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a-Klotho in health and diseases

Yo-ichi Nabeshima
Foundation for biomedical research and innovation

a-klotho (o-kl) was first identified as an aging gene and later shown to be a regulator of calcium and
phosphate homeostasis. a-KI has several functions that depend on its intracellular, membrane, and extra-
cellular secreted forms. The intra-cellular form o-KI activates Ca2+ transport in the choroid plexus and
kidney and regulates PTH secretion in parathyroid glands by controlling the trafficking of the Na+-K+-
ATPase to plasma membrane. On the membrane, a-KI forms a ternary complex with FGF23 and FGFR1
and negatively regulates 1,25(OH),D synthesis and phosphate re-absorption in the kidney. The extracellular
domain of a-KI contains two internal repeats that are homologous to family 1 B-glycosidase. However,
critical amino acid residues essential for enzyme action are replaced. Nonetheless, a-K1 was found to exhibit
a subtle but specific B-glucuronidase activity. This finding suggests that the function of o-KI may be
twofold; it may act as an enzyme or as a glycoside-binding protein. The analyses of the sugar chains of a-
KI binding proteins and crystal structure study of a-KI revealed that a-KI functions as a novel glycoside-
binding protein.

a-kl deficient mouse is a short-lived model mouse that displays multiple phenotypes resembling human
aging-related syndromes. Such aging phenotypes are associated with activation of several extracellular
signals and followed activation of calpain-1 and intra-cellular cell-death signaling cascade. In fact, tissue
damage phenotypes such as ectopic calcifications, bone mineral density reduction, pulmonary emphysema
and senile atrophy of skin were strikingly ameliorated by inhibiting above-mentioned extra-cellular and
intra-cellular cell-death signaling cascade. These findings allow us to propose that a-k/ deficient mouse is
a good model to study the tissue damage, tissue recycling system, and aging mechanisms. Also we propose
that the modulation / normalization of extra-cellular and intra-cellular tissue-damage signaling cascade is a
potential therapeutic option for delaying age-associated organ pathology.
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