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CKD-MBD

ROD (Renal osteodystrophy): Bone fracture

CKD-MBD (mineral and bone disorder)
：Vascular Calcification 

Terminology

Kidney International Supplements (2017) 7, 1–59
Need for the balance of Bone vs calcification

Normal Ca metabolize 

Maintain serum Ca

Native vitamin D (25-OHD)

Active vitamin D (1-25-OHD3)

Promotes Ca re-absorption 
from renal tubules

Ca absorption 
from intestine Bone mineralization  

PTH active
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Renal osteodystrophy (ROD) to mineral and bone disorder (MBD)

Kidney
Decrease P discharge ↓

Increase serum P↑

Decrease serum Ca↓

CKDPast theory
Renal osteodystrophy  

New
MBD

Intestine
Decline Ca absorption↓

Increase PTH↑

Bone:FGF 23secretion ↑

Kidney failure⇒ Active VD decrease↓ Reduction of 
P reabsorption

Inhibit

Bone turnover increase ↑ ⇒ Decrease bone mineralization ↓

↑

講演者作成

Calciprotein particles (CPPs)
Pasch A et al. JASN 2012;23:1744-1752

 Ca + P ⇒ crystalline hydroxyapatite [Ca10(PO4)6(OH)2]

 Ca + P + Serum ⇒ soluble colloidal particles

 Primary CPPs (radius 75 nm) 

 Secondary CPPs (radius 120 nm)

Crystal in water 
CPPs formation in serum

Vascular calcification 

CPP: primary & secondary
Holt SG, Smith ER NDT 2016; 31:1583-1587

20nm 20nm

Cryo-TEM analysis

Fetuin A-CPPs
Jahnen-Dechent W et al. Circulation Research 2011;108:1494-1509

Hydroxyapatite positive charge

Fetuin A

Fetuin A

negative charge

2nd CPPs1st CPPs
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Fetuin A-CPPs
Jahnen-Dechent W et al. Circulation Research 2011;108:1494-1509

Hydroxyapatite positive chargeFetuin A

negative charge

2nd CPPs1st CPPs

Fetuin A Calcification
Cell injury 
Immune response (inflammation)

CPP-1 regulate FGF23
Akiyama K…..Kuro-o M, KI 2020;97:702-712

ALB:8nm 

Impossible to removal by HD

CPP-2 adsorbent: cellulose beads conjugate Alendronate
Dr Kuro-o & Kaneka Co

HD membrane passage 0.9nm (9 Å)

CPP-1 regulate FGF23
Kuro-o M, J Atheroscler Thromb 2021;28:203-213

CPP clearance 
Köppert S, et al., Front Immunol. 2018 Sep 4;9:1991. doi: 10.3389/fimmu.2018.01991. eCollection 2018.

 Mice, injected CPP, two-photon microscopy

 Liver clearance

CPP-1 CPP-2

Kupffer cellSinusoid
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JASN 00: 1–4, 2025. doi: 
https://doi.org/10.1681/ASN.000
0000863

Calcification of VSM cell is induced Secondary CPP & enhanced 
by TNF-α
Aghagolzadeh P, Pasch A et al., Atherosclerosis 2016; 251:404-414

Calcification of VSM cell is induced Secondary CPP & enhanced 
by TNF-α
Aghagolzadeh P, Pasch A et al., Atherosclerosis 2016; 251:404-414

VSM cell

Calcification

Calciprotein particles (CPPs)
Pasch A et al. JASN 2012;23:1744-1752

Enhancer

Inhibitor

T50: indicator of calcification

Vascular calcification 

T50

Marker of VC
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T50 Pasch A et al. JASN 2012;23:1744-1752

Test principle. 

Andreas Pasch et al. JASN 2012;23:1744-1752

©2012 by American Society of Nephrology

CPPs T50
Pasch A et al. JASN 2012;23:1744-1752

Calciprotein particles (CPPs)
Smith ER et al. JASN 2014;25:339-348

• CKD III

pyrophosphateInhibit Calcification 

Progress calcification

Marker of VC

Correlation to T50 CPP-T50 improve by HD 
Dekker M, Pasch A, Canaud B et al., PLoS ONE 2016;e0151508

• HF-HD(n30), 

• On-line HDF(post 21.7L)(n34), 

• pre/post HD

HD/HDF-T50

post

post
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Dialysis initiation improves calcification propensity
Belen Ponte B et al., NDT 2020;35:495–502,

• HD 46, PD 12, initiation / 3 months

T50 Fetuin A P ΔT50

ΔPp< 0.005 p< 0.005 p< 0.05 p< 0.05

Dialysis intiation -T50

Citric-acid dialysate improves the calcification propensity
Ter Meulen KJ et al,. PLoS One. 2019 Dec 5;14(12):e0225824.

Multicenter Prospective Randomized Cross-Over Trial, N: 20

 A 1.5: Ca 3.0mEq/L, acetate 3.0, Mg 0.5mmol/l, 

 A 1.25: Ca 2.5mEq/L acetate 3.0, Mg 0.5mmol/l 

 C 1.5: Ca 3.0mEq/L. citric acid 1.0, Mg 0.5mmol/l 

 Cross-Over: A1.5→A1.25/C1.5 →C1.5/A1,25 

ΔT50 ΔiCa

Citric acid⇒Inhibit calcification

Citric-acid dialysate -T50

Citric acid dialysate：Inhibit calcification
Villa-Bellosta R et al., Scientific Reports | (2019) 9:11374

 Citric acid: citrate 1 mmol/L without acetate, bicarbonate 35 mmol/l

 Acetate： acetate 3–4 mmol/L, bicarbonate 35 mmol/l

 Culture rats aortic rings +Serum(45Ca radiotracer) = Calcification

Citric acid dialysate-calcification

pH↑

Citric acid dialysate：Inhibit calcification
Villa-Bellosta R et al., Scientific Reports | (2019) 9:11374

Citric acid dialysate Acetate dialysate

calcification calcification

Citric acid Bicarbo Citric acid Bicarbo

pH↑ pH↑

Caused pH increase by bicarbonate⇒Citric acid inhibits calcification:

Citric acid dialysate-calcification
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Direct measure:  Calciprotein Particles in HD
Smith ER et al., Kidney Int Rep (2020) 5, 1432–1447

 Freeze-thaw (FT) cycles 
(25ºC-> -80ºC -> 25ºC x2)

 CPP-1 and CPP-2 are 
stable to a single freeze 
thaw,

 MBP counts increase 
markedly following freeze-
thaw cycling.

Membrane bound mineral-containing particles (MBP)

CPP analysis：Radius, 

Freeze 1 cycle

CPP-1 CPP-2

FreshFreeze 1-2 cycle

Transmission electron microscopy (TEM)

Direct analysis of CPP
Nishibori N….Kuro-o M….Maruyama S et al., Clinical Kidney Journal , 2024, vol. 17, no. 6, sfae121

CPP &  extended-hours HD
Nishibori N….Kuro-o M….Maruyama S et al., Clinical Kidney Journal , 2024, vol. 17, no. 6, sfae121

CPP-II Plasma Serum P

> 6 hours
n = 185

3–5 hours
n = 197

P rebounds during long-term HD

Removal volume of Ca/P ↑, Production of CPP↓

Cell

rebound

CPP &  extended-hours HD
Nishibori N….Kuro-o M….Maruyama S et al., Clinical Kidney Journal , 2024, vol. 17, no. 6, sfae121

CPP-I+II Serum P

> 6 hours
n = 185

3–5 hours
n = 197

CaxP

P rebounds during long-term HD

arbitrary unit
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P, HD

Fetuin A

CPP-1

CPP-2

Hydroxyapatite

Ca

P

Crystalloid HA

CPP-M

Cell

pH

Calcification

Speaker Creation

Kinetic Model of Phosphorus Mobilization during and after Short and 
Conventional Hemodialysis
Agar BU, Leypoldt JK et al., CJASN2011; 6: 2854-2860

 Pseudo-one-compartment model

Bone/
Mitochondria

CPP Vascular Calcification 

CPP; Sucroferric oxyhydroxide
Thiem U et al., Clinical Kidney Journal, 2021;14:631–638

 HD-pts, n:39, RCT, crossover 

 Sucroferric oxyhydroxide 2000mgday vs 250mg/day

CPP/HD

243±6
3

309±74

66min

1.63±0.43

2.28±0.5

Per-protocol population, n:28

CPP; Sucroferric oxyhydroxide
Thiem U et al. Nephrol Dial Tansplant 2023;38:1282-1296

 Novel fluorescent 
probe–based flow 
cytometric assay 

CPP/Sucroferric oxyhydroxide

SO→CPP ↓
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CPP; Sucroferric oxyhydroxide
Thiem U et al., Nephrol Dial Tansplant 2023;38:1282-1296

 Novel fluorescent 
probe–based flow 
cytometric assay 

SO→CPP ↓ → Cytokine ↓

CPP/Sucroferric oxyhydroxide

IL-8IL-6 CRP

CPP; Sucroferric oxyhydroxide
Thiem U et al., Nephrol Dial Tansplant 2023;38:1282-1296

 Novel fluorescent 
probe–based flow 
cytometric assay 

 Culture VSMC+CPP

 Calcification
Washout:Serum depleted of 
endogenous CPP-I and CPP-II 
by high-speed centrifugation

SO→VSMC calcification↓

CPP/Sucroferric oxyhydroxide

CPP; Sucroferric oxyhydroxide
Thiem U et al., Nephrol Dial Tansplant 2023;38:1282-1296

 Novel fluorescent 
probe–based flow 
cytometric assay 

 CKD stage

 FLELSI cohort serum

CPP level

Culture VSMC+CPP
Calcification

Eliminates 
endogenous 
CPPsCKD：CPP level /calcification↑

CPP/Sucroferric oxyhydroxide

CPP1 CPP2

Calcification Calcification

T50 & Radius

• T50 = Measure the risk of CPP 
formation (P, Ca, Fetuin A, alb…) 

⇒ Predictor of prognosis

• Radius = Actual measurement of CPP⇒
Risk of calcification

Andreas Pasch et al. JASN 2012;23:1744-1752
Kidney Int Rep (2020) 5, 1432–1447
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CKD, T50 and CAC
Bundy JD et al., AJKD 2019;76:806-814

• CRIC study: eGFR 20-70mL/min

• CAC (Coronary Artery Calcification) score 

• T50

HR

T50/CKD

CKD, T50 and CVD, Event
Bundy JD et al., CJASN 2019, 14 1562-1571

• CRIC study: eGFR 20-70mL/min

• Event CVD

• T50

T50/CKD

Radius of CPP, but not T50 Chen W et al., Nephrol Dial Transplant: 2019; 34: 992–
1000

• Radius of CPP (Rh) by 
transmission electron 
microscopy (TEM)

• Calcification: Kauppila 
score/ Adragao score by 
X-p

• CKD (4-5) + volunteers

CPP/CKD: Radius

Radius of CPP, but not T50 Chen W et al., Nephrol Dial Transplant: 2019; 34: 992–
1000

• Radius of CPP (Rh) by 
transmission electron 
microscopy (TEM)

• Calcification: Kauppila 
score/ Adragao score by 
X-p

• CKD (4-5) + volunteers

CPP/CKD: Radius

T50

CPP2
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Serum CPP Size and T50 with Arterial Calcification, Arterial
Stiffness, and Mortality in Incident Hemodialysis Patients
Chen W et al., Am J Kidney Dis. doi: 10.1053/j.ajkd.2020.05.031

• Incident HD patients (n = 402  CPP2/ n = 388 T50)

• Predictors of Arrhythmic and Cardiovascular Risk in End-Stage Renal Disease (PACE) Study

Model 1: age, sex, race, DM, coronary artery
Model 2: + Ca, P, FGF-23
Model 3: + albumin, fetuin-A
Model 4: + dp-MGP, osteoprotegerin
Model 5: +CRP

CPP/CKD: mortality

Comparative Effects of Etelcalcetide and Maxacalcitol on Serum Calcification 
Propensity in Secondary Hyperparathyroidism
Shoji T et al., Clin J Am Soc Nephrol 2021;16:599-612

 Calcimimetics (Etelcalcetide 167) vs VDR (Maxacalcitol 159), T50

 RCT, multicenter, open-label, blinded end point trial

 IV etelcalcetide 5 mg thrice weekly or IV maxacalcitol 5 or 10 µg thrice weekly 

iPTH

Ca iFGF23

P Petuin A

T50:Calcimimetics vs VD

Comparative Effects of Etelcalcetide and Maxacalcitol on Serum Calcification 
Propensity in Secondary Hyperparathyroidism
Shoji T et al., Clin J Am Soc Nephrol 2021;16:599-612

 Calcimimetics (Etelcalcetide 167) vs VDR (Maxacalcitol 159), T50

T50:Calcimimetics vs VD Cinacalcet-HCL：vascular calcification 
Raggi P et al., NDT 2011; 26:1327-1339

 ADVANCE study

Cinacalcet+Low VD:180

Conventional dose VD:180
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Cinacalcet-HCL： vascular calcification 
Raggi P et al., NDT 2011; 26:1327-1339

 ADVANCE study

Calciprotein particles (CPPs)
Pasch A et al. JASN 2012;23:1744-1752

Enhancer

Inhibitor

Vascular calcification 

Dialysate Magnesium on CPPs, RCT
Bressendorff I, Pasch A et al., Clin J Am Soc Nephrol 13, 2018. doi: https://doi.org/10.2215

• Dialysate Mg 1.0mEq/L vs 2.0, 
RCT n 29: 30

Mg / calcification 

Dialysate Magnesium on CPPs, RCT
Bressendorff I, Pasch A et al., Clin J Am Soc Nephrol 13, 2018. doi: https://doi.org/10.2215

• Dialysate Mg 1.0mEq/L vs 2.0, 
RCT n 29: 30

P Ca PTH

Mg / calcification 
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Dialysate Magnesium on CPPs, RCT, post hoc analysis
Bressendorff I, Pasch A et al., Nephrol Dial Transplant (2021) 36: 713–721

T-CPP CPP-1

CPP-2 CPP-2/t-CPP

Mg / CPP

Magnesium prevents vascular calcification
Anique D. ter Braake et al., Kidney Intern (2020) 97, 487–501

• Klotho knock-out mice + high Mg diet

Mg / calcification 

Decrease BW Serum Mg

2.9mg/dL

Magnesium prevents vascular calcification
Anique D. ter Braake et al., Kidney Intern (2020) 97, 487–501

• Klotho knock-out mice + high Mg diet Suppression of calcification

Mg / calcification 

Magnesium prevents vascular calcification
Anique D. ter Braake et al., Kidney Intern (2020) 97, 487–501

• Klotho knock-out mice + high Mg diet Decrease Mineralization

Mg / bone formation
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Magnesium prevents vascular calcification
Anique D. ter Braake et al., Kidney Intern (2020) 97, 487–501

• Klotho knock-out mice + high Mg diet

Mg / Double-sided action 

Decrease Mineralization

Suppression of calcification

Dietary magnesium, vascular calcification in animal model of CKD
Leenders NHJ et al. NDT 2022; 37:1049-1058

 Rat Partial nephrectomy: diet P1.2% + Mg 0.05% vs 0.48%

Aortic arch Thoracic arch Abdominal arch

Calcification

Dietary magnesium, vascular calcification in animal model of CKD
Leenders NHJ et al. NDT 2022; 37:1049-1058

 Rat Partial nephrectomy: diet P1.2% + Mg 0.05% vs 0.48%

Micro-CT showed abnormal 
high cortical porosity or
cortical trabecularization and 
dense trabecular bone with
an abnormal appearance in 
femurs from rats of both diet
groups。

A normal morphological 
appearance of femurs was
observed in some of the 
animals in the high dietary 
magneium group (43%) but 
not in the normal magnesium 
group

Bone mineralization 

Dietary magnesium, vascular calcification in animal model of CKD
Leenders NHJ et al. NDT 2022; 37:1049-1058

 Rat Partial nephrectomy: diet P1.2% + Mg 0.05% vs 0.48%

1.62 vs 3.08mg/dl 
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CPP: normal condition

Fetuin A
CPP-1 CPP-2

Calcification 

Bone formation 

Hydroxyapatite

Ca

P

Crystalloid HA

CPP-M

Speaker Creation

CPP: CKD

Fetuin A CPP-1 CPP-2
Calcification

Bone formation 

Ca

P

Hydroxyapatite

Crystalloid HA

CPP-M

Speaker Creation

P

CPP:high PTH

Fetuin A CPP-1 CPP-2
Calcification

Bone formation 

PTH↑

High turnover 

osteoclasts↗

Ca

P

Ca

P

Hydroxyapatite

Crystalloid HA

CPP-M

Speaker Creation

Ca. P

CPP: calcimimetics

Fetuin A CPP-1 CPP-2
Calcification

Bone formation 

PTH↓

calcimimetics

Normal turnover 

osteoclasts↓

Ca

P

Hydroxyapatite

Crystalloid HA

CPP-M

Speaker Creation
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CPP: calcimimetics

Fetuin A CPP-1 CPP-2
Calcification

Bone formation 

PTH↓↓

Low turnover 

calcimimetics

osteoclasts↓

Ca

P

Hydroxyapatite

Crystalloid HA

CPP-M

Normal turnover 

Speaker Creation

Ca. P

Duality of CPP：Inhibit Hydroxyapatite

Fetuin A CPP-1 CPP-2

Mg
Phytate 

Calcification

Bone formation 

Ca

P

Hydroxyapatite

Crystalloid HA

CPP-M

Speaker Creation

Control CPP

Fetuin A CPP-1 CPP-2

P control

Calcification

Bone formation 

Speaker Creation

Ca

P

Hydroxyapatite

Crystalloid HA

CKD-MBD (mineral and bone disorder)

Kidney International Supplements (2017) 7, 1–59

Need for the balance of Bone & calcification
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Thank you for your attention

Miyajima/ Hiroshima

If you have any questions, e-mail to 

h-kawanishi@tsuchiya-hp.jp

Dragon Bridge


