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ABSTRACT

In vivo and In vitro studies have indicated that the isoflavones including genistein in
soybeans may be responsible for mammary tumor suppressive effects. We confirmed
the tumor suppressive effects of soy isoflavones using c-Ha-ras transgenic rats which
develop estrogen-independent as well as estrogen-dependent mammary carcinomas.
Three estrogen receptor positive, cell lines C3, C11 and C17 (estrogen receptor /3
positive) among seven lines established from the tumors in this transgenic rat were
tested for estrogen responsiveness and revealed as estrogen-independent cells.
Genistein at =50 M of concentration suppressed DNA synthesis of these rat cell
lines as well as MCF-7 human cells even in the presence of estrogen. In contrast, the
inhibitory effect of genistein was only observed on estrogen-independent C3 and C11
cells in the absence of estrogen. Cell cycle was arrested at G2/M phase and apoptosis
was induced in C11 cells after 72 hr incubation with 10 M genistein. A number of
genes encoding transcription factors and apoptosis-related factors were included in
the genes that showed >2-fold change in their expression levels after the treatment
of C11 cells. These results suggest that genistein suppresses mammary carcinomas
mainly due to cell cycle arrest at G2/M phase and an apoptosis-inducing effect in an
estrogen receptor-independent manner. Soy Protein Research, Japan 8, 127-132, 2005.
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FEENTWD, LELENES, KA V77K VILE
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W CEAMEH ZFE2 2 b FWIEFIC L YRS Tw
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DATUWH CENEH R Z B T NS % I ABETEH
WReINL, 22T, Wowr{EIMEREF S 2w
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%53, LA MaSYIRAEENATD D REDAY,
EEBAITOIME SN TS, EESYH, =2 o
7Y IRRAFEFL DS A & 0T3S 5 IR R Blrasit{n 738 A
Z v FPEHWEWEBRTKEA VY 7T R DEDBA
PIIsh R 2 FERE L 720, F72, REA V7T RVIIE
WIA AT YRR EREET A 00, ¥EFX
7z VEORIA MOS UHEPROIA by %
AR EER RO SN wD, DLEO ) 5 %E
blx, REA VT TR OANFAIGRIEA LA b1
TUZERENSEERBRIEIC LD THAH ) L
EZBICE o7, HFHMIE T, EREETEAT v
FELASA K DRST L7z R b0 A L FEARAE A R
FHWTKREA V7 IR L BAD ARG %R
L, ZOMHEEOMmYZ Higd. RIEICL D, K
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HEHVIPA TR EROFER, RISz
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BYER
7% 6 JHHED & b IE# Elc-Haras b 92 2 Yz =

v 27 (Tg) 7 v MaxplalE (Ghfff) 408, 58
(FEREA+0.25% KE Y, HE70%) 5o 2 FE L
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L7z, #ERGH7HE (7 8EE) 12 N-methyl-N-
nitrosourea (MNU) % &R 1 Bl 5 (50 mg/kg)
L, MNU#5#20H HIZE&K L7z, 43l L7k
FMH IRV IESUIR 22 585 7 1 W HIEAR % 5
L, FLB oMM 2L % g L 7.
Z v MELAD A SRREME DR AL

T MEASAHIERRIZ7, 12-dimethylbenz[alanthracene
BHICE D e MEFRSEE N AV 2=y 7Ty b
1AERIC3E A4 L 72 E5E £ 1 Hallowes & O 5 912 FE v 18
L7z EEERET S &, ML L7215 glEERKE
02% 277 F—+, 0.1%eT7va=4—¥ 5%
BE VR IME & A199 A 7 4 7 A T37C, 2 BRI L
7o, SrHERIBESE 2 500 pm, 7T0pumA v 2T 4V F —IC
TR, 40 um 7 4 )V & — |2 Th - 72ilE & BT L
FeARC 2 Be g & 70, FEEE il % $R 1L,
¥, 2 PMoOBRREARICL Y a0 = —fkofiiamg
7k (C1, C2, C3, C6, Cl11, C15, C17) = Mir L 727,
Polymerase chain reaction (PCR) &p53, H-rasi#
LFEEENR

7 v Ppo3EIETEAROFHITE T2KEDNA
(1176bp) ® ¥ —4 ¥ 22k Y5 L7z, &RNADS
D 1st. strand cDNAA K IZReverTra Ace o« (HEER),
KB &, HEIEKOD plus CREHE, KPR 12 &

DAT- 7z, WADOFENIC L Y CLIFRT F 246 D25 52
WEEbIIz. RWT, LY AT T A ~— (5-ACTTTG

ACCCTTGATCCTTAGTTGG-3) &7 v F vy AT T

4 <— (5-TAGATAGGGTAGGGTAAAGAGGGCT-3")

2k Ty U5 6EPCRIIEL, =47 Y AI2XY

EREWA L. T v MHras{znFERIZOWTIE

Trvr1, 2%y A7TI4<— (5-CCTTGGGTT

AGGCATCTATTAGCAGTCTCA -3") &7 v F v AT

74 ~—(5"TGGGGTGTATATGAGCCAGCTAGCA-3")

12 & 0 25% A 7 OVEEIRS, SORA R E 7> 7L — b

LTI 94—ty hTE 5123541 7 VG

LiEgEy —4 v AL7. b FH-rasifZ 12 F 12,

61D ZSEIENTIE LI D LN T o 72, w2

FTAX—IZUTOHE) TH 5.

a 812

+t » A 1 5-GCAGGCCCCTGAGGAGCGAT-3'

7 v F A 5-AGCAGCTGCTGGCACCTGGA-3'

a K61

+ A 1 5-AGCCCTGTCCTCCTGCAGGAT-3'

7 Tt A 5-GGCCAGCCTCACGGGGTTCA-3'

5-CGCATGGCGCTGTACAGCTC-3'

IX A4S CZR%E (ER) a, SDBETFREHR

PCR¥4WHIZKOD plus (HFH, KB 12k, 7
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A F ¥ —95C, 158, 7=—1 ¥ 760C, 30f, fi
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ERa

+ » A . 5-atgaccatgacccttcacaccaaag-3'

7 v F & X . 5-ggcgtcgattgtcagaattggace-3'

ERp

+t >~ X . 5-aggaatggtcaagtgtggatccagg-3'

7 v F & X . 5-tgctggagttttaactcacggaacc-3'
GAPDH

+ >~ X . 5-ttcaacggcacagtcaagg-3'

7 v F %t A . 5-catggactgtggtcatgag-3'
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2245 IR #E T 4. 0 ~1,000 pM 178-estradiol (E2)
HBHNIE0~B0MDOTF=AT A v, ¥4¥Ly, T2
— VAFTE T C24~ T2 5548 1%, 10 M BrdU T 2 R¢fif
TNNVT L. GlERE, T0%Ts 7 —) /0.5 MIEEE
T—20T, 304FE, *7 L7 —ERH (37C, 304,
peroxidaseli#&HTBrdUHLA T37C, 3051 » F 2X—
M L72%%, peroxidase$&® % Ml 405 nm T DWW IEEE %
Wz L7z,

ZO-YA X —F—

CLIMfL % 5 % 7 ¥ BRIBIE % & L3 &2 10 M
FEATA R L2 R, MR 5 O
7R = 2ADHRZUE L. 1~ 2 X10ED
MBLE70% T % 7 — )b, 4 M:RIEER, 20 xg/mL
propidium iodide, 0.2 mg/mL RNase# % &+PBSIZ T
3090 FE L72th 1 ~ 2 X10MA oML % 7 0 —3 1 b
A= —|fit L 7.

DNAYA78a7L A
BAIL T B OMEN N Z, CIL#MIE %10 M7 =

Table 1. Suppresive effects of soy isoflavones on
mammary carcinogenesis of c-Ha-ras Tg rats

Early carcinomas®

Group No. of rats . oy Numbers/cm?
Incidence (%) (mean+SD)
Isoflavones 5 2/5( 400 0.5040.86"
Basal diet 4 4/4(100) 3.89+3.51

Including atypical hyperplasia
®P<0.05 as compared to basal diet group
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ATA VIFHFHEBLOHELET (g6em7T 4 v 2243
) TT2M:RIEE 2, RNeasy Mini Kit (QIAGEN
CA) |2 THiL L 24RNA%$H & L CTcRNAZ &
L, 7Y9L Y "#S Y b+ ) TX 2 LA F T LA
(#920,500 8 5 F#5H0) #HWTIT o7z,

BREEBE

KEAV I IR DIRED ASREZ M c-Ha-ras Tg
Ty MIKT 3RS ATHIRNE

PRI DR R TIE, BAELBEE B & OIS
ADEFT DR EBEE I IREEL100% (4/4), P55
40% (2/5) T, HEHTREVPAOIHMZ ROz, F
7o, HALTHRE S 72 ) ORES T b B G-TEC A % ]
AR S L7z (Table1). #5456 HH Tld, xHREE,
BGREE BB ADFEZ RO, LrL, &
PrE R CTIIAIEE28.9+173 g/ 9 v & (n=10), #%
5877459¢/7 v b (n=11) TA V7T KV EIC
Lol EROAE (P<0.01) ZPIHAF0 & 7zb,
PE»s, MNUA =Y 2 —2 3 VEET, f =2 T —
g Y 1R20H HICEELBIZK & WAS A DS MHE % &
HVIIE6H HICEHEERAfREE LT, 1V 7 TR
HOFLIRED AR EFER L 2. TgT v MIE
AT BHADAOIEIZ T A b a s VIREREEE 25
naY (RS, RELR) Zevb, A VTTRID
A AR SE ZF O A b a2 VR & o8k
FlokreEZLNL.

Sy AP ABBKOIZ OS> 2HE (ER)
BEHEETER

v MNEWIGEEF NS AV 2=y 2 5y b LG
WZ5AE LU ESS & D FLAT AR 7Rk (C1, C2,
C3, C6, Cl1, C15, C17) #%#tir L7z. RT-PCREIC
X 2 ERBIE RO TIE, EREM: (C2), ERa
DR (C3, C6, C15), ERBD MM (C11, C17),
ERe, gl (C1) o&MiatkTH b LB L7z
(Fig. 1).
DNABESEMBNBEEIC L 27 K N — ¥ AFHEIC

C1t C2 C3 Cé6 Ci11 Ci5 Ci17

Fig. 1. Expression of estrogen receptor genes in rat
mammary carcinoma cell lines.
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HUL 975 % 0 9 pB3D B L T A F T D W THEAT L 7-.
ZERRIZD W TRT-PCRC A Epb3ii {z T- A Hi iE & d,
KEBRRESIIAE L eh o 72, $72, PCREYDIE
FEFHN & AT L7245 RCLID 2 R 24612 1 HEFE2 B
P E Nz, ZoERIE, 5 LDNADOE ARG
ATIC X D FERR S 7z, 5612, EA L FH-rasiE{x
TR EMTEREIBOSNZDIWF LT, I v bH-
rasi a1 BRI 5 N5 0o 72 2 LT IBRZERWD
(Table 2).

Table 2. p53 and human Ha-ras gene mutations in
Tg rat mammary carcinoma cells

Sequence of gene

Cell line D53 Human Ha-ras®
codon 12 codon 61

C1 Ak GA/TC W
C2 W GA/TC CGG
C3 W GAC W
C6 W GA/TC W
Cl1 GGC (codon 246°) GAC CAT
C15 W GA/TC CAT
C17 ! GAC \i

“The wild-type sequences are as follows: codon 12 is
GGC and codon 61 is CAG.

"W denotes the wild-type sequence.

“The wild-type sequence of codon 246 is CGC.

160
140
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3
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Fig. 2. Estrogen responses of C3, C11 and C17 cell lines.
[1: C3, &:C11, O: C17, O MCF-7

Table 3. Cell cycle analysis after 72 hr incubation with

genistein
Cell cycle (% cells)
Treatment — o Go/GI S G2/M
Untreated 5.3£0.1 329419 57.7+£6.0 9.5+54

Genistein  12.3+9.2 41.7+£0.3 1.9+£3.0 564+£2.7
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C3, C11, C17T#RMDBEND I X b OF k74

C3 (ERePgiE), Cl11 (ERBFME), C17 (ERBKHIE)
Mg = A b a s o A7 % 0~1,000 pM E2730NZ &
HDNAA RS EDZEE 2 & 0 #EF L7z (Fig. 2).
1,000 pM  E2i& N ODNA A BT d # 2R IETR
kRO C3 91.1+2.0%, Cl1 96.5+10.9%, C17
101.3+16.6% T eiLd = A b a7 VIR TH -
7o. T A by U ARFEYEMCE-7H 11,000 pM
E270 X 0 #91.6f5 DDNAGH O ERA % w72,
FZZT4 > OifaEES LU HERERAOE

C3, Cl1, Cl7fifsidvhd = A b oy v IEKF
BICBEET 5 2 &0, 7= AT A ¥ O~ D
WHAEIA NS UHEETORE L. C3, CLIHIA
TIX10 MM 5, MCF-7HIBL Ti325 LM 5B & 5272
DNAGKIHIA R S5, 50 M7 = AT A4 Y FAET T
12C3, Cl11, C17, MCF-7ifgTZMn24190%, 96%,
66%, 56% DIHENS RO SN, TOMFKRLD, f:
AT A v OEHEIIHIAISIZER % A & 2o Wi 12
bOLEZLND.

FZATA Y OMBAMB LT R — 2 ANDF
BARTHRN = AR HECIIMIY % FH v CRfT L
720 104M 7= AT A Y IRINT2REE #1213 G2/ METHE
fa o & SEIH O /b o3 TRE T, 5127
A= ZMBE OB b BH 72 (Table 3). SHHL
DFEWRBANE T = X7 4 12 X 5 DNAS BN 7%
5 ONIGZ/ MBI T oM EEME I & 5 8L Bbn
L. LEDFE®S, F=ZAT7 A4 212 & 5 FAAHNH]
1EG2/M T M A IS & 2 B hEim) 2 1 &
TEHELDTHA) LELEIND.
IANOFVHEETTOFZRATA 2, 414 ES >,
IO—JVODNABREMNDEE

IANABF VIEHELET, Y2 ATA Y, ¥A4E¥AL
EZOMREEY = a— v (0~50 M) RIN24FFH
TOHC3, Cl1, C17, MCF-7Hlll DO DNAA G % #l
EL7Z. 5uMTF AT A4 Y ETWTLOMBTHH
S0 EIZRO R h o 72h, 10 pMEIE X Y C11
HB CDNAA BHIH 2580 S, 50 uMEINC & 1 it
IBEEDC3 34.7+8.0%, Cll 63.1+14.4% TH - 7-.
—77, CL7#If2 Tl13120.8+9.6% T& - 72. MCF-7#l
fa TIE10 LMIRINFE & ) B E 2 DNAS K ILHE % R0,

50 uMIEINIC & 0 #1.3f DDNAG R LA 2 80 72
(Fig. 3A). —J, ¥4 ¥ A »1350,MTC3, ClLIZxf

L T WDNAABKIH 2/~ L7225, Cl1, C17,
MCF-7I1213 4% TH - 72 (Fig. 3B). T I — )L 150 uM
FTCUITNOMBODNAGHIEEND A HE L E L
IREhprolz, TaA—- VT =A74 v EFZEDED
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CEFELTVS. & 150 |
DNAY 1 7 07 L A f#f [
ClIfIIaZ W7 = A5 4 ViR O B F 5% £ 100
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AT A TR A 2 D DS HASE) % 780 72 & so0f
BRI, %3 EA410MH, K327 D 737# {5 1T, =
Lfk03.6% (737/20,500) T -7z, KBLEABII 0 > m =
eaf2 (2.6f%), IL-15 (2.5f%), tumor necrosis factor Genistein (xM)
receptor superfamily 12 (2.2f%), caspase recruitment 200
domain protein 9 (2.11%), J8BUK T2 (X transcription (B)
factor 2al (1/4.4%%), apoptosis inhibitor 2 (1/2.5%%), g 150 |
cyclinG (1/2.26%) D3&ENCTn7e. 4% 25 108 7
MPCRED 51/ > 78y MEC L AHESLE £ 100
TH5b. )
2 s
a
%0 20 20 60

£:3

Daidzein (xM)

Fig. 3. Effects of genistein and daidzein on DNA
syntheses of mammary carcinoma cells.

. C3, A:Cl11, O: C17, O MCF-7

#

LRI DS AT IEZMED IEH Blrasit (5 A (Ras) 7 v MK ZBWERTA YV 7 IR D5
AR R 2R L7z, BT v MCRETAADPAOHIT A hu sy (B) EEFTEE 2
ENDZENL, AV T TRYOIFAINITIEZOERIEM L 3HIORFEIC L2 Bbh s,
Z 2 TRasT v MIFEE L2FURIES & 0 SLASAMIaRE 7 B2 837 L 72, RT-PCRIEIC X ESZAK
(ER) BEETHRBOMITT, EREME (C2), ERaDAEME (C3, C6, C15), ERpDAFME (C11,
C17), ERe, Btk (C1) O &Mk CTH 2 Z LA L7z, C3, Cl1, CI7Mifao#iiI b
EFKGTH o7z, SHITF = AT A VIZEFAE T TH50 MELETC3, Cl1, C178 & U'MCF-7
MILODNAG B EZ ARICHE L2, LA L&d S, EIFEFALET TR0 ML ETC3, ClUCD A
DNAGHBHE 2B 7z, EFFAE T10 M7 = AT A >, 7285 ML L 7=C11MIRE o> # i J& 1 o fig it
WCEDF= 2T A Y FICG2/MIITOMB A S L2558 L, 27 R X8R THIL
wHRM L7z, F72, DNA7 LAMHIC L D B EFFICIE 7R b= AFER T, SBHEKTEIC
BIEERTBIOT7 RN =Y 2R3 G Tz, RO, 7= 271 ¥ 25 AM
eI % G2/ M CIEIL 8¢5 2 L 2 ERNE L, S5ICTR M= AOFHEIC L) ERIERKAT
B IESIIRIER 23 E L TV A 2 E2RIBL TV A,
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