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Effect of environmental factors and social stress on lifestyle-related disease and its prevention by food factors
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™ Introduction

Daily exposure to social and psychological stress is reportedly associated
with lifestyle-related diseases such as hyperglycemia, cardiovascular
diseases and cancer, as well as mental disorders. It is very important to
understand the mechanisms underlying responses to consecutive social
stressors and to find chemopreventive factors for stress induced diseases.

™ Results

First, we used a DNA microarray to evaluate changes in the hepatic gene
expression profile in mice exposed to a stressful environment (isolation
stress) for 30 days and then we further studied the effects of prolonging
the stressful environment to |3 weeks. The stressful environment
remarkably down-regulated the lipid metabolism-related pathway
through the peroxisome proliferator-activated receptor alpha (Ppara)
subtype, whereas the lipid biosynthesis pathway controlled by sterol
regulatory element binding factor | (Srebfl) was significantly up-regulated
(Fig.1). As suggested by these results, being in a stressful environment for
I3 weeks resutted in significant increases in the body weights, visceral fat
weights, plasma total cholesterol and glucose concentrations of the
stressed mice. We performed hepatic gene expression analysis to clarify
the mechanisms by which the blood cholesterol concentrations
increased. There was no difference between control and stressed groups
in the degree of expression of Hmgcr, which is associated with
cholesterol synthesis. However, a chronic stressful environment does
cause abnormalities in the systems for cholesterol metabolism, excretion,
and hepatocellular reuptake. We found that fenofibrate, which is a
hypolipidemic agent, and an extract of turmeric (Curcuma Long L.)
reduced visceral fat weights and total plasma cholesterol concentration.
On the other hand, daily stress reportedly promotes development of 17
B-estradiol (E2) related breast cancer. Cytochrome P450 (CYP) B
catalyzes E; to predominantly carcinogenic 4-hydroxy-E; (4-OHE),
whereas CYPIAT and | A2 convert E; to non-carcinogenic 2-hydroxy-E.
In E target tissues, CYPIBI is highly expressed and 4-OHEz is
predominantly formed in cancerous tissues. In this study, we found that
methoxyflavonoids such as chrysoeriol strongly and selectively inhibit
CYPIBI. A molecular docking study suggested that chrysoeriol fits well
into an active site of CYPIBI, but do not fit into the active site of
CYPIAI and |A2 owing to collisions between both a methoxy
substituent of chrysoeriol and Ser-122 of CYPIAI and Thr-124 of
CYPIA2 (Fig2). In human breast cancer MCF-7 cells, chrysoeriol did not
affect the gene expression of CYPIAI and [BI, but significantly inhibited
formation of 4-methoxy-E2 without any effects on formation of
2-methoxy-E>.

™ Perspectives

We found that prolonged exposure o a stressful environment induces
visceral fat accumulation and increase in the blood cholesterol
concentrations, and consequently may result in lifestyle-related illnesses,
particularly obesity and fatty liver. Peroxisome proliferator-activated
receptor alpha ligands such as fenofibrate may be useful for
chemoprevention of stress-induced lipid deposition. On the other hand,
chrysoeriol may be a potent chemoprotectant against human mammary
carcinogenesis by selective inhibition of the enzymatic activity of CYPIBI.
Such selective inhibitor may be useful for chemoprevention of estrogen
dependent cancers.
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Ketone body [Figure 1]
Scheme for lipid metabolism pathway in livers of mice affected by mild
It 4 L consecutive isolation stress for 30 days.
Up regulation of fatty Down regulation of fatty Down regulation of
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ERCYPIDEERLBLF IV TUA—LEDRYF VT Comparison between the active site cavity volumes for human CYP|
and the corresponding docked conformation of chrysoeriol in the
human CYPI active site.

M REMLRRHLEMEERE / Major Publications and Achievements

I. H. Tsuboi, H. Sakakibara, K. Yamakawa-Kobayashi, A. Tatsumi, T. Inamori, R. Hamamoto, A. Suzuki, K. Shimoi : Vall483lle polymorphism in the
fatty acid synthase gene was associated with depressive symptoms under the influence of psychological stress. J. Affect. Disord., 134(1-3),
448-485 (201 1)

2. H. Takemura, T. Itoh, K. Yamamoto, H. Sakakibara, K. Shimoi : Selective inhibition of methoxyflavonoids on human CYPIB! activity. Bioorg. Med.
Chem., 18(17), 6310-6315 (2010)

3. H. Takemura, H. Uchiyama, T.Ohura, H. Sakakibara, R. Kuruto, T. Amagai, K. Shimoi : A methoxyflavonoid, chrysoeriol, selectively inhibits the
formation of a carcinogenic estrogen metabolite in MCF-7 breast cancer cells. . Steroid Biochem. Mol. Biol,, 1 18(1-2), 70-76 (2010)

4. H. Sakakibara, T. Miyashita, A. Matsui, A. Ozaki, A. Suzuki, T. Ikeda, K. Morishita, K. Shimoi : Effects of St John's Wort extracts on corticosterone
levels dysregulated by social isolation stress. J. Trad. Med., 26(2), 86-92 (2009)

5. K. Motoyama, Y. Nakai, T. Miyashita, Y. Fukui, M. Morita, K. Sanmiya, H. Sakakibara, I. Matsumoto, K. Abe, T. Yagabe, N. Yajima, K. Shimoi: A
30-day-isolation stress laid on mice alters their hepatic gene expression profiles in special reference to lipid metabolism. Physiol. Genomics, 37
(2), 79-87 (2009)

38

39



