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The Free Vitamin D hypothesis. As noted in the text, vitamin D (OH) metabolites are bound to D Binding Protein (DBP) 
and to a lesser extent albumin in the circulation. These cross the cell membrane as the free (unbound) metabolite in 
most tissue. However, In the kidney, parathyroid gland, and placenta, the megalin/cubilin complex can transport bound 
D (OH) metabolites into cells.



FGF-23 und Ca/P-Stoffwechsel

Hu MC et al. Ann Rev Physiol 2013



FGF-23- PTH- VitD3 axes



▪ 25(OH) Vit D und 1, 25(OH) Vit D sind 

Bestandteile eines rückgekoppelten 

endokrinen Regelkreises

▪ Neben 25(OH) Vit D und 1, 25(OH)2 

Vit D sind FGF23 und PTH die 

wichtigsten Elemente dieses 

Regelkreises



Regulation des Vitamin-D-Haushaltes –

Die besondere Rolle des FGF23/Klotho-Systems

▪ Das Vitamin D – PTH- FGF23/Klotho- System

▪ Die medizinische Bedeutung von FGF-23 

▪ Lebensstiel, Ernährung und FGF23

▪

▪ Genetik des Vitamin-D-Stoffwechsels

▪ Epigenetik und Vitamin-D-Stoffwechsel

▪ Erweiterte Laboranalytik des Vitamin-D-Stoffwechsels



Fibroblast Growth Factor Familie

Hu MC et al. Ann Rev Physiol 2013





Life span and serum phosphate 

level in mammals

Kuro-O, Pflügers Arch (2010).

Phosphat
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Klotho- and/or FGF23 deficiency results in extremely high 

1,25 (OH)2 VitD and dramatically accelerated aging

• hypercalcitriolemia
• hyperphosphatemia
• lung emphysema
• fibrosis 
• arteriosklerosis
• acidosis
• infertility, hypogonadism
• muscle and skin atrophy
• osteopenia/osteoporosis
• endothelial dysfunction
• impaired angiogenesis
• sick sinus syndrome
• anemia
• deafness
• motoneuron degeneration
• Parkinson’s disease
• cognitive deficits
dramatically shortened life span

klotho+/+ Klothohm/hm

soft tissue calcification
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Suga et al., Am J Respir Cell Mol Biol (2000)



Lang et al. (unpubliziert);

Pi Ca Vitamin D

Low Pi diet ↓ ↑ ↑

Npt2a knockout ↓ ↑ ↑

Cyp27b1 knockout ↓ ↓ ↓ 

VDR knockout ↓ ↓ ↑

Viatmin D-deficient diet ↓ ↓ ↓

Serum levels
Interventions

Table 1. Changes in serum levels of Pi, Ca and vitamin D by various interventions

that rescue Klotho- and/or fibroblast growth factor 23 (FGF23)-deficient mice



FGF23 und kardiale FGF-Rezeptoren
Grabner et al., Cell Metab. 2015 Dec 1;22(6):1020-32
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FGF23 und FGF-Rezeptor-4
Grabner et al., Cell Metab. 2015 Dec 1;22(6):1020-32
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FGF23 und FGF-Rezeptor-4
Grabner et al., Cell Metab. 2015 Dec 1;22(6):1020-32
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FGF-23 und Mortalität bei CKD

Chronic 

Renal 

Insufficiency  

Cohort

3.879 Patienten

CKD Stadium 1-4

3,5 Jahre [median] 

follow-up

Quartile 4

Quartile 3

Quartile 2

Quartile 1

Isakova et al. JAMA 2011



Wolf et al.

J Am Soc Nephrol 2011

CV Endpunkt

Tod

984 Patienten

37 [35-39] Monate nach 

Nierentransplantation

Progression

FGF-23 und Mortalität bei CKD



FGF-23 und LV-Hypertrophie

Chronic 

Renal 

Insufficiency  

Cohort

3.070 Patienten 

CKD Stadium 1-4

Faul et al. J Clin Invest 2011



▪ Plötzlichen Herztod

▪ LVH und Herzinsuffizienz

▪ Koronare Herzerkrankung

▪ Cerebrovaskuläre Erkrankung

▪ Periphere Verschlusskrankheit

FGF-23 ist assoziiert mit:

Toxic effect of FGF23 on
Myocardidal cells

↑Phosphate Excretion

↓ Dihydroxyvitamin D

↑FGF-23

CKDAF HF

↑LVH

↑ CV Mortality



Wolf, M. J Am Soc Nephrol 2010;21:1427-1435



FGF-23 und Inflammation



FGF23 and inflammation

Mendoza et al. Clin J Am Soc Nephrol 2012



Klotho independent effect FGF23:

neutrophils

FGFR2

Rossaint et al. J Clin Invest 2016



FGF23 and Infections

FGF23 Quartiles

• Incidence Rate

• Infection-related Hosp

• per 100 person-years

Nowak, J Am Soc Nephrol 2017



▪ FGF23 ist einer der wichtigsten Faktoren 

des kardiovaskulären Alterns

▪ FGF23 ist kausal beteiligt an der 

Entstehung schwerwiegender

Herzerkrankungen

▪ FGF23 ist ein Entzündungsmediator 

▪ FGF23 reguliert die Vitamin D Synthese 
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Cinacalcet als FGF23-Antagonist
Moe et al., Circulation. 2015 Jul 7;132(1):27-39

Knochen- und Mineralstoffwechsel 34



Cinacalcet als FGF23-Antagonist
Moe et al., Circulation. 2015 Jul 7;132(1):27-39
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A high-fat diet stimulates fibroblast growth factor 23 formation in mice through 

TNFα upregulation Nutrition and Diabetes (2018) 8:36

DOI 10.1038/s41387-018-0037-x
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Vitamin D Treatment Is Associated With Increased FGF23

Levels In Dialysis Patients

Shohei N et al. Kidney Intern 67:1171-1178, 2005
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Acute Effects of Very-Low-Protein Diet on FGF23

Levels: A Randomized Study

Clin J Am Soc Nephrol 7: 581–587, 2012.

Single FGF23 levels during the low-protein diet (LpD) and the very low-protein diet (VLpD; P<0.0001).



▪ FGF23 Konzentrationen sind durch  

Medikamente, Lebensstil und Ernährung 

veränderbar

▪ Der wichtigste FGF23 Regulator bei 

der Ernährung ist Phosphat 
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FGF23 processing. The premature FGF23 protein is a 251-amino acid long glycoprotein. In order to form the mature form 

of FGF23 the first 25 amino acids are removed through cleavage. FGF23 can be O-glycosylated at Thr178, which protects it 

from cleavage and results in active FGF23 in the circulation. The alternative is for FGF23 to be phosphorylated at Ser180. 

This results in cleavage at the consensus sequence (Arg176-X-X-Arg179) and inactive cleaved FGF23 in the

circulation. Front. Endocrinol. 12:588096. doi: 10.3389/fendo.2021.588096



FGF23 processing – strategies for detection
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