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Background _ Aim e

In health, tightly controlled processes restrict mineralisation to To Investigate the effect of secondary CPP on mineralisation of osteoblasts and vascular
bone and teeth. The process is disturbed in chronic kidney disease smooth muscle cells (VSMC) In culture.

(CKD), where there is a parallel, but paradoxical, development of

vascular calcification, and reduction in bone mineralisation (Figure

1), resulting In cardiovascular mortality and increased fracture I\/Ieth()dS _

Incidence.
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Fig 1a: Increased cardiovascular mortality in Fig 1b: Fracture rates are higher in the dialysis

ESKD. (ANZDATA registry?) population (Blue dots). (Tentori et al, Kidney Int CPPs were synthesized by mixing serum with buffered calcium (Ca) and phosphate (Pi)
2014 with permissions?) - . 5 : : .. :
revalent dialysis mortality . solutions (Fig. 2)°. All CPP used Iin experiments were secondary CPPs containing crystalline
calcium phosphate mineral phases. The concentration is expressed as the amount of CPP

bound calcium in media.

NN TR EEEE (murine VSMC) were treated for 7 days in control ce | [pog

e — N media (ConM, 1mM Pi), osteogenic media (PiM,
—— Dialysis patients Age— General population + DOPPS e Genera o:aion 4mM PI), CPPZ SUDplemented medla (CPPZM)

_ _ _ _ and PiI and CPP2 supplemented media
The mechanism Dbehind this phenomenon is not clear, but (Pi+CPP2M). In some experiments, Pi+CPP2M

circulating nanometer-sized calciprotein particles (CPP) exist in 8 \ere preincubated at 37-C for 24 hours before — o — 1 — N — &8
CKD patient serum and may be relevant. These contain a calcium putting onto the cell monolayer, | crum > :

phosphate mineral core with a fetuin-A rich protein shell3. Serum
CPP levels have been associated with arterial stiffness, arterial
calcification and increased mortality in CKD patients34. It is
unknown whether CPP affects bone and VSMC mineralisation to
explain these clinical observations.

Results - .

In high Pi media, CPP2 reduced mineralisation in osteoblasts, Mechanisms of reduced osteoblast mineralisation
but paradoxically increased mineralisation in VSMC (Figure 4).
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Saos-2 (an osteosarcoma cell line) and MOVAS Figure 2:CPP extraction using ultracentrifugation.

Hip fractures/1000 patient-years

o

Annual death rate (95% CI)

Cell monolayer mineralisation was quantified by its total monolayer calcium or visualised
using Alizarin Red staining. Cell viability was determined using tryphan blue exclusion
method. ALP activity was assayed using the p-nitrophenyl phosphate method. Intracellular
calcium was determined using a flow cytometer after Fluo-4 staining.

1. CPP2 reduces bioavailable calcium

Figure 4 ' ' ' ' il
Osteoblast VSMC CPP2 contains hyo roxyap_atlte crystals, a mln_e_ral phase_ with low SO!UbI|Ity.
| These crystals can promoting further Ca and Pi ion accretion. To examine the
hypothesis that CPP2 accrue Ca Pi, media was pre-incubated by 24 hours
and then Ca and Pi measured In the supernatant after ultracentrifugation.

Figure 5
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P I +C P P 2 M SU pe m atant 0 ntal NS Osteoblasts treated with media supernatant after
IeSS Ca and Pl than that Of PlM 24 hour pre-incubation and ultracentrifugation
Figure 5 showed that replacement of N N

Ca (+Ca), not Pi (+Pi) restored "IN\ W)\
osteoblast mineralisation in the CoM  PM  PeCPP2M
Pi+CPP2M supernatant. ' fea R vCaR
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Alizarin TR Y, NG\ G | \# X7 ZES 2. CPP2 attenuated 3. CPP2 reduced [Cal]
Red K\ o , osteoblast ALP activity.

\ Osteoblasts ALP Osteoblast intracellular calcium

Figure 6 Figure 7
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Legend: a, P<0.05 vs ConM; b, P<0.05 vs PIM; ¢, P<0.05 vs CPP2M, d, P<0.05 vs Pi+CPP2M

Mechanisms of increased VSMC mineralisation

1. Passive deposition of CPP2 does not 2. CPP2 seeded VSMC mineralisation In 3. CPP2 and Pi reduced 4. CPP2 and Pi increased
entirely explain VSMC mineralisation. high Pi media. VSMC viability. VSMC [Ca] on Day 7

Figure 10
After 24 hours of . VSMC were treated - | |
F|gure O VSMC Mineralisation Flgure 11 F|gure 12

Incubation, CPP2 with either: ConM for 7
contains more Ca and LB days; PIM — CPP2M,
Pi, thereby making the PIM media for the first

particles larger and 3.5 days followed by ' i

more prone to CPP2M media for 3.5 T
sedimentation. VSMC days; CPP2 — Pi & LY

) Fresh 24h::>urs ’ : 0 C)Q /

treated with 24 hours CPP2M for the first 3.5 & Qf» ™
incubated  Pi+CPP2M  had  less days followed by PiM ¢

mineralisation compared to fresh media for 3.5 days; or PI+CPP2M for 7 days as the
(Figure 9). positive control (Figure 10).
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