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ABSTRACT

Daidzein and genistein are polyphenolic isoflavones contained in soy protein;
intestinal bacteria metabolize daidzein to equol. In numerous instances, the
mechanisms of the physiological effects of isoflavones have been considered to
be involved in estrogen receptors (ERs) because they have been reported to
have avidity for ERs and exhibit estrogen-like or anti-estrogenic effects. On the
other hands, some reports indicate the existence of ER-independent effects of
isoflavones. We also previously reported that the suppressive ellects of isoflavones
on the expression of high-allnity IgE receptor F& Rl in human basophilic cells are
independent of ERs. In the present study, we attempted to identify a gene involved
in the ER-independent effects of equol on cancer cell growth. By the method of
genetic screening, we identified four candidate genes correlating the inhibitory
elects of equol on the growth of B16 cells, mouse melanoma. The gene silencing
of Pap-associated domain containing 5 (Papd5) inhibited the effects of equol on
the growth of B16 cells. Furthermore, equol inhibited the tumorigenesis of B16
cells and the silencing of Papd5 expression reduced that antitumor elect of equol,
suggesting that Papd5 is a key mediator of ER-independent effects of equol. Soy
Protein Research, Japan 14, 73-76, 2011.

Key words : isoflavones, equol, anticancer ellect, Papd5, ERs

"0812-85810 0 0 0O 00 O6-10-1

0000o0ooddvol 1420110



00000000000 000000000000n
OERsOERIOODERROIODODODOOODDOOOO
000000000 0Y000000000ooono
O0D0DO0O0OERSOODOOOOOODODOOOOO
0000000000000 00000000IgeED
000000000 o00o0oo0o000ooooo
D00000000000000000ERsOOOO
0000000000000 0000000 Genistein
0000000000000 00ERSOOOOOO
000000000000000000000000
0000000000000 0o0oooooOn
0000000000 D0000 ERSOOODODOOO
0000000000 000000D0DO000000
00000000 0O epigallocatechin-3-gallatel] EGCGO
0000000000000 O0O000OO0 O genetic
suppressor elementsd GSED 0 0 O OO ERsO O O
0000000000000000000 Daidzeind
O00O0000Equl0 0000000000000
O0Equol0 0000000000000

U g

oooooog
000000000 ooB1eOS% O 0O OO0
OFBSO OO ODMEMO O O O O 0O EcoPack-2930 O
0 AmphoPack-2930 0 0 O 000 0O 0O O 10%FBSC O
ODMEMOOOODOO37005% 000000000
00000 00Equold LC Laboratories O O OO0
dimethylsulfoxided DMSOUO O O O O O O I1CI182,780
OTocrisDOOOODMSOOODODOODO
Bl60ODUOOOOOUOOEquolDOOOOOERsSOO
oooo
B160 O O 2x 10° cells/mLO O 24 well plated O O
O0200000000001pMOICI182,7800 00
2% FBS-DMEMO 300 0000 0OICI1827800 O O O
0000000000ODOO0O0O0O0Os, 1000020uM0O
OEquolD 0 02% FBS-DMEMO O 7200000000
gooooooobobooooooooooog
Genetic suppressor elements] GSED O O O O Equol
goooooo
EcoPack-2930 AmphoPack-2930 0 0 0 00O OO0
OO0OGSEODDODOODOODODODOODODOOODOOODODO
0 pVSV-G vectord Clontechd FUGENES6 Transfection
ReagentORocheD 00000000200 0000
Jd0dd0o0o0o0OO0o0oDbDDbODOO0O00OooosIGMA-
ALDRICHO OOOOS8ug/mLO OO OD0OOOOOOO

74

1x 10* cells/mLO 05 mL dishD0 D 000240000
Oo0o0oO0oBleDO00O0O0OO0ODOOOOOOOOOOO
O0oo00o0oo0oo0ooOO0ooOooooooooo
00000000 000C00oU0OoO0oo1200000
04000000000000B160001x 10* cells/
mLOODOO9%O0 00000000240 O 0O 0 100u
M EquolOO0OOO0O0OO00OO0D1000000000
O00O0O0OEquolD 000000 OOORNAODOD
0 O MMLV-reverse transcriptase] Promegald 0 0O O
cDNALO O 0 O0OGSEOpLPCX vectord O OO OO
OO000O0O0OoOOoOPCROOOGSEDODOOOODODO
0O O OpTargeT™ Mammalian Expression Vector
SystemOPromegal OO0 O0OOOOOOTADODOO
OOO0O0OODNAOUOOOOOUOOODOOOOODOO
000000000000 0o0o0oooooooood
gooooooood
Bi6eOODODODODODOOOOOEquolDOOOODO
Papd500 0 O

gooooebOoOODOOCS/BL/BJOOODODOO0O
000D000D0O0OO0D0Control vectorD O O O 0O B160O
O0OScramble-Bl60 D00 0OPapd5s0 0000000
0 B160 O O Papd50 O O O O O B160 O 5% 10° cells/
mLOOOOOOPBSOOOOOOOOOOOO100u
LOOOOOO0OO0OOOOAIN9GDOOODOOOOO
000000 0o0o00o0o0ooUoooooooooo
000000Equold DMSOO OO DO OO O O Na,CO,4
00001%000000000Equol 06 mgd OO
I T O B B A 7
DMSOO ONa,COo,0 000000 OO0DODOOoOonog
00o0oooooooooooooooooooa
0 O Scramble-B160 O -0 O O O O O Scramble-B160
O-Equol0 O 0O0OPapds0 000 0OOBIGO O-000
OO0O000OPapdsd 00 00O OB160 O-EquolD O O
0400000

goboogoan

Bl6ODOUOOOOOUOOEquolDOOOOOERsSOO
O

go0oO0ooo0o0O00oO0OO0B1O OO OEquold OO
oobOoO0oo0o0oO0oo0oo0oo0oo0ob00b00o0O000ERs
obooooooooooiciszrsooocooooon
ooo0000000B1e000O0O0O0OEquolD O OO0
O0O00O0OEROOODODOOOOOOOODOOOOFg.
1M

0000o0ododdvol 1420110



Genetic suppressor elements] GSED O 0O O O Equol
oooooog
O000o0o0oooooOoBleOGSED O OOOOO
O0100pMOEquolO OO O100000000ODOO
O0OOEquolD0 OBl6O000OO0OOOOOOOOOO
000000GSED DO DOODOODOOO40OOEquold
0000000000 0D0000D0O0OO0OPap associated
domain containing 50 Papd500 0 O 0 0 0OB160 OO
OOORNADOODOOOOPapdsOODODOOOOOOO
00000000 0EquolDOD0DOODODOODO
0000000000000 0oo0oOOPapdsOO0O0O
O0000OBlOOOOOOOEquolIOODOOOO
000000000000 00O000O0Fig. 2BM
In vitroOOOOEquolOEROOOOOBI6OOOOO
0000000000000 0O0O0OPapdsOO OO0
goooooooo
BleOOODOODODOOOOOEquolDOOODOO
Papd500 00O
O00DO00DO0000O000OOoCaoOaodaDoBie
0 Scramble-B160 0 0 0 O O Papds50 O 0O 0O O O B16O
goocs/rBL/8JOOODOOOOOOOOOOODODOD
EquolD OO ODOOOOOODOOOOOOOODOO
EquolDOOOUOOPapds0 0O OOOOOOOOO
O0BleOOOODO2000000000000BI16
0000000000000 00000O0O0Equold

0000

Infect with retroviral l

-

Recover cDNA

I PCR

——) (*)

cDNA fragment library
(GSE)

A

Mouse melanoma B16

Equol selection
(3-4 weeks)

Equol-resistant cells
from colonies

ooo0000000C00O00000O00Fig. 3OO0
PapdSO OO OO0COOOBIOOOOOOOODODOO
OO000000O00EquolD 00000000000
O000000000000FRig.3O0000In
vivoOOOOOEquolOB16O OO OOOO0O0OOO
O000O0OPapds0000O00OOO0O0O0ODOOOO

] 1ci1182,780 () B ci1182,780 (+)

140
120 |
S 100} ns
% ns
L s} !
€
2 60 ns
= (I
8 a0}
20 | l
0
Equol @ M) (0] 5 10 20

Fig. 1. ER-independent inhibitory effects of equol
on the growth of B16. After incubation with
or without 1C1182,780 for 30 min, B16 cells
were treated with 5, 10 or 20p M equol in the
presence or absence of 1C1182,780 for 72 h and
total cell number was counted. Data are means
+ SD (n=3). ns: not significant.
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Fig. 2. Identification of Papd5 as a key mediator for anticancer effects of equol. A flow chart describing a
genetic screen for regulators of equol-induced cell growth inhibition (A). Papd5 knockdown B16 cells
were treated with 10py M equol for 72 h and total cell number was counted (B). Data are means + SD

(n=3). **p<0.001 vs scramble.
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Fig. 3. Involvement of Papd5 in the inhibitory elect of equol on the tumor growth of B16 in vivo. C57BL/6J
mice were subcutaneously inoculated with B16 cells stably transfected with scramble-shRNA or Papd5-
shRNA expression vectors. Peroral administration of 0.6 mg/day equol was started 1 day before the cell

inoculation. Tumor sizes were measured at day 20. Data are means + SE for five to eight mice. *p<0.05
vs vehicle.
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