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Development of CPP adsorption columns for hemodialysis
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During the evolution of skeletons, terrestrial vertebrates acquired the bone made of calcium-phosphate. By
keeping the extracellular fluid in a supersaturated condition regarding calcium and phosphate ions, they
create the bone when and where they want simply by providing a cue for precipitation. To secure this strategy,
they acquired a new endocrine system to strictly control the extracellular phosphate concentration. In
response to phosphate intake, fibroblast growth factor-23 (FGF23) is secreted from the bone and acts on the
kidney through binding to its receptor Klotho to increase urinary phosphate excretion, thereby maintaining
phosphate homeostasis. The FGF23-Klotho endocrine system, when disrupted, results in hyperphosphatemia

and ectopic calcium-phosphate precipitation in mice and humans.

In addition to disturbed phosphate homeostasis, mice lacking Klotho suffer from premature aging. They
exhibit multiple organ atrophy, arteriosclerosis, cardiac hypertrophy, sarcopenia, cognition impairment,
frailty, and a shortened lifespan associated with chronic non-infectious inflammation, which are a phenocopy
of patients with renal failure. It was recently reported that patients with renal failure undergoing
hemodialysis bear colloidal nanoparticles containing calcium-phosphate in the blood, which are termed
calciprotein particles (CPP) (Fig. 1). It was also reported that blood CPP levels correlated with severity of

vascular calcification and chronic non-infectious inflammation.
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Figure 1: Formation of CPP. The smallest calcium phosphate precipitates (CaPi) are termed Posner clusters.
Posner clusters aggregate and form amorphous CaPi, which are adsorbed by serum protein fetuin-A to become
naive CPP. Naive CPP aggregate and undergo transition from the amorphous phase to the crystalline phase to

become mature CPP.

Considering the fact that CPP have the ability to induce cell damage, inflammation, and calcification in
vascular endothelial cells, macrophages, and vascular smooth muscle cells in culture, we hypothesized that
CPP might be responsible for vascular calcification in hemodialysis patients. To test this hypothesis, we
developed a CPP adsorption column in collaboration with Kaneka Co. Ltd. to remove CPP from the blood. We
applied the CPP adsorption column to a mini-pig hemodialysis model and determined whether it might exert
any therapeutic effects on vascular calcification. At this moment, we are unable to disclose the results because

we have not published them yet.
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