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Abstract

Estrogen is known to play an important role in maintaining bone mass, since the concentration of serum
estrogen decrease after menopause and the estrogen deficiency results in bone loss. Phytoestrogens are plant
compounds with estrogen-like biological activity. In this study, to investigate the bioactivities of phyto-
estrogen, which act on bone metabolism, we examined the effect of selected food-borne phytoestrogens (ge-
nistein, daidzein and resveratrol) on osteoblast proliferation and IGF-I production using MC3T3-E1 cells, a
mouse calvaria osteoblast-like cell line. Cells were cultured in a serum free medium for 48 hr in the presence
of genistein (10 ° M), daidzein (10 ®> M) and resveratrol (10° M). The effects of genistein, daidzein and resveratrol
on the cell proliferation and growth were evaluated by total cell numbers, MTS assay and cell migration assay.
Their effect was compared with the 17B-estradiol. Genistein, daidzein and resveratrol exhibited stimulatory
effects on the growth of MC3T3-El1 cells, and the most pronounced effect was shown with daidzein. In addition,
these phytoestrogen increased alkaline phosphatase activity of MC3T3-E1 cells. These effects were similar
to that of 17B-estradiol effects. Moreover, treatment with genistein, daidzein and resveratrol increased pro-
duction of insulin like growth factor-1 (IGF-I) in conditioned media, indicating that the growth promoting
effects of these phytoestrogen were related to the changes in production of IGF-I by MC3T3-E1 cells. These
results show that genistein, daidzein and resveratrol have a stimulatory effect on osteoblast function, and
that these findings in a cell model may prove relevant to protecting against the loss of bone mass and the
development of osteoporosis in human subjects.
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MC3T3-El A Zuwifol] AH-4% @ -MEM( ¢ -Modified
Eagle's Medium), FBS(Fetal bovine serum)+- Gibco BRL
(Life Technologies, Gibco BRL, Gaitherberg, MD) A &-&
A}-4-3}93 o}, Sodium bicarbonate, BSA(bovine serum albu-
min), trypsin-EDTA, protease inhibitor, 17-estradiol, geni-
stein, daidzein % resveratrol- Sigma(Sigma Chemical Co.,
St. Louis, MO, USA)2} USB(Amersham Pharmacia bio-
science, England) A &g A}-£-3}5it}. ECL-western immuno
blotel} AH-&-
cular marker(Amersharm Pharmacia bioscience, England)
& A}-8-3}9] 2 detection reagent+ Pierce(Pierce, Rockford,
IL, USA)ell Al F-slatsict. Al E uf k-8 8719} 717+ Comn-
ing(Corning, NY, USA)3} Falcon(Becton Dickinson Lab
ware, Franklin Lakes, NJ, USA) &} &2 A}&-319 17 4| 29
RNA% Intron(Intron Biotechnology, Inc., Korea) |2l
Easy blue2 #2319t} 27193 -5% agarose= SeaKem LE
agarose(BMA, Rockland, ME, USA)E AF&3tgw 2 9
RNA<®} DNA 434 A1 242 molecular biology-%2.2 Sigma
ANES EFA%E ARG

MC3T3-E1 Mot
MC3T3-E1 Al =& 7 3 o3t o o)) 8 o £1] a3 -4l o]
A] Hokutol B AlE Aol 4] wokalmi ] AF2-8kedvh MC3T3-

g} protein standard marker+ rainbow high mole-

El Al £+ 10% FBS(Fetal bovine serum)& &3l a -
MEM( ¢ -Modified Eagle Medium; sodium bicarbonate,
100 U/mL penicillin, 100 ug/mL streptomycin) ¥ 2] & A}-4
3lod 37°C, 5% COp £71 slollA] wofal v A &= 3 vic}
w3slgdrt. 178-Estradiold}t A1 &4 o| ~EZ A2l genistein,
daidzein @ resveratrol®] A E Fo 2 & AR s7] ¢4
theFet TR AE FAe viXe AFE &3 A,
17B-estradiol®] &3+ 107° MellA} 71 2 Ao 2 vepgo
o genistein, daidzein, ¥ resveratrol®] 7 $-ofl= 107° M°ﬂ
A 74 2 255 vehidr) Wl 22 10° M3} 10° M
FREE AX AHrtstodoh

& M= % 53
MC3T3-E1 A Z = 6-well platesl] 1% 10° cells/wello] =)

X2 B33} confluent monolayer7} 2 w}7bA] vfoFs}

FBS7} §l+= o -MEM ®lA] 2 gka}od 24417 wioFshod v},
24X12L A2} F, =g wjA) el 178- -estradiol(10™ M), geni-
stein(107° M), daidzein(10° M) ¥ resveratrol(10° M)& 3
7}8}ed 48417k ©] wlekslgdth wiek ¥ Al Z monolayert
PBS-EDTAZ 23] Al &3l 3L trypsin A 2] 8ted A 25 34
slgdt}. 343 A £+ Brightline hemacytometer(Hausser
Scientific, USA)& ©]-&-3to] A& 7|74 (OLYMPUS, Japan)
slollA F AXE FF EFA3

MTS assayoll 2|&t

Aotslt AZ %é
3}

Mz Z4 £H
Jsle] A2 F2]1-& Hr)slr] $6)
MTT assay-= &g MTS assay s AH&-38led A g stg}.
MTS assay+= ’Qﬁé ZAE 2 A2]gF A FEe tetrazolium
compound?] MTSE §ol3lx YA AZFEak vfokste] A
Z W " E%— °]'°ﬂ Z )| 3+= succinate dehydrogenase
of o] A= 484 formazan®] F-& 490 nmell 4] B 4
gksle] A2 $4]-& FHlste We|th

A E2 96-well plateel] 1x10" cells/wello] HEE B3
832 10% FBSE gHf-3h+ a -MEM ¥ A 2 vl oF3}e] 80%
confluent ¥ ¢1-& o] FBS7} ¢l @ -MEM wl| ] 2 318}3}¢]
24 A1 7} o} i oFaled v}, 244 7k v oFg) & A 22wl R] o] 17
-estradiol, genistein, daidzein ¥ resveratrol-< & 7}3}¢3 44
A1ZF wjeksl . MTS/PMS solution(Celltiter 96 AQueous
Non-Radioactive Cell Proliferation Assay Kit, Promega
Co., Wisconsin, USA)& & 7}sle] 37°C, 5% CO: incubator
oA 447+ 5-qF vl k3t ©}& ELISA plate readerS AM&-3}
] 490 nm FANA FFHE=E FAsA

Migration assay

MC3T3-El Al Z£& 10% FBSE §&-#-3l& o« -MEM | %]
ol A vkl a FBS7} §lv o -MEM w2 2 83} 244]
7y wfeFet obg, AE dAG g S dAEaR Fol Wl F
7F-& ubE F 17B-estradiol, genistein, daidzein & resvera-
trol-& A 7}sle] 48X 1159t w oF3lsd v}, 48412t 7 3} ¥, uil
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A& AAG th-& A ZE PBS-EDTAZ 23] AU 3 me-
thanol® A 3}gitt 1A Y Al £& Harris hematoxylin®-
2 dAste] Aoy ol 2 e & Al AL AxEv A
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Alkaline phosphatase(ALP) activity 4 &4

178~Estradiol, genistein, daidzein ¥ resveratrol< A7}
8lo] 484 7%k W ok3l A F monolayerdl] 0.1% Triton X-
100 buffer(pH 7.6)5 91 9-& $) oA scrappingdte] cell
lysate® 33} t}. Cell lysate:= ice bathol A} 6037} soni-
cationdt 3L YA Ee|3te] 1 AR AE o} Fgaida F
38 2+ A2 ¥ cell lysate®] ALP &A4-& ALP &4 &
kit(41¥3}3}, Korea)E AHg-3lod &4 5k}

IGF 5= &4

MC3T3-E1 A Z& 2zt A 2] M 2 484 7t wl| oF 3] 3]
&k wfoF o} 31} cell lysateol] A IGF-19] &%= two-site immu-
noradiometric assay (IRMA) kit(DSL-5600 ACTIVE IGF-
I Coated-Tube IRMA kit, USA)E A}&-3te] 23 3s}4ic},
wfj oFel] 7} cell lysateel] extraction solutiong 7}8}o] Al-£-of
A 3087 vk 8k YAl 22 8ho] Insulin-like Growth Factor
binding protein(IGFBP)-S A7 3} ). IGFBP A7 % neu-
tralizing solution®.Z F3A1 A anti-IGF-I coated tubese®l]
Y7 1o 2 %43 anti-IGF-1 reagentE & 7}shed A&
4] 3] 759} shaking incubation(180 rpm)3}&3 ). 34| 7k 7
st & anti-IGF-1 coated tubes 2] ¥F-$-4-& A7 s} 3 &
o] 242 3¥ AHF obF gamma counter(Wallac 1470
wizard, Amersham Pharmacia Biotech, England)Z radio

activity & =3 3l¢i

IGF-12] mRNA 2 24

IGF-12} mRNA & £4 o= digoxigenin(DIG) 2.2 &
=]sto] &shikgubH © 2 mRNA-E #9138} non-radioac-
tive DIG northern blot ¥4 -& AF8-3}9ich 4 He|270W =
ufjoFsle] &8 MC3T3-E1 Al £9] total RNA 20 ug-2- 1.2%
WA formaldehyde agarose Al 7] %33 nylon % .E
& 1(ICN Biomedicals, Inc., USA)2. % capillary transfer 8}
A}, ©}L, bakingdF membrane2 ExpressHyb hybridiza-
tion solution(Clontech laboratories, Inc., USA)}& A}-&3}o3
pre-hybridization3} 3 DIG-dUTP® % X*| & IGF-I probe s
& hybridization Y22 68°Cell4] 14 7H53} hybridi-
zations 339t Hybridization #A-& A% 9Bl
Al &-of| A 3087} blocking (0.1 M Maleicié_cid, 0.15 M NaCl;
pH 7.5; 1%(w/v) blocking reagent)3} 3 ‘Anti-Digoxigenin-
AP conjugate(1:10,000)2 30%7}F 9H-¢A% &, A (0.1 M
maleic acid, 0.15 M NaCl, 0.3%(v/v) Tween 20, pH 7.5)3} 1
chemiluminescence substrate CSPD solution(1:100, Roche
Dignostics) 22 2] 8te] X-ray 5 ZFA 7

EAIxz

Alge) $AAAE 77 AR JaAet EAA
(mean=SD)& AH&3}o] H7]89] oo, oA 7 A o= Stu-
dent’s t-testE o]-8-3}3it}
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Genistein, daidzein ¥ resveratrol0] MIZe|l ZAlnt
Aol o|x|l= &0}

Genistein, daidzein ¥ resveratrolo] MC3T3-E1 Zo}A)
Zo FAlof vl AHE ] 8l F AE 9
MTS #4-& 53 Aolsle AZxsE A3 L, ol
AEA dirEzAY AHNE 17p-estradiold] E3}e} vl
dho] Abs H gk}

Genistein, daidzein = resveratrolel| &8 & A £ &
2+7t 34.8%(p<0.001), 51.4%(p<0.001), 31.8%(p<0.001)
Z7}8le] 20, 17B-estradiolell 93] 49.1%(p<0.001) £}
g Zle 2 vehygdoh(Fig. 1). MTS assay & Arolgl= A&

£ #4913 A3} (Fig. 2)¢ll 4] & daidzein®} resveratrol 2]
F7-ol s 22 20.2%(p<0.001)2} 14%(p<
0.001)¢} A 5 Z7FE vehl o] 13.4%(p<0.001)8] F7}
X3l 17B-estradiol .t} Al £ Z4] o] vlA] &= &3}7} A7)
+ o 4 Aok Genistein®] 7%l & 11.7%(p<0.01)
] F4E Vet 2 AT E v& 2 g
=2 ey
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Fig. 1. Effects of 17B-estradiol, genistein, daidzein and re-
sveratrol on total cell numbers of MC3T3-E1 cells.

Cells were cultured for 48 hr in vehicle (C, 0.1% ethanol), 17~
estradiol (E, 10°° M), genistein (G, 107 M), daidzein (D, 10 M)
and resveratrol (R, 10 M) after pre-incubation with SFM (serum
free media) for 24 hr, and then cell number was counted by he-
macytometer. Data shown are mean + SD expressed. Samples sig-
nificantly different from control by Student's t-test; “"p<0.001.
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Fig. 2. Effects of 17B-estradiol, genistein, daidzein and re-
sveratrol on proliferation of MC3T3-E1 cells.

Cells were cultured for 48 hr in vehicle (C, 0.19% ethanol), 17B-
estradiol (E, 10”° M), genistein (G, 10”° M), daidzein (D, 10 M)
and resveratrol (R, 10° M) after pre-incubation with SFM for
24 hr, and then cell proliferation was determined by MTS cell
proliferation assay. Data shown are mean=SD expressed.
Samples significantly different from control by Student’s t-test;
"p<0.01, "p<0.00L.

AFR1S vehd Zlojr}. 17-Estradiol®] 7)ol & s = o
ZTel vl E] F4]0] 74.8%(p<0.001) AR Abe] S stHal
3 4= g9lgl.en], genisteind} daidzeinel] ¢ s A+ 2+ 16.5%
(p<0.01)8} 43.2%(p<0.01)8] Z7}5 B ¢t} Resveratrol
Eodo| ola) A= 17B-estradiol®] EFolE 1R)R] E3}1A
gk 58.8%(p<0.001) FAleo] 34hd Ao 2 vebddch(Fig. 4).

ojato g A EA o ~E 2A9] genistein, daidzein ¥ res—
veratrolo] AE) FA13 JA el v]x]= AE AHE
7}, o] &o] | 2E=2AQ] 17B-estradiol#} =H37}2] & MC3T3-
El Foldxe] 43 A4S fFrdches s #$ig +
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nistein® o} A}A ol in vivo ZFH(29)e} whRrFR] 2
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Fig. 4. Effects of 17B-~estradiol, genistein, daidzein and re-
sveratrol on migration of MC3T3-E1 cells.

Cells were cultured for 48 hr in vehicle (C, 0.1% ethanol), 178~
estradiol (E, 10° M), genistein (G, 10™° M), daidzein (D, 10 M)
and resveratrol (R, 10° M) after pre-incubation with SFM for 24
hr. After incubation, the number of cells migrating across the
wound area was determined. Data shown are mean*SD ex-
pressed. Samples significantly different from control by Student’s
t-test; “'p<0.01; "p<0.001.

alkaline phosphatase(ALP)& Z 3} <l et Afel] Zhed 51w (30,
31), oAl xY E3PH ofve} FAAE WA AAE
A e &4(32,33)0]t. MC3T3-E1 ol 28 dAez
A2 ALP| &4-2 Fig. 5¢l Yebigich. 17B-Estradiol
& H713F 75, ALP 48t 274 8] 8 41.6%(p<0.01)
2 o2 YeElt o genistein®} daidzein 2] ol ] 3l
Ae Zh7F 27.1%(p<0.01)2} 26.4%(p<0.05)2] &4 =715
Boic} o] 9} e) resveratrol 7ol 25 ALP @A1-2-85%
(p<0.05) 7+A23 71 o 2 el resveratrol A 2]-2] 7%,
FotA x 2o FA3 Aol ¥ A3} genistein?} ¥] 53}
Art R E ALP €4 ol = Wl g 3-& v X2 Z3 =
7o 2 ey} a8l 1 17B-estradiol, genistein = daidzein
Helo] sl FolHw ALP &A1& A A As)AQl
cycloheximide 2] ol 2] a] 2+ 3] #] &) = 3l =l (Fig. 5) ©]
213t A= o] 5Y EA A FohA| EolA dofrte= AL &
A A FEH o2 s AR AR iR RS 9
& f=dole AME 9ulsles Ao & 4 9l& Aol

Genistein, daidzein @ resveratrole] MC3T3-E1 2o} A}

Fig. 3. Photomicrographs illustrating migration of MC3T3-El cells.
Cell monolayers were wounded as described in materials and methods. The cells were incubated with vehicle (C, 0.196 ethanol),
17B-estradiol (E, 10 M), genistein (G, 10° M), daidzein (D, 10 M) and resveratrol (R, 10°° M) after wounding. After a 48 h in-

cubation, cell monolayers were fixed, stained, and photographed.
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Fig. 5. Effects of 17B-estradiol, genistein, daidzein and re-
sveratrol on ALP activity in MC3T3-El cells.

Cells were cultured for 48 hr in medlum containing vehicle (C,
0.1% ethanol), 17[5 estradiol (E, 107° M), gemstem (G, 107 M),
daidzein (D, 10° M) and resveratrol (R, 10 M) in the presence
or absence of cycloheximide (10° M) after pre-incubation with
SFM for 24 hr. Data shown are mean®SD expressed as a
percentage of vehicle-treated cells (C). Samples significantly
different from control by Student’s t-test; 'p<0.05, “p<0.01.
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stein(10™° M), daidzein(10° M) ¥ resveratrol(10™° M)-& &
7ysted 48A1 7kt wi kg F, wiekd s} cell lysater ol &
A3t IGF-19] 5F%& immunoradiometric ¥AHH o2
(IRMA) 24 23} Zh2 Fig. 6A<} Bell vrebi sl o}, i
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Fig. 6. Effects of 17B-estradiol, genistein, daidzein and re-
sveratrol on IGF-I production.

Cells were cultured for 48 hr in vehicle (C, 0.1% ethanol), 178~
estradiol (E, 10 M), genistein (G, 10° M), daidzein (D, 10°° M),
resveratrol (R, 107> M) after pre-incubation with SFM for 24 hr,
and then IGF-1 concentration determined by IRMA assay. IGF-1
concentration in conditioned media (A) and cell lysates (B). Data
shown are meant SD expressed. Samples significantly different

from control by Student’s t-test; p<0.05, "p<0.001.

Z7lstgohe 2re ok e B Al Za 178-
estradiol #5F opvig} A} €A o] ~E Z AN Q] genistein, daid-
zein Y resveratrol =& IGF-19] YA & Z71A) 7= 7102
et} o213t A= ¥E] b A genistein, daidzein
9 resveratrole] MC3T3-El1 FolA %2 4], a8y Z
A3 FHE A FA S35l vl = Bl o] E9]
Helol] oJs] FaFow Qo] FriE AE AAAr
IGF-19] #}4-o] #o3la glvhs AS &4 4 el

IGF-I mRNA 2§

IRMAZ IGF-1¢] ¥=% A% A3}, 17B-estradiol®}
genistein, daidzein ¥ resveratrol-= MC3T3-E1 A Zof| 4]
IGF-1 AA-& Z71A21 7 22 vebdth(Fig. 6A). ©] &9
A2l ol& Jebhdd IGF-1 484 7171 IGF-1 mRNA 2
&7 B2 ¥l 7 21X & northern hybridization W o2 &
A1 39l e} (Fig. 7).

Densitometor2 IGF-1 mRNA ¥l =2 &3 23} (Fig.
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Fig. 7. Effects of 17p-estradiol, genistein, daidzein and re-
sveratrol on IGF-I mRNA expression.

Cells were cultured for 48 hr in vehicle (C, 0.1%6 ethanol), 17B—
estradiol (E, 10° M), gemstem (G, 10°% M), daidzein (D, 10° M)
and resveratrol (R, 10 M) after pre-incubation with SFM for
24 hr. Total RNA extraction and northern hybridization using a
DIG-labeled IGF-I cDNA. A, Representative northern blot analysis
bands for IGF-1 and GAPDH; B, Quantitative analysis of IGF-I
mRNA expression levels.
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