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Comparative Estrogenic Effects of Yak-Kong and Soy Bean on the
Proliferation of Human Osteoblastic Cell Line, MG-63*
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ABSTRACT

Phytoestrogens, especially soy-derived isoflavones, are receiving great scrutiny as a food supplement for preventing hormone
dependent diseases such as cardiovascular diseases, cancer, and osteoporosis. These beneficial effects of phytoestrogens are caused by
functioning as partial agonists or antagonists of estrogens. In contrast to the common usage of soy bean, Yak-kong(Rhynchosia
Molubilis . F\FT'K) has been used as supplements of estrogen for preventing postmenopausal osteoporosis in Oriental medicine. To
investigate estrogenic effects of Yak-kong and soy bean on the proliferation of MG-63 osteoblastic cells, each bean was extracted
with 70% methanol and dried by freeze-drying. Yak-kong treatment of MG-63 cells resulted in an increase of cell proliferation to a
maximum of 76% compared to 68% of soy bean treatment. Treatment of MG-63 cells with Yak-kong extract also resulted in an
increase of transactivation of an ERE(estrogen response element)-luciferase reporter plasmid and IGF-I expression selectively.
Despite increased effects of both bean treatments on the expression of estrogen receptor o(ERa) and B(ERP), soy bean treatment
decreased transactivation of an ERE-luciferase reporter plasmid and did not further enhance IGF-I expression. Together, our data
demonstrates that the greater estrogenic response of Yak-kong extract for MG-63 cell proliferation is mediated by ER derived
transactivation of ERE and selective induction of IGE-I expression. (Korean J Nutrition 34(8) : 905~911, 2001)
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| ~E 2 2 (phytoestrogen) 9] A+ §o L& o]& e
Hhrata e AF AV AREI QM A EA o
2EZAL gl (alfafa), 45T, LEE, B & 2 05
5ol OF il don &3 o]aEeE(isoflavone)
A B JAEZAL FFH Bol s Ak ol
Z2}2.2 aglycone?l genistein, daidzein, glycitin® o]
Eof gol Agd v F A7 12 TH7F w9
1*"7 o]& % daidzein# genistein® NAEZAT} FA}
g T2E 7L lo] AX WellA dlxESZA A
At o 2ERA G ¥ ol Pe2EZ A F}
2 B4 yehE Ao g Ag M b o 2E2A
Folo ot ofe} 74 RAES fiatd] o Ad dE
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B dtedMe FFH iy FE2E, 2224, diad-
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obFe AxE AR FYE FMAe sl a, o
T A7E Ske e B2 Y BEAERE 1T
Bestradiol(E2). genistein, daidzein(Sigma Chem. Co.)
& ARSI &4 wE22 MerckAHDamstandt,
Germany) 2} AEF-L AHE3IH T 11 9f9) A|oFE Aokg
AloFES AHEEGAT & ¥ AHE-E MG-63 human
osteoblast cell& 3= A ET 2 (AMLigm oao)s})
oA Feof o} B AP oA A wiFate] AR

2.4 A UFY FE R MR

oFF 2 i lkgoll 5ul) 71EFe) T0% W& 2 231
oAHstn ANG ARt FE F 124 TE AR RAE oF
Z vehe F25(1.12% isoflavone %) 2L tiF wgre
#%5(0.69% isoflavone & 3kt ™ o2 2 g%
ek #5822 dimethylsulfoxide(DMSO, Sigma Chem,
Co., 3% %% <0.05%. v/v)ol EHelzn filter(0.22pm
pore size, Millipore) 2 o3} E#ste] AHEstdt. #F
@ E38¢l 17-Bestradiol(E2), genistein, daidzein®
DMSOe) = 10°~10°M9} s =2 AHE3iact 4% ¢
T F2E] T b 43S Fste] A% 0.001,
0.01, 0.lmg/ml= sto] A3t

Z+ & e EAle) 55 §59 o]AZetE 50mgs
et a Qe AES AFHS Sl ARl "F olaE
£ %59 50~800ng/ml(0.2~3x 10" M)} A<l <349
& f2EZA 52 40-80 pg/mi(0.15~0.3%x 10°M)
2 71Fez 8o A EE 10°~10°M= A g3t

3. ZEME

MG-63 human osteoblast A1¥& polystyrene |3
HjoFH Alof] BZA]F] 1 penicillin 2 streptomycin®) &
¥ 1% antibacterial-antifungal solution(Gibco, USA)3}
10% FBS(Gibco, USA)E 71+ DMEM(Gibco, USA)
o Abgsto] jorslgit  wjokA] FEE 95%. LEE 31T
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MTS(3-(4,5-dimethylthiazol-2-y1)-5-(3-carboxy-
methoxyphenyl)-2-(4-sulfophenyl)-2H~tetrazolium)
colorimetric assay WH(Cell Titer 96 Aqueous One
Solution Cell Proliferation Assay: Promega)$ AHS-3}
o 233t} 96 well plated] 0.5 x 10* cells/well®] &
22 §Fsta 24417 Fof 4 2 oiF dgs FEE.
E2. diadzein, genistein® TEEZ Fosle] 547} wi
stk 544 HE 2 MTS(30u/well) AFS H7beta
2X17F 304 Bt 37TAlA viE = MTS7 formazan
2 2a¥E %E ELISA readerg ol€3lod 490nmollA
FAEE A3 ARSI 2Hzhe] e £ 12 welld
FHsta 33] Wk HAE-E sen Z Al dig AE F
2 gabe 3 yHE A3 Pargks F3 $ DMSOTHE
A g hx2atel i3t HEEE FAEHL

5. ERE-Luciferase assay

ERE-luciferase < transient transfection assay
o o8] =AUt MG63 AFEE 2 x 10° cells/
35mm plated] FEE 53t pGL2-ERE-luciferase
plasmid(1pg)"(Haruna Sasaki-Iwaoka, Yama-nouchi
Pharmaceutical Co., Japan)$} transfection®] £&4 &
A& 9% pCMV-B-galactosidase plasmid(0.25pg)
(Clontech)E 2X HEPES buffere} £§slo calcium-
phosphate W o2 wHSAIAT 16417 & NEE 15%
glycerolo} &3¢ PBS® 2 Al star wjkln} hr) of
o U5 e F25 4 g A4 g 2z FREEE
Fojdle] 48417 & vl gsE ).

4847 & AEE PBSE 23] A2 8l3 reporter lysis
buffer(Promega)2 &3 A4 Luciferase 842 Lu-
ciferase Assay System(Promega) & ol-&3td &34
I B-galactosidase AL A3}E 7|Fo 2 RFESEIIC}

6. Western blot analysis

A2E2A 484 o2t p Y 34 BA T AT W
#-& Western blot analysisell &lsf #asigin}. *® ofg
# AF dgs F5E 4 7)E A E 597 A MG-
63 A £E Iml2] RIPA buffer(20mM Tris-HCl, pH 8,
150mM NaCl, 10mM NaPO,, 10% glycerol, 100uM Na;,
VO, 100tM ammonium molybdate, 1% NP-40, 0.1%
SDS)ell 4T AHE 2o1Fx, 259 FA71E ol&3to
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Y FER 5 59 A¥EHE waA 7l gg 16417 F<F
-20TCAA BEEgn. sl ¥ 1 Y-S 1500 X gol
A 5E7F YRS FEdE did FFdor FH
A REALAA FA4E F RulEE A B T4
AAtEe] wa-g 2] $3 Gl A=k diF dig
& FEE 2 7e FAE 597 M2 F MG-63 X9 oY
%A Centriplus column(Amicon Cat No. 4420) 2.2
&3l Evlstgnt. 9iA 42 bovine serum al-
buming E# 02 3} Bio-Rad protein assay® o] &
8ted 595 nmoll A FREE FA s A4

Zulg vl El8 2 x sample buffers] £¢8h 95¢
A 587+ 89 th8 SDS-PAGE(polyacrylamide gel elec-
trophoresis)iA A7) 4%A171 ¥ Hybond ECL ni-
trocellulose membraneo] &F#AIZH. 1x% A (ERo,
ERB. IGF-1: Santa Cruz Biotech Inc.)= 5% skim
milk, 0.1% Tween 20 353 PBSo| sAMAIAAN 4T
ofl A 16413 B¢ §E&AIZ &, 0.1% Tween-208 +3
PBSZ 1584 3ata) & 38lch. Blocking solution©.2
1 : 5000812 34 A17) peroxidaseconjugated anti-IgG ©|
b Aot A2oA 1A17F B ¥HeAIZl ¥ 0.1% Tween-
20& 3H-3 PBSZE 3ake AjAsta w42 ECL hyper-
filmo & gelsjsitt,

7. $WEY

A8 A= SAS A 2 13 (SAS institute, 1987)
& ol&ste BAIHon 1 AFE HE £ IFE LA
TASAL oizatn Aty MR F4 FU)
a0 i3t F2]4dL general linear model(GLM)¢
Duncan’s multiple range testZ o]&3le p <0.05 &
Foll A% ERE-luciferase BH-&Adol thst §-914
& 10°M E2 H2l& 7|22 students’ t-testE o] &3t
o AFs.
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AFF 3 e FEE0] MG-63 A X2 F29 1)z
B 9% ¢ EYQ ) 2EZA) daidzein, genisteinT}
¥ 25} HTable 1). 2L 71F22 10°~10'M 5%
o] 2Bz Hels AEY FAE fo¥os FIAA
oy} ot o] AHEAE vehlY. o9 B AFge
2 FE9| genistein M= VeI 1¥E(10°M)
9} AAEZ AR genistein HelE thxgol Hlale] F2
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A0 B 156.9%7H4) ZZAEL ZAS Z Az o}
2E 24 9 genistein Ao &g FHo Fr1xlol= 1)
A7) £ale}. o] A= genistein®} daidzein®] X0l
we} fAERA FAW oje} PolAERA FHE e}
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W o] F A Ao s AE SAo) St 2 A &3
Z Jehd g A" & genistein® AFES 10°~
10 MAME 22T 2L 7M7) 238 Jehy
U 10°M9) 1% = l M S48 AAslE 298 vER
™. daidzein®] & oM oL A8 gen-
isteinol] ®]&f o "ﬂhf?_ RO & Az}

FF 552 0.0017 0.0lmg/ml FEoNM 5% 2T
AF o) Z218 27t 715 0.1mg/ml 2 A = 54 A

A3E Vel i #E8-2 0.001, 0.01 ¥ 0.1mg/ml
EroA gz HE BT SoFos FAS A

Table 1. Proliferation of MG-63 cells with Yak-kong or soy bean
extracts

Treatment Concentration Proliferation(% control)
Control - 100°
Estrogen(E2) 10°M 162.5 + 9.19"
10°M 122.2 + 835
10'M 1195 + 12.54°
10°M 742 + 15.61°

Control - 100°

Genistein 10°M 173.7 £ 15.34°
10°M 93.7 £+ 9.87°
10'M 1003 + 13.54°
10°M 61.3 = 10.55°

Control - 100¢

Daidzein 10°M 1133 £ 9.60¢
10°M 1422 + 41.75%
10'M 130.0 + 11.07™
10°M 1569 + 19.47°

Contro} - 100°

Yak-kong 0.001 mg/ml 1764 + 5.20°
0.01mg/ml 1763 + 5.60°
0.1mg/ml 851 = 29.72

Control - 100

Soy bean 0.00Tmg/ml 165.9 + 12.55"
0.01mg/ml 167.5 + 14.08°
0.1Tmg/ml 133.8 + 41.96"

1) Values are mean £ S.D. (%) from three independent experi-
ments done in 12 samples/treatment

2) Values in the same treatment with different superscript are sig-
nificantly different at p < 0.01.

3) MG-63 cells were plated at 0.5 x 10* cells/well. After 24 hrs,
each treatment was added at indicated concentration. After 5
days, cells were trypsinized, MTS solution was added and ab-
sorbance was measured at 490 nm.

on] Z7} YA 167.5%°I At

orF F&E AP g F4 TV HAAe
o= 10°M genistein®] T gl o3 Z7t &3l A
SIAG. FEH UF FEEA FHo dE o)aFHE
2 EZAe|lng 7t 7o) e o AT e FHHS AHET
A 0.00lmg/mi2) % FEES 04 x 10"“M gen-
istein®} 0.354 X 10"M daidzein® T3tz Usion,
0.00lmg/mle] hF FEEL 0.04 X 10"M genisteinz}
0.2 X 10"M daidzein& EFstz UAAY."* o] A=
b 9 il giEo] lE Akl g o) aEeiie
EFEE EFAST AUA 2945 Yehjol 10°M~
10°M 559 olAZay & Azld Agshs ZZHE
o] T2 57 a3E JepdE oujgt
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Fig. 1. Representative expression of estrogen receptor o and § in
MG-63 cells. A : Protein extracts{i5pg/lane) from control(C), E2(E :
107M), daidzein(D : 107M), genistein(G : 10”M) Yak-kong(0.001, 0.
tmg/ml) and soy bean(0.001, 0.1mg/mi) treated MG-63 cells were
subjected to 10% SDS-PAGE and immunoblotting with ERa and
ERB specific antibodies. The region of each gel shown was between
the Mr. 67,000 and 83,000 prestained molecular weight markers. B
: The signal intensity from a representative experiment(A) was
quantified and the integrated areas were percentized to the signal
observed in control celis(100%). The values(%}) are plotted for each
treatment.
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g 2 T F2E M7t MG-63 ZFMEAA] o
2E24 +442 ERa 2 ERPS H& n)xl= 43S
AHESHHFig. 1). 10'M 559 d~EZA daidzein
9 genistein® A2 ERogl &S dizFol vls] 2z}
294, 556, 372% S7HNAL F34 diF 28 AHe
FE oJEHoE ERad HHS T/ 4F FEE
0.001 % 0.1mg/ml AHz]o] oJ3] ERa®] 8L ozl o]
3] 366, 469% Z7FIAA U5 F&E 0.001 % 0.1lmg/ml
gl elsiM 2t 488, 527% Z715lo] ERoe] Hde
AT &5 Aol 93l oS @43 F7HE S Jehiio

ERBY &% 10™M 559 A 2EZAT dajdzein 2
genistein X2jol &) Z4zt 154%. 157%. 108% %713}
Hort ERo @ F7to) v]8) vlofstadtt. ERad) @i
ol ERBY Rk ok tiF FE2E o vk 9
EXR 0= FrPIded 4F 55 0.001 ¥ 0.1mg/ml A
2lol] ojsf Z+7} 184, 203% F7HIGL UIF $&E 0.001
2 0.1mg/ml Xzl 98] 74z} 192, 212% F718ksitt. o]
Ak A U £5E AHe vE 9EXHSE ERa
2 ERB Bd & UMD 53] 1 &%= UF 55
2ol o3 oL FAEHE VepdT

AXE RE F948 AREZAL $4H0Z 3 e af
FEAQ ERay o w8 d ERBoll 233} o2&
2AL ERo -&Ad gt 23 o] & v o 2EZ A
3 A 122 zhE daidzein®} genisteing &2 ERB
FEA g dge F8l” AxU dzEZH F3)
B oohe}l g 2E2A ANE FA ZYsh= Aoz &
A Ut HZolE MG-63 A EE v £3 o2} 234
Fol A ERBe &o] #EHUH”

3. %4F ¥ 0T Ny 2ot ERE Bt 8Y

°oFF % diFe FEE AUl MG63 2EAXAA
ERE-promoter®] &/ v 43S 49)7] 98 2F
23 ok 9 diF FEEL F93tY luciferase &4 9
Z7tet dAE MELE FEAEHATH(Table 2). 2Tl A
¥ ERE-luciferase®] &X4o} 339 ggton, 10°M
NAEZA AHE 7122 10°M J2EZA Ao ME
135%, 10°M genistein HEoME 128% Z718ldH.
10°M odl2EZ2A A2 g 71322 10°M genistein g
© ERE-luciferase 84& 712714 %¥%k1 daidzein
AYe w2 FasHA 4L SR &3t whekA
o] A} genistein? daidzeino] FXxol Wi} d2ER
2 gabgur ohlg) o) AEZA S JERE o353
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Table 2. Increased ERE-luciferase activity with treatment of Yak-
kong extracts

ERE-luciferase activity

Treatment Concentration (% 10°M Estrogen)
Estrogen(E2) 10°M 100.2 + 6.00"
10°M 135.0 + 19.65*
Genistein 10°M 1280 + 17.82*
10°M 92.5 + 38.35
Daidzein 10°M 90.0 + 10.45
10°M 100.0 + 11.21
Yak-kong 0.001mg/ml 122.0 + 10.75*
0.1mg/ml 62.0 + 11.66*
Soy bean 0.001mg/mi 75.0 + 10.75*
0.1mg/ml 57.0 £ 11.31*

1) Values are mean + S.D. (%) from two independent experiments
done in 6 samples/treatment.

2 showing significant by t-test at p < 0.01 respectively.

3) MG-63 cells were plated at 2 x 10° cells/35mm dish. After
24hrs, cells are transiently transfected with pGL2-ERE-luciferase
and pCMV-B-galactosidase by calcium-phosphate method. After
16hr exposure to DNA, cells were washed and each treatment
was added for an additional 48 hours. Luciferase activities were
measured and normalized by the B-galactosidase activities to
correct for the transfection efficiency. The results are shown as %
based on 10°M estrogen treatment.

A AL X BEYS #@dste] FA AL
(10°M) genistein A&l )3 MG-634%¢] F2 &=
(Table 1) ERE 984 F7Hg F98tx 3188 (Table 2)
A R E AtgH
oF 3 giF FEF g 9% ERE-luciferase 4
o] HEE B PSS 4 10°M J2E2A HYE 7)Fo
T FEE AH2E 550 BAle] ERE9] #HgAE o
& ¥, 0.001 mg/mle] 4% FEE Al ERE #He-
A& 122% 7N ZAEH ol 10°M genistein Al 9)
o] ERE-4H$4do] 128% F71e ZAuteh fA 2y
. B8 o] AF= Table 1914 0.001 mg/ml oF5 +&
Aol 9| M XY F4]o] ERE WA 5718 &
5592 AAIZH(Table 1, 2). 98, 0.1 mg/ml 22
2 AYe 2ZAX gt T4 AR oz}t ERE
8408 A THTable 1, 2). &, ERE-luciferase
A FA0l| 9% Table 29] A AxEe 43 28
Agle AAEZA vhgAdE ST dhdel O F 22
28 F5o] BAglol d2ERA ¥e4e AAFTS Ve
Wit

4. 4% % UF Myof 4Bt IGF-| YA
IGF-19] 28& 10'M¢) E29} daidzein 2 genistein
Aol 24z} 112%. 140%. 143%7} S71E190HFig. 2).

)
rII,
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Fig. 2. Representative expression of IGF-1 in MG-63 cells. A : Pro-
tein samples(15pg/lane) were prepared by concentration of collected
media from control(C), E2(E : 107M), daidzein(D : 107M), genistein
(G : 10"M) Yak-kong(0.001, 0.1mg/ml) and soy bean(0.001, 0.1mg/
ml) extract treated MG-63 cells. Proteins were subjected to 15%
SDS-PAGE and immunoblotting with IGF-1 specific antibodies. The
region of each gel shown was between the Mr. 14,500 and 6,500
prestained molecular weight markers. B : The signal intensity from
a representative experiment(A) was quantified and the integrated
areas were percentized to the signal observed in control cells(=
100%). The values(%) are plotted for each treatment.

E3] IGF-19] &8 0.00lmg/ml 28 F2E g 9
& 7bd AR 8 718k = (168%  Fig. 2) ol 280l
o] Q= AsEe olnZehE T 10™M daid-
zeino|t genistein & @ B HeEct 0 dA3
IGF-19] #3d & Z7HA7¢ Yebdth 0.001mg/ml o+
%2 Ade IGF-19 288 141% S7HNRAT o] &%
¥ 10'Me daidzein® genistein &9t FAFSFE o}
R dF FE2E A IGF-19 2dEE A3k
0.00lmg/ml 8 FEEd o3 IGF-19 &8 71
Table 13 29) A& MG-63 ZIZAE] 4 4 ERE
WA Sobeh AR 0] AdE AukY T FEE
o] MG-63 ZZAj¥olM ERES wh3-A S AA F7HA17)
3 IGF-19) wrd g Med oz frste) @A F4 37t
g 28-S A3, uF FE2E A 3 23X
o] 2] F7le o 2E2A 8 A(ERa: ERB)S w4 F
7hl = B735t3 ERE w4 olvt IGF-19] wd F7tetkel
AL mnj sk

Estrogenoll 23t MZ 4] frk 714 tigh A7 23
52 estrogen©] Y $41& FESV)Eth= growth fac-
tor®} growth factor ~&#¢] ¥+& 2 mitogenic activityS

FINGOEA AT AL FEHS ALY
2 4yl 23kt oo $HH0] ol Aszel B o
sZehRe] Eq2ol HUFoR IGF1 54 §EAX)
BHS F7HIA AT T 38 2GS e,

HE

0
29 o

B =R g 2 UiF FE2E Aol o 234
o] Z2) AL7)H S AEA JAEZAY WHAM AP
} 12k MG-63 osteoblast A|EFd] o 2 OF o&k2
ZES Al qiEZA -’F%iﬂ W ERE-lu-
ciferase®] &4 2 Z2 B ARE9] FEE 2A8IH L
W, 1 AHE goketd ohg3 2t
1) MG-63 A& 0.001, 0.01. 0.1mg/m!l w2} ¢}
T o5 ek FEES M 43 AF =0, 001
0.0lmg/mD oAM= ~T0%9] F4 Z7F &35 Vehii
2) 0.001%} 0.1mg/m] v=9] kg e T FEE5S
A3 MG-63 AMEAA A 2EZ2A F&Ao] Ld WstE
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