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Abstract

Objective: Many previous studies reported that fucoidan has antitumor activities. The objective of the present study
was to determine the cytotoxic effects and related mechanisms of cell death induced by fucoidan extracted from Fucus
vesiculosus on CL-6 cholangiocarcinoma cell. Methods: CL-6 and OUMS cells were treated with 0, 100, 200, and 300
pg/mL of fucoidan. MTT assay was used to determine cytotoxicity. Flow cytometry-based assay was used to examine
the distribution of apoptosis and cell cycle. The changes in nuclear morphology were determined using Hoechst 33,342
staining. Mitochondrial membrane potential (A%¥'m) was evaluated using the JC-1 kit. The apoptotic, anti-apoptotic, and
cell cycle-related proteins study were examined by Western blot analysis. Results: The relative viable cell number of
treated CL-6 cells was decreased but no effect was observed in OUMS normal cells. Furthermore, treated cells were
arrested in the GO/G1 phase with down-regulation of cyclin D1 and CDK4. Annexin V/PI staining with flow cytometry
analysis suggested that fucoidan could induce apoptosis in CL-6 cells. Western blot study revealed the up-regulation
of apoptotic markers including Bax, cleaved PARP, cleaved caspase-3, but down-regulation of anti-apoptotic markers,
cl-2. Moreover, fucoidan could induce nuclear fragmentation and chromatin condensation with alteration of A¥m.
Conclusion: Fucoidan exerts antitumor properties against CL-6 cholangiocarcinoma cells illustrated by the induction

of apoptosis and cell cycle arrest.
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Introduction

Cholangiocarcinoma (CCA) is a highly offensive
malignancy arising from the epithelium of the biliary tract
which consists of intrahepatic (iCCA) and extrahepatic
cholangiocarcinoma (eCCA) (Valle et al., 2016). In
general, the cell surface receptor tyrosine kinase c-Met
only presents in progenitor and stem cells involved in
organogenesis and wound healing. However, this receptor
is anomalously high in cholangiocarcinoma along with
its ligand hepatocyte growth factor (HGF) leading to
enhance cell proliferation, angiogenesis, and metastasis
(Socoteanu et al., 2008; Leelawat et al., 2006). Moreover, a
key molecule in angiogenesis, vascular endothelial growth
factor (VEGF), is highly expressed in cholangiocarcinoma
both in the tissue samples and cell lines (Ogasawara et
al., 2001). This molecular characteristic is facilitated by
the presentation of the estrogen receptors that respond to
17-p estradiol resulting in increased VEGF production and
angiogenesis (Alvaro et al., 2006; Mancino et al., 2009).

In most countries, CCA is considered as low incidence
cancer, on the contrary, a higher incidence has been
reported from Southeast Asian countries especially in
Laos PDR, Cambodia, Vietnam, and also Northeastern
Thailand related to liver fluke, Opisthorchis viverrini,
infection which has an incidence of more than 110/100,000
population (Bergquist and von Seth, 2015). Because of the
late manifestation of symptoms and lack of early diagnostic
tools, most patients present with metastasis results in less
than 10% survival rate at 5 years (Bertuccio et al., 2019).
The retrospective multicenter study demonstrated a 5-year
survival of 73% after liver transplantation in patients
with very early CCA defined as single tumors <2 cm in
diameter (Sapisochin et al., 2014). However, a follow-up
study with an international multicenter cohort of patients
found a 5-year survival of 65% in patients with very early
CCA (Sapisochin et al., 2016).

Drug development is another backbone of CCA
treatment due to ineffective chemotherapy. The current
standard chemotherapy for CCA is including gemcitabine
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or 5-fluorouracil (5-FU) — based regimens, unluckily, it has
high resistance. There are more than 100 genes involved
in chemoresistance that have been identified and classified
based on their mechanism of action on CCA including
impaired drug uptake, enhanced mechanisms of DNA
repair, and detoxifying capability. Moreover, CCA has
the ability in enhanced resistance to apoptosis, change in
the tumor environment and its phenotype (Fouassier et al.,
2019; Khanetal., 2012; Park et al., 2015; Ramirez-Merino
et al., 2013; Valle et al., 2010). Consequently, the
development of effective chemotherapeutic agents with
fewer side effects especially alimentary tract mucositis
and immunosuppression (Bertolini et al., 2017; Lee et al.,
2016) is still demanded.

Fucoidan is a natural sulfated polysaccharide extracted
from brown seaweed (Rodriguez-Jasso et al., 2013)
and sea cucumber (Mansour et al., 2019). It mainly
comprises fucose with below 10% of monosaccharides
(Li et al., 2008; Mabeau et al., 1990). Fucoidan that is
extracted from Fucus vesiculosus contains a backbone
of a-(1 — 3)-linked fucose and a-(1 — 4)-linked fucose
residues. Sulfation occurs mainly at O-2 and to a lesser
extent at O-3. Also, 2, 3-O-disulfate fucose residues
were sometimes found. The sulfate groups and the 2,
3-O-disulfate fucose of fucoidan molecules are important
for various bioactivities especially the anti-cancer activity
(Geert et al., 2019). Moreover, previous studies have
shown that fucoidan exerts anti-inflammatory (Phull and
Kim, 2017), antioxidant (Hou et al., 2012; Imbs et al.,
2014), anti-viral (Dinesh et al., 2016), anti-bacterial (Back
etal., 2010), anticoagulant effects (Mansour et al., 2019),
and anti-diabetes effects (Jeong et al., 2013).

As mentioned previously, the unique characteristic
of cholangiocarcinoma is uncontrolled division,
apoptotic resistance, aggressive metastasis, and massive
neovascularization (Socoteanu et al., 2008; Leelawat
et al., 2006). Hence, developing chemotherapeutic
agents with potent anticancer capability should have an
inhibitory efficacy to those characteristics. Fucoidan has
enhanced anticancer effects via apoptotic induction both
in vitro and in vivo. Previous in vitro studies reported
that fucoidan induced chromatin condensation and
cleavage of poly (ADP-ribose) polymerase (PARP) in
the colon cancer cell (Kim et al., 2010), down-regulated
anti-apoptotic proteins, and induced autophagy in gastric
cancer cells (Park et al., 2011), activated caspase and
cell cycle arrest in breast cancer cells (Banafa et al.,
2013), disturbed mitochondrial membrane potential in
melanoma (Chen et al., 2008), inhibited the production
of VEGF, by which suppressing the angiogenesis in lung
carcinoma cells (Huang et al., 2015). Previous in vivo
studies suggested that fucoidan suppressed the metastasis
of Lewis lung adenocarcinoma (Alekseyenko et al., 2007),
the angiogenesis of prostate (Rui et al., 2017) and breast
cancers (Xue et al., 2012), the growth of rat mammary
adenocarcinoma (Coombe et al., 1987) and Ehrlich
ascites carcinoma (Zhuang et al., 1995). Moreover, a
previous study in mice that were transplanted with acute
promyelocytic leukemia cells, fucoidan enhanced the
killing activity of NK cells and suppressed the growth of
cancer (Atashrazm et al., 2016). Nevertheless, there is no
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evaluation of the anticancer effect of fucoidan in CAA.

In this study, we determined the anticancer effects
with related molecules of fucoidan extracted from Fucus
vesiculosus in CL-6 cholangiocarcinoma cells. The results
furnish beneficial evidence for the application of fucoidan
for further cholangiocarcinoma treatment.

Materials and Methods

Fucoidan and cell culture

Fucoidan from Fucus vesiculosus was purchased from
Sigma—Aldrich, USA. The stock solution of fucoidan
was prepared by dissolving in phosphate-buffered saline
(PBS) and stored at —20°C. The CCA cell line (CL-6)
was kindly provided by Associate Professor Dr. Adisak
Wongkajornsilp, Faculty of Medicine, Siriraj Hospital,
Mahidol University, Thailand. Human embryonic
fibroblast cell line (OUMS) was purchased from Japanese
Collection of Research Bioresources (JCRB) cell bank,
Japan. CL-6 cells were cultured in RPMI medium and
OUMS cells were culture in DMEM medium. Both culture
media were supplemented with 1% penicillin-streptomycin
(10,000 U/mL) and 10% heat-inactivated fetal bovine
serum (Gibco™, Thermo Fisher Scientific, Gaithersburg,
MD, USA), and cell cultures were maintained under 5%
CO, atmosphere at 37°C.

Cytotoxicity analysis

CL-6 cells were seeded into 96-well plates and
incubated under 5% CO, atmosphere at 37°C for 24 h.
Next, cells were incubated with fucoidan diluted in PBS
in 0, 50, 100, 150, 200, 250, 300, 350, and 400 pg/mL
for 24 h. Thereafter, the 30 ng/mL MTT working solution
(Sigma-Aldrich, Saint Louis, MO, USA) was added into
each well and further incubated for 3 h. The optical density
(0.D.) values were measured by using a spectrophotometer
at 562 and 630 nm and the results were used to evaluate
the half-maximal inhibitory concentration (IC,)) value.
Thereafter, CL-6 and OUMS cells were incubated with
fucoidan including the concentration of approximately
0.5X IC,; (100 pg/mL), IC,, (200 pg/mL), and 1.5X
IC,, (300 pg/mL) for 24, 48, and 72 h. The cytotoxicity
effect was determined by the MTT assay. These three
concentrations of fucoidan were used for further methods.
The experiments were done three-independence with
triplicate each.

Annexin V/PI apoptosis assay

CL-6 and OUMS cells were incubated with fucoidan
for 48 h under 5% CO, atmosphere at 37°C. Thereafter,
1 x 10° harvested cells were evaluated the apoptotic stages
by using FITC Annexin V Apoptosis Detection Kit I (BD
Pharmingen™, Franklin Lakes, NJ, USA). Briefly, cells
were incubated with FITC Annexin V and PI in the binding
buffer for 15 min at room temperature in the dark. The BD
FACSCalibur™ flow cytometry system (BD Biosciences,
San Jose, CA, USA) was used to examine the distribution
of apoptotic stages of treated cells.

Nuclear Staining
The chromosome condensation and fragmentation



DOI:10.31557/APJCP.2021.22.1.209

Anticancer Activity of Fucoidan via Apoptosis and Cell Cycle Arrest on Cholangiocarcinoma Cell

were evaluated by staining with Hoechst 33342 (Sigma-
Aldrich, Saint Louis, MO, USA). After incubation with
fucoidan, the culture media were removed and the cells
were washed with PBS three times. After that, treated
cells were incubated with 1:2,000 dilution of 10 mg/mL
Hoechst 33342 stock solution and incubated for 15-20
min at room temperature in a dark condition. Lastly,
cells were washed three times in PBS and examined by
a fluorescence microscope at 480 nm.

Evaluation of mitochondrial membrane potential

Mitochondrial membrane potential was observed
by using the JC-1 mitochondria staining Kit (Sigma-
Aldrich, Saint Louis, MO, USA). Treated CL-6 cells
were incubated with a JC-1 staining solution for 20 min
in the dark under 5% CO, atmosphere at 37°C. Thereafter,
cells were washed three times and overlaid with a culture
medium. JC-1 red and green fluorescence intensities were
measured with Varioskan™ LUX Multimode Microplate
Reader (Thermo Fisher Scientific Inc., USA). The ratio of
the JC-1 with red fluorescence (aggregate form) to JC-1
green fluorescence (monomer form) for each treatment
was calculated.

Furthermore, CL-6 cells (1 x 10°) were seeded in
6-well plates for 24 h and subsequently incubated with
fucoidan for 48 h under 5% CO, atmosphere at 37°C.
Thereafter, cells were incubated with JC-1 staining
solution for 20 min at 37°C, washed three times with a
growth medium, and examined under the fluorescence
microscope.

Flow cytometry analysis of cell cycle distribution
Treated cells were evaluated cell cycle distribution
by using propidium iodide. After incubated with
fucoidan under 5% CO, atmosphere at 37°C for 48 h,
2 x 10° treated cells were fixed with 70% ethanol and
incubated in a -20°C for 24 h. Thereafter, the ethanol
was removed by washing cells three times in PBS. Then,
cells were re-suspended in PBS containing 40 mg/mL of
propidium iodide with 100 mg/mL of DNase-free RNase
A (Sigma-Aldrich, Saint Louis, MO, USA) and incubated
for 15 min at room temperature in the dark. The DNA
content was evaluated using the BD FACSCalibur™ flow
cytometry system (BD Biosciences, San Jose, CA, USA).

Western blot analysis

After incubation with fucoidan, total cellular
proteins were extracted by using RIPA cell lysis buffer
(Cell Signaling Technolog®, USA) containing protease
inhibitors (Merck Millipore Calbiochem™ Protease
Inhibitor Cocktail Set III, EDTA-Free, Germany). The
protein concentrations were measured by using Pierce™
BCA Protein Assay Kit (Thermo Fisher Scientific Inc.,
Rockford, IL, USA). 30 pg of total proteins from each
sample were size-separated on 12.5% SDS-PAGE and
subsequently transferred onto nitrocellulose membranes.
The non-specific bindings were blocked by using 5%
BSA in tris-buffered saline (TBS), pH 7.5 for 1 h at room
temperature with agitation. The membranes were then
incubated with 1:2,000 primary antibodies diluted in 1%
BSA in TBS with Tween®-20 (TBST) including rabbit

anti-B-actin, rabbit anti-Bcl-2, rabbit anti-Bax, rabbit
anti-cleaved PARP, rabbit anti-cleaved caspase-3, rabbit
anti-cyclin D1, and rabbit anti-CDK4 (Cell Signaling
Technolog®, USA) at 4°C overnight with agitation.
Thereafter, the membranes were washed three times in
TBST and further incubated with 1:15,000 horseradish
peroxidase (HRP) conjugated goat anti-rabbit secondary
antibody (Abcam, USA) diluted in 0.01M TBST for
1 h at room temperature. The corresponding targeted
proteins were visualized by using TMB substrate (Thermo
Fisher Scientific Inc., USA). Protein bands’ intensity was
quantified by using ImageJ software.

Statistical analysis

Data were expressed as the mean + SD obtained from
triplicate experiments. Statistical analysis was performed
using one-way analysis of variance (ANOVA) in SPSS 22.
The values obtained in the assays were considered to be
statistically significant when P < 0.05.

Results

Cytotoxicity of fucoidan on CL-6 and OUMS cells

After treatment for 24 h with fucoidan, cell viability
percents of CL-6 cells were decreased in a concentration-
dependent manner from 50 to 400 pg/mL compared with
the untreated group (Figure 1A). The 50% inhibitory
concentration (IC, ) of fucoidan for CL-6 cells was 196.27
+3.42 ug/mL.

According to IC,, CL-6 and OUMS cells were
subsequently treated with fucoidan (0, 100, 200, and 300
ug/mL) for 24, 48, and 72 h. Cell viability was examined
using the MTT assay. Fucoidan treatment revealed
decrease cell viability in CL-6 cells in a concentration-
dependent manner (Figure 1B) but in OUMS cells revealed
no effects (Figure 1C). The percentage of viability at
various concentrations was calculated as the relative cell
viability (%) of viable treated cells to viable control cells.

Analysis of apoptotic cells by flow cytometry in CL-6 and
OUMS cells

The disruption of the cell membrane of apoptosis cells
can cause Annexin V and propidium iodide infiltration
to the cells. In the flow cytometry analysis, the results
illustrated that numerous Annexin V positive cells can
be observed in treated CL-6 cells that were higher than
in the control group (Figure 2B, C, D, and E). Moreover,
the percentage of treated cells distributed in early and
late apoptotic phases were significantly increased in a
concentration-dependent manner (Figure 2A). On the
contrary, the number of Annexin V positive cells in treated
OUMS cells was not different when compared to control
(Figure 2F, G, H, and I). The present study confirmed that
fucoidan could induce apoptosis in CL-6 cells.

Nuclear morphology observation of CL-6 cells

The nuclear morphological changes of treated
cells were examined by Hoechst 33342 staining. After
incubation with fucoidan, the bright bluish fluorescence
nuclei with chromatin condensation and nuclear
fragmentation which refer to nuclear damage were
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Figure 1. (A) Percent of cell viability of CL-6 cells after incubation with the fucoidan in the concentrations range from
50 to 400 pg/mL for 24 h. Thereafter, the IC50 value of fucoidan was evaluated. Cytotoxic effects of a fucoidan from 0
to 300 pg/mL on (B) CL-6 cells and (C) OUMS cells were examined at different time points. All values are presented

in mean + SD.*p<0.05, ** p <0.01, ***p < 0.001

illustrated in treated cells (Figure 3B, C, and D) whereas
uniform staining nuclei were observed in the control cells
(Figure 3A). Employing the nuclear damage effect, it
suggested that fucoidan could lead CL-6 cells to undergo
apoptosis.

Evaluation of mitochondrial membrane potential of CL-6
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The effect of fucoidan on mitochondrial membrane
potential (AWm) of CL-6 cells was determined by using
JC-1 staining. In normal cells, the JC-1 dye forms
aggregation which emits red fluorescence in healthy
mitochondria. In apoptotic cells, the JC-1 dye stays
in a monomer which emits green fluorescence and
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Figure 2. Apoptotic Induction of Fucoidan in CL-6 and OUMS Cells was Determined by Using Flow Cytometry.
(A) The percentage of CL-6 cells are disseminated in early and late apoptotic stages per total cells. The numbers of
apoptotic CL-6 cells (B-E) and OUMS cells (F-I) that were incubated in 0, 100, 200, and 300 pg/mL of fucoidan are
illustrated in the scattered plot. *p < 0.05, ** p <0.01, ***p < 0.001
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Figure 3. The Observation of Nuclear Morphology
Changes in Treated CL-6 Cells (A-D). The results
illustrated the nuclei stained with Hoechst 33342
after incubated with 0, 100, 200, and 300 pg/mL of
fucoidan, respectively. Arrowheads represent nuclear
fragmentation and chromatin condensation Scale
bar = 100 pm.

implies low A¥Ym. Consequently, the mitochondrial
depolarization is demonstrated by a decrease in the ratio
of red to green fluorescence intensity. Treatment with
the increasing concentrations of fucoidan resulted in the
decreased number of CL-6 cells with red fluorescence in
a concentration-dependent manner (Figure 4A, B, C, and
D). The results also revealed a significant reduction in
the JC-1 ratio (Figure 4E). These results suggested that
fucoidan altered the mitochondrial membrane potential
and induced apoptosis in CL-6 cells.
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Figure 4. Disruption of the Mitochondrial Membrane
Potential of Fucoidan in Treated CL-6 Cells. (A-D)
The examination under the fluorescence microscope
suggested the reduced number of CL-6 cells with red
fluorescence in a dose-dependent manner from 0-300
pg/mL of fucoidan. (E) The red to green fluorescence ratio
of JC-1 was significantly reduced in the dose-dependent
manner (* p < 0.05, ** p <0.01, ***p < 0.001). Scale
bar = 100 um

Effect of fucoidan on the cell cycle of CL-6 cells

After CL-6 cells were incubated with various
concentrations of fucoidan, cells were stained with
propidium iodide and analyzed the phase distribution
in the cell cycle using flow cytometry. The results
suggested that fucoidan could induce an arrest of CL-6
cells in the GO/G1 phase (Figure 5A, B, C, and D). The
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Figure 5. The Treated CL-6 Cells were Determined the Effect of Fucoidan on the Cell Cycle. The results revealed
the distribution of CL-6 cells in various phases of the cell cycle (A): control group, (B) 100 pg/mL, (C) 200 pg/mL,
and (D) 300 pg/mL fucoidan-treated groups, respectively. (E) Percentage of cells in different phases was presented as

mean = SD.* p < 0.05
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Figure 6. Western Bblot Analysis of Cell Cycle-Related Proteins in CL-6 Cells Treated with 0, 100, 200, and 300
png/mL of Fucoidan for 48 h. (A) Western blot analysis of cyclin D1 and CDK4 expressions. Relative expression
levels of (B) cyclin D1 and (C) CDK4 were evaluated and compared with the control group. * p< 0.05, ** p < 0.01,

5% p < 0.001

number of arrested cells was significantly increased in
a concentration-dependent manner in the GO/G1 phase.
However, the ratios of cells in S and G2/M phase were
not significantly decreased (Figure 5E).

In Western blot analysis of cell cycle-related protein
expression, the results revealed the down-regulation
of cyclin D1 and CDK4 in treated cells (Figure 6A).
Furthermore, the relative expression level of cyclin D1
and CDK4 were significantly decreased in a concentration-

(A) Fucoidan (pug/ml)

dependent manner (Figure 6B and C).

Western blot analysis of apoptotic associated proteins
expression

Apoptotic effects at the protein expression level
of fucoidan in CL-6 cells were also evaluated. After
incubation with fucoidan, the expression levels of
apoptotic and anti-apoptotic associated proteins were
determined. For apoptotic markers, the relative expression
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Figure 7. Western Blot Analysis of the Apoptotic Related Protein Expression in CL-6 Cells Treated with 0, 100, 200,
and 300 pg/mL of Fucoidan for 48 h. (A) Western blot analysis of cleaved PARP, Bcl-2, Bax, and cleaved caspase-3
expressions. Relative expression levels of (B) cleaved PARP, (C) Bcl-2, (D) Bax, (E) the ratio of Bax and Bcl-2, and
(F) cleaved caspase-3 were calculated and compared with the control group. * p< 0.05, ** p <0.01, *** p <0.001
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level of cleaved PARP was significantly increased in
a concentration-dependent manner (Figure 7A and B).
The results of apoptotic proteins, Bax (Fig. 7A and D),
and cleaved caspase-3 (Figure 7A and F) suggested the
significant increase of expression level in a concentration-
dependent manner. Oppositely, the expression of the
anti-apoptotic protein, Bcl-2, was significantly decreased
(Figure 7A and C). Besides, the Bax to Bcl-2 ratio was
significantly increased (Figure 7E).

Discussion

The unique characteristic of cancer is apoptotic
resistance (Hanahan and Weinberg, 2011). Apoptosis
can be manifested by the blebbing of the cell membrane
with nuclear fragmentation, chromosome condensation,
and cytosol shrinking (Burz et al., 2009). Apoptosis is
usually categorized into the extrinsic pathway and the
intrinsic pathway. The extrinsic pathway associates
with the interaction between the death receptor and its
ligand meanwhile the intrinsic pathway associates with
a disruption in mitochondrial membrane potential by
various stimuli. Both pathways finally activate caspase
cascades and cause the cell to apoptosis (Brenner and
Mak, 2009; Burz et al., 2009; Jeong and Seol, 2008; Khan
et al., 2008).

Brown algae contain numerous practically unique
sulfated polysaccharides such as alginic acids, laminarans,
and fucoidans (Gupta and Abu-Ghannam, 2011). These
polysaccharides are used for various purposes especially in
the food-processing industry, medicine, and biotechnology
(Giavasis, 2014). Several previous studies suggested that
fucoidan exerts the growth and proliferation inhibition
in human cancer cells via apoptotic induction (Bai et
al., 2020; Blaszczak et al., 2018; Chantree et al., 2020;
Deepika et al., 2019; He et al., 2019; Liu et al., 2020;
Narayani et al., 2019; Palanisamy et al., 2018). Moreover,
some studies reported the effect of fucoidan in suppressing
the invasion (Lin et al., 2017) and metastasis (Alekseyenko
et al., 2007) of cancer cells. Consequently, this present
study focused on figure the cytotoxicity effect of fucoidan
and demonstrate the related biological molecules on
cultured CL-6 cholangiocarcinoma cells.

In the present study, it was revealed that fucoidan
induced cytotoxicity in CL-6 cells whereas the normal
OUMS cells were not affected. Fucoidan decreased cell
viability of CL-6 cells by apoptotic induction as seen in
the increasing number of Annexin V positive cells with
nuclear chromatin condensation and DNA fragmentation
after incubation with fucoidan in a dose-dependent
manner. Apoptosis is the one of programmed cell death
that involved the cascades of signaling pathways both
in the intrinsic and extrinsic pathways. Lastly, there is
an activation of the same target apoptotic molecules
such as caspase-3 (Jeong and Seol, 2008). The well-
known apoptotic marker, Bax, induces apoptosis via
mitochondrial membrane potential alteration that results in
the translocation of cytochrome ¢ from the mitochondrial
inner membrane to the cytosol that triggers signaling of
caspase cascades. On the contrary, the anti-apoptotic
marker, Bcl-2, prohibits releasing cytochrome ¢ to the

cytoplasm that contributes to the suppression of the
intrinsic apoptotic pathway (Brenner and Mak, 2009). In
Western blot analysis, it demonstrated that fucoidan could
induce apoptosis in CL-6 cells as revealed in the increase
of Bax but the decrease of Bcl-2 levels, accordingly,
increased Bax/Bcl-2 ratio. Previous studies suggested
that the increase in the Bax/Bcl-2 ratio suggested the
association with mitochondrial dysfunction due to the
activation of the intrinsic apoptotic pathway (Hosny et
al., 2018).

The active forms of caspases are the critical proteins in
apoptotic induction both intrinsic and extrinsic pathways
(Stennicke and Salvesen, 1998). In the extrinsic pathway,
caspase-8 is stimulated by the binding of the ligands to
the death receptors on the cell membrane. Then, caspase-8
cleaves Bid which results in the induction of further
caspase cascades. In the intrinsic pathway, it involves the
disruption of mitochondrial membrane potential, thus,
mitochondrial cytochrome c is released to the cytoplasm
that results in caspase-9 activation (Brenner and Mak,
2009). Activated caspase-8 and -9 further activate
caspase-7 and caspase-3 which degrade several molecules
such as PARP or Poly (ADP-ribose) polymerase. In
general, PARP repairs the aberrant DNA. Therefore, PARP
is the anti-apoptotic marker, but it serves as a marker of
apoptosis when it is degraded (Jin and El-Deiry, 2005). In
the present study, the Western blot analysis illustrated that
fucoidan up-regulated cleaved form of PARP and cleaved
caspase-3 and expression in CL-6 cells in a concentration-
dependent manner.

The alteration of mitochondrial membrane potential
(A¥m) can cause apoptosis (Philchenkov, 2004). Previous
studies revealed that fucoidan induced apoptosis in
cancer cells by AWm disruption (Narayani et al., 2019;
Park et al., 2011). The present study demonstrated that
fucoidan decreased the aggregate to monomer ratio of
JC-1 corresponding with the decreased number of cells
with intact AYm evaluated by fluorescent microscope.
Therefore, according to the effects of fucoidan in the
up-regulation of Bax, cleaved caspase-3, and cleaved
PARP, down-regulation of Bcl-2, and alteration of
AWm, it could be implied that fucoidan has potential in
apoptotic induction via an intrinsic pathway on CL-6
cholangiocarcinoma cell. The conclusion can be confirmed
by Annexin V/PI flow cytometry analysis that incubation
with fucoidan increased the number of apoptotic CL-6
cells in a concentration-dependent manner.

Uncontrolled division is a unique feature of cancer.
The mechanism of this characteristic is involved with
mutation of cell cycle regulatory genes which allows for
a cell to avoid the checkpoint control systems (Hanahan
and Weinberg, 2011). It has been revealed that treatment
with fucoidan in various types of cell lines could induce
cell cycle arrest in different phases. The consolidation
of fucoidan with chemotherapeutic agents resulted in
cell cycle arrested in the G2/M phase in MCF-7 breast
cancer cells (Zhang et al., 2013). Anyhow, in FaDu and
H103 head and neck squamous cell carcinoma, treatment
with fucoidan leaded cell cycle arrested in S/G2 phase
(Blaszczak et al., 2018). In the acute promyelocytic
leukemia cell line incubated with fucoidan resulted in cell
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cycle arrest in the G1 phase (Atashrazm et al., 2016). The
same trend of the result was also demonstrated in HT29
colorectal cancer cells, MCF-7 breast cancer cells, and
human ovarian cancer cells with downregulation of cyclin
DI and CDK4 (Banafa et al., 2013; Han et al., 2015; Liu
etal., 2020). In the present study, we found that treatment
with fucoidan in CL-6 cells resulted in cell cycle arrest
in the GO/G1 phase. Furthermore, Western blot analysis
revealed the decreased expression levels of cyclin D1
and CDK4. The suppression of the PI3K/Akt signaling
pathway by fucoidan results in the decreased expression
levels of cyclin D1 and CDK4 which induce cell cycle
arrest in the GO/G1 phase as described by a recent study
(Liu et al., 2020)

In conclusion, the results presented in this study
revealed that fucoidan could exert cytotoxicity in CL-6
cholangiocarcinoma via the induction of apoptosis and
cell cycle arrest. Nevertheless, future research about the
anticancer effect of fucoidan against cholangiocarcinoma
should be investigated in other signaling pathways related
to its critical characteristics such as migration, invasion,
and angiogenesis. Furthermore, the evaluation of fucoidan
in combination with chemical agents should be further
determined to provide the knowledge of improving
the synergistic anticancer potential, with reducing the
associated side-effects, against cholangiocarcinoma in
the future.
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