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ABSTRACT

The metabolic syndrome, a cluster of insulin resistance, hypertension and
dyslipidemia, is a common basis of Type 2 diabetes and atherosclerotic vascular
diseases in industrialized countries. The most common cause of the metabolic
syndrome is the accumulation of intra-abdominal visceral fat. Adipose tissue secretes
a variety of bioactive substances called adipocytokines. Dysregulation of
adipocytokines by overnutrition may play an important role in the development of the
metabolic syndrome. Soybeans, a part of the Japanese traditional diet, may protect
against the development of the metabolic syndrome through regulation of
adipocytokines. This study was aimed to clarify 1) the role of adipocytokines in the
development of the metabolic syndrome, and 2) the significance of soybean protein, on
the regulation of adipocytokines. Adiponectin is an adipose-specific plasma protein,
which we identified in the Human Adipose cDNA Project. Adiponectin possesses the
activities to suppress the expression of adhesion molecules in vascular endothelial
cells; the expression of scavenger receptor mRNA in macrophages; and growth
factor-induced proliferation of vascular smooth muscle cells. Furthermore
adiponectin promotes glucose uptake in myocytes. Therefore, adiponectin may play a
key role in the development of the metabolic syndrome. In previous studies, we
reported dysregulation of adiponectin in subjects with body fat accumulation. In the
present study, we investigated 1) the role of adiponectin in the metabolic syndrome
using mice lacking the adiponectin gene and mice oveexpressing adiponectin, and also
studied 2) the effect of a soy protein diet on adiponectin concentrations. Adiponectin
knockout mice exhibited severe insulin resistance when fed a high-fat, high-sucrose
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diet. The knockout mice also showed severe vascular neointimal thickening from
vascular injury. Overexpression of adiponectin in the apoE knockout mice, which is
an animal model for atherosclerosis, significantly reduced fatty streak lesions in
aorta. In obese KK-Ay mice, body fat weights, plasma cholesterol, triglyceride, free
fatty acid, and glucose levels were lower in mice on a calorie-restricted diet
containing soy protein isolate. Among the genes related to glucose and fatty acid
metabolism, adiponectin mRNA levels in adipose tissue and adiponectin plasma
concentrations were elevated in mice on calorie-restricted diets, although there were
no significant differences between soy protein and casein protein groups. Our results
indicate that adiponectin has anti-atherogenic and anti-diabetic activity in vivo, and a
calorie-restricted diet elevates plasma adiponectin concentration in obesity. Soy
Protein Research, Japan 6, 1-10, 2003.
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Fig. 1. Gene expression profile, glucose and fatty acid metabolism in adiponectin knockout mice. a. Gene
expression in adipose tissue and muscle of wild type (WT) and adiponectin knockout (KO) mice. b. Adipose
expression and plasma level of TNF«. c. Plasma glucose level, insulin level, HOMA-IR and FFA level of WT
and KO mice fed control diet (Cont.) or high fat/high sucrose diet (HF/HS). *P <0.05, **P<0.01.
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Fig. 2. Insulin sensitivity of adiponectin KO mice and effect of adiponectin on glucose uptake in myocytes. a.
Insulin tolerance test in WT and KO mice under Cont. or HF/HS diet. b. IRS-a associated PI3-kinase
activity in muscles of WT and KO mice under Cont. or HF/HS diet. c. Effects of TNF« and adiponectin on
glucose uptake by C2C12 myocytes. *P <0.05, **P <0.01.
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Fig. 3. Vascular neointimal thickening induced by vascular injury. a. Neointimal thickening in WT and adiponectin
KO mice. b. Suppression of neointimal thickening by adenovirus mediated expression of adiponectin. (I/M;

intima/media thickness ratio).
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Fig. 4. Reduction of atherosclerotic lesions in apoE knockout mice by overexpression of adiponectin. a. Sections of
supravalvular aorta (lower panels; higher magnification). b. Gene expression in aorta of 3gal or adiponectin

expressing apoE KO mice. *P<0.05.
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Table 1. Effects of soy protein diet on body weight and body conposition of KK-Ay mice

Initial Casein diet SPI diet
Body weight (@) 47.2 + 0.6 37.3 £ 0.5 36.7 = 0.5b"
Body water (%) 572+ 1.0 58.7 £ 0.3 59.4 + 0.7
Body fat (%) 26.3 £ 1.1° 23.5+ 0.3 21.9 £ 0.5"*
Body protein (%) 14.2 £0.4° 15.6 = 0.3” 15.9 +0.3”
Liver () 2.73 £0.13° 1.49 + 0.04" 1.41 £ 0.02"
Hepatic cholesterol (mg/g) 5.20 £ 0.35° 3.65 = 0.19" 3.32 £ 045"
Hepatic triglyceride (mg/g) 204.3 + 14.3° 10.0 £ 1.2 6.9+ 1.7"
Mesenteric WAT (g 1.20 = 0.05* 0.74 = 0.03" 0.68 = 0.05"
Epididymal WAT () 1.49 = 0.07* 1.01 = 0.05" 0.96 £+ 0.07""
BAT ) 0.686 & 0.041° 0.525 & 0.023" 0.532 =+ 0.023"
Soleus muscle () 0.109 + 0.008 0.128 £+ 0.007 0.122 + 0.003

SPI, soy protein isolate; WAT, white adipose tissue; BAT, brown adipose tissue. a, b, P <0.05, a vs b by Tukey's
HSD; *P<0.05, vs high fat diet group by student t test; # P<0.05 casein group vs SPI group.
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Fig. 5. Metabolic profiles of KK-Ay obese mice before and after calorie restricted diet containing casein or soy
protein isolate (SPI). *P <0.05, **P <0.01, # P <0.05 casein group vs SPI group.
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Fig. 6. Effect of soy protein diet on mRNA expression
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BAT, brown adipose tissue.
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Fig. 7. Effects of soy protein diet on plasma adiponectin

levels. a. Effects of calorie restricted diet
containing casein or soy protein isolate (SPI) in

KK-Ay obese

mice. *P<0.05, **P <0.01 vs Initial

group b. Effects of casein or soy protein isolate
(SPI) diet in Wistar rats. *P <0.05.
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