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Effect of Daidzein and Genistein on Immune Function in Mice
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Abstract — High soy consumption leading to high exposures of soy isoflavones has been associated with
a reduced risk of cancers at many sites. As part of a study focusing on the chemopreventive mechanisms,
we have investigated the modulating effects of daidzein and genistein, a prominent and more bioavailable
isoflavone in soy foods, on murine immune function. Daidzein (50 mg/kg) or genistein (50 mg/kg) was
administered p.0. once a day for 7 days in BALB/c mice. Daidzein decreased the mitogen-stimulated pro-
liferation of murine splenocyte, but genistein increased it. Daidzein stimulated the secretion of interleukin-
4, but inhibited the secretion of y-interferon, interleukin-2 and tumor necrosis factor-o.. Genistein stim-
ulated the secretion of y-interferon, interleukin-2 and tumor necrosis factor-ct, but inhibited the secretion
of interleukin-4. Daidzein and genistein inhibited the production of nitric oxide and enhanced the phago-
cytic activity in peritoneal macrophage. These results suggest that cancer preventive effects of daidzein is
partly concerned with the secretion of T2 cells cytokine and the activation of macrophage phagocytosis,
and genistein is partly concerned with the secretion of Ty1 cells cytokine, tumor necrosis factor-o and the
activation of macrophage phagocytosis.
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318, WA= gonadal steroidsel 98] 4 =4
H=1,"719 jsoflavones?) daidzein % genistein
gonadal steroids$} AR 3R E 7K1 glo] |
AxA zHgo] glozet JAh

#H daidzein 2 genistein®] murine systemellA
a4 J)5E FAAYE Bige] glon0?
daidzein @ genistein®] BHZHZE3}  cancer
prevention Z-832] Aol disirE FEs| 7EH
Aokt weEkd . AFAE daidzen Y
genisteind 430l AT &, A e HAzAT)
o] Wzle #E3o 28 cancer prevention 2HE-oll
i3t 713S gskaat Ayt

HEey

HEHSE - & Ul AMSS HBTEE 6~8 TF
BALB/cAl 771& diEAFTEAN TY3led, 2%
22+2°C, 55 5515%, dark/light 124)17+9) 273}
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Alef ® 717] - AFel AREEE A]2k2 Dulbecco's
modified Eagle's medium(DME), penicillin-strepto-
mycin, Dulbecco's phosphate buffered saline(DPBS-
A), lipopolysaccharide(LPS), lucigenin, MTT, y-inter-
feron(yIFN), zymosan, sulfanilamide, daidzein, geni-
stein, N-naphthylethylenediamine - 2HCI:Z Sigma Co.
o)A, RPMI 1640, fetal bovine serum(FBS), trypsin
< Gibeo Co.°lA, mouse y-interferon(yIFN) imm-
unoassay kit, mouse interleukin-2(IL-2) immunoassay
kit, mouse interleukin-4(IL-4) immunoassay Kit,
mouse tumor necrosis factor-o(TNF-o) immuno-
assay kit~ R&D Co.l|4l, FITC-conjugated E. coli
K-12 bio-particlest= Molecular Probes Co.olA4 +
Qlate] ARgsl o, 71EF Aok cell culture® ¥
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FBS$} penicillin-streptomycin(100 units/ml, 100 pg/
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concanavalin A(con A) 5 ug/m/ X+ lipopolysa-
ccharide(LPS) 10 pgmis 713t §, 37°C8 CO,
incubatorolA] 48 AlZE wljoket U2, Yk F7 4 A]
2 Aol MTT Aleks 718t vl $8 Al 0.IN-
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interferon(y-IFN), interleukin-2(IL-2) % interleu-
kin-4(IL-4) 54 Alelles TU3 WHoE st
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platec]] 200 p 5% ¥, con A 5 pgmig 7}
3t] 72 A7+ E<tF CO, incubatorol A wljoFslsiow,
%7} macrophagel A E¥] == tumor necrosis
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A2o|x 2 AZF incubationdt F, 53] A& st
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A2ollA wjekstitt. Stop solution 100 WE 715
450 nmollX microplate reader® FHEE AT
F, vlg] 2Ae Aol 93l cytokinesd] g g
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Phagocytic activity &3 - Y3 oz
3 macrophageE 2X10° cellym”7} ¥ %= DME
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F, o3} FFsle] -20°CelM HastEA AT
(stock solution). Lucigenin stock solution A&}
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Chemiluminescence 73 luminometers ©]-&3}]
37°Cold 43819t} &34 microplate(white)2)
Z} wellell 8]¥ macrophage AEF-79 50 et
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E7} macrophage®l phagocytosis® 21| 93}k
o] FITC-conjugated E. coli particlesE Hank's
balanced salt solution(HBSS)oll #EHA|A sonification
gt § AFE-3R 2, trypan blue:= citrate buffer
(pH 4.9 250 pg/ml =2 F3lslo] ARSI
£ 23 macrophageE RPMI 1640 s 2 5X%10°
cells/ml =8 AT F, 100 WE 96 welldl] ¢
3tal 1 A E<F CO, incubatorell A ¥ioFEISIt) E.
coli Al 25 W 713t 1 AJZE Bt o] wiokst &
v RS A AL extracellular fluorescences 24
371 $i8ll trypan blue 100 W= 3715k inverted
fluoromicroscope® #2&}3T}*30
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Nitric oxide &M - U3 oz F2i¢ ma-
crophageE 24 well platec] welld 2Xx10° cellsS
HZ3 % macrophageZHE] HAHE nitric oxide
NO) %& Griessy?Poz Z34313th. 7+ wellol
LPS 1 pg/mi¢} vIFN 25 unitymiS 87150 24 A
7t vieket & wokd 100 WSt Gress A2k1% sul-
fanilamide+0.1% N-naphthylenediamine - 2HCl+2.5%
H,PO) 100 w2 E3slo) 9% well moduled] ¥,
37°CellA 10 E3F A|g ¥ 570 nmollX] microplate-
reader® FFEE SF43l0] vig] ZAJe NaNO,9| 3
ZFAeol o8] NO, 9] TE=& FHksisint
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Splenocyte®| E4|0f| O|Xl& §3} - Daidzeing F
ofstr 223t splenocyteo] T-lymphocyte mitogen
%l Con AZ A3I%E Wl AEFAES izl
Blal] 44319101}, genisteine Fogt T2 ol
Hjal AEZAgo] Z7FeAT). Daidzeing FoIahi
2%k splenocyteol B-lymphocyte mitogen?l LPS
£ Aesigls o MEAEES izl vjs) 748t
§ oL}, genistein® FoIgh T2 Tl H|d] AlX
BE80] F7FITH(Table D). o|21%t 2= daidzein
< T % B-lymphocyted] 5218 AAI31} genistein
< T 9 B-lymphocyted] S48 A8 4 Y-S
Table I-Effect of daidzein and genistein on mitogen-

stimulated proliferation of murine splenocytes
Cell Proliferation (%)

Samples - - -
Concanavalin A Lipopolysaccharide
Control 100.0 £ 0.9 100.0 = 0.7
Daidzein 88.8 £ 0.8* 89.7 + 1.6*
Genistein 1104 £ 0.9* 111.1 = 1.1*

Daidzein or genistein (50 mg/kg) was administered p.o.
once a day for 7 days, and the separated splenocytes (1.2
X 108 cells/mf) were cultured for 48 hours in RPMI 1640
media mixed with activating mitogen of concanavalin A at
5 ug/ml or lipopolysaccharide at 10 pg/ml. The cell
proliferation was determined by MTT method. The cell
proliferation of Con A non-treated control group is 66.7 £
1.2% and the cell proliferation of LPS non-treated control
group is 71.2 * 0.9%. The data represents the mean
SE of 5 mice. *Significantly different from control group
(p<0.01).
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Table II — Effect of daidzein and genistein on the produc-
tion of cytokines in murine splenocytes

Production of Cytokine (pg/mi)

Samples - -
¥Interferone Interleukin-2 Interleukin-4
Control 6267 £ 78 261058 725* 15
Daidzein 5594 £ 7.1* 2244 * 6.2* 101.5 £ 2.0*
Genistein 696.7 = 7.6* 297.6 & 42* 578 * 21*

Daidzein or genistein (50 mg/kg) was administered p.o.
once a day for 7 days, and the separated splenocytes (2 X
107 cells/ml) were cultured for 72 hours in RPMI 1640
media mixed with activating mitogen of concanavalin A at
5 pg/mil. The secretion of cytokine was determined in
supernatants of cultures with ELISA kit. The data represents
the mean * SE of 5 mice. *Significantly different from control
group (p<0.05).

SJnlah= Aotk ¢ oleidt AEA7= Wang 52
o] in vitro APA o)A daidzeinS- splenocyte 52
Z17-g0] 91O}, genistein splenocyte 2] &3
Zhgo] gtk Haels AE ARkE Aijol|gt £
AH AT} in vivo AEAL] Azfol7]| wEe] AT
Fol9 daidzein?} genisteino] ZHA 22 lympho-
cytell #-854A %L, thE target celld 23t
lymphocyteell 7Hg8 oz 2g3l] wlgo] opdr) &
AE, GAEE 713 5 AgEojor & FHAolc.

Splenocyte % =2} macrophage® cytokine &
H|off O|Xl= 3} — Splenocytecld] BH|E:= cytokine
o] %% 333 d3}, daidzein FololM IL-49)
o] el wlEl F7RsI e, ¢IFN 2 IL-29)
ke 744N} Genistein Fo]TollME= IFN Tl
IL-29] ok S7Ieil oL}, 49 &2 A3igict
(Table II).

T 97 5 Tyl YoelME yIFN 2 IL-2¢}
2 cytokineo] #H|EAL, T2 Yuolrds IL4
2 JL-103 22 cytokineo) FH|Eo, Euj¥ IL-2%=
T cell 54 £2 2 NK cells &35}, v IFNe
macrophage®] phagocytic activitys 251, IL-4
£ IgE antibody®] S EFXeh= oz d#A
91Tt Daidzein FoAZoIN wIFN 2 IL-29) <k
A= on, IL49 ok Z71E01, genistein &
ool ¢IFN 9 IL-29) %2 7k o, IL4
9] 2 ZAEQIT ol daidzein Ty2 Y9TE
genistei> Tyl Y978 2 3R 2Hg0] Q)
o= Yulsh= Zoltt.

$hA, 7} macrophageolld] EH|E= TNF-o2] %

Table III - Effect of daidzein and genistein on the
production of tumor necrosis factor-o. in murine
peritoneal macrophage

Tumor necrosis factor-c

Samples (pg/ml)
Control 521.4 £ 96
Daidzein 436.1 £ 8.1*
Genistein 611.9 £ 7.4*

Daidzein or genistein (50 mg/kg) was administered p.o.
once a day for 7 days, and then 3% thioglycollate was
injected 7.p. at the 4th day. Peritoneal macrophages (2 X 10°
cells/m/) obtained after 2 hours adherence period were
cultured for 72 hours in RPMI 1640 media mixed with
activating mitogen of lipopolysaccharide at 10 pg/mi. The
secretion of cytokine was determined in supernatants of
cultures with ELISA kit. The data represents the mean =
SE of 5 mice. *Significantly different from control group
(p<0.05).

< 33 2, daidzein FoI-& TNF-o %] oz
o] vjaf 728k ot genistein OIS 71815
tH(Table III). Genistein FojTtollA TNF-af] <o)
Z718t9thE AL genistein®  chemoprevention
effecte] TNF-o7b #oJstil Qa5 AAlsks Aolet
e 4 otk

£Z macrophage?| phagocytic activity®il O|X|
£ &3 —Phagocytic activityt opsonic activity £
W3-8 Z7MA7]= lucigening ©)8319] phagocyte
chemiluminescence(CLYE &74381th3Y CLE pha-
gocytosis”} == FF AWEE oxygen radical
of 9Ja] WAEY, luminol = lucigenin 5ol ]3]
Z7}5+=4), luminol-dependent CL-2 myeloperoxi-
dase-H,0, system¥} THo] ¢l lucigenin-
dependent CL= phagocyteoll &J3ll A== supero-
xide$} ##o] Y= Aoz deA Utk Daidzein
% genistein Foj72 TRl Hlgk] BT CLo]
S7Fel3101, genistein F¢J0] daidzein Foi7el|
Hal o Z718lRchFig. 1). =3 FITC-conjugated
E. coli particlesS ©]23te] #uFoz EA
macrophage®)] uptake®+= particles 23+ A3,
daidzein ¥ genistein Fo}TolA particle®] $71ES
gRIEIItHFig. 2).

=2 macrophage®| nitric oxide2| 40| 0OJX|
£ &3} - 27} macrophageZFE] BH|HE nitric
oxide®] & daidzein FoIT 2 genistein oIl
A B dizae] vjsl 7431 ck(Table IV). Mam-
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Fig. 1-Effect of daidzein and genistein on lucigenin
chemiluminescence in murine peritoneal ma-
crophage. Daidzein or genistein (50 mg/kg) was
administered p.o. once a day for 7 days, and then
3% thioglycollate was injected 7.p. at the 4th day.
Peritoneal macrophages (2 X 10° cells/mi) obtained
after 2 hours adherence period were cultured in
RPMI1640 media mixed with opsonized zymo-
san. The lucigenin chemiluminescence was
determined for 30 min. with luminometer. Each
point represents the mean £ SE of 5 mice.

malian neutrophil?®} macrophage= pseudopodia forma-
tiong 3% F<I phagocytosing molecule®] cytoske-
leton©] cytosolic G-actin monomers= 58 F-actin
polymerization®.& ¥Wslsh= Aog Lajz] Qc}. 350
Nitric oxidex human neutrophils®] F-actin %&

Table IV —Effect of daidzein and genistein on the
production of nitric oxide in murine peritoneal

macrophage
Samples Nitric oxide (UM/ml)
Control 12.8 £ 0.8
Daidzein 5.7 £ 0.2*
Genistein 4.8 * 0.6%

Daidzein or genistein (50 mg/kg) was administered p.o.
once a day for 7 days, and then 3% thioglycollate was
injected Z.p. at the 4th day. Peritoneal macrophages (2 X
10° cells/ml) obtained after 2 hours adherence period were
cultured for 24 hours in RPMI 1640 media mixed with y-
interferone and lipopolysaccharide. The data represents
the mean * SE of 5 mice. *Significantly different from control
group (p<0.01).

ZH2=A7)9, phagosome®]*] oxygen metabolites®)]
AL AA81 3 murine macrophage®] pseudo-
podia formation®} phagocytic activitys HJAIsH=
oz A et Daidzein Y genistein Foioll
/] B} macrophageZ5-E nitric oxide’} Z43H3R
th= 22 daidzein 5§97 2 genistein FoJollA
phagocytic activity”} $7F8 Z©| nitric oxide®] 7
ol 7118 Ao] ohdr} Fd€nh. $HA nitric oxide
= 9AIZ 9 mitochondria function 2 DNA synthe-
sisE 2JA)slo] ThFst cytostatic W cytotoxic effect
Z yehle ez g4 Uuk® 2 AFeA

daidzein @ genistein F9JA] nitric oxide®] o] 7

Fig. 2 — Photomicrographs of the engulfment of FITC-conjugated E. coli particles in peritoneal macrophage obtained from
daidzein- or genistein-administered mice. Photographs (taken at 200X magnification) showed the uptake of FITC-
conjugated E. coli particles in normal (A), daidzein-administered group (B) and genistein-administered group (C).
The macrophages observed with an inverted fluoromicroscope.
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