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Much attention has been paid to lifestyle-related diseases including type 2 diabetes mellitus, cardiovascular disease,
hypertension, and hyperlipidemia because the incidence rates of these diseases are increasing in developed countries.
Elucidation of factors contributing to the development of obesity and insulin resistance is needed. Metallothionein
(MT), a ubiquitous metal-binding protein, is induced not only by heavy metals but also by various kinds of stresses. En-
doplasmic reticulum (ER) stress is caused by accumulation of misfolded proteins in ER. Recently, increased ER stress
by obesity and impairment of insulin action by ER stress have been reported. Exposure to ER stress increased induction
of MT synthesis, and an enhanced response to ER stress evaluated as expression of Bip/GRP78mRNA was observed in
the liver of MT-null mice, suggesting that MT attenuates expression of ER stress. MT may prevent ER stress and thereby
modulate the development of obesity and insulin resistance. A possible role of metallothionein in response reaction for

ER stress is discussed.
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Fig. 1. Endoplasmic Reticulum Stress and Its Sensors
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Fig. 2. Increased ER Stress by Obesity?

Dietary (HFD-induced) and genetic (ob/ob) models of mouse obesity
were used to examine markers of ER stress in liver tissue compared with lean
controls. A: ER stress markers including elF2aphosphorylation (p-elf2a),
PERK phosphorylation (p-PERK), and JNK activity (p-c-jun) were exam-
ined in the liver samples of the male mice that were kept either on regular diet
(RD) or high fat diet (HFD) fo 16 weeks. B: Examination of the same ER
stress markers in the livers of male ob/ob and wild type (WT) lean mice at
the age of 12 to 14 weeks. C: Northern blot analysis of GFP78 mRNA in the
liver of mice with dietary-induced obesity and lean controls. D: Northern
blot analysis of GFP78 mRNA in the liver of ob/ob and WT. Ethidium
bromide staining is shown as a control for loading and integrity of RNA.
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Fig. 3. Induction of ER Stress Impairs Insulin Action
through JNK-mediated Phosphorylation of IRS-1¥

A: ER stress was induced in Fao liver cells by a 3-hour treatment with 5
ug/ml tunicamycin (Tun). Cells were subsequently stimulated wit insulin
(Ins), IRS-1 tyrosine (pY) and serine (pS) phosphorylation, Akt-Ser173
(Akt-pS) phosphorylation, insulin receptor (IR) tyrosine phosphorylation,
and their total protein levels were examined either with immunoprecipitation
(IP) followed by immunoblotting (IB) or by direct immunoblotting. B:
Quantification of IRS-1 (tyrosine and Ser307), Akt (Ser473), and IR (tyro-
sine) phosphorylation (tyrosine) phosphorylation in (A) with normaliza-
tion to protein levels for each molecule.
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Fig. 4. Increases in Hepatic MT Levels Induced by
Tunicamycin Administration!?
Hepatic HT levels were evaluated at the indicated times after adminis-
tration of tunicamycin (1.0 mg/kg, s.c.). Values are means+S.E. (n=4—
6) . Significantly different from the vechicle-treated group (p<0.05).
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Fig. 5. RT-PCR Analysis of Hepatic MT-I and MT-II mRNA
Levels of Tun-injected Mice!®
Total RNAs were extracted from livers with a vehicle or tunicamycin
(1.0 mg/kg, s.c.).
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Fig. 6. MT Attenuates the Expression of Bip/GRP78 mRNA by Tunicamycin!®
Wild-type (Normal) and MT-null mice (MT-KO) were injected s.c. with Tun (1.0 mg/kg, s.c.) . Data are representative of three independent experiments (n=

2).
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