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In high Pi media, CPP2 reduced mineralisation in osteoblasts, 

but paradoxically increased mineralisation in VSMC (Figure 4). 
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1. Passive deposition of CPP2 does not 

entirely explain VSMC mineralisation. 
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Legend: a, P<0.05 vs ConM; b, P<0.05 vs PiM; c, P<0.05 vs CPP2M, d, P<0.05 vs Pi+CPP2M 
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Figure 4 

Mechanisms of reduced osteoblast mineralisation  

CPP2 contains hydroxyapatite crystals, a mineral phase with low solubility. 

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. 

1. CPP2 reduces bioavailable calcium 

Pi+CPP2M supernatant  contains 

less Ca and Pi than that of PiM. 

Figure 5 showed that replacement of 

Ca (+Ca), not Pi (+Pi) restored 

osteoblast mineralisation in the 

Pi+CPP2M supernatant. 

Figure 5 

2. CPP2 attenuated 

osteoblast ALP activity. 
3. CPP2 reduced [Cai] 

Mechanisms of increased VSMC mineralisation  
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In health, tightly controlled processes restrict mineralisation to 

bone and teeth. The process is disturbed in chronic kidney disease 

(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 

incidence. 

 

 

 

 

 

 

 

 

 

 

The mechanism behind this phenomenon is not clear, but 

circulating nanometer-sized calciprotein particles (CPP) exist in 

CKD patient serum and may be relevant. These contain a calcium 

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 patients3,4. It is 

unknown whether CPP affects bone and VSMC mineralisation to 

explain these clinical observations.  

Aim 

To investigate the effect of secondary CPP on mineralisation of osteoblasts and vascular 

smooth muscle cells (VSMC) in culture. 

Methods 

CPPs were synthesized by mixing serum with buffered calcium (Ca) and phosphate (Pi) 

solutions (Fig. 2)5. All CPP used in experiments were secondary CPPs containing crystalline 

calcium phosphate mineral phases. The concentration is expressed as the amount of CPP 

bound calcium in media. 
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Figure 3.2.1 
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Figure 3.2.2 

.001

.01

.1

.2

.4

.6

20 40 60 80 20 40 60 80

Female Male

Dialysis patients General population

A
n
n

u
a
l 
d
e
a

th
 r

a
te

 (
9

5
%

 C
I)

Age

New Zealand patients vs general population

Prevalent dialysis mortality

Figure 3.3.1 
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Figure 3.3.2 

Mortality rates are generally higher with older age, 
diabetes and coronary artery disease. The comparison 
between indigenous rates (and some other 
comparisons) will be subject to several confounders. 

Comparisons of mortality rates with the general 
population (stratified by gender) are shown in figures 3.2 
and 3.3. 

Another perspective on survival during dialysis is 
presented in table 3.4. Median survival is the time to 
which 50% of people can expect to survive. Table 3.5 
shows the median survival of people who started 
dialysis treatment from 1 January 2004, by various 
categories. These survival data are censored at the time 
of transplantation, and include those who started 
dialysis in the period 2004-2013. In addition to the 
median, the 25th and 75th centiles are included to give 

an indication of the range of observed survivals. Some 
figures are not observed - for example if half of a cohort 
have not yet died it is not possible to observe a median 
survival. These occurrences are indicated by * in the 
tables.  The survival times amongst younger people are 
likely to be strongly affected by the selection bias (fitter 
people will be progressively transplanted and not be 
included in the analysis from that point). 

Fig 1a: Increased cardiovascular mortality in 

ESKD. (ANZDATA registry1) 

Fig 1b: Fracture rates are higher in the dialysis 

population (Blue dots). (Tentori et al, Kidney Int 

2014 with permissions2) 

1. CKD milieu is characterised by hyperphosphataemia and the presence of circulating CPP2. In an in vitro, 

high phosphate environment, crystalline mineral containing CPP reduced osteoblast mineralisation, but 

paradoxically increased VSMC mineralisation. 

2. Pi and CPP2 reduced bioavailable media Ca, which consequently inhibited osteoblast mineralisation. Pi and 

CPP2 also attenuated important osteoblastic activities such as ALP and intracellular calcium accumulation.  

3. In VSMC, CPP2 seeded mineralisation and high Pi propagated further mineralisation. The effects on reduced 

cell viability and increased intracellular calcium warrants further mechanistic studies. 
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Figure 2:CPP extraction using ultracentrifugation. Saos-2 (an osteosarcoma cell line) and MOVAS 

(murine VSMC) were treated for 7 days in control 

media (ConM, 1mM Pi), osteogenic media (PiM, 

4mM Pi), CPP2 supplemented media (CPP2M) 

and Pi and CPP2 supplemented media 

(Pi+CPP2M). In some experiments, Pi+CPP2M 

were preincubated at 37∘C for 24 hours before 

putting onto the cell monolayer. 
 
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. 

After 24 hours of 

incubation, CPP2 

contains more Ca and 

Pi, thereby making the 

particles larger and 

more prone to 

sedimentation. VSMC 

treated with 24 hours 

2. CPP2 seeded VSMC mineralisation in 

high Pi media. 
3. CPP2 and Pi reduced 

VSMC viability. 

4. CPP2 and Pi increased 

VSMC [Cai] on Day 7 

VSMC were treated 

with either: ConM for 7 

days; PiM  CPP2M, 

PiM media for the first 

3.5 days followed by 

CPP2M media for 3.5 

days; CPP2  Pi, 

CPP2M for the first 3.5 

days followed by PiM 

 for 3.5 days; or Pi+CPP2M for 7 days as the 

positive control (Figure 10).  

incubated Pi+CPP2M had less 

mineralisation compared to fresh media 

(Figure 9). 
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