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ABSTRACT

Soy is accepted to be a functional food to protect age-related deteriorations in
postmenopausal women, even though enough evidences on its protective action are
not accumulated yet. Most pre-clinical studies on efficiency of functional foods
and/or their components were performed in conventional animals, such as rat or
mouse, because studies using these rodent models are of low cost and/or easy to
perform. However, biomedical characteristics of rodents are markedly different from
those of humans to elucidate detailed mechanisms of the functional foods. Macaque
monkeys, Cynomolgus, Rhesus or Japanese macaque, are closely-related primates to
humans and their genomic differences are just in 2-3% to shear whole biomedical
nature with humans. This is a merit for us to perform pre-clinical studies using
monkey on efficiency and/or safety of functional foods, if examination cost could be
down to a reasonable level. In a series of this study, we developed an ovariectomy
(OVX) Cynomlgus macaque model to examine postmenopausal age-related
deteriorations and effect of soy products on them. We have found that soy protein
( 3 -Conglycinin; 2-CG), but not soy isoflavone (Soyaflavone HG; IF), was functionally
potential component to protect both hypercholesterolemia and osteroporosis in the
postmenopausal monkeys (1-3). In this study, we examined efficacy of the soy
components of 2-CG and IF on immune system, especially on Th1/Th2 response,
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intestinal bacteria flora, and cerebral-nerve function in postmenopausal primate
model on the level of functional genes. We also examined antigenicity of both
components to monitor production of specific IgE. Soy Protein Research, Japan 9, 1-8,

2006.

Key words . j -conglycinin, isoflavone, functional genes, immune system, Brain,
intestinal bacteria, postmenopause, monkey
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Age-Related and Menopause-Associated Disorders

* Functional depression in ovary
* Decrease in estrogen (E2) production
* Troubles in physiological functions

Suppression in Dysfunction in
energy metabolism bone

* Hypercholesterolemia metabolism

* Type Il diabetes
+ Obesty

+ Osteoporosis

Failures in Disorders in cerebral-
immune response nerve functions
+ Suppression of + Depression

+ Depression of

intestinal immunity | | + Recognition defect

+ Alzheimer disease

Th1/Th2 response

Fig. 1. Post-menopausal age-related disorders.
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Fig. 2. Study schedule using OVX-menopause cynomlgus macaques.

Immune System

Intestinal Bacteria

Brain-Nerve System

* Lymphoid Tissues
Mesenteric lymph node,
Spleen, Thymus

* Intestinal Tissues
Small intestine
(Jejunum, lleum)
Large intestine

Stool Bacteria DNA

* Beneficial bacteria
Bif (Bifidobacterium) (NT)
Cbu (Closridium buty.)
Fpr (Enterococcus)
Lacto (Lactobacilus)

* Harmful bacteria

* Neurotrophins and Their
Receptors

BDNF, NGF, NT-3, NT-4/5
(NT-R)
TrkA, TrkB TrkC, P75

+ Apoptosis-Associated

(Colon) Ccl (C. clostridiiforme) Factors
- Th1/Th2 Cytokines and Dsy (Desglfovibrio) Bax, BclxL, p53,
Their Receptors Veillo (Veillonella) - Alzheimer-Associated
(Th1) * Opprtunistic bacteria Facto_r
IL12, IL18, IFN-g Eco (Enterobacteria) Saladian-1
IFN-gR1, IFNg-R2 Ral (Ruminococcus) - Steroid Hormone
(Th2) Receptors
IL-4, IL13, IL4R, CCR4 ERa, ERb, PR
* Hypoxia Response
/Angiogenesis
TF, VEGF

Fig. 3. List of functional genes or genome examined in this study.
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Table 1. Effect of IF or 5-CG on gene expression of
cytokine/cytokine receptors in mesenteric
lymph node, spleen and thymus

Ctr. IF B-CG
Mesenteric 114 100 23 177
Lymph Node ILAR 100 62 99
CCR4 100 279 325
IL12 100 25 45
IL18 100 326 744
IFN-y 100 76 136
IFN-yR1 100 83 156
IFN-yR2 100 89 161
Spleen 114 100 75 148
II4R 100 39 130
CCR4 100 41 125
IL12 100 36 83
IL18 100 58 134
IFN-y 100 74 186
IFN-yR1 100 71 114
IFN-yR2 100 107 125
Thymus 114 100 36 98
II4R 100 47 92
CCR4 100 47 72
IL12 100 19 59
IL18 100 73 180
IFN-y 100 51 110
IFN-yR1 100 61 127
IFN-yR2 100 89 200

Table 2. Effect of IF or 3-CG on gene expression of
cytokine/cytokine receptors in jejunum, ileum

and colon

Ctr. IF p-CG

Jejunum II4AR 100.0 24.8 19.7
IFN-y 100.0 110.6 33.6

IFN-yR1  100.0 71.6 115.2

IFN-yR2  100.0 80.0 133.1

Tleum II4R 100.0 168.6 153.3
IFN-y 100.0 131.1 349.2

IFN-yR1  100.0 30.1 35.0

IFN-yR2  100.0 81.3 94.7

Colon II4R 100.0 168.6 153.3
IFN-y 100.0 131.1 349.2

IFN-yR1  100.0 30.1 35.0

IFN-yR2  100.0 81.3 94.7
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Olfactory Bulb
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Oblongata

Table 3. Effect of IF or 3-CG on intestinal bacteria

flora
Ctr. IF B-CG

Beneficial Cbu 100 340 467
Bacteria Fpr 100 182 295

Lacto 100 243 222
Opportunistic  Eco 100 2 1
Bacteria Ral 100 60 558
Harmful Ccl 100 97 227
Bacteria Dsv 100 135 138

Veillo 100 66 138

Table 4. Effect of IF or 3-CG on gene expression of
functional factors in hippocampus

Ctr. IF 3-CG
NGF 100 59 136
NT4/5 100 32 16
NT-3 100 114 48
BDNF 100 124 48
P75 100 84 143
TrkB 100 227 224
TrkC 100 55 257
Bax 100 95 208
BelxL 100 457 303
P53 100 101 127
Seladia-1 100 156 87
ERa 100 105 75
ERp 100 212 107
PR 100 171 95
TF 100 58 97
VEGF 100 151 186

Cerebellum

Hypothalamus

Hhippocampus

Fig. 4. Brain and its main region of cynomlgus macaque.
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Table 5. Effect of IF or 3-CG on gene expression of
functional factors in hypothalamus

Ctr. IF B-CG
NGF 100 30 695
NT-3 100 66 162
NT4/5 100 59 61
BDNF 100 93 84
TrkB 100 103 118
TrkC 100 90 106
P75 100 32 29
Bax 100 43 68
BelxL 100 50 61
P53 100 47 53
Seladia-1 100 21 45
ERa 100 127 122
ERp 100 91 116
PR 100 122 158
TF 100 43 60
VEGF 100 64 100

Table 6. Effect of IF or 5-CG on gene expression of
functional factors in frontal lobe
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Table 7. Effect of IF or p-CG on gene expression of
functional factors in cerebellum

Ctr. IF 3-CG Ctr. IF 3-CG
NGF 100 9% 42 NGF 100 788 116.4
NT-3 100 84 130 BDNF 100 86.6 107.1
NT4/5 100 33 73 NT-3 100 29.4 138.8
BDNF 100 109 79 NT4/5 100 0 76.6
TrkB 100 129 106 P75 100 514 69.1
TrkC 100 151 104 TrkB 100 100 84.6
Bax 100 57 38 TrkC 100 64.6 108.5
BelxL 100 148 100 Bax 100 73.1 138
P53 100 176 62 BelxL 100 1015 95.7
Seladia-1 100 301 139 P53 100 90.7 86.5
ERe 100 105 112 Seladia-1 100 92.9 108.3
ERp 100 131 131 ERe 100 104.5 102.1
PR 100 202 66 ERB 100 93.7 173.8
TF 100 166 107 PR 100 73.1 106.9
VEGF 100 153 108 TF 100 69.2 114.2
VEGF 100 86.7 96.8
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Fig. 5. Effect of 3-CG or IF on production of antigen-specific IgE.

OVX-Menopausal Monkey Model

Administration of Soy Functional Components (5-CG, IF)

Energy Metabolism

Action of 5-CG
(Little Effect of IF)

Bone Metabolism

Efficacy of 6-CG
(No Action of IF)

* To decreasing blood
chol (LDL) level

* To protect
decrease in bone

* To upregulate LDL-R meneral
gene expression * To inhibit
increase in NTx
v and BAP
Improvement of 7
hypercholesterolemia
Potential Efficacy

to Osteoporosis

Fig. 6. Efficacy and molecular mechanism of 3-CG and/or IF to menopause-associated disorders in monkey model.

AEABEME Vol 9(2006)

Immune System

Brain-Nerve System

Effect of B-CG/IF

» To stimulate Th1

response in intestinal
lymph by 5-CG

* To suppress Th1/Th2

response in lymphoid
tissues by IF

* To modulate

intestinal bacteria
flora by 5-CG

\4

Stimulation of
Intestinal Immunity

Action of IF

* To upregulate gene
expression of ERa
and NTs in
hypothalamus and
frontal lobe
(little effect on CPY19
gene expression)

\4

Possible Efficacy to
Depression,
Recognition Defect,
and/or
Alzheimer Disease



1)

=
~

BEEORA NS F AT 4 ANVEEEDS e bOZNS EHBET LIRS, FLEFLEIEH L
EREVE R OE - MEA S 5 WV IE R e 5 TR T 2 AR ZE 2k 5Tz, Fig. 6
IR RECARSEIZE T, RSB EFLEFVAER L, IV ATa— )L - JREhE, &
O3, REINERE, HAME 7 10— 7 B X ORI 5, REERGOREZAHE (8-
Conglycinin, 3-CG) BXUWKEA V77K (Soyaflavone HG, IF) OREEETFE; - SiEfEHIcD
WCHEIEF - 7 ALV L7z, R VEF LV EFIH L2 ARE 2 U C 3-CGIc L 55
TIERTIH (BRBESE) EHIMO THL 2SN, p-CCB L UTZDRTF P4 FIH
L7 B HBERAOT 7 28 e - 7Y A VOREICEN S, S5 ICREREZICELTIE, IF
AW B & OWIR C O Thl/Th2ln & B E TR OSBRI 2 R 3 2 L 25, IFASHIRRYE: - s
EINE T 20N H 2 5. F 72, B CIRIFR S5-I AR O W MR &
IFDSG AN 7 0 — 5 — R NS BT 5 2 LAVRB SNz, & S IR RE~ D 2
TIHBERECAN RS S N7z, HREICEEBERT ST SN TYAE, SURTE, KR (B
BHIE) 2BV, MRRERT /L2758 —2dHD0IET R b — ¥ AROEEE OB
M- ZEDS, IFB LU B-CGIZfEw b N, T2, EEIEAEICE D B/NKIZB W T, IR MRS
KT-ONT-38 & ONT-4/5&8 5T OB m LWl 2 2 &b, IFPMKEERO/DHERELED 2

L= T 5W RN ELONS.

X

A R, kAR, IHNEER, EBEER, Aram
Yoeng, # B, Rosalio M Perez, Romualdo L
Carrasco, HIHEH] (2003); KEHLH 1S & 2 B BRI
fEB & CEURFEIL~ DT - GHRR O
FE L IVE TV E I 724 T n AR AR B A RO BT 7R
KEZ7- AHENE, 6,57-62.

A, Sk, 1INYESE, Aram Yoeng, K
P&, Joseph Gabriel (2004): KE AW - B2 &
DA Re s B L O AR EEIRE O T TER
FUETINTOT 7 LEEYFIZE (1). K2
7z AEERESE, 7, 13-19.

RS fH, Jek#T, A-Ram Joeng, [LIPIZEHL, K
Fe, Joseph Gebriel (2005); KE AN - HIZ &
LGS RepE B L OV TR E R O T R R
FNVETFNTOT ) AEEY S (). KE
72 AEVEWSE, 8, 1-7.

Huntley AL and Ernst E (2004): Soy for the
treatment of perimenopausal symptoms-a
systematic review. Maturitas, 20, 1-9.

5)

oo
=

8
Chagan L, Toselovich A, Asherova L and Cheng JW
(2002): Use of alternative pharmacotherapy in
management of cardiovascular diseases. Am J
Manag Care, 8, 270-285.
Lucas EA, Lightfoot SA, Hammond L], Devareddy
L, Khalil DA, Daggy BP, Soung do Y and Arjmandi
BH (2003): Soy isoflavones prevent ovariectomy-
induced atherosclerotic lesions in Golden Syrian
hamster model of postmenopausal hyperlipidemia.
Menopause, 10, 314-321.
Uesugi T, Toda T, Tsuji K and Ishida H (2001):
Comparative study on reduction of bone loss and
lipid metabolism abnormality in ovariectomized
rats by soy isoflavones, daidzin, genistin, and
glycitin. Biol Pharm Bull, 24, 368-372.
A (2003 VDT LVE—EFIL, T LV
F—H, 16, 281-287.

KE/-ABEHRE Vol 9(2006)



