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Survival in CKD

Foley RN et al. Am J Kidney Dis. 1998; 32(5 suppl 3): S112-9.
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United States Renal Data System (USRDS) 2005 Annual Data Report: Atlas of End-Stage Renal 
Disease in the United States, NIH, NIDDKD, Bethesda, MD, 2005

45-49 35.1 6.7
55-59 22.7 5.0

Life-expectancy in USA-population (2002) 
compared with dialysis patients (2003) by age, 
race, sex

Most common cancers: colon, breast, prostate



Prevalence of SHPT as GFR 
Decreases
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PREVALENCE OF SHPT



SHPT is Undertreated 
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1. Kim J, et al. JASN. 2003;14:269A.
2. Kong X, et al. BMC Nephrology. 2012;13:116. 
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CKD–MBD: Systemic “syndrome”

Beyond laboratory
abnormalities
Bone–kidney axis
Bone–vascular axis

18% 
Attributable risk
of mortality in dialysis



CKD–MBD: Systemic “syndrome”

Bone–vascular axis



“ We suggest…
We might…”

THERE IS NOT AN UNDISPUTABLE “1A” 
EVIDENCE IN GUIDELINES





• FGF-23 is a phosphatonin that increases urinary
phosphorus excretion and also suppresses synthesis of
1,25-vitamin D, the active form of vitamin D.

• It has been associated with all kinds of evil
consequences associated with:

chronic kidney disease (CKD),

including more rapid progression of CKD,

cardiovascular events,

mortality,

development of end-stage renal disease (ESRD),
secondary hyperparathyroidism, and

left ventricular hypertrophy.



• Quite a lot of attention has
been paid to FGF-23
recently, including interest in
looking at ways to potentially
suppress levels of FGF-23 --
with the hope of reversing
some of the adverse
consequences that have
been associated with
elevated FGF-23 levels,
reported in various clinical
epidemiologic studies.

http://www.google.gr/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRw&url=http://circ.ahajournals.org/content/125/18/2181.figures-only&ei=FZDMVM31HNXkauKsgrgN&bvm=bv.85076809,d.d2s&psig=AFQjCNHX9aglSMdpqf89af2IrA8mPEnP5w&ust=1422771600113651


• In this study, investigators used a rat model of CKD and 
administered monoclonal antibodies at 2 different dose 
levels to rats for 6 weeks. (A control group of rats 
received an isotype control antibody.) 

• The rats had what looked like CKD with metabolic bone 
disease: low vitamin D, high phosphorus, and high 
parathyroid hormone (PTH) levels, and so forth. 

• They administered these antibodies to the rats and 
found some good effects resulting from this. Vitamin D 
levels came up and PTH levels went down, and they 
saw histologic improvement in metabolic bone disease 
that was associated with this CKD model.



They• found no
benefit,
however, on loss
of glomerular
filtration rate
(GFR) in these
animals, and no
change in gene
expression for
various genes
associated with
left ventricular
hypertrophy



• But here's the big problem: The
mortality rate in the animals that
received the antibodies to FGF-
23 was also substantially higher
compared with the control group.

• Levels of serum phosphorus were
elevated, as you might imagine
would happen when you neutralize
the effect of a phosphatonin.

• In addition, the animals that
received the FGF-23 had much
more extensive calcification of the
aorta that was dose-dependent,
related to how much antibody they
got.



• This was quite a surprise to the investigators noting that
there is a danger in leaping from epidemiologic studies
that associate elevated or abnormal hormone levels,
such as FGF-23, with adverse consequences to
thinking that if we reduce these levels, we will improve
all the consequences.

• This study shows that it does not necessarily happen
that way.



There is much more to

this story.

It may be that the

elevated serum

phosphorus level,

which occurred in

response to the

antibodies to FGF-23,

was "the evil humor," if

you will, rather than the

FGF-23.

There may be dose

effects.

You may need some

FGF-23, and

oversuppression may

be bad.



Need• to take another look at this whole axis and to try to
better understand what is causing the ill consequences
of low vitamin D, high phosphate, high PTH, and high
FGF-23 levels.

High• phosphorus in the setting of some PTH
suppression compared with CKD and higher vitamin D
levels may be bad.

Suppression• of FGF-23 increases 1,25-vitamin D levels,
which increases gastrointestinal tract absorption of
phosphorus.



PTH Action

The overall action of PTH is to increase plasma
Ca++ and decrease plasma P

18

(↑Ca, ↓P)

18

PTH acts on bone (directly) to stimulate
Ca++ resorption

kidney to stimulate Ca++ reabsorption (distal tubule)
and inhibit reabsorption of P (thereby stimulating
its excretion)  

intestine (indirectly) by stimulating VitD
synthesis, leading to ↑Ca uptake







FGF23: A Candidate for Phosphatonin?

• FGF23 is a ~32 kDa (251 amino

acids) protein with an N-terminal

region containing the FGF

homology domain and a novel 71

aa C-terminus that has

phosphaturic activity in vivo.

• FGF23 is overproduced by tumors

causing tumor-induced

osteomalacia (TIO).

• Autosomal dominant

hypophosphatemic rickets (ADHR)

is caused by missense mutations

of the 176-RXXR-179 motif in FGF-

23 preventing its processing into

inactive N- and C-terminal

fragments.

• FGF23 is proposed to be a

substrate for PHEX

Phex-Dependent Cleavage And Inactivation Of 

The Phosphaturic Hormone FGF23 Hypothesis











• The Klotho gene encodes 
− Single-pass transmembrane protein 

• Belongs to a family 1 glycosidase 

• Expressed primarily in renal tubules (distal 
tubules)

− Present in the circulation and urine

Blood Cells Mol Dis 1998; 24: 83–100





Ageing Research Reviews 2009;8:43–51





Klotho in AKI

• Patients with AKI were found to have drastic reductions 
in urinary Klotho.

• AKI is a state of acute reversible Klotho deficiency, low 
Klotho exacerbates kidney injury and its restoration 
attenuates renal damage and promotes recovery from 
AKI.

Kidney Int. 2010 Dec;78(12):1240-51. 



Why is Klotho of particular interest 
for nephrology?

• Klotho is involved in the 
− Renal control of calcium, phosphate and vitamin D metabolism.

− Suppresses phosphate re-absorption in renal proximal tubule, 
by directly binding to FGF receptors.

− Regulates Ca2+ re-absorption in the distal convoluted tubule by 

• Stabilizing the TRPV5 Ca2+ channel in the plasma membrane

Nephrol Dial Transplant 2007; 22: 1524–1526



Pflugers Arch - Eur J Physiol 2010; 459:333–343



Why is Klotho of particular interest 

for nephrology?

• Klotho
− Inhibits renal 1-alpha 25 hydroxylase activity and thereby 

• Decreases circulating calcitriol levels.

− Therefore appears to 

• Synergize with the renal tubular effects of parathyroid hormone 
(PTH) on Ca2+ and phosphate transport, whereas 

• Antagonizes the stimulatory effect of PTH on calcitriol synthesis by 
the kidney.

Nephrol Dial Transplant 2007; 22: 1524–1526



Why is Klotho of particular interest 
for nephrology?

• Klotho-deficient mice and FGF23-deficient mice have 
an identical phenotype including 
− Hyperphosphataemia, hypercalcaemia, elevated plasma 

calcitriol and vascular calcification, in addition to premature 
ageing

• In contrast, over-expression of the Klotho gene 
− Extends the lifespan and increases resistance to oxidative 

stress

Nephrol Dial Transplant 2007; 22: 1524–1526



Why is Klotho of particular interest 
for nephrology?

These observations were highly suggestive of a close •
cooperation between Klotho and FGF23 and/or its 
receptor(s).  

Nephrol Dial Transplant 2007; 22: 1524–1526



1,25(OH)2D being a major 

stimulus, which is feedback

regulated by klotho via an 

inhibition of the 1-hydroxylase 

activity.

Klotho has a significant impact 

on the Ca 2+ reabsorption via the 

epithelial Ca 2+ channel, TRPV5, 

in the distal convoluted and 

connecting tubules

Klotho is produced in the 

kidneys and is reduced in 

chronic uraemia

Mutations in the klotho gene and 

klotho deficiency have been 

related to the process of ageing, 

osteoporosis, arteriosclerosis, 

ectopic calcifications and skin 

atrophy

Nephrol Dial Transplant 2006; 21: 1770–1772



http://www.revistanefrologia.com/revistas/P1-E562/P1-E562-ES.pdf


Klotho and FGF23 in CKD

Epidemiological studies have identified high •
serum levels of phosphate and FGF23 as 
independent mortality risks in CKD patients

Importantly, serum FGF• 23 levels increase 
before serum phosphate levels increase during 
the progression of CKD suggesting that 

Resistance to FGF− 23 may be one of the earliest 
changes in phosphate metabolism in CKD

Although the mechanism of FGF• 23 resistance is yet to be 
determined, it can be caused by a decrease in renal Klotho 
expression

Nephrol Dial Transplant 2009;24: 1705–1708





Klotho: Early decrease in CKD

CKD = ↓ Klotho



Restoration of Klotho by VDR activation has been
recently described in experimental animals

Lim K, et al. Circulation 2012;125:2243–55





Pflugers Arch - Eur J Physiol 2010; 459:333–343



Regulation of FGF23 signaling by 
Klotho

• Klotho functions as an obligatory coreceptor for FGF23
− Experimental studies have demonstrated convincingly that 

FGF23, in the absence of klotho, cannot exert its bioactivities

• For instance, despite extremely high serum levels of FGF23 (about 
2000-fold higher) in klotho ablated mice, FGF is unable to exert its 
phosphaturic effects in these mice

Kidney Int. 2008 ; 74(5): 566–570.



Regulation of FGF23 signaling by 
Klotho

• The fact that FGF23 requires Klotho as a co-receptor 
explains 
− Why  Klotho-deficient mice develop phenotypes identical with 

those observed in FGF23-deficient mice and 

− Why Klotho-deficient mice had extremely high serum FGF23 
levels

Nephrol Dial Transplant 2009;24: 1705–1708



Regulation of FGF23 signaling by 
Klotho

• Kidney-specific expression of Klotho explains why 
FGF23 can identify the kidney as its target organ among 
many other tissues that express multiple FGFR isoforms

Nephrol Dial Transplant 2009;24: 1705–1708



Klotho in Phosphate metabolism

• The bone–kidney endocrine axis mediated by 
FGF23 and Klotho has emerged as an essential 
component in the regulation of phosphate 
homeostasis
− When phosphate is in excess, FGF23 is secreted 

from bone and acts on the kidney where Klotho is 
expressed

− As a phosphaturic hormone, FGF23 reduces the 
amount of sodium phosphate co-transporter type-2a 
(NaPi-2a) on the brush border membrane of proximal 
tubules, thereby promoting renal phosphate 
excretion

Nephrol Dial Transplant 2009;24: 1705–1708



Klotho in Phosphate metabolism

• As a counter-regulatory hormone for vitamin D, FGF23 
suppresses synthesis and promotes inactivation of 
1,25- dihydroxyvitamin D3 in proximal tubules.

Nephrol Dial Transplant 2009;24: 1705–1708





Regulation of FGF23 signaling by 
Klotho

• Conversion by Klotho of canonical FGF receptor into 
FGF23-specific receptor

Nephrol Dial Transplant 2007; 22: 1524–1526







Effect of FGF23 plus Klotho on renal tubular re-absorption of

inorganic phosphate (iP) and synthesis of 1,25 dihydroxy vitamin D

(calcitriol).

FGF➢ 23 + Klotho act synergistically with PTH to reduce tubular iP

reabsorption. However, FGF23 + Klotho inhibit tubular calcitriol synthesis, in

contrast to PTH which stimulates it

In➢ end-stage renal disease (ESRD), the physiological inhibition of tubular iP

re-absorption by both PTH and FGF23 + Klotho becomes ineffective. The

concomitant increase in PTH secretion leads to excessive iP release from

bone into the extracellular space. The clinical consequence is

hyperphosphataemia.
Nephrol Dial Transplant 2007; 22: 1524–1526



Fibroblast Growth Factor 23

•Is a phosphatonin, i.e. hormone regulating P excretion

•FGF-23 produced exclusively in osteocytes and bone-lining 
cells

•Synthesis ↑ by P, PTH and calcitriol

•Most rapid inducer of expression is calcitriol, with the factor 
going up within 3-4 hrs of IV administration

•The physiologic stimulus is thought to be high dietary 
phoshorus intake but it is not clear whether the serum P level or 
the net intake (?intestinal sensor) provides the proximal signal

•FGF-23 receptor in the kidney requires the coreceptor klotho 
(also found in the parathyroids), which ↓ in aging and CKD

Abbott  Hellas 2012 Cycle Meeting

January 5th 2012

Company Confidential

© 2012 Abbott
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Actions of FGF-23

Downregulates luminal sodium/phosphate cotransporters in the •
proximal tubule, decreasing phosphorus reabsorption and 
therefore increasing its excretion

Inhibits • 1α-hydroxylase (CYP27B1), decreasing the conversion 
of 25-hydroxyvitamin D (25[OH]D) to 1,25-dihydoxyvitamin D 
(1,25[OH]2D3; calcitriol). 

It is thought that FGF• -23 rather than decreased renal mass 
is the major factor downregulating calcitriol in CKD

Stimulates • 24-hydroxylase (CYP24), leading to vitamin D 
degradation

Inhibits PTH secretion in the short term but probably not in the •
long term (↓ VDRA signaling leading to parathyroid resistance)

Abbott  Hellas 2012 Cycle Meeting

January 5th 2012

Company Confidential

© 2012 Abbott
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Klotho and FGF23 in CKD

• It remains to be determined whether renal Klotho 
expression levels reflect functional nephron mass that 
can respond to FGF23



J Nephrol 2010; 23(06): 619-625



J Nephrol 2010; 23(06): 619-625



J Nephrol 2010; 23(06): 619-625



Reduced 
kidney mass

Adapted from Wetmore J and Quarles D. Nat Clin Pract Nephrol. 2009;5(1):24-33.
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P excretion
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P absorption

Ca absorption

FGF-23 secretion

1,25(OH)2D3

P reabsorption



Conclusions



Klotho in CKD

• Klotho is an early biomarker for CKD.

• Replacement of Klotho may have therapeutic potential 
for CKD.

J Am Soc Nephrol. 2011 Jan;22(1):124-36. 



Conclusions

• It has become increasingly clear that phosphate 
metabolism plays a critical role in the pathophysiology
in CKD and that 

• Hyperphosphataemia should be aggressively treated to 
improve life expectancy of CKD patients
− In this context, the bone–kidney–parathyroid endocrine axis 

mediated by Klotho and FGF23 is expected to be a novel target 
of therapeutic intervention



Conclusions

FGF• 23 - Klotho plays a central role in the 
pathogenesis of altered mineral metabolism and 
secondary hyperparathyroidism in CKD patients

FGF• 23 - Klotho can be used not only as a 
biomarker for assessing phosphate retention 
but also as a predictor of mortality and future 
development of refractory hyperparathyroidism 

Further elucidation of FGF− 23 function and regulation 
will help to establish a more rational approach for the 
management of the mineral and bone disorders that 
are associated with high burden of morbidity and 
mortality in CKD patients





Pilz et al, Kidney Int Suppl 2011
Mizobuchi M et al J Steroid BMBiol 2010





The bone–
kidney–
parathyroid 
endocrine axes 
mediated by 
FGF23 and 
Klotho

Active vitaminD(1,25-dihydroxyvitaminD3) binds to the vitamin Dreceptor (VDR) in osteocytes. The ligand-boundVDRforms 

a heterodimerwith a nuclear receptor RXRand transactivates the FGF23 gene expression.

FGF23 secreted from bone acts on the Klotho–FGFR complex in kidney (the bone–kidney axis) and parathyroid gland (the 

bone–parathyroid axis).

In kidney, FGF23 suppresses synthesis of active vitamin D by down-regulating expression of the Cyp27b1 gene and 

promotes its inactivation by up-regulating expression of the Cyp24 gene, thereby closing a negative feedback loop for 

vitamin D homeostasis. In the parathyroid gland, FGF23 suppresses production and secretion of PTH. Since PTH is a 

potent inducer of Cyp27b1 gene expression, suppression of PTH by FGF23 reduces expression of the Cyp27b1 gene as 

well as serum levels of 1,25-dihydroxyvitamin D3, which closes another long negative feedback loop for vitamin D 

homeostasis. Klotho and FGF23 are indispensable for the regulation of vitamin D metabolism because defects in either 

Klotho or FGF23 cause hypervitaminosis D.

Nephrol Dial Transplant 2009;24: 1705–1708



e 
regulatio
n by 
klotho: 
Hypotheses

.

The first arrow starts from the intestine, where a reduced dietary phosphate intake diminishes serum phosphate concentration and

leads to a decrease in PTH secretion, which physiologically reduces urinary phosphate excretion. In addition, to save phosphate,

the renal action of FGF23 will decrease facilitating tubular phosphate reabsorption by the stimulation of sodium-dependent 

phosphate cotransporters (NPT2a and NPT2c). It will also facilitate the synthesis of 1,25(OH)2D3 in spite of low PTH levels. The

increase in calcitriol levels stimulates sodium-dependent phosphate cotransporter type IIb expression and intestinal phosphate 

absorption. Then, to counteract the activation of these three phosphate-saving mechanisms and to avoid hyperphosphatemia, the 

renal synthesis of klotho is increased. This increase in renal klotho will facilitate the phosphaturic action of FGF23. Klotho binds to 

FGFR1(IIIc) and forms the specific FGF23 receptor. Furthermore, klotho negatively regulates the synthesis of 1,25(OH)2D3 by 

enabling FGF23 binding to its receptor and thereby its inhibitory effect on 1--hydroxylase activity. At the bone level, klotho could 

stimulate bone resorption and phosphate release by acting on TRPV5, which is a recently identified osteoclast function modulator. 

The increased levels of 1,25(OH)2D3 could also stimulate osteoclast differentiation and bone resorption and thereby phosphate

release. It could also stimulate skeletal FGF23 synthesis to control further, at the renal level, any excessive increase in serum 

phosphate resulting from the activation of the prophosphatemic mechanisms. Abbreviations: PTH, parathyroid hormone; FGF23, 

fibroblast growth factor-23; TRPV5, epithelial calcium channel TRPV5 (transient receptor potential vallinoid-5).

Kidney Int. 2007 Apr;71(8):730-7. 



SHPT
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Reduced VDR Activation in SHPT 
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VDRAs on Survival
Association Between Different VDRAs in HD 
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Prospective cohort study•

1996• –2004 (n=29,696) 
at 627 facilities

Adjusted for comorbidities and lab •
results

Results of time• -dependent 
analysis: 

Paricalcitol– ’s relative risk (RR) for 
all-cause time-adjusted mortality 
was 0.85 compared to 0.91 for IV 
calcitriol (p<0.05) and 0.95 for oral 
calcitriol

Paricalcitol– associated with a 15% 
lower mortality rate compared with 
no VDR activator therapy

0,70

0,75

0,80

0,85

0,90

0,95

1,00

1,05

1,10

25,2% 12,9% 4,1% 43,6%

IV Paricalcitol
IV Calcitriol

Any VDRA

Oral Calcitriol

0.95

0.91*

0.85*

0.91*



Link between phosphate and PTH control:

In patients with high iPTH levels uncontrolled 
P levels are more common

Data on file Fresenius Medical Care US, data as of Nov 2008, n=221,000

% patients with Pi>5.5 mg/dL by iPTH range – FMS
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