
POSTER PRESENTATION Open Access

Fucoidan extract enhances the anti-cancer
activity of chemotherapeutic agents in breast
cancer cells
Sanetaka Shirahata1,2*, Zhonguan Zhang1, Toshihiro Yoshida1, Hiroshi Eto3, Kiichiro Teruya1

From 23rd European Society for Animal Cell Technology (ESACT) Meeting: Better Cells for Better Health
Lille, France. 23-26 June 2013

Background
Fucoidan, a fucose-rich polysaccharide isolated from
brown alga, is currently under investigation as a new anti-
cancer compound [1-4]. In the present study, fucoidan
extract (FE) from Cladosiphon navae-caledoniae Kylin was
prepared by enzymatic digestion. We investigated whether
a combination of FE with chemotherapeutic agents had
the potential to improve the therapeutic efficacy of cancer
treatment.

Materials and methods
Estrogen receptor (ER)-positive MCF-7 and ER-negative
MDA-MB-231 breast cancer cells were cultured in DME
medium supplemented with 10% fetal bovine serum in a
humidified atmosphere of 5% CO2 at 37 °C. The abalone
glycosidase-digested fucoidan extract (FE) was obtained
from Daiichi Sangyo Corporation (Osaka, Japan). The
cells were treated with FE and chemotherapeutic agents
like cisplatin, tamoxifen or paclitaxel. The cell growth
was determined by MTT assay. Apoptosis was evaluated
using annexin V binding assay and flow cytometry analy-
sis. Signaling proteins were analyzed by western blot.
Intracellular reactive oxygen species (ROS) were deter-
mined using DCFH-DA and determined using IN Cell
Analyzer 1000. The reduced glutathione (GSH) concen-
tration was measured by the GSH assay kit.

Results
The co-treatments significantly induced cell growth inhi-
bition, apoptosis, as well as cell cycle modifications in
MDA-MB-231 and MCF-7 cells. FE enhanced apoptosis

in cancer cells that responded to treatment with cisplatin,
tamoxifen, or paclitaxel after 48 h of treatment (Figure 1).
FE enhanced the downregulation of the anti-apoptotic
proteins Bcl-xL and Mcl-1 by these chemotherapeutic
drugs. The combination treatments led to an obvious
decrease in the phosphorylation of ERK and Akt in
MDA-MB-231 cells, but increased the phosphorylation
of ERK in MCF-7 cells. In addition, we observed that
combination treatments enhanced intracellular ROS
levels and reduced glutathione (GSH) levels in breast
cancer cells, suggesting that induction of oxidative stress
was an important event in the cell death induced by the
combination treatments.
FE protected normal human fibroblast TIG-1 cells

from apoptosis by cisplatin and tamoxifen, suggesting its
favorable characteristic for application to cancer therapy.

Conclusions
• Combination of FE and three chemotherapeutic
agents exhibit highly synergistic inhibitory effects on
the growth of breast cancer cells.
• Combination treatments induced modifications in
cell cycle distribution.
• Combination treatments modified the Bcl-2
expression, and ERK and Akt phosphorylation
induced by FE, demonstrating different effects on
apoptotic pathways in MDA-MB-231 cells and
MCF-7 cells.
• Generation of intracellular ROS and depletion of
GSH are related to the cell death in combination
treated -breast cancer cells.
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Figure 1 Synergistic induction of apoptosis by co-treatmentAnalysis of apoptotic cells by annexin/PI double-staining using theIN Cell
Analyzer 1000. MDA-MB-231 and MCF-7 cells were treatedfor different times with 200 μg/mL FE alone or 200 μg/mL FEin combination with 5
μM CDDP, 10 μM TAM or 2.5 nM TAXOL after 48 h of treatment. All results were obtained from three independent experiments. A significant
difference from control is indicated by p < 0.05 (#) or p < 0.01 (##); a significant difference from single treatments is indicated by p < 0.05 (*) or
p < 0.01 (**).

Shirahata et al. BMC Proceedings 2013, 7(Suppl 6):P70
http://www.biomedcentral.com/1753-6561/7/S6/P70

Page 2 of 3



Authors’ details
1Department of Bioscience and Biotechnology, Faculty of Agriculture, Kyushu
University, Fukuoka 812-8581, Japan. 2Yosida Clinic, Osaka 532-0002, Japan.
3Daiichi Sangyo Co. Ltd., Osaka 530-0037, Japan.

Published: 4 December 2013

References
1. Ye J, Li Y, Teruya K, Katakura Y, Ichikawa A, Eto H, Hosoi M, Hosoi M,

Nishimoto S, Shirahata S: Enzyme-digested fucoidan extracts derived
from seaweed Mozuku of Cladosiphon novae-caledoniae kylin inhibit
invasion and angiogenesis of tumor cells. Cytotechnology 2005,
47:117-126.

2. Zhang Z, Teruya K, Eto H, Shirahata S: Fucoidan extract induces apoptosis
in MCF-7 Cells via a mechanism involving the ROS-dependent JNK
activation and mitochondria-mediated pathways. PLoS ONE 2012, 6:
e27441.

3. Zhang Z, Teruya K, Eto H, Shirahata S: Induction of apoptosis by low-
molecular weight fucoidan through calcium- and caspase-dependent
mitochondrial pathways in MDA-MB-231 breast cancer cells. Biosci
Biotechnol Biochem 2012, 77:235-242.

4. Zhang Z, Teruya K, Yoshida T, Eto H, Shirahata S: Fucoidan extract
enhances the anti-cancer activity of chemotherapeutic agents in MDA-
MB-231 and MCF-7 breast cancer cells. Marine Drugs 2013, 11:81-98.

doi:10.1186/1753-6561-7-S6-P70
Cite this article as: Shirahata et al.: Fucoidan extract enhances the anti-
cancer activity of chemotherapeutic agents in breast cancer cells. BMC
Proceedings 2013 7(Suppl 6):P70.

Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit

Shirahata et al. BMC Proceedings 2013, 7(Suppl 6):P70
http://www.biomedcentral.com/1753-6561/7/S6/P70

Page 3 of 3


	Background
	Materials and methods
	Results
	Conclusions
	Authors' details
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 500
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 500
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


