7hE—MEBRETIVEMICHT H2REAN Y 75K ORERASER
SR RN - KRB - EREE - LA R

CRIRRF LB ERFAEA ) NE) T — 2 a Y B RFRFE AN ANA 3 4 10 AR5

Effect of Genistein on Immune Responses in NC/Nga Mice Used as an Animal
Model for Atopic Dermatitis
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ABSTRACT

The isoflavone genistein is a phytoestrogen found in high levels in soy products that
has been associated with decreased incidence of breast and prostate cancers. In
addition, a recent clinical trial suggests that supplementation with the dietary
genistein may be as effective as hormone replacement therapy in attenuating
menopause-related bone loss without causing the associated side effects. In this
study, we examined the effect of genistein on the immune responses in NC/Nga mice
that are used as an animal model for atopic dermatitis. Groups of mice were exposed
to vehicle or the genistein by gavage. The doses of genistein used were 4 and 20
mg/kg body weight/day. Treatment with picrylchroride in the ear of NC/Nga mice
developed dermatitis. Mice that received genistein showed mild dermatitis when
compared to the control mice. We also determined serum IgE level, but significant
difference was not observed between the groups. Although genistein did not affect
the in vitro lymphocyte proliferation, it suppressed cytokine production by spleen
cells. These results showed that dietary genistein modulates an inflammatory
response resulting in amelioration of dermatitis in the skin of NC/Nga mice. Soy
Protein Research, Japan 7, 130-136, 2004.
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genistein(IPUEL AR DA% 59, MRV E
YTHHIAPFVIZEHMLTWAZE LY, PR
BOFRMDIH T 2HBERROWFFI N T L. &I
Dgenistein & JH W 72 [HREAERCTIE, —H%72054 mg
DgenisteinZ EHT 2 Z 12X 0, BRIEE D B &
IR LRIV E SRR L FIREORMEN S 5 2 L5
HENTWDEY,

FOEOMA LY, BRAOK I N1 NidZH A S H
DT VVF—EREFLTwLLENTWEY, &
DI, EEMIMERTHLT LIVF—RETH 5
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WTRZT LIRS TR, Z0EKFO
—DL LT FMOTLVF—HELMIT 572008
YT VEIIDPGEE L 2ol EBHIFLND.
NC/Nga~ ™= Al b7 b ¥ — LRI L 72
B REIRE FVRTGAE T 5 B VEN & L T19974E 123K
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pathogen-free (SPF) BR¥ET CHIE T % & WHRAYIZAT
5 EE Z R R \WS, conventionalBREE FTCIE 7 ~ 8
JERGEEIC %2 B LI DRV EE £ E HARSEIET 5. O
NE TIZZOETIVEI) % AV IE 4 O S #] R+
A NHA VHEERDOIRREI BT T RBEAEE S T
B0 HAE, EEETLVEME LULHRLN
TWwW5h.
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NC/Nga~ 7 A1Z—H Y% 7- V) genistein 0 mg/kg, 4
mg/kg, F 721320 mg/kgD XA G-%47-72. FhZ
NoOMO~ 7 2128 10, 1058 MPCLAE B4 LR FE &
DFEEAT o 7z, FRMICAEDS L OEAEOME %
o705, WHICBITA2ERELEIRDON o
7z,

RICPCIDFEAEEA 2 & V) FFE S5 g RIS
% genistein® B DO W TG 217> 7. NC/Nga~
AN T T OBMEITH) L, TarRU Y
3 FIVERE T CMEE LB & 15 S 5 KW g8 &
L7ERE 295 2 L S Twb !, Genistein
B 10EBHROEERERE A7) v 7L, i
L7z & Z Agenistein 4 mg/kg/day#k5- L 7-#E1d 3 >~
P VEEE L TREIEIRICAE Z RO Lo 72
A%, 20 mg/kg/day % 5-HE T LR AE IR O BR8] 2
oo (Fig. 18 L 0U2). NC/Nga~ 7 A TIEPCI
DEFEATIC &0 R REZIIET 5 L HICMFIGEL
NNV LEFRDPERD NS, FD720, PCIULE10E%
DIMHEHDIgEL NV % ELISAE % W CHlE 247 -
72. 5 &, PCIO#M IS CTMIEIGEL NV o k5
WSRO L2 A, genisteint G-I & K GHEL DT
HELZEIRON -7 (Fig.3).

RO L Y, genisteinlIPCIEEHR 512 X V5%
HET 22 REBRT 5 D ODIgEL NVt LT
RIS B WI EAIRENTZ. ZDORAH AL
OWTHF 24T 9 72® 12, genisteinZ %5 L 72
NC/Nga~ v A0 ¥ /38t ds L Y 71y Mo
WTHIT 2T o 72, RRVUAE w70 -4 4 F X b
V=2 E ) YSERF T Ry MO WTEHIT R4 72
L 2 A, genistein®$ 512 & 1) CD4, CD8% L U°CD3
R D&l & DOF R mA, & L TB220k Al

Fig. 1. Clinical skin features in NC/Nga mice
administered with or without genistein. Skin
features in NC/Nga mice received 0 mg/kg/
day (left) and 20 mg/kg/day genistein (right) 10
weeks after PCI treatment.
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DEE RO S (Fig. 4). 72, HremZ
TRNT %47 9 72®1in vitrolZ B1F 5 BT FUE & % L 72
A5, ZHIUZEA L CTldgenisteinfx 5-# & JEH 51 & O
TEEPDORP->7 (Fig. 5). ~IVS— THIFLIZREA
FT2Y¥A MAA 8% — 212k Y, Thls X OTh2®
ICHHT 5 2 L AT E S, ThUZIFN-y RIL-2% jE/k
LM g6 % 5 5 o l2xf L, Th203XIL-4, IL-5, IL-
6 EDI A M HA v EEEALEE L CHMEREICH

25

Severity score (point)

0.5

'(;mg/kg 4 mg/kg ’;o mg/kg

Fig. 2. Skin severity score in NC/Nga mice
administered with or without genistein.
Clinical severity score for dermatitis was
defined as the individual score graded as 0
(none), 1 (mild), 2 (moderate) and 3 (severe) 10

weeks after PCI treatment. Data are mean=*

SEM for 6 mice.
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Fig. 3. Serum IgE levels in NC/Nga mice administered
with or without genistein followed by PCI-
treatment. Serum was obtained from each
mouse and level of IgE was determined by
ELISA as described in the Materials and

Methods. The value represents mean +SD.

AE/-ABEHRE Vol 7(2004)



CD4 cD8

L 5 i 10

I 2

2 20 - I ** o T Z’ . T *x *k T Genistein

5 T 2 ] omgkg
Q

2 15 | 4 T Genistein

3 : g ° = B 4mgkg

g f: Genistei

2 10 8 enistein

= 5 4 B 50 mgig

§ 5 - 5 o- [J PCl-untreated

2

o

0 o 0
CD3 B220

40 80 |

°\\°/ 0‘\0’ . ok T *%

2 T **% *k 2 T

3 30 T 3 60 -

2 T g

% 20 - ha % 40

2 g

S 5

£ 10- £ 20

9 1]

Fig. 4. Expression of CD4, CD8, CD3 and B220 in spleen cells from NC/Nga mice administered with or without
genistein. Spleen cells were stained with PE-conjugated anti-CD4 mAb and FITC-conjugated anti-CD8
mAb, or PE-conjugated anti-CD3 mAb and FITC-conjugated anti-B220 mAb. Percentages of positive cells
were quantified by using flowcytometory. The value represents mean +SD.
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Fig. 5. Proliferation responses of splenocytes upon
stimulation with anti-CD3/CD28 mAb in
NC/Nga mice administered with or without
genistein. Spleen cells were stimulated with
plate-bound anti-CD3/CD28 mAb. After 48 hr
incubation, DNA synthesis was determined by
measuring incorporated *H-TdR. The value

represents mean = SD.
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L7 LIV F = B H ORISR B ORIED 5 V139K
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genistein¥x 581 7 > b — VB K LIFN-4 12
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R~L7z (Fig. 6). T2 & X, genisteinlc & 5 ZJE
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Z 5
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Fig. 6. Cytokine productions of splenocytes upon stimulation with anti-CD3/CD28 mAb in NC/Nga mice
administered with or without genistein. Spleen cells were stimulated with plate-bound anti-CD3/CD28
mAb. After 48 hr, supernatants were removed and contents of IFN-y and IL-4 were determined by
ELISA. The value represents mean £ SD.

134 KE7-ARBEME Vol. 7(2004)



1)

£:3

#

GenisteinlZ KTH NI L EINIA VT TR O—FTH L. KWRTIE, 7 ¥ -1
RIEREE T IVEM TH HNC/Nga~v 7 A % > TgenisteinEfF L Z I LD ETH T LIV F— 6

ERIETHBEIOWTRE 21T 72,

NC/Nga~ 7 AOHEFIZE 7))V 70T 4 FOMEEA %47

WEERZRE S, 65077 2120 mg/kg/day, 4 mg/kg/day, X1%20 mg/kg/day®

genistein % 1028 i dft L TR G- 2 175 7.

mg/kg/dayfy SBECIX O Y PO — L BEE B L T E
R JE S DYENFED SN, —J, MIEIGEL VB X OV & SERIEGE SO 3 B T 372 21
BOSNIh oz, 7294 NI A YEAIZB W Tldgenistein?k 58 TIFN- y 3 X OTL-47 4= 0]
FIARO SNz, LLEDOKEE X Y genisteinld i 7 LVF—1EHZETHZ EFWPS LY, F0
AN ZALD NI A NI A YELEOWHIDEIG L T\nb Z Lo sn 5,

X

Messina M], Persky V, Setchell KD and Barnes S
(1994): Soy intake and cancer risk: a review of the
in vitro and in vivo data. Nutr Cancer, 21,113-131.
Constantinou AIl, Mehta RG and Vaughan A
(1996): Inhibition of N-methyl-N-nitrosourea-
induced mammary tumors in rats by the soybean
isoflavones. Anticancer Res, 16, 3293-3298.

Record IR, Broadbent JL, King RA, Drwosti IE,
Head RJ and Tonkin AL (1997): Genistein inhibits
growth of B16 melanoma cells in vivo and in vitro
and promotes differentiation in vitro. Int J Cancer
72, 860-864.

Lamartiniere CA, Murrill WB, Manzolillo PA,
Zhang JX, Barnes S, Zhang X, Wei H and Brown
NM (1998): Genistein alters the ontogeny of
mammary gland development and protects
against chemically-induced mammary cancer in
rats. Proc Soc Exp Biol Med, 217, 358-364.

Cotter A and Cashman KD (2003): Genistein
appears to prevent early postmenopausal bone
loss as effectively as hormone replacement
therapy. Nutr Reviews, 61, 346-351.

WHEKREE (&Y 7 LIV ¥ — DFERE & A4 ]
(1999) : EHMBIEE [EWT LVF—brb
A HAFRHE H

Matsuda H, Watanabe N, Geba GP, Sperl J,
Tsudzuki M, Hiroi J, Matsumoto M, Ushio H, Saito
S, Askenase PW and Ra C (1997). Development of
atopic dermatitis-like skin lesion with IgE
hyperproduction in NC/Nga mice. Int Immunol, 9,
461-466.

KE7=ARBEMRE Vol. 7(2004)

8)

10)

11)

12)

13)

14)

E2)vrug 4 FIZE)FEs Nz Eaelt, 4

B o 7205, 20 mg/kg/dayDIx5-EET

73

Suzuki R, Shimizu T, Kudo T, Ohtsuka Y,
Yamashiro Y and Oshida K (2002): Effects of n-3
polyunsaturated fatty acids on dermatitis in
NC/Nga mice. Prostaglandins, Leukot Essent Fatty
Acids, 66, 435-440.

Sasakawa T, higashi Y, Sakuma S, Hirayama Y,
Sasakawa Y, Ohkubo Y and Mutoh S (2004):
Topical application of FK506 (Tacrolimus)
ointment inhibits mite antigen-induced dermatitis
by local action in NC/Nga mice. Int Arch Allergy
Immunol, 133, 55-63.

Sakamoto T, Miyazaki E, Aramaki Y, Arima H,
Takahashi M, Kato Y, Koga M and Tsuchiya S (2004):
Improvement of dermatitis by iontophoretically
delivered antisense oligonucleotides for interleukin-
10 in NC/Nga mice. Gene Ther, 11, 317-324.
NHEE, Hedorda (1998) @ 7 P ¥ -
#KET IV E LTHONC/Nga~ 7 ADHME CRJ
Letters, 11, 1-8.

Santell SC, Kieu N and Helferich WG (2000):
Genistein inhibits growth of estrogen-independent
human breast cancer cells in culture but not in
athymic mice. J Nutr, 130, 1665-1669.

Guo TL, McCay JA, Zhang LX, Brown RD, You BL,
Karrow NA, Germolec DR and White KL (2001):
Genistein modulates immune responses and
increases host resistance to B16F10 tumor in
adult femal B3C3F1 mice. J Nurr, 131, 3251-3258.
Tsudzuki M, Watanabe N, Wada A, Nakane Y,
Hiroi ] and Matsuda H (1997): Genetic analyses for
dermatitis and IgE hyperproduction in the

135



15)

16)

17)

18)

136

NC/Nga mouse. Immunogenetics, 47, 83-90.

Yagi R, Nagai H, Iigo Y, Akimoto t, Arai T and
Kubo M (2002): Development of atopic dermatitis-
like skin lesions in STAT6-deficient NC/Nga mice.
J Immunol, 168, 2020-2027.

Sakazaki H, Ueno H and Nakamuro K (2002):
Estrogen receptor a in mouse splenic lymphocytes:
possible involvement in immunity. Toxicol Lett,
133, 221-229.

McMurray RW, Ndbele K, Hardy KJ and Jenkins
JK (2001): 17- B -estradiol suppressed IL-2 and IL-2
receptor. Cytokine, 14, 324-333.

Maret A, Coudert JD, Garidou L, Foucras G,
Gourdy P, Krust A, Dupont S, Chambon P, Druet
P, Bayard F and Guery JC (2003): Estradiol
enhances primary antigen-specific CD4 T cell
responses and Thl development in vivo. essential
role of estrogen receptor a expression in
hematopoietic cells. Eur J Immunol, 33, 512-521.

19)

20)

Karpuzoglu-Sahim E, Zhi-Jun Y, Lengi A,
Sriranganathan N and Ahmed SA (2001); Effects
of long-term estrogen treatment on IFN-y, IL-2
and IL-4 gene expression and protein synthsis in
spleen and thymus of normal C57BL/6 mice.
Cytokine, 14, 208-217.

Yellayi S, Naaz A, Szewczykowski MA, Sato T,
Woods JA, Chang J, Segre M, Allred CD, Helferich
WG and Coole PS (2002): The phytoestrogen
genistein induces thymic and immune changes. a
human health concern? Proc Natl Acad Sci USA,
99, 7616-7621.

KE7zABEME Vol 7(2004)



