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Renal phosphate handling: Physiology
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Phosphorus is a common anion. It plays an important role in energy generation. Renal phosphate handling is regulated by three
organs parathyroid, kidney and bone through feedback loops. These counter regulatory loops also regulate intestinal absorption and
thus maintain serum phosphorus concentration in physiologic range. The parathyroid hormone, vitamin D, Fibrogenic growth factor
23 (FGF23) and klotho coreceptor are the key regulators of phosphorus balance in body.
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INTRODUCTION

Phosphorus is a common anion, distributed ubiquitously
throughout the body. Approximately 80%-85% of the
~600 gm of total body phosphorus is present in the skeleton.
The remaining is distributed widely in the form of organic
phosphate compounds that play fundamental roles in many
aspects of cellular metabolism. The maintenance of normal
phosphate homeostasis is critical for diverse physiologic
processes including cell signaling, nucleic acid synthesis,
energy homeostasis, formation of lipid bilayers, and bone
formation. The concentration of phosphorus influences the
activity of many metabolic pathways such as ammoniagenesis,
glycolysis, gluconeogenesis, parathyroid hormone (PTH)
secretion, and phosphate reabsorption, as well as the formation
of 1,25-dihydroxycholecalciferol [1,25(OH) , D] from
25-hydroxycholecalciferol [25(OH) D .

PHOSPHORUS IN BLoOD

Plasma phosphate is present in ionized, complexed, and
protein-bound forms. The normal concentration of
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phosphorus in plasma is 3-4.5 mg/dL and it is present in
plasma primarily as HPO,? and H PO, "I If phosphate
were totally filterable through artificial and glomerular
membranes, its concentration in the ultrafiltrate would
be 1.18 times that of plasma, however, measured
ultrafilterable (UF) phosphate to plasma phosphate ratios
have been found to range from 0.89-0.96, indicating that
about 25% of plasma phosphate is bound to protein.
Of the UF phosphate, approximately 60% is ionized and
40% is complexed to the major plasma cations, mainly
Ca**, Mg*", and Na*. The fraction of total phosphate that
is UF declines with hypercalcemia, probably due to the
formation of calcium-phosphate-proteinate complexes.

PHosPHORUS IN CELL

Intracellular phosphate is primarily sequestered in
intracellular organelles, or incorporated into organic
compounds like adenosine phosphates, creatine phosphate
and in erythrocytes, 2,3-diphosphoglycerate. The cytosolic
free inorganic phosphate concentration is only about 1 uM.
Nevertheless, this is above its electrochemical equilibrium
value as predicted from the membrane potential, suggesting
that there must be active transport of phosphate into
cells. The regulation of intracellular phosphate levels is
closely linked to cellular metabolic activity. Inhibition of
phosphate uptake impairs cellular metabolic function,
whereas increasing extracellular phosphate concentration
stimulates mitochondrial respiration. Conversely, bathing
cells in glucose reduces phosphate uptake and in conditions
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of limited phosphate availability reduces mitochondrial
respiration, oxidative phosphorylation, and ATP content,
a phenomenon called the Crabtree effect.

ABSORPTION AND REABSORPTION OF
PHOSPHATE IN INTESTINE AND KIDNEY

In mammals, absorption and reabsorption of phosphate
take place primarily in the intestine and kidney, respectively.
The daily dietary intake of phosphate is 800 mg-1500 mg;
Dietary deficiency of phosphorus is rare as phosphate
is found in many foods, including dairy products, meat,
and cereal grains. Approximately 65% of ingested
phosphate is absorbed, primarily by the duodenum and
jejunum [Figure 1] and it varies proportionately with dietary
intake. Under the influence of vitamin D, phosphorus
transport takes place in proximal segments of the small
intestine and appears to involve both passive and active
components. The movement of phosphorus from the
intestinal lumen to the blood requires (a) transport across
the luminal brush-border membrane of the intestine;
(b) transport through the cytoplasm; and (c) transport
across the basolateral plasma membrane of the epithelium.
The rate-limiting step and the main driving force of
absorption is the luminal membrane step.” Polyvalent
cations present in diet such as Ca**, Mg**, and Al’* bind to
intestinal luminal phosphate and decrease its absorption.
That is why phosphate binder in the patients with renal
failure is prescribed with meals. Secreted digestive juices
contain about 3 mg/kg/day of phosphate. Once absorbed,
phosphate in the extracellular fluid may exchange with
the pool in bone, with 200 mg of phosphate typically
entering and leaving the skeleton daily as it is continuously
remodeled. Ultimately, the kidneys are responsible for
the excretion of a substantial excess of phosphate,
about 700-900 mg per day. During periods of growth,
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Figure 1: Phosphate balance at level of intestine and kidney

a greater proportion of phosphate is retained for bone
deposition, but this still constitutes a small percentage of
dietary intakes. Renal phosphate excretion is the principal
mechanism by which the body regulates extracellular
phosphate balance [Figure 1].

ReENAL REABSORPTION OF PHOSPHORUS

Most of the inorganic phosphorus (Pi) in serum (90%-95%)
is UF at the level of the glomerulus. Approximately 7 g of
phosphorus is filtered daily by the kidney, at physiologic levels
of serum phosphorus, of which 80%-90% is reabsorbed
by the renal tubules and the remainder is excreted in the
urine (approximately 700 mg) equal to intestinal absorption.
PI'So at steady-state, adults are in a state of balance between
intake and excretion of phosphorus [Figure 1]. Evidences
have demonstrated that 60%-70% of the filtered phosphorus
is reabsorbed in the proximal tubule and there is also
evidence that a significant amount of filtered phosphorus
is reabsorbed in distal segments of the nephron [Table 1].1
When serum phosphorus level increases and the filtered
load of phosphorus increases, the capacity to reabsorb
phosphorus also increases. However, a maximum rate of
transport (Tm) for phosphorus reabsorption is obtained
usually at serum phosphorus concentrations of 6 mg/dL.
There is a direct correlation between Tm phosphorus values
and glomerular filtration rate (GFR) even when the GFR is
varied over a broad range. Micro puncture studies suggest
two different mechanisms responsible for phosphorus
reabsorption in the proximal tubule. In the first third of
the proximal tubule, in which only 10%-15% of the filtered
sodium and fluid is reabsorbed, the ratio of tubular fluid (TF)
phosphorus to plasma ultra-filterable (UF) phosphorus falls
to values of approximately 0.6. This indicates that the first
third of the proximal tubule accounts for approximately
50% of the total amount of phosphorus reabsorbed in
this segment of the nephron. In the last two-thirds of the
proximal tubule, the reabsorption of phosphorus parallels
the movement of salt and water. In the remaining 70% of
the pars convoluta, the TF: UF phosphorous ratio remains
atavalue of 0.6-0.7, whereas fluid reabsorption increases to
approximately 60%-70% of the filtered load. Thus, in the
last two-thirds of proximal tubule, the TF: UF phosphorus

Table 1: Segmental handling of phosphate along with
renal tubule

Nephron PT Thin TAL DCT/CNT CT
segment DAL
Fractional 80 - - 5 +

reabsorption
Cellular transport
mechanism

Active and  Unknown

transcellular

Active and - -
transcellular

PT: proximal tubule, DAL: descending and ascending loop, DCT/CNT: distal
collecting tubule /connecting tubule, CT: collecting tubule
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reabsorption ratio is directly proportional to sodium and
fluid reabsorption. A significant amount of phosphorus,
perhaps on the order of 20%-30%, is reabsorbed beyond
the portion of the proximal tubule that is accessible to
micropuncture. There is little phosphorus transport within the
loop of Henle, with most transport distal to micropuncture
accessibility occurting in the distal convoluted tubule. In this
location, Pastotiza-Munoz ef al¥ found that approximately
15% of filtered phosphorus is reabsorbed under baseline
conditions in animals subjected to parathyroidectomy, but
that value falls to about 6% after administration of large
doses of PTH. The collecting duct is a potential site for distal
nephron reabsorption of phosphorus.”” Transport in this
nephron segment may explain the discrepancy between the
amount of phosphorus delivered to the late distal tubule in
micropuncture studies and the considerably smaller amount
of phosphorus that appears in the final urine of the same
kidney. Phosphorus transportin the cortical collecting tubule
is independent of regulation by PTH. This is in agreement
with the absence of PTH-dependent adenylate cyclase in
the cortical collecting tubule.

MoLEcULAR AND CELLULAR MECHANISM OF
PHOSPHATE REGULATION

Because the movement of Pi into the cell does not occur
by simple diffusion, 3 families of NA-coupled Pi co
transporters (NAPT) mediate the transport of Pi across
the cell membrane® [Figure 2]. The NA-coupled Pi
co-transporters that are important in Piuptake in vertebrates
belongs to two large families, the NAPT type II and the
NAPT type I families [Table 2]. The major role of NAPT
type I has been cleatly demonstrated in Npt2-/-(knockout)
mice. Compared to wild-type mice, the Npt2-/-mice display a
higher urinary excretion of Piand lower NAPT co-transport
activity (mainly mediated by NAPT-11a and additionally
by NAPT-1I¢) in the brush border membranes (BBM) of
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Figure 2: Molecular and cellular mechanism of phosphate handling at
tubular cell membrane

renal proximal tubules.”! This suggests that the regulation
of Pi reabsorption is achieved mainly by controlling the
apical expression of NAPT-11a in BBM of renal proximal
tubules.""!"l Consistently, phosphaturic factors reduce the
expression of NAPT-1Ia, whereas factors that increase renal
Pi reabsorption increase NAPT-IIa in BBM. Therefore,
control mechanisms that regulate apical expression and
membrane retrieval of NAPT-Ila are essential to our
understanding of how Pi homeostasis is achieved.

RecULATION OF PHOSPHATE ABSORPTION
IN RENAL TUBULE

NAPT co-transport activity and organ specific Piabsorptive
processes are regulated by PTH and 1,25(OH) 2D, which
interact in a coordinate fashion to regulate Pi homeostasis.
In the kidney, various factors, most importantly PTH,
influence the efficiency of renal Pi reabsorption.I'?
Animals fed with a low-Pi diet have decreased serum
Pi concentrations that are associated with a reciprocal
increase in circulating Ca™" concentrations. The increase
in serum Ca*" inhibits PTH release, which in turn reduces
the renal excretion of Pi into the urine. In addition, a
low-Pi diet and reductions in serum Pi are associated with
increased 1,25(OH) vit D synthesis,!"” which consequently
restores serum Pi concentrations to normal state by
increasing intestinal (mediated via NAPT-1Ib) and renal
Pi recoveries. It is, however, difficult to discriminate
between direct versus indirect effects of 1,25(OH) 2D
on renal Pi reabsorption, as 7 vive, the vitamin D status is
closely associated with alterations in plasma calcium and
PTH concentrations. Conversely, when animals are fed a
high-Pi diet, serum Ca™" concentrations decrease, and PTH
release is increased. Recently, Martin ¢z a/. suggested that
changes in PTH secretion in response to dietary Pi occur
rapidly (within 10 min) and independently of changes in
serum Pi or Ca** concentrations," suggesting that a signal
emanating from the intestine may affect PTH secretion."*
An elevation in serum Pi after a high-Pi meal also reduces
1,25(OH) 2D synthesis and intestinal Pi absorption.

Other than PTH and 1,25(OH) 2D, several phosphaturic

Table 2: The three families of Na-Pi co-tranasporters

Type | Type Il Type lll
Typella Typellb Type llc

Protein NaPi-1 NaPi- NaPi-5 PiT-1 (Glvr-1)
name 2/3/4/6/7 PiT-2 (Ram-1)
Gene SLC17  SLC34A1 SLC34A2 SLC34A3 SLC20
name
Tissue Kidney Kidney Small Kidney  Ubiquitous
expression cortex/ cortex/PT instestine, cortex/

PT, liver, lung PT

brain
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peptides such as fibroblast growth factor 23 (FGF23),
secreted frizzled related protein 4, matrix extracellular
phosphoglycoprotein, and FGF7 have been demonstrated
to inhibit the activity of NAPT-Ila co-transporters
in renal epithelial cells.">">* Furthermore, current
studies have strongly suggested the importance of
the network of proteins interacting with NAPT-1Ia
co-transporters in apical membrane expression of
NAPT-IIa co-transporters and the fate of endocytosed
NAPT-IIa co-transporters.*!)

ReLaTionsHIP oF PTH, FGF23, KLotHO,
AND PHOSPHATE REGULATION

The regulation of Piis complex and involves both acute
and chronic processes. Alteration in PTH-vitamin D axis
do not completely explains the pathogenesis of several
hypophosphatemic disorders and normal Pi physiology
and therefore, the role of phosphatonin, a circulating factor
that is responsible for renal Pi reabsorption and altered
vitamin D regulation has been proposed [Figure 3].

Recent evidences on FGF23 showed that this hormone
regulates serum phosphate concentration and calcitriol
metabolism. FGF23 is present in the plasma of healthy
individual, as an intact peptide in its active form. Intact
FGF23 is cleaved within cells, in disorders that alter FGF23
glycosylation and results in the release of fragments.*>4
It has been observed that those patients who develop

hyperphosphatemia and tumoral calcinosis had low

Sp—— -
7 dehydrochmm‘n

Figure 3: Relationship of vitamin D, PTH, FGF-23 and phosphate
handling-vitamin D3 is produced in skin from a UVB-mediated conversion
of 7-dehydrocholesterol. In liver, vitamin D is converted to 25(OH) vitD3,
which is released in blood. In the kidney, 25(OH) vitD3 is converted
to 1-dihydroxyvitamin D [1,25(OH) 2vitD]. Two hormones regulate this
step: PTH and FGF23, a hormone that is synthesized by osteocytes
and osteoblasts. In kidney, PTH stimulates whereas FGF23 represses
25(OH) D-1o-hydroxylation. In kidney, FGF23 increases expression of
24-hydroxylase an enzyme that inactivates calcitriol

intact circulating FGF23 concentration and increased
plasma FGF23 fragment concentration. The enzyme that
cleaves FGF23 in body is unknown.

FGF23is a circulating 32k-Da peptide secreted by osteocytes,
osteoblast and osteoclast in response to hyperphosphatemia
and vitamin D.**7 It decreases renal phosphate reabsorption
by lowering NPT2a and NPT2c expression, and it diminishes
calcitriol synthesis by inhibiting 1o hydroxylase and
stimulating its catabolizing enzyme 24, 25 hydroxylase. The
reduced calcitriol decreases intestinal NPT2b expression
and phosphate reabsorption® as it is not observed in mice
with disrupted VDR gene.”” FGF23 binds to and activates
a composite receptor formed by the conjunction of FGF
receptor 1 (FGFR1), FGFR3 and or FGIR4 with klotho.

Over expression of FGF23 mRNA in bone cells, leads too
many bone disorders.”””! FGF23 mRNA is also present,
albeitatlowerlevels, in the liver and in the kidney.™ One of the
principal roles of FGF23is the control of phosphate balance.
Infusion of recombinant FGF23 and over expression of
FGF23 gene results in marked increase in urinary phosphate
excretion and severe hypophosphatemia.’'*! First of all,
FGF23 has been reported in a patient with tumor induced
osteomalacia (TTO). Cai ¢z alP¥ described a case who
had TIO and in whom the biochemical phenotype of
hypophosphatemia, renal Pi wasting and reduced serum
1¢25(OH) 2D3 and osteomalacia disappeared after removal
of tumor. Conditioned medium from cultured tumor cells
specifically inhibited NATPI transport in renal epithelia
and implantation of tumor cell in nude mice recapitulated
the syndrome. Subsequently, its role has been observed
in X-linked hypophosphatemic rickets and autosomal
dominant hypophosphatemic rickets.”>*")

Klotho was discovered by Kuro-O ¢# 2/ in 1997. Klotho
is a protein containing 1012—amino acid present as a cell
surface molecule, bound to the plasma membrane by a
short one-span transmembrane domain. Its intracellular
tail is less than 15 amino acids long. Klotho expression
is restricted to a small number of tissues like in kidneys,
parathyroid glands, brain, and skeletal muscle.P** In the
kidney, Klotho is mainly expressed in the distal tubule,
whereas FGF23 exerts its action on the proximal tubule.
The mechanism by which FGF23 modifies proximal tubule
functions is unknown. Klotho is also present in plasma
and urine. The major soluble form of Klotho originates
from the shedding of the full-length protein. A smaller
circulating form comes from RNA splicing at exon 3 in
Klotho gene. It has been reported that ADAM 10 and
17 can cleave and release Klotho from the cell surface;
however, it is unknown whether this is a physiologic role
of these enzymes.""! The physiologic role of the circulating
forms of Klotho remains to be established.
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Klotho acts as a co-factor that is mandatory for FGF23
action. Klotho gene was discovered after the accidental
disruption, in mice of a gene thatis encoding a protein, led
to a phenotype very similar to that seen in FGF23 knockout
mice but without an increase in serum FGF23.4**I Studies
performed in cultured cells showed that FGF23 binds to
FGF receptors with less affinity but that expression of
Klotho markedly increases the affinity. In the presence
of FGF23, Klotho binds to FGF receptors has been
observed in co-immunoprecipitation studies. Then
Klotho seemed important for the stimulation of the FGF
receptor—signaling pathway, which involves extracellular
signal-regulated kinase 1/2 and FGF receptor substrate
phosphortylation, by FGF23.1*** These data suggest that
Klotho is a co-receptor for FGF23. All of the effects of
FGF23 are mediated by Klotho and that the principal
function of Klotho is to permit FGF23 action, this is
suggested by the fact that phenotype of mice with a double
disruption of FGF23 and Klotho gene is similar to that of
FGF23 or Klotho knockout mice.!**4

KrLotHo, FGF23 AND I1Ts ACTION ON
PARATHYROID

Although klotho is highly expressed in the parathyroid glands,
the role of the protein in parathyroid tissue is uncertain.
Multiple functions and effects of klotho in the parathyroid
glands have been proposed [Figure 4]. Biological activity of
klotho plays role in mineral homeostasis. Lack of klotho in mice
resembiles the clinical picture of human aging, and, at the same
time, plasma calcium and phosphate levels are elevated and
plasma levels of 1,25(OH) 2D ate increased.*”) It has already
been discussed that Klotho is an obligatory co-receptor for
fibroblast growth factor 23 (FGE23), converting the canonical
FGF receptors FGFR 1, 3, and 4 to FGF23-specific receptors.
FGFER1 is highly expressed in the parathyroid glands, with
the IIIC splice form being predominant, whereas expression
of FGF receptors 3 and 4 is minimal.*! The parathyroid
gland is a target tissue for the action of FGF23, with FGF23
having an inhibitory effect on parathyroid hormone (PTH)
secretion and mRNA expression. Furthermore, FGI23 has
been shown to inhibit low calcium—induced parathyroid cell
proliferation.”* Klotho/FGF23 might also influence the
autocrine vitamin D system in parathyroid cells. It has been
proposed that FGF23 stimulates 1-o hydroxylase and increases
the local production of calcitriol (opposite of the effectin the
kidneys) and thereby potentially inhibits PTH gene activity.
U Along this line, administration of FGF23 7 vivo to rats
resulted in up regulation of parathyroid VDR protein.*!
Conversely, Klotho has been found to participate in tratficking
of the Na +/K+-ATPase to the parathyroid cell membrane,

thereby increasing PTH secretion;” thus, mechanisms

that relate klotho to increased as well as to decreased PTH
secretion have been proposed. This uncertainty has persisted
in studies of human parathyroid tissue. In both primary
hyperparathyroidism (HPT) and secondary HPT, klotho has
been shown to be severely suppressed in adenomas and in
nodular hyperplasia;'*?l however, in other studies of human
uremic parathyroid glands, the expression of klotho was
variable with significantly decreased or increased expression
in different parathyroid nodules.”!

SummaRry oF FEEDBACK LooPs REGULATING
PHosPHORUS BALANCE IN Bobpy

Lopez et al® have studied the direct and indirect effect
of PTH on circulating level of FGF23 in vive. They
demonstrated that PTH is necessary for FGF23 secretion.
High phosphate does not stimulate FGF23 in a state of low
PTH. It appears that PTH is likely to be more important
than phosphate in regulation of FGF23 secretion. The
decrease in calcitriol that ensures parathyroidectomy plays
an important role in the inhibitory effect of low PTH on
FGF23 production. Recently, Torres e al® proposed
the three feedback loops precisely regulating serum
phosphorus level has been proposed in a commentary
on study of Lopez ¢ al¥ Serum phosphorus is tightly
regulated by three organs parathyroid, kidney and bone
through three feedback loops. Parathyroid gland produce
PTH which on kidney stimulates phosphate excretion
and calcitriol synthesis; then in turn low phosphorus and
calcitriol directly inhibit PTH production. On the bone

PTH - PTH synthesis by
parathyroid cells
e FGF23

FGF23 synthesis l \

by bone cells

Caicitriol

Calcitriol synthesi
by the kidney

Figure 4: Three feedback loops showing the regulation of phosphate
balance in body. Parathyroid gland produce PTH stimulates phosphate
excretion and calcitriol synthesis in kidney; this lowers phosphorus and
calcitriol inhibits PTH. PTH stimulates FGF23 and phosphate release
following an increase in bone remodeling. FGF23 inhibits PTH but
phosphate stimulates PTH production. FGF23 at kidney level stimulates
urinary phosphate excretion and inhibits calcitriol, tending to reduce serum
phosphorus. Renal-PTH stimulated calcitriol production stimulates FGF23
production by bone cells Lopez et al.’
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PTH stimulates FGF23 and phosphate release following
an increase in bone remodelling. FGF23 inhibits PTH
secretion but phosphate will tend to stimulate PTH
production. FGF23 at kidney level stimulates urinary
phosphate excretion and inhibits calcitriol production,
tending to reduce serum phosphorus level by these two
mechanisms. On the other hand the renal-PTH stimulated
calcitriol production stimulates FGF23 production by bone
cells. These three counter regulatory loops maintain tightly
controlled intestinal absorption and serum phosphorus
concentration. Torres ¢f a/. has also postulated that there
should be an intestinal phosphate sensor which alters one
of the organs in case of phosphate overload or phosphate

deficiency.

FGF-23 IN CHRONIC KIDNEY DISEASE
AND THE DEVELOPMENT OF BONE MINERAL
DISORDER

Serum intact FGF-23 concentrations rise with a decline in
GFR in CKD patients.”*** Renal Pi excretion decreases
with reductions in GFR and the attendant retention of
Pi is postulated to be the proximate cause of elevated
FGF-23 in patients with CKD. However, reduced FGF-23
clearance could also be a possible factor to play a role
as well.P”%? The increase in FGF-23 is not sufficient
to correct the hyperphosphatemia in advanced CKD.
The increase in serum FGF-23 levels is associated
with a decline in 1a,25(OH) 2D concentrations.!
Diminished 12,25(OH) 2D3 concentrations lead to
increased PTH synthesis and contribute to the secondary
hyperparathyroidism that is seen in CKD. Because
FGF-23 inhibits 25(OH) D 1a-hydroxylase activity and
1,25(OH) 2D3 synthesis, it is very likely that elevated
FGF-23 plays an indirect role in the pathogenesis of
secondary hyperparathyroidism in CKD patients and
FGF-23 concentrations positively correlate with PTH
concentrations. It has also been suggested that elevated
serum FGF-23 concentrations are predictive of the
development of refractory secondary hyperparathyroidism
in dialysis patients.l* It is interesting that FGF-23 levels
continue to be elevated despite reductions in PTH levels
after calcitriol therapy.*” In another study, FGF-23
levels decreased after surgical parathyroidectomy in
patients with secondary hyperparathyroidism.”! Inorganic
phosphorus (Pi) retention increases both PTH and
FGF-23 concentrations and that there may not be a direct
interaction between these two peptides. Whether FGF-23
directly influences bone formation or resorption in the
context of CKD remains to be determined.

The calcium sensing receptor (CaSR) present on parathyroid
gland senses low calcium level in blood which occurs
consequent upon high phosphate and low calcitriol level

and stimulates parathyroid gland to increase the secretion,
synthesis and proliferation of parathyroid cells leading to
secondary hyperparathyroidism.

FGF-23 IN PRIMARY HYPERPARATHYROIDISM,
HumoraL HYPERCALCEMIA OF MALIGNANCY,
AND MALIGNANCIES

The changes in FGF-23 in primaty hyperpatrathyroidism
are not much studied. In contrast to primary
hyperparathyroidism, in which serum calcium
concentrations are elevated, serum Pi is reduced, and
serum 10,25(OH) 2D concentrations are elevated, patients
with humoral hypercalcemia of malignancy exhibit
hypercalcemia, hypophosphatemia, and inappropriately
low serum 1o,,25(OH) 2D concentrations. Serum FGF-23 is
elevated 5-10 fold in humoral hypercalcemia of malignancy,
whereas it is normal in primary hyperparathyroidism. It is
possible that the low serum 1a,25(OH) 2D concentrations
that are seen in humoral hypercalcemia of malignancy
could be due to increases in FGF-23 concentrations.!*!
Intact FGF-23 is elevated in metastatic ovarian cancet, in
which serum Pi levels are normal.”) FGF-23 may not be
elevated sufficiently in this disease, suggesting that there is
a threshold beyond which FGF-23 becomes phosphaturic.

FGF-23 IN NEPHROLITHIASIS

It has been observed that stone formers with increased
urinary Pi excretion and hypophosphatemia had
higher serum FGF-23 concentrations when compared
with stone formers without Pi wasting and normal
individuals.*® Normal serum 10,25(OH) 2D concentrations
in the hypophosphatemic stone formers with hypercalciuria
were unusual because most hypophosphatemic stone
formers have elevated or high-normal serum 1¢,25(OH) 2D
concentrations. The role of FGF-23 in nephrolithiasis may
be explored in future.

FGF-23 AnD Ectopric CALCIFICATION

It has also observed that FGF-23—null mice have considerable
mineralization in nonskeletal tissues, including the heartand the
kidney.*! Although these mice also have hyperphosphatemia
and eclevated 1a,25(OH) 2D3 concentrations that could
influence calcification. The possible role of FGF-23 in
vascular calcification may be area of future research.

CONCLUSION

Renal phosphate handling is regulated by three organs
parathyroid, kidney and bone through three feedback
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loops. These three counter regulatory loops maintain tightly

controlled intestinal absorption and serum phosphorus
concentration. The parathyroid hormone, vitamin D,
FGF23 and klotho coreceptor are the key regulator of
phosphorus balance in body.
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