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

Yuji MATSUZAWA

Osaka University Graduate School of Medicine, Osaka 565-0871

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 industrial countries. The most common cause of the metabolic syndrome
is 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. The Japanese traditional diet may protect against the development of the
metabolic syndrome. 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,
one of the major components of Japanese traditional diet, on the regulation of
adipocytokines. In the previous reports, we demonstrated that adiponectin, which we
discovered in adipose cDNA project, possessed anti-atherosclerotic properties, but its
plasma concentration was decreased in visceral fat obesity. Calorie-restricted diet
containing soy protein could raise plasma adiponectin in diet-induced obesity. In this
final report, we describe a global function of this adipocyte-derived factor and the
effect of soy protein diet on the regulation of adipocytokines. In adiponectin knockout
mice, we found that CRP and TNFa mRNAs were overexpressed in the adipose tissue.
Highly sensitive Plasma CRP level was correlated negatively with plasma adiponectin
level in humans. Adiponectin-null mice also showed severe hepatic fibrosis induced by
carbon tetrachloride. Overexpression of adiponectin suppressed hepatic fibrosis via
inhibition of smad 2 signaling. High plasma adiponectin level was a negative risk for
breast cancer. In mouse tumor model, injection of adiponectin inhibited the tumor
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growth. These data indicate that adiponectin has multivalent functions including
anti-inflammatory, anti-fibrosis and anti-tumor activities, and that the reduction of
adiponectin may have a causative role in inflammation, hepatic fibrosis and some types
of cancer frequently associated with visceral obesity. Soy protein diet suppressed the
expression of type 1 plasminogen activator inhibitor mRNA and induced mRNA
expression and plasma concentration of adiponectin as compared to the casein diet
without affecting the body weight. However, we did not observe any significant
change in plasma adiponectin level after the ingestion of the formula containing 20 g
soy protein per day for 12 weeks. Our results indicate that adiponectin has
multivalent functions and that the reduction of adiponectin may play an important
role in the development of the disorders in visceral obesity. Soy protein diet has
potential beneficial effect on adiponectin. However, further clinical studies will be
necessary. Soy Protein Research, Japan 7, 1-12, 2004.

Key words . soy protein, adipocytokine, viscera fat, adiponectin, metabolic syndrome
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7o M7 T AR 7 F R & BRI SR I
EREIZIEME 2R L7z (r=0.26, P<0.01) (Fig. 2a).
—h, ARG L ewesha=ta s ) 2) YK
BV ERRRE & I Loz, SThH L) 77
4 KA T 2 B MAF M HER OS2 B 5 &
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Fig. 1. Adiponectin and CRP. a. Relationship between plasma high sensitive CRP (hsCRP) and plasma adiponectin
levels. b. CRP mRNA levels in the adipose tissue of wild type (WT) and adiponectin knockout mice (KO) (left).
Relationship between CRP and adiponectin mRNA levels in human adipose tissue (right).
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Fig. 2. Adiponectin and endothelium-dependent vasodilation.

a. Correlation between plasma adiponectin

concentration and reactive hyperemia ratio or nitroglycerin-induced hyperemia ratio. b. Acetylcholine-induced
vasodilation in the aortic ring of wild type (WT) and adiponectin knockout mice (KO). *P<0.05. c. Effect of
adiponectin on the phosphorylation of AMP kinase (AMPK), Akt and endogenous nitric oxide synthetase (eNOS)
in vascular endothelial cells. d. Effect of adiponectin on NO production in vascular endothelial cells.
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Adiponectin-adenovirus

Il n 1a2 Smad2
b' Cell Number Collagen 1a .
mRNA Translocation
300 PDGF 10 ng/mL 2
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Fig. 3. Adiponectin and hepatic fibrosis. (a). Histology of the liver after carbon tetrachloride in WT (upper left) and
KO (upper right) mice. «-Smooth muscle actin staining in the liver of Lac-Z (lower left) and adiponectin
expressing mice (lower right). (b). Left; Suppression of the proliferation of stellate cells by adiponectin.
(open circle; without adiponectin, closed square; with 10 zg/mL adiponectin, closed triangle; with 30 xg/mL
adiponectin). Middle; Suppression of TGF-g1-induced expression of collagen 1«2 mRNA levels by
adiponectin in stellate cells (open bar; control, shaded bar; treated with TGF-31, closed bar; treated with
TGF-421 and adiponectin). Right; Suppression of TGF-g31-induced nuclear translocation of smad2 protein
by adiponectin in stellate cells (open bar; control, shaded bar; treated with TGF-21, closed bar; treated with

TGF-31 and adiponectin).

KE7=ARBEMRE Vol. 7(2004)
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DOFBRNNTEEZ DO o 72, WM ERDH 72
O VERER; & = L SPI#E T LT\ 7z (Table 2).
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Fig. 4. a. Inhibition of tumor growth by adiponectin. b. Effect of adiponectin on tumor weight (left) and the
number of apoptotic cells (right). c; control (PBS-injected mice), Ad; adiponectin-injected mice. *P<0.01.
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SREBP-158 3 2 13 Caseinff 12 i~k 02 - 7.
FHEIIE I L 2> 72 (Fig.b).
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Z 5B X SPIHE @ Ji A3Caseinff & 0 K2 o 72
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Table 1. Relationship between serum adiponectin and
breast cancer risk

Plasma Cases Controls  Odds Ratio
Adiponectin (%) (%) (95% CI)
High;eézle 17 33 1.00
. . k
Tlossss B Bz
M sk
S B Y4

Data are adjusted for age, family history, age at
menarche, parity, BMI, and age at menopause for
postmenopausals. *P<0.05, ** P<0.005.
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Fig. 5. The mRNA levels of genes related fatty acid and
cholesterol metabolism in the liver of Wistar
rats fed casein diet (C) or soy protein isolate
diet (S). *P<0.05.
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isolate diet (S). *P<0.05.



Table 2. Effects of soy protein diet on body weight,
metabolic parameters and lipid contents in
adipose tissue and liver composition in Wistar

rats
Casein diet SPI diet
n 8 8

Body and organ weight, food intake
Initial weight (g) 1739 £18 1739+ 18
Final weight  (g) 2239 £ 23 2206 £ 3.8
Weight gain ~ (g/day) 500 £ 0.24 4.67 = 0.24
Food intake  (g/day) 17.7+04  17.7£05
Plasma analysis
Triglyceride  (mg/100mL) 141.1 +74 826 +4.7*
Cholesterol ~ (mg/100mL) 971 £33 709 £ 1.6*
FFA (#Ea/L) 824.6 = 48.8 629.6 £ 46.3*
Glucose (mg/100mL) 182.0 35 182.0 %+ 23
Insulin (U/mL) 1245+ 72 1277+ 8.6
Triglycerides
Adipose tissue (mg/g tissue) 756.1 + 234 655.4 + 32.0*
Liver (mg/g tissue) 34.8 £26 242+ 1.7*
Cholesterol
Liver (mg/g tissue) 2.81 +0.12  2.76 = 0.09

*P<0.05 vs Casein group by Student's t test.

Adipose Expression
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Fig. 7. The mRNA level and plasma concentration of adiponectin and mRNA levels of adipocytokines in Wistar
rats fed casein diet (C) or soy protein isolate diet (S). *P<0.05.
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Fig. 8. Changes in plasma adiponectin concentration after ingestion of soy protein formula. Left; Plasma
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