative and mi-
gratory functions in Fucoidan-induced ovarian cancer cells,
which were abolished by overexpressed PKD2.

Conclusions: Fucoidan inhibits ovarian cancer cells to prolif-
erate and migrate via mediating the miR-20a-5p/PKD2 axis.
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and metastasis [5,06], so it is urgent to search more
effective treatments for ovarian cancer [7-9].
Fucoidan is a water-soluble polysaccharide
mainly containing the structure of L-fucose and
sulfate groups [10,11]. Fucoidan can effectively in-
hibit the proliferative potential and angiogenesis
of solid tumor cells [12,13]. As a potential transla-
tional medicine, Fucoidan is of significance in adju-
vant cancer therapy [13,14]. However, how ovarian
cancer cells develop drug resistance that escapes
from chemotherapy effect remains unclear.
Accumulating miRNAs/miRs have been
emerged that participate in human cancer process
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[15-18]. They are either oncogenes or tumor-sup-
pressor genes involved in nearly every aspect of
cancer cell function [19,20]. In the present study,
we aimed to uncover the role of Fucoidan in inhib-
iting malignant phenotypes of ovarian cancer cells
and the molecular mechanism.

Methods

Patients and ovarian cancer samples

Thirty ovarian cancer tissues and paired non-tumor
ones were surgically resected. TNM staging was deter-
mined based on the 8% edition of UICC/AJCC guideline.
Patients did not receive preoperative anti-cancer treat-
ment. This study was approved by the research ethics
committee of The First Hospital of Hangzhou Fuyang
and complied with the Helsinki Declaration. Informed
consent was obtained from subjects and their parents.

Cell lines and reagents

Ovarian cancer cell lines SKOV3 and CAOV3 were
purchased from American Type Culture Collection
(ATCC) (Manassas, VA, USA). They were cultured in
Dulbecco’s Modified Eagle Medium (DMEM) (Gibco,
Rockville, MD, USA) with 10% fetal bovine serum (FBS)
(Gibco, Rockville, MD, USA) at 37°C, 5% CO,.

Transfection

Transfection plasmids were synthesized by Ge-
nePharma (Shanghai, China). They were transfected in
cells that were cultured to 30-50% density using Lipo-
fectamine 2000 (Invitrogen, Carlsbad, CA, USA). At 48
h, cells were collected for testing transfection efficacy.

Cell counting kit-8 (CCK-8)

Cells were inoculated in 96-well plates with 2.5x10°
cells/well. On days 1, 2, 3 and 4, optical density (OD) at
450 nm of each sample was recorded using the CCK-8
kit (Dojindo Laboratories, Kumamoto, Japan) for plotting
the viability curves.

5-Ethynyl-2’-deoxyuridine (EAU) assay

Cells were induced with 50 pM EdU (RiboBio,
Guangzhou, China) for 2 h, and dyed using AdoLo and
4’ 6-diamidino-2-phenylindole (DAPI) in the dark. EAU-
labeled cells were captured for calculating the percent-
age of EAU incorporation.

Transwell migration assay

200 pl of suspension containing 4x10* SKOV?3 cells
or 2x10* CAOV3 cells were applied on the top of a Tran-
swell insert, which was placed in each well containing
500 pl of medium and 10% FBS. Cells were allowed to
migrate for 48 h, and they were fixed, dyed and captured
for counting in five random fields per sample.

Quantitative real-time polymerase chain reaction (qRT-PCR)

Samples were processed for isolating RNAs using TRI-
zol method (Invitrogen, Carlsbad, CA, USA). After purifica-
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tion of cellular RNAs, they were reversely transcribed to
complementary DNAs (cDNAs) and subjected to qRT-PCR
using SYBR®Premix Ex Taq™ (TaKaRa, Dalian, China). Rel-
ative levels of PCR products were calculated by 244 and
normalized to that of glyceraldheyde 3-phosphate dehy-
drogenase (GAPDH) or U6. Primers sequences were as fol-
lows: MiR-20a-5p: Forward: 5’-TAAAGTGCTTATAGTGCAG-
GTAG-3’, Reverse: 5-GTGGCAAAATGGCGGACTTT-3’; UG:
Forward: 5-TCCGGGTGATGCTTTTCCTAG-3’, Reverse:
5-CGCTTCACGAATTTGCGTGTCAT-3’; PKD2: Forward:
5-GGCTTGGGGGCTACCAC-3’, Reverse: 5-CTTGTTCCCCA-
GAGACCTCG-3’; GAPDH: Forward: 5-CGCTCTCTGCTCCTC-
CTGTTC-3’, Reverse: 5'-ATCCGTTGACTCCGACCTTCAC-3'.

Western blot

Radioimmunoprecipitation assay (RIPA) (Beyotime,
Shanghai, China) was used to lyse cells on ice, and the
lysate was subjected to 14000xg centrifugation at 4°C.
Fifteen min later, the precipitant was resuspended for
measuring protein concentration. Prepared protein sam-
ples were loaded on sodium dodecyl sulphate-polyacryla-
mide gel electrophoresis (SDS-PAGE) and polyvinylidene
fluoride (PVDF) membranes (Millipore, Billerica, MA,
USA), which were blocked for non-specific antigens in 5%
skim milk for 2 h. Later, membranes were immunoblotted
with primary and secondary antibodies (Cell Signaling
Technology, Danvers, MA, USA) for grey value analysis.

Dual-luciferase reporter assay

HEK293T cells were seeded in 24-well plates, and co-
transfected with NC/miR-20a-5p mimic and PKD2-WT/
PKD2-MUT, respectively using Lipofectamine 2000. Lucif-
erase activity was measured at 48 h in lysed cell mixture us-
ing the commercial kit (Promega Corp., Madison, WI, USA).

Statistics

SPSS 22.0 software package (IBM, Armonk, NY, USA)
was used for statistical analyses. Data were expressed as
means+standard deviation. Differences between groups
were compared by the t-test. Correlation between expres-
sion levels of two genes was assessed by Pearson cor-

relation test. A significant difference was set at p<0.05.

Results

Fucoidan inhibited proliferative and migratory poten-
tials of ovarian cancer

SKOV3 and CAQOV3 cells were induced with
DMSO (negative control), 20 ng/ml Fucoidan, 50
ng/ml Fucoidan, 100 ng/ml Fucoidan or 200 ng/
ml Fucoidan for 24 h. Proliferation inhibition rate
was dose-dependently declined, which achieved
the point of inflection at 100 ng/ml (Figure 1A).
In the following experiments, SKOV3 and CAOV3
were pre-induced with 100 ng/ml Fucoidan for 24 h.
Cell viability was much lower in Fucoidan-induced
ovarian cancer cells than those of controls (Figure
1B). EdU incorporation was reduced by Fucoidan in-
duction as well (Figure 1C). Transwell assay results
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showed that Fucoidan induction suppressed the mi-
gratory potential of ovarian cancer (Figure 1D).

Fucoidan regulated miR-20a-5p/PKD2 axis in ovarian
cancer

QRT-PCR data showed that Fucoidan induc-
tion upregulated mRNA level of miR-20a-5p and
downregulated protein level of PKD2 in SKOV3
and CAQOV3 cells (Figure 2A, 2B). Compared with
non-tumor tissues, downregulated miR-20a-3p and
upregulated PKD2 were detected in ovarian can-
cer tissues (Figure 2C, 2D). Based on the predicted
binding site in PKD2 3'UTR that paired to miR-
20a-3p promoter sequence, dual-luciferase reporter
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assay verified their binding relationship (Figure 2E,
2F). In addition, a negative correlation was discov-
ered between expression levels of miR-20a-3p and
PKD2 in ovarian cancer tissues (Figure 2G).

MiR-20a-5p abolished Fucoidan-induced inhibited pro-
liferative and migratory potentials of ovarian cancer

Transfection efficacy of miR-20a-5p mimic was
tested by qRT-PCR (Figure 3A). Overexpression of
miR-20a-5p reduced the viability in ovarian cancer
cells either induced with DMSO or Fucoidan (Figure
3B). In Fucoidan-induced SKOV?3 and CAOV?3 cells,
overexpression of miR-20a-5p markedly downregu-
lated the protein level of PKD2 (Figure 3C). Moreo-
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Figure 1. Fucoidan inhibited the proliferative and migratory potentials of ovarian cancer. A: Proliferation inhibition
rate in SKOV3 and CAOV3 cells induced with DMSO, 20 ng/ml, 50 ng/ml, 100 ng/ml or 200 ng/ml Fucoidan for 24 h.
B: Cell viability in SKOV3 and CAOV3 cells induced with 100 ng/ml Fucoidan or DMSO. C: EdU incorporation in SKOV3
and CAOV3 cells induced with 100 ng/ml Fucoidan or DMSO (40x). D: Migration in SKOV3 and CAOV3 cells induced

with 100 ng/ml Fucoidan or DMSO (40x). *p<0.05, **p<0.01.
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ver, viability and EAU incorporation were both de-
clined (Figure 3D, 3E). Transfection of miR-20a-5p
mimic also reduced the migratory cell number in
Fucoidan-induced ovarian cancer cells (Figure 3F).

Overexpression of PKD2 abolished the role of miR-20a-
5p in regulating Fucoidan-induced ovarian cancer cell
functions

To further explore the co-regulation of miR-
20a-5p and PKD2 in Fucoidan-induced ovarian can-
cer cells, cells were co-transfected with miR-20a-5p
mimic and pcDNA-PKD2. Transfection efficacy of
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pcDNA-PKD2 was tested by Western blot (Figure
4A). Compared with Fucoidan-induced ovarian can-
cer cells only overexpressing miR-20a-5p, those co-
overexpressing miR-20a-5p and PKD2 had higher
viability, EAU incorporation and migratory cell
number (Figure 4B-4D).

Discussion

Ovarian cancer is a common malignancy of
the female reproductive organs. Its morbidity and
mortality are on the rise, with an annual growth
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Figure 2. Fucoidan regulated the miR-20a-5p/PKD2 axis in ovarian cancer. A: MiR-20a-5p level in SKOV3 and CAOV3
cells induced with 100 ng/ml Fucoidan or DMSO. B: Protein level of PKD2 in SKOV3 and CAOV3 cells induced with
100 ng/ml Fucoidan or DMSO. C: MiR-20a-5p level in ovarian cancer tissues and normal ones. D: PKD2 level in ovarian
cancer tissues and normal ones. E: Predicted binding sites in 3’UTR of miR-20a-5p and PKD2. F: Luciferase activity in
PKD2 vectors regulated by miR-20a-5p. G: A negative correlation between expression levels of PKD2 and miR-20a-5p

in ovarian cancer tissues. **p<0.01, ***p<0.001.
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rate of 1.8% [1-3]. About 75% of ovarian cancer pa-
tients are diagnosed in advanced stage at the time
of diagnosis. They are usually comprehensively
treated by surgery and postoperative chemothera-
py [4-7]. Clinical outcomes of ovarian cancer treat-
ment are not ideal. Hence, great efforts should be
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Fucoidan is an intercellular polysaccharide in-
herent in brown algae, which is distributed in cell
wall matrix. Fucoidan is necessary for brown algae
to absorb light and nutrients. The content of Fu-
coidan in kelp is about 0.3%-1.5% [10-12]. Fucoidan
is a functional substance for inducing cancer cell
apoptosis without toxic side effects on normal cells
[13]. However, the detailed mechanism underlying
the anti-cancer role of Fucoidan is inconsistent and
unclear [13,14]. This study aimed to explore the
inhibitory effect of Fucoidan on ovarian cancer de-
velopment. Our study first uncovered that Fucoidan
induction enhanced dose-dependently the prolif-
eration inhibition rate in SKOV3 and CAOV?3 cells.
It also attenuated the proliferative and migratory
potentials of ovarian cancer cells.

As a vital component of gene regulatory net-
work, miRs are of significance in cancer develop-
ment and progression [16-18]. In ovarian cancer
cells, Fucoidan induction upregulated miR-20a-5p.
Moreover, overexpression of miR-20a-5p remark-
ably inhibited the stimulated proliferative and
migratory potentials in Fucoidan-induced ovarian
cancer cells.

MiRs exert their biological functions through
post-transcriptionally regulating gene expressions
in a manner of complementary base pairing to tar-
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