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Abstract The Laminaria japonica Aresch (Sea tangle) belongs to the brown algae and has a
long history as a food material in Asia, including Korea. Recent studies have found that the
fermented Sea tangle extract (FST) inhibited the differentiation of osteoclasts and protected osteo-
blasts from oxidative damage. This study aims to explore the possibility that FST can induce
the differentiation of osteoblasts and identify the responsible mechanism. According to our results,
FST induced differentiation into osteogenic cells in the presence of osteoblastic MC3T3-E1 cells
under non-toxic conditions.. This finding was confirmed by phalloidin staining, increased alkaline
phosphatase activity, and calcium deposition. Additionally, it was found that this process was
achieved by increasing the expression of key factors involved in osteoblast differentiation, such
as runt-related transcription factor-2, osterix, [3-catenin, and bone morphogenetic protein-2.
Moreover, FST increased autophagy, which may contribute to the maintenance of the bone for-
mation homeostasis, and is associated with the activation of the phosphatidylinositol 3-kinase/Akt
and mitogen-activated protein kinase signaling pathways. Although further research about the bio-
active substances contained in FST and the tests of their efficacy are required, the results of
this study indicate that FST has incredible applicability as a functional material for maintaining
the bone homeostasis.
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Figure 1. Effects of FST on the cell viability and cytoskeleton
morphology in MC3T3-E1 preosteoblasts. (A) Cells were
cultured for 72 h in FST-containing a-MEM. (A) Cell
viability was assessed by MTT assay. Data were presente
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Figure 2. Effects of FST on the ALP activity and calcification
in MC3T3-E1 preosteoblasts. After culturing the cells in
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FST-containing medium a-MEM or OGM alone for 7 day
s, the cells were stained for ALP activity using a TRACP
& ALP Double-stain Kit (A and B) and for calcification
using Alizarin Red S solution (C and D) according to
the manufacturer's instructions. (A and C) Representative
images were captured using a fluorescence microscope.
(B) For quantification of ALP activity, cell lysates were
separated from cells, incubated with alkaline phosphatase
yellow (pNPP) liquid substrate, measured at 405 nm with
a microplate reader, and presented as fold activity of contr
ol cells. (D) Calcium deposition was quantified based on
Alizarin Red S staining and the results were calculated
as fold induction of control cells. Data were presented
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Figure 3. Effects of FST on the expression of osteogenic diffe
rentiation-related proteins in MC3T3-E1 preosteoblasts.
After culturing the cells in FST-containing a-MEM for
7 days, the levels of Runx2, [B-catenin and BMP-2 protein
expression were detected by Western blot analysis (A)
and their relative expression was normalized to glyceralde
hyde 3-phosphate dehydrogenase (GAPDH) as an internal
control (B). Data were presented as mean + SD (P <
0.001 relative to the a-MEM control).
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ted proteins was quantified (B and C). Data were presente

sk

d as mean £ SD (P < 0.001 relative to the a-MEM
control).
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