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Repression of IGF-I-induced osteoblast migration by
(-)-epigallocatechin gallate through p44/p42 MAP Kkinase signaling
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Abstract. Polyphenolic compounds in beverages may
have benefits in the prevention of osteoporosis. It has
been demonstrated previously that insulin-like growth
factor-I (IGF-I) could stimulate the migration of osteoblasts.
In the present study, it was investigated whether chlorogenic
acid, a major polyphenol in coffee, and (-)-epigallocatechin
gallate (EGCG), a major polyphenol in green tea, could affect
this IGF-I-stimulated migration of osteoblast-like MC3T3-El
cells. The IGF-I-stimulated osteoblast migration, evaluated
by Transwell cell migration and wound-healing assays, was
inhibited by EGCG but not chlorogenic acid. IGF-I induced the
phosphorylation of p44/p42 mitogen-activated protein (MAP)
kinase, p70 S6 kinase and Akt. The IGF-I-induced migration
was suppressed by PD98059,a MAP kinase kinase 1/2 inhibitor,
and deguelin, an Akt inhibitor, but not rapamycin, an inhibitor
of the upstream kinase of p70 S6 kinase (mammalian target of
rapamycin). EGCG attenuated the IGF-I-induced phosphory-
lation of p44/p42 MAP kinase but not Akt. Taken together,
the present results suggest that EGCG inhibits IGF-I-induced
osteoblast migration via p44/p42 MAP kinase.

Introduction

Bone tissue is consistently regenerated through a sequential
process of bone resorption and bone formation termed bone
remodeling (1,2). Bone resorption is conducted by osteoclasts
and bone formation is performed by osteoblasts (1,2). The
process of bone remodeling is initiated with osteoclastic bone
resorption, following bone formation executed by osteoblasts
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which migrate to the resorbed sites (1,2). Appropriate bone
quality and quantity, which is strictly regulated by various
hormones, cytokines and growth factors, is maintained by the
orchestrated cooperation of osteoclasts and osteoblasts (2).
Thus, it is considered that impairment of bone remodeling
causes metabolic bone disease mostly represented by osteo-
porosis (2). Furthermore, accumulating data indicates that
osteoblast migration serves crucial roles not only in many
processes of physiological bone metabolism but also in patho-
logical bone processes including bone-fracture healing (1,3-5).
However, the exact mechanism for this involvement of osteo-
blast migration remains unclear.

It is generally recognized that insulin-like growth
factor-I (IGF-I) serves pivotal roles in the regulation of growth
and bone metabolism (6,7). In our previous studies (8.9), it
was demonstrated that IGF-I stimulates the activity of alka-
line phosphatase, a biomarker of bone formation, through
the activation of p44/p42 mitogen-activated protein (MAP)
kinase and phosphatidylinositol 3-kinase/Akt in osteoblast-
like MC3T3-El cells. Regarding the effect of IGF-I on
osteoblast migration, it has been reported that IGF-I secreted
from osteoblast-like MC3T3-El cells acts as a chemotactic
factor for these cells through Akt activation (10). However, the
mechanism for how IGF-I induces the migration of osteoblasts
remains to be fully elucidated.

Natural polyphenolic compounds contained in bever-
ages possess various beneficial properties including
anti-oxidative and anti-inflammatory effects (11,12). Among
these compounds, it is established that chlorogenic acid is a
main phenolic compound in coffee while (-)-epigallocatechin
gallate (EGCGQG) is a major polyphenol in green tea (13-15).
Regarding the effects of chlorogenic acid on bone, it has
been documented that chlorogenic acid may strengthen the
femoral diaphysis against mechanical stress due to upregula-
tion of mineralization in the tibia (16). In addition, chlorogenic
acid reportedly inhibits osteoclast functions, resulting in the
suppression of bone resorption (17). Accumulating data indi-
cates that green tea consumption in elderly subjects decreases
the risk of bone fracture by increasing bone mass and mineral
density (18). It has further been reported that EGCG may
inhibit osteoclastic bone resorption and stimulate osteoblastic
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bone formation (18,19). In our previous study (20), it was
identified that EGCG enhanced osteoprotegerin synthesis in
osteoblast-like MC3T3-E1 cells. However, the exact roles of
chlorogenic acid and EGCG in bone metabolism are yet to be
fully clarified.

In the present study, using Transwell migration and wound-
healing assays, the effects of chlorogenic acid and EGCG on
the IGF-I-induced migration of osteoblast-like MC3T3-El
cells were investigated. Additionally the mechanism under-
lying IGF-I-induced migration was examined by western blot
analysis, and the effects of corresponding inhibitors (PD98059,
rapamycin and deguelin) on migration were evaluated.

Materials and methods

Materials. IGF-1 was obtained from R&D Systems, Inc.
(Minneapolis, MN, USA). Chlorogenic acid and EGCG were
purchased from Sigma-Aldrich (Merck KGaA, Darmstadt,
Germany). PD98059, rapamycin and deguelin were obtained
from Calbiochem-Novabiochem Corporation (San Diego,
CA, USA). Phospho-specific p44/p42 MAP kinase antibody
(cat. no. 9101), p44/p42 MAP kinase antibody (cat. no. 9102),
phospho-specific p38 MAP kinase antibody (cat. no. 4511),
phospho-specific stress-activated protein kinases (SAPK)/
c-Jun N-terminal kinase (JNK) antibody (cat. no. 9251),
phospho-specific p70 S6 kinase antibody (cat. no. 9205),
phospho-specific Akt antibody (cat. no. 9275) and Akt anti-
body (cat. no. 9272) were purchased from Cell Signaling
Technology (Danvers, MA, USA). GAPDH antibody (cat.
no. SC-47724) was obtained from Santa Cruz Biotechnology,
Inc. (Dallas, TX, USA). An electrochemiluminescence (ECL)
western blotting detection system was purchased from
GE Healthcare (Amersham, UK). Other materials and chemi-
cals were obtained from commercial sources. Chlorogenic acid
was dissolved in ethanol. EGCG was dissolved in dimethyl
sulfoxide. The maximum concentration of ethanol or dimethyl
sulfoxide was 0.1%, which did not affect the assay for cell
migration or western blot analysis in preliminary experiments.

Cell culture. Cloned osteoblast-like MC3T3-El cells
derived from newborn mouse calvaria (21) were provided
by Dr Masayoshi Kumegawa (Meikai University, Sakado,
Japan) and maintained as previously described (22). Briefly,
MC3T3-El cells were cultured in a-minimum essential
medium (a-MEM) containing 10% fetal bovine serum (FBS)
at 37°C in a humidified atmosphere of 5% CO,/95%
air. The cells were seeded into 90-mm diameter dishes
(2x10° cells/dish) in the a-MEM containing 10% FBS
for 5 days. The medium was then exchanged for a-MEM
containing 0.3% FBS, and the cells were subsequently used
for western blot analysis after 48 h culture at 37°C. For the
cell migration assay, MC3T3-El cells in a-MEM containing
10% FBS cultured for 3 days were sub-cultured in a-MEM
containing 0.3% FBS for 6 h (all at 37°C), and then were used
for the migration experiments.

Cell migration assay. A Transwell cell migration assay was
performed using a Boyden chamber (polycarbonate membrane
with 8-pm pores; Corning Inc.,Corning, NY,USA) as described
previously (23). In brief, MC3T3-El cells were trypsinized
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and seeded (1.0x10° cells/well) onto the upper chamber in
a-MEM containing 0.3% FBS. IGF-I (0 or 10 nM) was added
to the lower chamber in a-MEM containing 0.3% FBS and
incubated for 16 h at 37°C, and the cells on the upper surface of
the membrane were then mechanically removed. The migrated
cells adherent to the underside of the membrane were fixed
with 4% paraformaldehyde and stained with DAPI solution.
The migrated cells were photographed and quantified using
fluorescent microscopy at a magnification of x20 by counting
the stained cells in three randomly selected fields. Prior to
assays, subsets of cells were pretreated with chlorogenic acid
(0, 10, 30 or 50 M), EGCG (0, 0.1,0.3 or 1.0 xM), PD98059
(0 or 30 uM), rapamycin (0 or 50 ng/ml) or deguelin (0 or
0.5 uM) for 60 min at 37°C.

For a wound-healing assay, MC3T3-El cells were seeded in
o-MEM containing 10% FBS at 1.0x10° cells/well into an ibidi
Culture-Insert 2 Well (ibidi GmbH, Martinsried, Germany)
with a 500-¢m margin from the side of the well and grown for
24 h at 37°C. Following removal of the insert, the cells were
stimulated with 70 nM IGF-I or vehicle (phosphate-buffered
saline supplemented with 0.01% bovine serum albumin) for
8 hat 37°C. Based on results of the Transwell assays, subsets of
control and stimulated cells were pretreated with 1 uM EGCG
or vehicle for 60 min. The cells were photographed using
an EOS Kiss X4 digital camera (Canon Inc., Tokyo, Japan)
connected to a CK40 culture microscope (Olympus Co., Ltd.,
Tokyo, Japan) prior to the stimulation with IGF-I and after
8 h. The area comprised of migrated cells was measured by
ImagelJ software (version 1.48; National Institutes of Health,
Bethesda, MD, USA).

Western blot analysis. MC3T3-El cells pretreated with the
stated doses of EGCG, PD98059, rapamycin, deguelin or
vehicle, then stimulated by 10 nM IGF-I or vehicle in 1 ml
a-MEM containing 0.3% FBS for different time periods (1, 3,
5, 10, 15, 20 and 30 min) at 37°C. The cells were then lysed,
homogenized and sonicated in a lysis buffer containing 62.5 mM
Tris/HCI, pH 6.8, 2% sodium dodecyl sulfate (SDS), 50 mM
dithiothreitol and 10% glycerol. SDS-polyacrylamide gel elec-
trophoresis (PAGE) was performed according to the method of
Laemmli (24) on 10% polyacrylamide gels. The protein was
fractionated and transferred onto an Immun-Blot polyvinyli-
dene difluoride (PVDF) membrane (Bio-Rad Laboratories, Inc.,
Hercules, CA, USA). The membranes were blocked at 4°C with
5% fat-free dry milk in Tris-buffered saline-Tween (TBS-T;
20 mM Tris/HCI, pH 7.6, 137 mM NacCl, 0.1% Tween-20) for
1 h prior to incubation with primary antibodies. Western blot
analysis was performed as described previously (25) using
the phospho-specific p44/p42 MAP kinase, p44/p42 MAP
kinase, phospho-specific p38 MAP kinase, phospho-specific
SAPK/INK, phospho-specific p70 S6 kinase, phospho-specific
Akt, Akt and GAPDH (loading control) antibodies as primary
antibodies, and peroxidase-labeled antibodies raised in goat
against rabbit immunoglobulin G (cat. no. 5110-0336; KPL,
Inc., Gaithersburg, MD, USA) used as secondary antibodies.
The primary and secondary antibodies were diluted at 1:1,000
with 5% fat-free dry milk in TBS-T and incubated at room
temperature. The peroxidase activity on the PVDF membrane
was visualized on X-ray film by means of the ECL western
blotting detection system.
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Figure 1. Effect of chlorogenic acid on IGF-I-induced migration of MC3T3-El cells. Cell migration was evaluated using a Boyden chamber. The cells were
pretreated with various doses of chlorogenic acid for 60 min, and then stimulated by 10 nM IGF-I or vehicle for 16 h. Photographs (white signal) and a
histogram showing the numbers of migrated cells in each panel are presented. Magnification, x20; scale bars, 100 gm. IGF-1, insulin-like growth factor-1.

Densitometric analysis. Densitometric analysis was performed
using a scanner and ImagelJ version 1.48. The levels of phos-
phorylated target proteins were calculated as follows: the
background-subtracted signal intensity of each phosphoryla-
tion signal was respectively normalized to the total protein
signal, and plotted as a fold increase in comparison to that of
the control cells treated without pretreatment or stimulation.

Statistical analysis. The data were analyzed by one-way
analysis of variance followed by the Bonferroni method for
multiple comparisons between pairs, and P<0.05 was consid-
ered to indicate statistical significance. Microsoft Excel 2010
(Microsoft Corporation, Redmond, WA, USA) was used for the
analysis. All data are presented as the mean =+ standard error of
the mean of triplicate determinations from three independent
cell preparations.

Results

Effects of chlorogenic acid and EGCG on IGF-I-induced
migration of MC3T3-EI cells. It has been reported that IGF-I
induces the migration of osteoblasts including osteoblast-like
MC3T3-El1 cells (10). The present study identified that IGF-I
elicited the migration of MC3T3-El cells when assessed by
Transwell and wound healing assays. In the Transwell assay,
the effect of IGF-I on cell migration was dose-dependent over
the range 3-30 nM, whereas in the wound healing assay, the
effect was dose-dependent over the range 1-100 nM (data not
shown).

Initially, the effect of chlorogenic acid or EGCG on the
IGF-I-induced migration of MC3T3-El cells was investigated
using a Boyden chamber. Chlorogenic acid had no significant
effect on the IGF-I-stimulated migration up to 50 M (Fig. 1).
By contrast, the IGF-I-stimulated migration was suppressed
by EGCG in an apparent dose-dependent manner in the range
0.1-1.0 uM; with the concentrations 0.3 and 1.0 xM yielding
significant effect (P=3.0x10"*and 2.5x10*, respectively) (Fig. 2).

The effect of EGCG on the IGF-I-stimulated migration of
osteoblast-like MC3T3-El cells was subsequently evaluated
by wound-healing assay. As above, EGCG (1 yM) markedly
suppressed the IGF-I-stimulated MC3T3-El cell migration
(P=0.020) (Fig. 3).

Effect of IGF-I on the phosphorylation of p44/p42 MAP
kinase, p38 MAP kinase, SAPK/JNK, Akt and p70 S6 kinase
in MC3T3-EI cells. Regarding the intracellular signaling
of IGF-I in osteoblasts, our group previously demonstrated
that p44/p42 MAP kinase and Akt may serve as positive
regulators in the IGF-I-stimulated activity of alkaline
phosphatase, a biochemical marker of bone formation,
in osteoblast-like MC3T3-El cells (8,9). It is established
that the MAP kinase superfamily including p44/p42 MAP
kinase, p38 MAP kinase and SAPK/JINK are essential
molecules in the transduction of various messages from a
range of stimulators (26). As for osteoblast migration, it
has been reported that the pathway of PI3K/Akt is involved
in the IGF-I-stimulated migration (10). In addition, p70 S6
kinase is reportedly implicated in ovarian cancer cell
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Figure 2. Effect of EGCG on IGF-I-induced migration of MC3T3-El cell. Cell migration was evaluated using a Boyden chamber. The cells were pretreated with
various doses of EGCG for 60 min, and then stimulated by 10 nM IGF-I or vehicle for 16 h. Photographs (white signal) and a histogram showing the numbers
of migrated cells in each panel are presented. Magnification, x20; scale bars, 100 ym. EGCG, (-)-epigallocatechin gallate; IGF-I, insulin-like growth factor-1.
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Figure 3. Effect of EGCG on IGF-I-induced migration of MC3T3-El cells. Cell migration was evaluated by a wound healing assay. The cells were pretreated
with 1 uM EGCG or vehicle for 60 min, and then stimulated by 70 nM IGF-I or vehicle for 8 h. The cells were photographed prior to IGF-I-stimulation (0 h)
and after 8 h, and the area of migrated cells was measured. Magnification, x10; scale bars, 500 ym. EGCG, (-)-epigallocatechin gallate; IGF-I, insulin-like
growth factor-1.
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Figure 4. Effects of IGF-I on the phosphorylation of p44/p42 MAP kinase, p38 MAP kinase, SAPK/JNK, Akt and p70 S6 kinase in MC3T3-El cells. The
cells were stimulated by 10 nM IGF-I for the indicated periods. Western blot analysis was performed using antibodies against phospho-p44/p42 MAP kinase,
phospho-p38 MAP kinase, phospho-SAPK/INK, phospho-p70 S6 kinase, phospho-Akt and GAPDH. IGF-I, insulin-like growth factor-I; MAP, mitogen-acti-
vated protein; SAPK/INK, stress-activated protein kinase/c-Jun N-terminal kinase.

migration (27). In the current study, the phosphorylation of
p44/p42 MAP kinase, p70 S6 kinase and Akt was markedly
induced by IGF-I (10 nM), while IGF-I had little effect on the
phosphorylation of p38 MAP kinase and SAPK/INK (Fig. 4),
suggesting that IGF-I stimulates the activation of p44/p42
MAP kinase, Akt and p70 S6 kinase but not of p38 MAP
kinase and SAPK/JNK in osteoblast-like MC3T3-El cells.
GAPDH was adopted as the control instead of p70 S6 kinase,
since reliable antibodies against non-phosphorylated p70 S6
kinase were not obtained.

Effects of PD98059, rapamycin and deguelin on IGF-I-induced
migration of MC3T3-El cells. To investigate whether
p44/p42 MAP kinase, p70 S6 kinase or Akt is involved in
the IGF-I-stimulated migration of osteoblast-like MC3T3-El
cells, the effects of PD98059, an inhibitor of the upstream
kinase that activates p44/p42 MAP kinase [MAP kinase
kinase (MEK)1/2] (28), rapamycin, an inhibitor of mammalian
target of rapamycin (mTOR) that activates p70 S6 kinase (29),
and deguelin, an inhibitor of Akt (30) on the induced migration
were assessed (Figs. 5-7). Treatment with PD98059 or deguelin
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Figure 5. Effect of PD98059 on IGF-I-induced migration of MC3T3-El cells.
(A) Cell migration was evaluated using a Boyden chamber. The cells were
pretreated with 30 M PD98059 or vehicle for 60 min, and then stimulated
by 10 nM IGF-I or vehicle for 16 h. Photographs (white signal) and a histo-
gram showing the numbers of migrated cells in each panel are presented.
Magnification, x20; scale bars, 100 gm. (B) The cells were pretreated with
30 uM of PD98059 or vehicle for 60 min, and then stimulated by 10 nM
IGF-I or vehicle for 5 min. Western blot analysis was performed using
antibodies against phospho-p44/p42 MAP kinase or p44/p42 MAP kinase.
IGF-I, insulin-like growth factor-I; MAP, mitogen-activated protein.

significantly reduced the IGF-I-induced migration (P=0.002
and 0.014, respectively) (Figs. SA and 7A), whereas rapamycin
did not affect the migration induced by IGF-I (Fig. 6A). It
was confirmed that in MC3T3-El cells, PD98059, deguelin
and rapamycin acted as an inhibitor of their respective
targets (Figs. 5B, 6B and 7B).
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Figure 6. Effect of rapamycin on IGF-I-induced migration of MC3T3-El
cells. (A) Cell migration was evaluated using a Boyden chamber. The cells
were pretreated with 50 ng/ml rapamycin or vehicle for 60 min, and then
stimulated by 10 nM IGF-I or vehicle for 16 h. Photographs (white signal) and a
histogram showing the numbers of migrated cells in each panel are presented.
Magnification, x20; scale bars, 100 gm. (B) The cells were pretreated with
50 ng/ml rapamycin or vehicle for 60 min, and then stimulated by 10 nM IGF-1
or vehicle for 10 min. Western blot analysis was performed using antibodies
against phospho-p70 S6 kinase or GAPDH. IGF-I, insulin-like growth factor-I.

Effect of EGCG on IGF-I-induced phosphorylation of p44/p42
MAP kinase and Akt in MC3T3-EI cells. To clarify the mecha-
nism underlying the inhibition of IGF-I-induced migration by
EGCG, the effect of EGCG on the IGF-I-induced phosphoryla-
tion of p44/p42 MAP kinase and Akt was investigated. EGCG
(20 and 30 M) significantly reduced the IGF-I-induced
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Figure 7. Effect of deguelin on IGF-I-induced migration of MC3T3-El1 cells.
(A) Cell migration was evaluated using a Boyden chamber. The cells were
pretreated with 0.5 M deguelin or vehicle for 60 min, and then stimulated
by 10 nM IGF-I or vehicle for 16 h. Photographs (white signal) and a histo-
gram showing the numbers of migrated cells in each panel are presented.
Magnification, x20; scale bars, 100 gm. (B) The cells were pretreated with
0.5 uM deguelin or vehicle for 60 min, and then stimulated by 10 nM IGF-I
or vehicle for 3 min. Western blot analysis was performed using antibodies
against phospho-specific Akt or Akt. IGF-1, insulin-like growth factor-1.

phosphorylation of p44/p42 MAP kinase (Fig. 8A); whereas
the IGF-I-induced phosphorylation of Akt was not affected by
EGCG (Fig. 8B).
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Discussion

In the present study, it was demonstrated the IGF-I-induced
migration of osteoblast-like MC3T3-El cells was significantly
suppressed by EGCG, a major catechin in green tea (14,18),
whereas chlorogenic acid, a main polyphenol in coffee (13), did
not affect the induced migration. The intracellular signaling
system behind the IGF-I-induced migration of osteoblast-like
MC3T3-El1 cells was also investigated, as well as the exact
mechanism underlying the inhibition of IGF-I-induced migra-
tion by EGCG. The IGF-I-induced migration of MC3T3-El
cells was suppressed by PD98059, an MEK inhibitor (28), and
deguelin, an Akt inhibitor (30), in osteoblast-like MC3T3-E1
cells. Regarding the intracellular signaling of IGF-I in osteo-
blast migration, it has been reported that phosphatidylinositol
3-kinase is involved in the migration event (10). Since it
is generally known that Akt acts at a point downstream of
phosphatidylinositol 3-kinase, the current finding is consistent
with that reported previously. Based on overall findings, it is
probable that p44/p42 MAP kinase and Akt serve as positive
regulators in the IGF-I-induced migration of osteoblast-like
MC3T3-E1 cells. In addition, it was identified that EGCG
markedly reduced the IGF-I-induced phosphorylation of
p44/p42 MAP kinase without affecting the induced phosphor-
ylation of Akt in MC3T3-EI cells. Collectively, these findings
suggest that EGCG repressed the IGF-I-induced migration of
osteoblast-like MC3T3-El cells through inhibition of p44/p42
MAP kinase.

In physiological bone remodeling, the migration of osteo-
blasts to the sites resorbed by osteoclasts is an essential step,
as the migrated osteoblasts are activated and initiate bone
formation at the bone resorbed sites, resulting in the mainte-
nance of moderate bone mass (3-5). In addition, the migration
of osteoblasts is crucial also in the case of pathological bone
states including osteoporosis and bone fracture repair (3-5).
Thus, appropriate migration of osteoblasts is necessary for the
regulation of bone remodeling, and proper osteoblast migra-
tion is considered to be essential for maintaining both the
quantity and quality of bone mass (1,3-5). It has been proposed
that green tea consumption may be associated with increased
bone mass, improved bone density and decreased risk of bone
fracture (18). Green tea polyphenols including EGCG report-
edly protected bone loss in middle-aged female rats following
ovariectomy in vivo (31). It has also been reported that lower
concentrations (1, 5 and 10 uM) of EGCG did not affect the
migration of alveolar bone cells, whereas higher concentra-
tions (25 and 50 uM) suppressed cell migration analyzed by
wound-healing assay (32). In the present study, the significant
suppressive effect of EGCG on the IGF-I-induced migration
of MC3T3-El cells was observed at 1 M in Transwell and
wound healing assays. Based on these findings, it is possible
that EGCG elicits a modulatory effect in osteoblast migration,
leading to appropriate bone remodeling. It has been documented
that the maximum plasma concentration of EGCG reaches
approximately 0.7 uM following moderate green tea ingestion
(3 g decaffeinated green tea solids) in humans (33). Regarding
chlorogenic acid, it has been reported that when single serv-
ings of coffee beverage containing low (412 gmol), medium
(635 mol) and high (795 pmol ) levels of chlorogenic acids were
administered to healthy subjects, a value of maximum peak
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Figure 8. Effects of EGCG on IGF-I-induced phosphorylation of (A) p44/p42 MAP kinase and (B) Akt in MC3T3-El cells. The cells were pretreated with
various doses of EGCG for 60 min, and then stimulated by 10 nM IGF-I or vehicle for (A) 5 min or (B) 3 min. Western blot analysis was performed using
antibodies against phospho-p44/p42 MAP kinase, p44/p42 MAP kinase, phospho-Akt and Akt. The histograms show quantitative representation of the
levels of IGF-I-induced phosphorylation determined from laser densitometric analysis of three independent experiments. EGCG, (-)-epigallocatechin gallate;

IGF-1, insulin-like growth factor-I; MAP, mitogen-activated protein.

plasma concentration of approximately 1.5 #M was observed in
following the medium level serving (34), which is considerably
lower than the doses used in the present study. Taking these
findings into account, the concentrations of EGCG and chloro-
genic acid used for osteoblast migration in vitro in the present
study appeared physiologically relevant to green tea drinkers
but rather super-physiological to coffee consumers in vivo. In
addition, it has been reported that IGF-I upregulates osteoclas-
togenesis from monocytes in vitro (35). Thus, it is possible that
IGF-I can potentiate the osteoclast supply in the process of bone
remodeling in addition to stimulating osteoblast migration. In
the present study, the effects of EGCG and chlorogenic acid
were elucidated only with regard to osteoblast-like MC3T3-El
cells, and not monocyte-osteoclast lineage cells. To understand
the exact mechanism underlying the potential favorable effects
of natural compounds including EGCG and chlorogenic acid
on human bone health and protection against osteoporosis,
experiments in monocyte-osteoclast lineage cells in addition
to osteoblasts would be useful. Further investigations are also
required to clarify the molecular mechanism underlying the
apparent inhibition of IGF-I-induced osteoblast migration by
EGCG.

In conclusion, the present results suggest that EGCG
represses IGF-I-induced migration of osteoblasts, possibly
resulting in the adjustment of bone remodeling, and that the
effect of EGCG is exerted through the suppression of p44/p42
MAP kinase.
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