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Anti-cancer effects of kelp extract in mouse melanoma
B16-F0 cell line through apoptosis

Seong-Uk Lee' and Yoon Hee Kim"*
'Department of Food and Nutrition, Daegu University

Abstract Kelp belongs to the brown algae family and has been reported to exert anti-cancer effects on some cancer
types, however studies have not been reported on the anti-cancer effects of kelp extracts on melanoma. In this study, the
anti-cancer effects of kelp extract in B16-FO cells were investigated, and the underlying molecular mechanisms were
assessed. Kelp extract was found to inhibit the proliferation of B16-FO cells, induce cytotoxicity, inhibit cell colony
formation, and induce DNA fragmentation and apoptosis. The molecular mechanism was found to involve kelp extract
increasing the expression of cytochrome-c and activated caspase-9 in the intrinsic apoptotic pathway. In addition, kelp
extract upregulated the expression of Fas-associated protein with death domain and activated caspase-8 in the extrinsic
apoptosis pathway. Activation of caspase-9 and caspase-8 by kelp extract induced activation of caspase-3 and cleaved poly
adenosine diphosphate-ribose polymerase, consequently inducing apoptosis. These data suggest that kelp extract represents

a potential therapeutic agent for melanoma.
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medium (DMEM), penicillin-streptomycin, 0.5% Trypin-EDTA+
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A Ado] AFEE CellTiter96® Aqueous One Solution Cell
Proliferation Assay kit$} CytoTox96" Non-Radioactive Cytotoxicity
Assay kit= Promega (Madison, WI, USA)lA 43It &3
FAs =4 Ao AL8E crystal violet?} glutaraldehyde 8->
Sigma Aldrich (St. Louis, MO, USA)EZRE FYstgomn,
extraction buffer2 AF&%¥ acetic acide= DC Chemical (Seoul,
Korea) A|Z0| ). DNA 4 3ol A8-% cell death detection
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assay kitv= Merk Millipore (Darmstadt, Germany)ZF-E -7 3}%]
T} Western blot #A1o|A] A3t UX} A anti-Fas associated
protein with death domain (FADD), anti-cytochrome-cx= Santa
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caspase-8<= Novus Biologicals (Centennial, CO, USA)°lA], anti-
cleaved caspase-9, anti-caspase-9, anti-cleaved caspase-3, anti-
anti-cleaved  poly  adenosine  diphosphate-ribose
polymerase  (PARP), anti-PARP+=  Cellsignaling  Technology
(Danvers, MA, USA)°l|A], anti-GAPDHE Proteintech (Chicago,
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BFAT, 37°C, 5% CO,Z Hi%7|ollA 24778 wiFsldich 2 &
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St A& Bio-Rad protein assay kit (Bio-Rad, Hercules, CA,
USAE A3l FaFssich. @d w=rt s 24% &
2xsodium dodecyl sulfate (SDS) sample buffer& Fo15¢] 95°C
ol 587 #JFJth Mini-PROTEAN system (Bio-Rad,
Hercules, CA, USA)S ©]-83t9 10% SDS polyacrylamide gelS
THEo] Zb wellel 14 pgell sigels @ o] Hes 7t A8E
loadingdl A719% S 3192 Immobilon® transfer membranes
0.45 um (Merck Millipore, Burlington, MA, USA)®|| transfer A]
Z o}, MembraneS 1xblocking buffer (BIOFACT BIOFACTORY,
Daejeon, Korea)= -2l 1417} &< blocking ¢ & UX} &
A anti-GAPDH (1:10000, Proteintech), anti-FADD (#sc-271748,
1:100, Santa Cruz), anti-cleaved caspase-8 (#NB100-561161,
1:1000, Novus Bio), anti-caspase-8 (#NB100-561161, 1:1000,
Novus Bio), anti-cytochrome-C (#sc-13560, 1:200, Santa Cruz),
anti-cleaved caspase-9 (#9504, 1:400, Cell Signaling), anti-
caspase-9 (#9509, 1:1000, Cell Signaling), anti-cleaved caspase-3
(#9661, 1:1000, Cell Signaling), anti-caspase-3 (#9662, 1:1000,
Cell Signaling), anti-cleaved PARP (#9544, 1:400, Cell
Signaling), anti-PARP (#9544, 1:1000, Cell Signaling)& 72} %]
23} 4°Col A overnight3} A TF. Tris-buffered saline containing
0.1% tween-20 (TBST, pH 8.0)0.& A|H 3+ T} o] x5} (HRP-
conjugated anti-rabbit IgG anti-mouse IgG ~ 1:2000, Cell
Signaling)oll 1417+ 30% &<t 220X vttt TBSTE Al
23}, ECL solution (Thermo Scientific, Rockford, IL, USA)E
7142 WkSAlZl & Fusion Solo system (Vilber, Lourmat,
France)S ©]&3l bandE Rl Th ©ld band®] 7w
Image J software (NIH, Bethesda, MD, USA)E A&l £43}
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Fig. 1. Effect of kelp extract on cell proliferation on B16-F0 cells.
B16-F0 cells were treated with the indicated concentration of kelp
extract for 48 h. Cell proliferation was determined by One Solution
Assay kit. The data is reported as the mean+SEM (n=4). Different
letters above bars indicate a significant difference by one-way
ANOVA followed by Tukey’s test (p<0.05).
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Fig. 2. Effect of kelp extract on cell cytotoxicity on B16-F0 cells.
B16-F0 cells were treated with the indicated concentration of kelp
extract for 48 h. Cell cytotoxicity was determined by Non-
Radioactive Cytotoxicity Assay kit. The data is reported as the
mean+SEM (n=4). Different letters above bars indicate a significant
difference by one-way ANOVA followed by Tukey’s test (p<0.05).
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Fig. 3. Effect of kelp extract on colony formation of B16-F0 cells.
B16-F0 cells were treated with the indicated concentration of kelp
extract for 14 days. Colony formation assay was determined by
crystal violet staining and took a photograph. It was assessed by
extracting crystal violet dye from stained B16-F0 cells. The data are
reported as the meantSEM (n=3). Different letters above bars
indicate a significant difference by one-way ANOVA followed by
Tukey’s test (p<0.05).
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Fig. 4. Effect of kelp extract on DNA fragmentation of B16-F0
cells. B16-F0 cells were treated with the indicated concentration of
kelp extract for 48 h. DNA fragmentation was determined by Cell
Death Detection ELISA. The data are reported as the meantSEM
(n=3). Different letters above bars indicate a significant difference by
one-way ANOVA followed by Tukey’s test (p<0.05).
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Fig. 6. Kelp extract induces expression of apoptosis related
proteins. B16-FO0 cells were treated with 10 mg/mL kelp extract for
8 h. Protein of whole cell lysates was resolved on 10% SDS-page for
FADD, caspase-8, cleaved caspase-8, cytochrome c, caspase-9,
cleaved caspase-9, caspase-3, cleaved caspase-3, PARP, cleaved
PARP. GAPDH expression is shown as a loading control. Relative
values over western blot band are indicated by the intensity of band
of target protein divided by density of band of GAPDH or native
caspase, native PARP protein.
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Fig. 7. Kelp extract has anti-melanoma effect. Kelp extract
induces the extrinsic and intrinsic apoptotic pathways. The extrinsic
apoptotic pathways is occurred by activation of FADD and caspase-
8. The intrinsic apoptotic pathways is occurred by activation of
caspase-8, cytochrome c, and caspase 9. Both activate caspase-3 and
PARP. Consequently, Kelp extract induces apoptosis in melanoma.
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