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Molecular Hydrogen Medicine: Current Status and Future Challenges

Ikuroh Ohsawa
Environmental Gerontology
Tokyo Metropolitan Institute of Gerontlogy

In these four years, hydrogen molecule (H,) has been shown to exert beneficial effects in animal models
and clinical trials of many diseases. We have previously reported that H, selectively reduces hydroxyl radi-
cal and peroxynitrite without affecting other reactive oxygen species. Inhalation of hydrogen gas in rodents
has been demonstrated to limit the infarct volume of the brain, heart and liver by reducing
ischemia/reperfusion (I/R) injury and ameliorate heart and intestinal transplant injuries through its antioxi-
dative actions. H:-loaded eye drops have also protected retinal I/R injury, intravenous infusion of hydrogen-
rich saline reduced heart, intestinal and kidney I/R injury, and adding H. to hemodialysis solutions im-
proved blood pressure control with reduction of inflammatory reactions in a clinical trial. Moreover, con-
sumption of water with dissolved H, (hydrogen water) by rodents prevents stress-induced cognitive decline,
neurotoxin-induced degeneration of dopaminergic neurons, cisplatin-induced nephrotoxicity, chronic allograft
nephropathy, and immediate-type allergic reaction. Clinical trials demonstrated a decrease in low-density
lipoprotein and oxidative stress after drinking hydrogen water. H. has the potential to easily diffuse into or-
gans and no known toxic effects on the human body. Thus, treatment with H. has several potential advan-

tages over current therapies used for oxidative stress- and inflammation-related diseases.

Key words: animal model, clinical trial, gas therapy, hydrogen molecule, oxidative stress
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The role of Sirtl-dependent autophagy in age-associated renal tubular damage

Shinji Kume”, Hiroshi Maegawa", Daisuke Koya?
"Department of Medicine, Shiga University of Medical Science
?Division of Endocrinology and Metabolism, Department of Internal Medicine, Kanazawa
Medical University

High prevalence of chronic kidney disease in the elderly patients is a health problem worldwide. Calorie
restriction (CR) promotes life-span elongation in various species and decreases the incidence of age-associ-
ated diseases such as atherosclerosis, cancer and also kidney disease in human subjects. Thus, to identify
the molecular mechanism underling CR-mediated renoprotection may suggest the new therapeutic target for
the prevention of chronic kidney diseases in the elderly patients. Based on the results from recent studies
aiming to reveal the mechanism underlying CR-mediated life-span elongation in the lower species, both
Sirtl and autophagy have been identified as anti-aging factors. Growing evidences suggest that these fac-
tors are involved in the pathogenesis of age-associated and metabolic diseases also in mammals. Also, our
recent study has shown the renoprotective role of Sirtl-dependent autophagy in the kidney of aged mouse,
which highlighted a new role of the Sirtl-autophagy axis on cellular adaptation to aging process. In this re-
view, we would like to discuss about the role of Sirtl-dependent autophagy on CR-mediated renoprotection
against aging.

Key words : aged kidney, Sirtl, autophagy, mitochondria, hypoxia
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Cellular senescence as a self-defense mechanism against centromere dysfunction

Kayoko Maehara
National Research Institute for Child Health and Development

Cellular senescence is an irreversible growth arrest and is presumed to be a natural barrier to tumor de-
velopment. Like telomere shortening, certain defects in chromosome integrity can trigger senescence. Kineto-
chores are multi-protein complexes formed on a specialized region of each chromosome, designated the
centromere. Kinetochore function is essential for the faithful segregation of chromosomes during mitosis and
meiosis. Recent studies have demonstrated that primary cells appear to induce cellular senescence in re-
sponse to fatal kinetochore dysfunction in circumstances under which some of key centromere proteins
and/or the spindle assembly checkpoint (SAC) proteins are not functioning properly. These observations sug-
gest that, like telomeres, kinetochores may also play a crucial role in regulating commitment to the senes-

cent state.

Keywords: CENP-A, kinetochore, p53, SAC, senescence
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Longevity in Japan: Why number one for
women and number five for men?

Masashi Tanaka
Department of Longevity and Health
Tokyo Metropolitan Institute of Gerontology

In this talk, I will introduce the results of our ge-
netic analysis of the mitochondrial genome of Japa-
nese centenarians. I will also present my personal
view on the possible avenues for attaining longevi-
ty, focusing especially on lifespan extension of
Japanese men. I have to apologize for my biased
opinions, because I am a male researcher mainly
studying the mitochondrial genome variations that

are transmitted through the maternal line.

Mitochondria

Mitochondria are the intracellular power plants
providing almost all of the energy necessary for
cellular activity. Mitochondria are furnaces com-
busting hydrogen extracted from nutrients with
oxygen taken up by respiration. Mitochondria are
the major sites producing reactive oxygen species,
which molecules can attack proteins, lipids, and
DNA. Thus, we can speculate that mitochondria

are tightly linked with the ageing process.

Mitochondrial genome

The mitochondrial genome is a small circular
DNA of 16,569 base pairs compared with the hu-
man nuclear genome of 3 giga base pairs. Each
mitochondrion carries several copies of mitochon-
drial DNA. The amount of messenger RNA tran-
scribed from the mitochondrial genome is about
one-third of the total RNA of cells. This genome
is highly polymorphic among individuals, because
the evolutionary rate of mtDNA is 10-20 times
higher than that of the nuclear DNA. We can hy-
pothesize that functional differences in the mito-
chondrial genome among human individuals
contribute to their susceptibility to various age-re-
lated metabolic diseases, such as type 2 diabetes

and metabolic syndrome.

Longevity-associated mitochondrial
haplogroups

In 1998, we reported that Japanese centenarians
are enriched in mitochondrial haplogroup D and
that this haplogroup confers resistance to various
agerelated diseases. In 1999, Prof. Franceschi s
group at the University of Bologna reported hap-

logroup J to be associated with longevity in Ital-

ian centenarians. Recently we demonstrated that
subhaplogroup D4a is abundant in Japanese semi-
supercentenarians (age over 105 years). Hap-
logroup D 1is characterized by an amino acid re-
placement (leucine 237 to methionine in ND2) in
complex I of the respiratory chain; whereas sub-
haplogroup D4a is represented by an amino acid
replacement (isoleucine 78 to threonine in Cytb)
in complex IIT of the respiratory chain. These poly-
morphisms are supposed to be linked with the an-
tioxidant effect or stabilization of the

mitochondrial enzymes. Both haplogroup D and
subhaplogroup D4a are specific to Asians, whereas
haplogroup J is specific to Europeans. Thus differ-
ent targets should be selected for prediction of lon-

gevity in Japan and Italy.

How to live long?

If you are male, my answer is: Marry a Japanese
lady! The average lifespan of Japanese women is
86.44 years, which is the longest among all of the
countries in the world. Widowers live fewer years
than men who live together with their wives. So
one could say that wives are life-savers for their
husbands. Men' s lifespan is dependent on the lon-
gevity of their wives. For women to live with aged
husbands may be too stressful, and women can en-
joy the single lifestyle after their husbands have
passed away. Thus, ‘grief care’ would be more im-
portant for widowers than for widows. In contrast,
widows live longer than women who live together
with their husbands. The average lifespan of Japa-
nese men is 79.59 years, which is only the 5th
place among the world s countries. If you are fe-
male, to marry a Japanese gentlemen can be a

good choice for a long life!

Box 1. Lifespan of women and men in the world s

top countries

Female Male
Japan 86.44 | Qatar 81.0
Hong Kong 86.1 | Hong Kong 79.8
France 84.5 | Iceland 79.7
Switzerland 79.7
Japan 79.59

Female-male lifespan difference

In many countries, the average lifespan of men is
about 90% of that of women. Although this fact
has been mainly attributed to biological differ-

ences between men and women, sociological fac-



tors also contribute to the lifespan differences
between men and women. The lifespan of women
is close to that of men in the Middle-East and
South Asian countries, where the status of women
in society should be improved. The lifespan of
men is far below that of women in the previous
communist countries, where suicide rates of men
are high because of drastic negative changes in
the economy. To prolong the lifespan of Japanese
men, we should re-activate the Japanese economy
and create support systems for depressed citizens,
especially the men.

Characteristics of Japanese centenarians

The percentage of disabled centenarians is higher
for females than for males. This fact is inter-
preted to mean that many female centenarians
are survivors of cerebrovascular diseases, myocar-
dial infarction, or other diseases; whereas males
do not generally survive these disorders. This phe-
nomenon is consistent with the psychological pro-
files of centenarians. Japanese male centenarians
are nervous about their health and frequently
visit clinics for health checkups. For both females
and males, Japanese centenarians are less corpora-
tive (independent or going their own way). For
one' s longevity, it may be a wise personal policy
to ascribe psychological stresses not to oneself but
to others.

Longevity of women and importance of type
of cuisine
Menstruation is associated with the monthly loss
of iron from the body. Free iron in the cells is a
source of reactive oxygen species, which attack cel-
lular components, such as lipids, proteins and
DNA. Furthermore, estrogen (female hormone) is
believed to protect women against oxidative stress.
These facts may contribute to the greater longev-
ity of the female.
Most Japanese cuisine utilizes various kinds of
soybean products, such as ‘miso’ (soy paste),
‘shoyu’ (soy source), and ‘natto (fermented soy-
beans), which contain soybean isoflavones having
antioxidant and estrogen-like effects. Also, both
Japanese and Italian cuisines are characterized by
the frequent use of seafood, which contain polyun-
saturated fatty acids. Furthermore, by decreasing
salt intake and preventing hypertension, we have
successfully suppressed the incidence of death
from cerebral hemorrhage. I believe that we Japa-
nese should further increase the intake of fruits

and vegetables as in the case of the Mediterra-

nean people.

Microchimerism and tissue stem cells

It has been reported that women who give birth
after 40 years of age live longer than women who
do not. This longevity effect is, at least in part, ex-
plained by genetic factors, including mitochondrial
genome polymorphisms, because the brothers of
those long-lived women live longer than other
men. In connection with this observation, I am
now interested in microchimerism. Mothers and fe-
tuses exchange each others cells. We can detect
the cells from fetuses in the body of mothers, al-
though the number of such cells is small. For one’s
longevity, it is important to maintain stem cells
that are continuously providing somatic cells in
each tissue. The tissue stem cells donated from
the fetus may contribute to the longevity of the
mother. Unfortunately, it is impossible for men to
enjoy this possible benefit from the fetus, so we
should find another way for the male to get a
boost from stem cells.

How can we promote healthy longevity of
Japanese men?

Traditionally Japanese men have been supposed to
devote themselves to their work. Japanese baby
boomers have to learn a new style of life from the
newer generations. After retirement from their
job, many Japanese company-first men, who had
enjoyed a high position in the hierarchy within
companies, find it difficult to join their local com-
munities. Especially for men, to maintain active in-
teraction with local societies in later life is a
prerequisite for longevity. Thus we should intro-
duce some type of re-education system to convert

company-first men to community-connected men.

Herbivore men vs. carnivore women

I am not so pessimistic, because new types of

Japanese men are emerging. In 2005 the Japa-

nese author Maki Fukasawa coined the expression
‘so-shoku danshi’ vs. ‘niku-shoku joshi' , which

literally means ‘herbivore men’ vs. ‘carnivore

women..  ‘Herbivore men’ are interested in their
fashion and uninterested in earning or spending
much money. Another type is ‘iku-men’ (nursing
men), who are males actively involved in the care
of children. Both ‘herbivore men’ and ‘iku-men’
seem to refuse to be too masculine. These new
types of Japanese men may be expected to enjoy

greater longevity in the future.



Conclusions

Japan is an aging aged country. Although both bi-
ology and genetics are important to understand
the mechanism of longevity, we should also keep a
keen eye on the various sociological and psychologi-
cal aspects of aging. I believe that stimulation of
our lives by close interaction with our partners is

a key facet for longevity.
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