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“Intact nephron hypothesis” states that, although the diseased kidney consists 
of a diminished number of nephrons, the remaining nephrons are functionally 
normal. 

To maintain homeostasis of any given solute, renal function of the dis eased 
kidney must undergo adaptive changes, wherein the excretion rate of each 
functioning nephron must increase progressively to compensate for damaged 
Nephrons. 

However, a biologic price is paid for these adaptive changes As Bricker 
proposed in his “trade off hypothesis,”increasing nephron function to maintain 
solute homeostasis can result in abnormalities of the uremic state that will 
adversely contribute to the uremic syndrome. 



Phosphate homeostasis: A complex crosstalk between the 
kidney, parathyroid gland (PTG), bone, and intestine 

Cynthia S. Ritter and Eduardo Slatopolsky - Clin J Am Soc Nephrol, 2016 
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Variations in FGF23, Klotho, PTH, active vitamin D, and 
phosphate levels during the progression of CKD 

Modified from Donate Correa J et al, Cytokine & Growth Factor Reviews 2012 



…how does the body “know” 
how much phosphorus to keep 
and how much 
to excrete? 

Modified from Donate Correa J et al, Cytokine & Growth Factor Reviews 2012 
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‘Is there an acute 

regulation of PTH by 
dietary phosphate , and 
if so, is it mediated by 

a hormone possibly 
derived from the 

gastrointestinal tract?’ 
 

Slatopolsky Kidney International, 2011 



Regulation of renal reabsorption by the inter organ communication 

Sawako Tatsumi et al. J Bone Miner Metab 2016 



Complex regulation of serum phosphate levels 
throughout the day 

Diurnal variability of serum phosphate 
levels is preserved in patients with 
chronic kidney disease (CKD) and is 

likely influenced by a complex cross talk 
between intrinsic molecular clock 

networks, dietary phosphate intake, and 
the effects of the Nampt /nicotinamide 
adenine dinucleotide (NAD)þ system on 
renal and intestinal sodium phosphate 
transporters and on cellular shifts of 

phosphate in tissues such as the liver. 
Reproduced with permission from 

Isakova T, Xie H, Barchi Chung A, et al. 
Daily variability in mineral metabolites in 

CKD and effects of dietary calcium and 
calcitriol 



T Isakova et al. Kidney International 2011 

Prevalence of hyperphosphatemia, secondary 
hyperparathyroidism, and elevated fibroblast 
growth factor 23 (FGF23) in relation to 
estimated glomerular filtration rate (eGFR). 

Cubic spline functions of the associations 
between serum phosphate and log fractional 

excretion of phosphate (FEPi) with estimated 

glomerular filtration rate (eGFR) 



Putative pathways involved in FGF23 expression 

RC Smithet al. J Clin Invest 2012 
M.Hori et al. J Bone Mineral Metabol 2016 

Bon N. et al.Mol Metabolism 2018national, 2011 



PTH, FGF23, 
Klotho 

involvement in 
Phosphate 
handling 

Modified from R.G.Erben , O. Andrukhova / Bone 2017 

Modified fromR.G. Erben 
/ Molecular and Cellular 

Endocrinology 2016 



P Loading and CKD Progression 







PROTEINURIA, KLOTHO AND PHOSPHATE TUBULAR HANDLING 

S. De Seigneux et al. JASN 2015 
B. Fernandez et al.NDT 2018 



Phosphate , FGF Klotho and RAAS 
in CKD Progression 

Scozzolino et al AJKD 2013 



INTESTINAL AND RENAL PATHWAYS FOR 
CALCIUM ABSORPTION 

J Blaine, M Chonchol, and M Levi CJASN 2015 



PTH, FGF23, 
Klotho 

involvement in 
Calcium handling 



Bone cells, mineral and extracellular fluid miscible pool 

Talmage RV et al, J Musculoskelet Neuronal Interact 2003 



Calcium efflux and bone accretion and retention in 

Kurz P et al, Kidney Int 1994 



Regulation of PTH synthesis and secretion by CaSR 
and VDR in parathyroid glands 

Cozzolino et al Therapeutics and Clinical Risk Management 2017 









Impact of chronic kidney disease on parathyroid hormone 
metabolism and signaling 

P Evenepoel et al, Kidney International (2016) 







Progression of Parathyroid Hyperplasia in CKD 

H. Komaba et al, Kidney International 2010 



Proposed model of FGF23 Klotho function in parathyroid glands. 

Modified from H. Olauson et al, PLOS Genetics 2013 



PTH and Vitamin D modulation of RANKL/RANK/OPG system PTH and Vitamin D modulation of RANKL/RANK/OPG system 



In osteoblasts , FGF23 
and PTH signaling 

pathways both 
induce ERK1/2 

phosphorylation , 
resulting in additive 

effects in the 
regulation of RANKL 

and OPG expression . 



The role of PTH in stem cells renewall and mobilization 
Mazzaferro S., Cianciolo G., De Pascalis A .., Guglielmo C, Urena Torres PA, Bover J, Tartaglione L, Pasquali M, La Manna G 

NDT April 2018 



“Arrivati a quest’ora di notte,  
vale a dire all’ ”Indice”, i  

superstiti lettori si saranno 
 certamente resi conto che la 

 successione dei capitoli  
disposta dall’autore non era  
che una semplice proposta: 

 ogni lettore, infatti, se lo vuole 
 può stabilire una sua personale 

sequenza” 



Camilleri 





Modified from H. Olauson et al, PLOS Genetics 2013 



Parathyroid hormone (PTH) and bone metabolism 

P Evenepoel et al. Kidney International 2016 



Kidney International (2016) 89, 289-302 

Sabbagh J Bone Min Res 2016. Bone biopsy from NL or 
CKD patients, showing highest Sclerostin expression in 
non dialysis CKD 



Effect of PTH on cortical and trabecular bone 



Comparison of cortical compartments in bone biopsies. 

Araujo et al Bone 2016 



Impact of FGF23 and Klotho on LVH, endothelial function 
and atherosclerosis: potential mechanisms 

Cianciolo G et al Current Vascular Pharmacology, 2017 



Kidney International 2013 



The putative progeroid effects of the uremic mileu. The role of  
Phospate 

P Stenvinkel an Larsson, AJKD 2013 



Phospate , FGF 23/Klotho and RAAS in CKD Progression 

Estrapolata da Cozzolino et al, AJKD 2013 



Modified from Shuto et al, JASN 2009 



Putative Mecanisms by which P Influences Vascual Health and 
Function 

Burger et al, Kindney Int. 2013 



 



Klotho dependent and Klotho independent Effects 
of FGF23 in ESRD. 

Komaba, H. and Fukagawa, M. Nat. Rev. Nephrol. 2012 



• Ichiro Kaneko et al fig 2 Clin Exp Nephrol 
(2017) 21 (Suppl 1):S21–S26 

• Pi balance in the kidney, small intestine, and 
salivary glands. 





Secondary Hyperparthyroidism: Pathogenesis, Diagnosis, 
Preventive and Therapeutic Strategies 

M.Rodríguez Portillo et al Rev Endocr Metab Disord, 2017 



Serum phosphate, urine phosphate and fractional 
excretion of phosphate for each CKD stages 

Modified from L Craver, et al. Nephrol Dial Transplant, 2007 



The Lancet 2014 



Model of CaSR action in bone formation and 
reabsorption 



Acidosis and Phosporus 
homeostasis in CKD 

Acidosis and Phosporus 
homeostasis in CKD 


