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Fig1 : Formation of CPP When concentration of phosphate (Pi) and calcium (Ca) exceeds the solubility limit,

precipitations of solid-phase calcium phosphate are generated. The smallest particles of calcium phosphate are ~9.5 angstrom
in diameter and called Posner’s clusters usually expressed as Cao(POs)s. A single molecule of fetuin-A is believed capable of
absorbing up to 120 Posner’s clusters. Fetuin-A molecules laden with Posner’s clusters aggregate spontaneously to form
nanoparticles, which are designated as calciprotein particles (CPPs) and dispersed in the liquid phase (Kuro-o M. Nat Rev
Nephrol 9, 650-660, 2013)
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Fig2 : The FGF23-Klotho endocrine system FGF23 is a peptide hormone secreted from osteocytes and/or

osteoblasts when they sense phosphate (Pi) ingestion through a mechanism yet to be identified. FGF23 requires Klotho, a
single-pass transmembrane protein), for binding to fibroblast growth factor receptor (FGFR). In contrast to ubiquitous
expression of FGFRs, expression of Klotho is limited to renal tubular cells, rendering the kidney a target organ of FGF23.
Binding of FGF23 to the Klotho-FGFR complex results in increase in urinary phosphate excretion (phosphaturia), thereby

maintaining phosphate homeostasis.
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Fig 3 : CPPs with different physical properties (A) Serum samples from normal individuals (blue) and hemodialysis

patients (red) were incubated with Osteosense (a fluorescence probe that bound to CPPs) and then fractionated by gel
filtration. The first sharp peak (arrow) represented CPPs. The second broad peak represented free Osteosense. (B) Same as
(A), except that serum samples were centrifuged at 16, 000 g for 2 hours. This centrifugation condition was believed to
precipitate CPPs and thus no peak for CPPs was expected. However, the peak for CPPs was observed in serum samples after
the centrifugation, indicating that low-density CPPs (L-CPP) that were not precipitated by the centrifugation exsited in
both normal individuals and hemodialysis patients. (C) High-density CPPs (H-CPP) that were precipitated by the
centrifugation were calculated by taking the difference between the Osteosense signal before and after the centrifugation.

H-CPPs were found mainly in hemodialysis patients. (D) H-CPP and L-CPP levels in serum samples from 29 hemodialysis

patients and 4 normal individuals.
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Fig 4 : Nanoparticle tracking analysis (NTA)

Liquid samples containing colloidal particles were irradiated with laser.

When the laser hit a particle, scattered light was elicited, which was observed under a light microscope. By monitoring

Brownian motion of the scattered light, the particle size was calculated using the Einstein-Stokes equation. By adding

FITC-labeled bisphosphonate to the samples and observing the scattered light through an FITC filter, one can selectively

observe CPPs in plasma samples.
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Summary

Two types of pathology exist in arteriosclerosis, namely, atherosclerosis and vascular calcification. In
atherosclerosis, low-density lipoprotein (LDL) or ‘bad’ cholesterol has been established as a therapeutic target. In
contrast, no such therapeutic target has been identified in vascular calcification. However, recent studies suggest
that calciprotein particles (CPPs), colloidal particles composed of calcium-phosphate dispersed in the blood, may
be a causative agent that induces vascular damage and chronic inflammation, and thus can be a therapeutic target
for vascular calcification. The aim of this project is to determine whether vascular calcification can be treated
with reagents that lower serum CPP levels in animal studies. We used Klotho-deficient mice as a model for
vascular calcification associated with elevated serum CPP levels.

Because magnesium inhibited formation of CPPs in vitro, we placed Klotho-deficient mice on high
magnesium diet (containing 0.18% magnesium) at weaning and asked if vascular calcification might be
ameliorated. Unexpectedly, the majority of Klotho-deficient mice failed to adapt themselves to the high
magnesium diet and died within a week. We analyzed aortas from a few survivors and observed decrease in
expression of osteopontin, a marker of calcification, when compared with those from Klotho-deficient mice fed
normal diet (containing 0.06% magnesium). To avoid death from maladaptation to the high magnesium diet, we
are planning to compare between Klotho-deficient mice fed the normal diet and those fed low magnesium diet
(containing 0.02% diet).

We identified two types of CPPs with different physical properties, namely, high-density CPPs (H-CPPs) and
low-density CPPs (L-CPPs). L-CPPs were found in the blood from both normal individuals and dialysis patients
with severe vascular calcification. In contrast, H-CPPs exist only in the blood from dialysis patients. Similarly,
H-CPPs exist only in Klotho-deficient mice, but L-CPPs were found in both wild-type mice and Klotho-deficient
mice, implying that H-CPPs may be primarily responsible for vascular calcification. In future studies, it will be
necessary to determine potential effects of magnesium not only on serum levels but also on physical properties of

CPPs (e.g. ratio of H-CPPs to L-CPPs).



