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The Multivariate Functions of Adipose Tissue and the Metabolic Syndrome :
The Effects of Soybean Protein on Fat Distribution and Adipocytokines

Yuji MATSUZAWA

Osaka University Graduate School of Medicine, Suita 565-0871

ABSTRACT

The metabolic syndrome, which clusters insulin resistance, dyslipidemia, and
hypertension in each individual is a common basis of type 2 diabetes and
atherosclerotic vascular diseases. Accumulation of intra-abdominal visceral adipose
tissue triggers the metabolic syndrome. Recent researches have explored adipose
tissue 1s not solely an energy storing tissue but secretes a variety of bioactive
substances called adipocytokines. This study was designed to elucidate the role of
adipose-expressed genes in the development of the metabolic syndrome, and the
significance of soybean protein, which is a major component of classical Japanese diet,
on the regulation of the genes in adipocyte. Through the extensive analysis of
adipose-expressed genes, we isolated several adipose-specific genes, galectin-12,
adiponectin, and aquaporin adipose. Forced expression of galectin-12 induced cellular
apoptosis. Although the significance of apoptosis in adipose tissue remains unclear,
galectin-12 may work to determine the cell size and the capacity of buffer action
against nutritional overload. Adiponectin is a plasma protein having insulin
sensitizing activity and modulating vascular functions, but plasma adiponectin levels
were decreased in the subjects with body fat accumulation. Promoter analysis
revealed that TNF-« decreased and PPARy -ligands increased the expression of
adiponectin. Aquaporin adipose, a channel forming integral protein, works as a
glycerol channel in adipocyte. The expression of aquaporin adipose decreased in the
feeding state, in which glycerol release was suppressed. This suppression was
achieved by insulin responsive element in its promoter. In the obese animals, the
expression of aquaporin adipose was augmented leading to the enhanced glycerol
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release from adipocytes. Diet therapy with soybean protein in obese mice reduced
body fat and increased plasma adiponectin, resulting in the improvement of glucose
tolerance. These results suggested that dysregulation of adipose-specific genes
relates to the pathogenesis of the metabolic syndrome. The diet therapy with
soybean protein may improve the dysregulation and prevent the metabolic syndrome.
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Fig. 1. The structure and function of galectin-12. a. The structure of galectin-12 . Galectin-12 belonged to the
tandem type of galectin. b. The expression of galectin-12 . Galectin-12 specifically expressed in adipose tissue.
c. Apoptosis-inducing activity of galectin-12 . Forced expression of galectin-12 in COS cells induced apoptosis
of the cells (The cells expressing galectin-12 look red, and the tunnel-positive cells look green.) (ref. 1).
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Fig. 2. The properties of adiponectin and its regulation. a. Effect of adiponectin on macrophage. Adiponectin
suppressed the expression of scavenger receptor mRNA and foam cell formation(ref. 2). b. Plasma
adiponectin level and insulin sensitivity: Insulin sensitivity was positively correlated with plasma
adiponectin level. c. Effect of PPARy ligands on plasma adiponectin level: PPAR y ligands increased the
expression and plasma levels of adiponectin (* P < 0.05, ** P < 0.01) (ref. 3).
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Fig. 3. Regulation of a glycerol channel, aquaporin adipose. a. PPRE : PPARy bound to the PPRE (peroxisome
proliferater responsive element) in the aquaporin adipose promoter (ref. 6). b. Insulin response element :
Aquaporin adipose mRNA expression was suppressed through IRE (insulin response element) in the
aquaporin adipose promoter. The core tetranucleotides of IRE, GTTT, were responsible for the insulin-

dependent negative regulation (ref. 5).
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Fig. 4. Regulation of PPAR y activity by SHP. a. Enhancement of PPAR y activity by SHP: SHP increased PPAR
y activity although it suppressed transcriptional activities of HNF-4 « or estrogen receptor. b. Binding of
SHP to PPAR y : SHP bound to the site between DNA binding domain and hinge domain (ref. 7).
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Fig. 5. Effect of soy protein diet on the metabolism of high-fat induced obesity. a. The mice treated with soy
protein diet showed less body fat, mesenteric fat and lower fasting plasma glucose than those in control
high fat induced obese mice. Plasma adiponectin levels were higher in the mice treated with soy protein
diet. b. Body fat and mesenteric fat were less and fasting plasma glucose were lower in the mice treated
with soy protein diet.
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