
Natural Product Sciences

26(3) : 191-199 (2020)

https://doi.org/10.20307/nps.2020.26.3.191

191

Fucoidan Induces Apoptosis in A2058 Cells through ROS-exposed Activation 

of MAPKs Signaling Pathway

Yea Seong Ryu1,2, Jin Won Hyun2,*, and Ha Sook Chung1,*

1Department of Food and Nutrition, College of Natural Sciences, Duksung Women’s University, Seoul 01369, Korea
2Department of Biochemistry, School of Medicine and Institute for Nuclear Science and Technology, Jeju National University, 

Jeju 63243, Korea

Abstract  Fucoidan, a natural component of brown seaweed, has various biological activities such as anti-
cancer activity, anti-oxidant, and anti-inflammatory against various cancer cells. However, the fucoidan has been
implicated in melanoma cells via apoptosis signaling pathway. Therefore, we investigated apoptosis with
fucoidan in A2058 human melanoma cells with dose- and time-dependent manners. In our results, A2058 cells
viability decreased at relatively short-time and low-concentration through fucoidan. This effects of fucoidan on
A2058 cells appeared to be mediated by the induction of apoptosis, as manifested by morphological changes
through DNA-binding dye Hoechst 33342 staining. When a dose of 80 µg/mL fucoidan was treated, the cells
were observed: crescent or ring-like structure, chromatin condensation, and nuclear fragmentation. With the
increase at 100 µg/mL fucoidan, the cell membrane is intact throughout the total process, including membrane
blebbing and loss of membrane integrity as well as increase of sub-G1 DNA. Furthermore, to understand the
exact mechanism of fucoidan-treated in A2058 cells, western blotting was performed to detect apoptosis-related
protein expression. In this study, Bcl-2 family proteins can be regulated by fucoidan, suggesting that fucoidan-
induced apoptosis is modulated by intrinsic pathway. Therefore, expression of Bcl-2 and Bax may result in
altered permeability, activating caspase-3 and caspase-9. And the cleaved form of poly ADP-ribose polymerase
was detected in fucoidan-treated A2058 cells. These results suggest that A2058 cells are highly sensitive to
growth inhibition by fucoidan via apoptosis, as evidenced by activation of extracellular signal-regulated kinases/
p38/Bcl-2 family signaling, as well as alteration in caspase-9 and caspase-3.
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Introduction

Fucoidan, a sulfated polysaccharide, is found in various

brown algae, such as Undaria pinnatifida, Fucus

vesiculosus and Ecklonia cava.1 The structures and

compositions of fucoidan are complex and vary from

species to species. For example, fucoidan from species of

Fucus vesiculosus, a common harvest crop of northern

hemisphere kelp, is the most common source of experi-

mental at present. It has basic composition, mainly being

composed of 44.1% fucose, 26.3% sulfate and 31.1% ash,

plus a little amino glucose2 and small quantities of

monosaccharides.3 

Accumulating studies have presented that fucoidan

shows the inhibition of coagulant,4 thrombotic,5 cancer,6

viral,7 and inflammatory activities.8 Also, fucoidan-

mediated apoptosis in cancer cells via reactive oxygen

species (ROS) production, which are responsible for the

loss of Δψm and the down-regulation of Bcl-2 proteins.

Besides inflammation, ROS can also cause cell death in

cancer by anti-tumor reagents. Fucoidan was found to

block proliferation and induce apoptosis in human

lymphoma HS-Sultan cell lines.9

Apoptosis is a self-destruction mechanism involved in

developmental sculpturing, tissue homeostasis, and the

removal of unwanted cells. Disruption of the regulation of

apoptosis may result in various diseases, including

cancer.10 An apoptotic signal transduction pathway appears

to be as follows: many pro-apoptotic signals initially

activate separate signaling pathways, which eventually

converge into a common mechanism driven by caspases.11,12
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This mechanism is negatively regulated by several sets

of genes, the best characterized of which are the Bcl-2

family.13 There is growing evidence for a role of

mitochondria in apoptosis induction, leading to the

oligomerization of adapter proteins and pro-caspases,

resulting in auto activation of initiator caspases.14 Release

of cytochrome c appears to be the central event, since it is

critical for aggregation of the adapter molecule (Apaf1).

The pro-apoptotic member of the Bcl-2 family Bax can

directly cause mitochondria to release cytochrome c.15

The ability of some Bcl-2 family members, including

Bax, to form ion channels has suggested that these

proteins open pores in the outer mitochondrial membrane,

allowing exit of cytochrome c.14

Taken together, ROS induces the oxidation of mito-

chondrial pores which contribute to cytochrome c release

by mitochondrial membrane potential disruption.16 It

seems that mitochondria are both source and target of

ROS. In this study, we investigated the molecular

mechanisms of fucoidan with cytotoxic effects through

ERK/p38/Bcl-2 family signaling in A2058 human

melanoma cells. 

Experimental

General procedure  [3-(4,5-Dimethylthiazol-2-yl)-

2,5-diphenyltetrazolium] bromide (MTT) and fucoidan

(F8190) were purchased from Sigma-Aldrich (St. Louis,

MO, USA). Dulbecco’s modified Eagle’s medium

(DMEM), fetal bovine serum (FBS), and streptomycin-

penicillin were purchased from Gibco (Carlsbad, CA,

USA). The primary p38, phosphor-p38, JNK, phopho-

JNK, ERK1/2, phospho-ERK1/2, caspase-9, caspase-3

and PARP antibodies were purchased from Cell Signaling

Technologies (Danvers, MA, USA). All other chemicals

and reagents were of the highest analytical grade. 

Cell culture and cell viability assay  The human

keratinocyte cell line (HaCaT) was purchased from the

American Type Culture Collection (Manassas, VA, USA)

and A2058 cells was obtained from Professor Hyun, Jin

Won, School of Medicine and Institute for Nuclear

Science and Technology, JeJu National University, JeJu,

Korea. Cells were maintained and MTT assay have been

conducted as previously reported.17 For experiments,

fucoidan was dissolved in dimethylsulfoxide (DMSO) at

concentrations not exceeding 0.01% and was then directly

applied to the culture medium. 

Nuclear staining with Hoechst 33342  The nuclear

morphology of the cells was observed using Hoechst

33342 DNA-specific blue fluorescent dye, followed by

previously reported.18,19 A fucoidan-treated A2058 cells

were observed under a fluorescence microscope (Olympus

Optical Co., Tokyo, Japan).

Immunocytochemistry  To obtain immunological

detection on tissues, including those tied directly to

primary antibodies, immunochemistry was performed as

reported.17 The immune reacted primary antibody was

detected by incubating cells with FITC-conjugated secon-

dary antibody (Jackson Immuno Research Laboratories,

West Grove, PA, USA). Images were collected using a

Zeiss confocal microscope and Zeiss LSM 510 software

(version 3.2; Zeiss AG, Oberkochen, Germany).

Measurement of intracellular ROS The Intracellular

ROS generation was assessed using the stable nonpolar

dye DCF-DA (Sigma-Aldrich; St. Louis, MO, USA)

followed by published method.20 ROS production was

measured by FACSCalibur flowcytometry (Becton

Dickinson, San Jose, CA, USA). 

Cell cycle analysis  Cell cycle analysis was carried

out to determine the proportion of apoptotic sub-G1

hypodiploid cells followed by previously reported.21

Fluorescence emitted from the PI-DNA complex was

quantified using FACS Calibur flow cytometer (BD

Biosciences, San Jose, CA, USA). 

Apoptosis analysis Apoptosis analysis was performed

as published reports.22 Briefly, Annexin V/PI double

staining assay was then carried out in order to differentiate

between early and late apoptosis stages. 

Protein extraction and western blot analysis 

Western blot analysis performed as previously described.22

Fluorescence was quantified using FACSCalibur flow

cytometer. The membranes detected by an enhanced

chemiluminescence western blotting detection kit (Bio-

Rad Laboratories, Inc., Hercules, CA, USA). β-Actin and

TBP were used as loading controls for the nuclear and

whole cell extracts, respectively. The values for the

specific protein levels are presented as the fold-change

relative to the control and densitometry was performed

using Image J (National Institutes of Health, Bethesda,

MD, USA).

Statistical analysis  All measurements made in

triplicate, and all values are given as the mean ± the

standard deviation. The results were subjected to an

analysis of variance followed by Tukey’s test in order to

analyze differences between conditions. In each case, a p-

value of < 0.05 was determined statistically significant.

Results and discussion

To examine anti-proliferative activities in A2058 cells
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exposed fucoidan at concentrations of 40, 80, and 100 µg/

mL for 24, 48, and 72 h, and cell viability was determined

by MTT assay. As shown in Fig. 1A, fucoidan inhibited

the proliferation of A2058 cells in dose- and time-

dependent manners. Treatment for 72 h, cell viability of

fucoidan-treated A2058 cells was decreased by 77.7%,

62.6%, and 49.7% at the concentration of 40, 80, and 100

µg/mL, respectively with IC50 values of 100 µg/mL. At

150 µg/mL and 200 µg/mL, fucoidan markedly decreased

cell proliferation 20.9% and 7.3%, respectively. Human

normal keratinocytes (HaCaT) were treated dose-depen-

dently for 72 h to compare the cytotoxic effects. (Fig.

1B). These results indicate that HaCaT cells were more

resistant to the fucoidan-treated melanoma cells. Therefore,

the concentrations of 40, 80, and 100 µg/mL were used

for the experiments.

Apoptosis is characterized by a series of morphology

changes and chromatin condensation of cellular nucleus

by distinct mechanisms. In order to determine whether the

fucoidan-induced growth inhibition in A2058 cells was

associated with the induction of apoptosis, DNA-binding

dye Hoechst 33342 staining was performed. As shown in

Fig. 2, the nuclei showed homogeneously stained and an

intact structure in control cells. After the treatment with

20 µg/mL fucoidan, cells exhibited nearly no change (data

not shown). When a dose 40 µg/mL of fucoidan was

incubated, there was a slight cell shrinkage and reduction

in cell numbers. However, with the increase at 80 µg/mL

fucoidan, the marked apoptotic morphologic alterations

were observed: membrane blebbing, nuclear fragmentation,

chromatin condensation, increased fluorescent intensity.

Especially, crescent-shaped nuclei, which are one of the

typical characteristics of apoptotic cells, were also found.

At the higher dose 100 µg/mL of fucoidan, these

characteristics were even more showed and the cells

exhibited partial detachment. These results suggest that

fucoidan showed anti-proliferative activities in a dose-

dependent manner, and is consistent with MTT results. 

In case of mitochondrial-dependent apoptosis, it is

largely regulated by direct or indirect intracellular ROS.16

The ROS production was examined to investigate the

possible mechanisms of fucoidan-induced apoptosis using

Fig. 1. (A) Cytotoxic effects of fucoidan in A2058 cells. Cell
viability at the indicated concentrations of fucoidan at 24, 48, and
72 h were assessed by MTT assay. *p < 0.05, significantly
different from control cells for 24 h; **p < 0.05, significantly
different from control cells for 48 h; #p < 0.05, significantly
different from control cells for 72 h. (B) Cytotoxic effects of
fucoidan in HaCaT human keraninocytes. Cell viability at the
indicated concentrations of fucoidan at 72 h were assessed by
MTT assay. *p < 0.05, significantly different from control cells.

Fig. 2. Microscopy image of fucoidan treated A2058 cells. After
incubation with various concentrations of fucoidan for 72 h, the
cells were observed by fluorescent microscopy using Hoechst
33342 staining (arrow indicates the formation of .bodies). 
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specific fluorescence probes H2DCF-DA. The treatment

with fucoidan caused a right shift of the H2DCF-DA,

indicating the increase of hydroxyl radicals and hydrogen

peroxide levels, followed by cell death (Fig. 3A). However,

the treatment of fucoidan and N-acetyl-L-cysteine (NAC)

slightly attenuated relative to only fucoidan treatment,

suggesting that NAC, antioxidant, might be ROS scavenger

(Fig. 3B). These results presented that ROS might be

involved in fucoidan-mediated apoptotic process.

The regulation of cell cycle is critical process for the

growth and division of cancer. Flow cytometry was

performed on A2058 cells which were treated with 40,

80, and 100 µg/mL of fucoidan to investigate the effect on

cell cycle progression. As shown in Figs. 4A and 4B,

control cells showed 11.1% of sub-G1 phase, whereas

fucoidan-treated cells caused a dose-dependent accumu-

lation of cells by 57.1%, 63.8%, and 83.2% at 40, 80, and

100 µg/mL. Moreover, it shows the significant decrease in

the S phase by 12.6%, 11.0%, and 6.4%, and in G2/M

phase by 8.4%, 7.6%, and 3.4% at 40, 80, and 100 µg/

mL. This is in agreement with a previous study of cell

viability assay and cellular phenotypic changes, such as

cell fragmentation. These results present that fucoidan

induce apoptosis in A2058 cells in dose dependently.

To further investigated the apoptotic cells, Annexin V

and PI double staining were used and were analyzed by

flow cytometry analysis. The Annexin V+/PI staining

represent the early apoptotic cells, since the high affinity

of Annexin V-FITC with phosphatidylserine (PS). The

Fig. 3. (A) Changes in ROS levels in fucoidan-treated A2058
cells. DCF-DA staining was conducted to measure changes in
ROS level. After incubation with NAC and fucoidan for 72 h,
ROS levels were measured by flow cytometry. (B) Statistical
analysis for ROS levels. *p < 0.05, significantly different from
control cells; **p <  0.05, significantly different from fucoidan-
treated cells.

Fig. 4. Effects of fucoidan on the cell cycle progression in A2058
cells. (A) After incubation with various concentrations of
fucoidan for 72 h, sub-G1 cells were detected by flow cytometry
after propidium iodide staining. (B) Statistical analysis for
apoptosis. *p < 0.05, significantly different from control cells in
Sub-G1 phase; **p < 0.05, significantly different from control
cells in G1 phase; ***p < 0.05, significantly different from control
cells in S phase; #p < 0.05, significantly different from control
cells in G2/M phase.
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plasma membrane alteration: translocation of PS from the

inner side of the plasma membrane to the outer layer is

the characteristic features of early apoptotic cells. The

Annexin V/PI+ staining represent the necrotic cells, due

to a membrane-impermeant DNA binding dye that cannot

penetrate intact cell membrane. During necrosis, Propidium

iodide (PI) enters dead cells with comprised membranes

and stains dead nucleated cells to generate fluorescence.23

And the Annexin V-/PI-population represents viable cells

and Annexin V+/PI+ as late apoptotic cells. 

The results showed that the fucoidan-treated cells

significantly increased apoptotic cells populations, com-

pared to untreated control cells (Fig. 5A). The early

apoptotic cells were increased 10.8%, 13.1%, 33.7% at

40, 80, and 100 µg/mL of fucoidan, respectively, compared

with 2.1% for the control. The late apoptotic cells were

also increased 21.2%, 20.5%, and 28.1% at 40, 80, and

100 µg/mL, respectively, compared with 7.48% for the

control. The total apoptotic cells were increased from

9.6% in control cells to 32.0%, 33.6%, and 61.8% at 40,

80, and 100 µg/mL of fucoidan, respectively (Fig. 5B).

Also, the early apoptotic cells were increased than late

apoptotic cells at 40 and 80 µg/mL. However, the late

apoptotic cells were much greater than that of early

apoptotic cells. These results present fucoidan induced

anti-proliferative activities against A2058 cells, which

were caused by inducing apoptosis in a dose-dependent

fashion. 

Caspases are a family of cysteine protease that plays

essential roles in a cascade by apoptosis signaling, this

cascade is proteins cleavage in cell. The intrinsic

mitochondrial pathway is controlled by the Bcl-2 family

proteins, which prevent mitochondrial permeability

transition pores from opening during apoptosis.24 To study

whether fucoidan induced apoptosis through the cascade-

dependent pathway, western blotting was conducted on

cells which were treated with fucoidan. The A2058

melanoma cells exposed to fucoidan showed a concentra-

tion-dependent reduction in the level of Bcl-2 protein,

with a concomitant increase in the level of Bax. With the

change of Bcl-2 family proteins, the activation of caspase-

9 and caspase-3, an effective caspase, was accompanied.

Moreover, poly ADP-ribose polymerase (PARP) cleavage,

Fig. 5. Effects of fucoidan on apoptosis in A2058 cells. (A) Flow
cytometric analysis of A2058 cells incubated with fucoidan for
72 h. The right bottom quadrant represents Annexin V-stained
cells (early-phase apoptotic cells). The top right quadrant
represents PI- and Annexin V-stained cells (late-phase apoptotic
cells). (B) Statistical analysis of apoptosis. *p < 0.05, significantly
different from control cells in intact cells; **p < 0.05, significantly
different from control cells in early apoptotic; ***p < 0.05,
significantly different from control cells in late apoptotic; #p <
0.05, significantly different from control cells in total apoptotic.

Fig. 6. Effects of fucoidan on expression of apoptosis-related
proteins in A2058 cells. Cells were treated with fucoidan (0, 40,
80, and 100 µg/mL) for 72 h. The cell lysates were electro-
phoresed, and western blotting with Bax, Bcl-2, caspase-9, caspase-
3, and cleaved PARP antibodies.
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an indicator of apoptosis, was also elevated (Fig. 6).

These results presented that fucoidan can lead to apoptosis

by caspase-related protein family and might be through

intrinsic mitochondrial apoptosis pathway. 

Mitogen-activated protein kinases (MAPKs) signaling

cascades, including c-Jun amino-terminal kinases (JNKs),

extracellular signal-regulated kinases (ERKs), and p38

kinase, are found in all eukaryotes and play a central

role in regulating cell proliferation, differentiation and

apoptosis.25 As shown in Fig. 7, the expressions of non-

phosphorylated JNK, ERK1/2 and p38 MAPK were not

changed upon treatment with fucoidan. By contrast, the

accumulation of phosphorylated ERK and p38 MAPK

were significantly elevated in a time-dependent manner,

whereas no significant changes of phosphorylation of

JNK were observed. These results indicated that 100 µg/

mL of fucoidan induces apoptosis through ERK and p38

MAPK in A2058 cells. 

To further determine whether ERK and p38 are

involved in the 100 µg/mL of fucoidan-induced A2058

cytotoxicity, the kinase-specific inhibitors, PD98059, or

SB203580, were incubated. As shown in Fig. 8A, the

level of phosphorylated p-ERK significantly decreased in

response to co-treatment with PD98059 and fucoidan.

Moreover, fucoidan-induced cell death significantly

attenuated relative to only focoidan treatment (Fig. 8B).

Likewise, co-treatment with fucoidan and SB203580

effectively blocked fucoidan mediated p-p38 up-regula-

tion (Fig. 8C). Also fucoidan-induced cell death was

slightly decreased by SB203580 (Fig. 8D). The cumulative

results suggested that ERK and p38 MAPK might involve

in fucoidan-induced mitochondrial apoptosis. 

In the present study, fucoidan showed the apoptotic

effects of on A2058 human melanoma cells via ERK and

p38 signal pathway. This study implies that fucoidan

might be promising candidates for anti-tumor on melanoma

cells.

Apoptosis is commonly called physiological pro-

grammed cell death and is generally distinguished from

necrosis, which is considered to be a toxic process. In

normal cells, apoptosis plays an important role in the

growth and death and as a cellular homeostatic mechanism

to maintain cell populations. Typically, apoptosis is

characterized by morphological hallmarks; chromatin

condensation, cell shrinkage, nuclear fragmentation and,

which are accompanied by rounding up of the cell and

retraction of pseudopods.26

In the early stages of apoptosis, there are alterations of

PS, which translocate the outer layer from the inner side

of the plasma membrane. This allows early recognition of

dead cells by which PS exposes at the external surface of

the cell.27 This is followed by an enabling characteristic

parabens can cause DNA damage in the short term, but

more study is needed to figure out long-term and low-

dose mixtures.28 

Recently, apoptotic DNA fragmentation may be a

cooperative activity between caspase-activated deoxyri-

bonuclease (DNase) and PARP-regulated DNAS1L3, an

endoplasmic reticulum-localized endonuclease that

translocate to the nucleus.29 The study discovered the anti-

death activity of Bcl-2 in a system where apoptosis was

induced by deprivation of IL-3.30. Bcl-2 was shown to

prevent apoptosis by serum deprivation, heat shock, and

chemotherapeutic reagents.31

There are two main groups of the Bcl-2 family proteins,

namely the pro-apoptotic proteins and the anti-apoptotic

proteins. The anti-apoptotic proteins prevent apoptosis by

blocking cytochrome c release from mitochondria. The

pro-apoptotic proteins regulate by promoting such release.

It is not the absolute quantity but rather the ratio between

the anti-apoptotic and pro-apoptotic proteins of the Bcl-2

family may determine the membrane potential loss and

the membrane permeability transition.32 Thus, once

cytochrome c released from mitochondria, cytochrome c

directly activated caspases. Caspases are cysteine-yl

aspartate proteinases (cysteine proteases that cleave their

substrates following an Asp residue), which is essential

phase in apoptosis. While the upstream caspases for the

intrinsic pathway is caspase-9, of the extrinsic pathway is

caspase-8. The intrinsic and extrinsic pathways converge

Fig. 7. Regulations of MAPKs in treated with 100 µg/mL of
fucoidan in A2058 cells. Equal amounts of cell lysates were
electrophoresed and JNK, ERK and p38 and their phosphorylated
expression form were detected by western blotting analysis with
corresponding antibodies. 
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to caspase-3. Caspase-3, then cleaves the inhibitor of the

caspase-activated DNase, which is responsible for nuclear

apoptosis. In this pathway, cell death signals lead to

cytochrome c release from the mitochondria, which binds

and facilitates the formation of the apoptosome structure

that recruits and activates caspase-9.33,34 Caspase-3 is the

main downstream effector that cleaves the majority of the

cellular substrates in apoptotic cells. It is activated following

cleavage by caspase-8 or caspase-9, but not by caspase-2.35

Recent evidence has demonstrated that brown algae

induce apoptosis by triggering accumulation of ROS.

Especially, several reports suggested that the inhibitory

effects of fucoidan in hepatocellular carcinoma cells and

breast cancer cells, thereby offering potential chemo-

preventive activities.36-38 In the present study, we examined

the basics of hypothesis testing, and investigated apoptosis

in A2058 human melanoma cells, which were treated

with various concentrations of fucoidan (0-100 μg/mL).

The MTT assay for viability of A2058 cells provided

proliferation inhibitory in a dose- and time-dependent

manner and the IC50 of cytotoxicity was determined to be

100 μg/mL. The non-malignant HaCaT cell line exhibits

lower sensitivity to fucoidan treatment than the malignant

cell lines. 

A study reported that cell proliferation inhibitory of

MCF-7 and MDB-MB-231 breast cancer cells decreased

60% and 41% when exposed to 410 μg/mL fucoidan for

96 h. And the growth inhibitory of HeLa epithelial

adenocarcinoma cells and HT1080 fibro-sarcoma cells

decreased 52% and 40% for the same dose and time

periods.36 In this study, the A2058 melanoma cell viability

with decreased at a relatively short-time and low–

Fig. 8. Role of ERK and p38 MAPK in treated with 100 µg/mL of fucoidan on apoptosis. (A) Role of ERK in fucoidan-induced
apoptosis in A2058 cells. The cells were stimulated with 100 µg/mL of fucoidan after pre-treatment with PD98059. Equal amounts of cell
lysates were electrophoresed and ERK protein expression form was detected by western blotting analysis with corresponding antibodies.
Relative abundance of proteins was calculated for the p-ERK/ERK ratios. (B) Microscopy images of fucoidan-induced apoptosis by ERK
inhibitor in A2058 cells. The cells were stimulated with 100 µg/mL of fucoidan after pre-treatment with PD98059. Cells were observed
by fluorescent microscopy using Hoechst 33342 staining (arrow indicates the formation of apoptotic bodies). (C) Role of p38 in fucoidan-
induced apoptosis in A2058 cells. The cells were stimulated with 100 μg/mL of fucoidan after pre-treatment with SB203580. Equal
amounts of cell lysates were electrophoresed and p38 protein expression form was detected by western blotting analysis with
corresponding antibodies. Relative abundance of proteins was calculated for the p-p-38/p38 ratios. Microscopy images of fucoidan-
induced apoptosis by p38 inhibitors in A2058 cells. The cells were stimulated with 100 µg/mL of fucoidan after pre-treatment with
SB203580. Cells were observed by fluorescent microscopy using Hoechst 33342 staining (arrow indicates the formation of apoptotic
bodies). (D) Microscopy images of fucoidan-induced apoptosis by p38 inhibitors in A2058 cells. The cells were stimulated with 100 µg/
mL of fucoidan after pre-treatment with SB203580. Cells were observed by fluorescent microscopy using Hoechst 33342 staining (arrow
indicates the formation of apoptotic bodies)
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concentration, indicating that melanoma cells were more

sensitive than the other cell lines to fucoidan. This effects

of fucoidan on melanoma cells appeared to be mediated

by the induction of apoptosis, as manifested by mor-

phological changes through DNA-binding dye Hoechst

33342 staining. The cell was not affected by 20 µg/mL

fucoidan, but with increasing at a 40 µg/mL fucoidan, the

population of live cells dropped slightly and morphology

of the cells changed by reduction in cellular volume

(pyknosis). When a dose of 80 µg/mL fucoidan was

treated, the cells were observed: crescent or ring-like

structure, chromatin condensation, and nuclear fragmen-

tation. With the increase at a dose of 100 µg/mL fucoidan,

the cell membrane is intact throughout the total process,

including membrane blebbing and loss of membrane

integrity. Many observations suggest that cell cycle and

apoptosis are an important to maintain homoeostasis

between cell proliferation and cell death. Therefore,

deregulation of the cell cycle is one of the most frequent

alterations during tumor development.39 The inhibition of

cell cycle progression is considered an effective strategy

for the control of tumor growth.40 The present study

demonstrated that fucoidan-treated with A2058 cells was

confirmed by observations of sub-G1 DNA accumulation,

whereas the S phase and G2/M phase were decreased,

leading to apoptosis. A previous study has shown the

induction of apoptosis by fucoidan on the MCF-7 breast

cancer cell line via sub-G1 arrest.36 To understand the

mechanism of fucoidan in A2058 cells, western blotting

was performed to detect the expression of apoptosis-

associated proteins. The mitochondrial-related pathway is

regulated by anti-apoptotic (Bcl-2, Bcl-x, and Bcl-XL)

and pro-apoptotic members (Bax, Bak, Bid, Bad and

Bim) of the Bcl-2 family. The anti-apoptotic proteins on

the outer membranes of mitochondria maintain the integrity

of the mitochondria, through inhibiting apoptosis in the

presence of various apoptotic stimuli.41 In response to an

apoptotic stimulus, the pro-apoptotic proteins reside in the

cytosol and translocate to the mitochondria, which leads

to the formation of membrane pores at the mitochondrial

membranes and the activation of caspase cascade.42,43

Therefore, the ratio of Bax and Bcl-2 protein determines

the susceptibility of cells to cell survival as well as

death.44 Caspase-3 is one of the key protagonists of

apoptosis, because it is either partially or completely

responsible for the proteolytic cleavage of many key

proteins. PARP is important for cell viability, but its

cleavage facilitates cellular disassembly and serves as a

marker of cells undergoing apoptosis.42,45 Therefore, the

western blotting experiments indicated that caspase-9 and

caspase-3 appear to be activated in fucoidan-induced

A2058 cells. And the cleaved form of PAPR was detected

in fucoidan-treated A2058 cells. These data indicate that

fucoidan induced apoptosis via the mitochondrial pathway.

These results suggest that A2058 human melanoma cells

are highly sensitive to growth inhibition by fucoidan via

the activation of apoptosis, as evidenced by activation of

Bcl-2-mediated signaling, as well as alteration in caspase-

9 and caspase-3. 
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