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vascular mortality. Fibroblast growth factor 23 is associated with vascular calcification.
Systemic inflammation in chronic kidney disease patients is multifactorial. The role of systemic
inflammation in the pathogenesis of vascular calcification was recently reappraised. Fibroblast
growth factor 23 was accused as a direct stimulus of left ventricular hypertrophy, uremic inflam-
mation, and impaired neutrophil function. This review will discuss the underlying mechanisms
that underlie the link between Fibroblast growth factor 23 and increased mortality encountered
among chronic kidney disease patients.
© 2017 Production and hosting by Elsevier B.V. on behalf of Cairo University. This is an open
access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/

4.0/).
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Introduction

Fibroblast growth factor 23 (FGF23) is a member of a large
family of structurally related polypeptide growth factors found
in different species including humans [1]. Its main function is
to regulate serum phosphate level [2]. The serum level of
FGF23 starts to rise in early chronic kidney disease (CKD)
[3]. By the time of starting dialysis, this level reaches hundred
to thousand folds the normal level [4]. According to its role in
phosphate metabolism, it was initially thought that the rise of
FGF23 in serum carries a favorable effect on bone metabolism
and cardiovascular welfare. However, subsequent research
disclosed a significant association between FGF23 and vascu-

lar calcification (VC) [5,6], left ventricular hypertrophy (LVH)
[7], and mortality [8.9] among CKD patients. To further com-
plicate this puzzle, neutralization of FGF23 in CKD rats using
monoclonal antibodies accelerated VC and increased mortality
[10]. This raised the question whether FGF23 is a friend or a
foe? [11,12].

The story of FGF23

FGF23 was identified 16 years ago as a member of FGF family
[13]. FGFs are a group of polypeptide growth factors that
are involved in metabolic, developmental, neoplastic, and
neurologic disorders [14]. The human FGF gene has 22
members, namely FGF1 to FGF14 and FGF16 to FGF23.
Humans lack FGF15 [15]. FGF23 exerts its hypophos-
phatemic effect through inhibition of the luminal sodium-
phosphate co-transporters in the proximal tubular epithelial
cells [2]. The affinity of FGF23 for its ubiquitous FGF recep-
tors (FGFR) is enhanced by a klotho [16]. FGF23 inhibits 1-a-
hydroxylase activity and thus decreases 1,25(OH), vitamin D
level and increases serum parathormone (PTH) level [2,17].

Vascular calcification in CKD patients

In a prospective observational 3 years follow-up study, the
prevalence of VC among predialysis CKD stage G3-5 patients
was 79% [18]. It approaches 100% in prevalent dialysis
patients [5]. VC affects almost all arteries whether large,
medium or small-sized, including the coronary arteries [5,19].
In vivo molecular imaging techniques has disclosed that VC
is preceded by inflammation within arterial wall [20.21]. A
similar finding was confirmed by a longitudinal study using
PET/CT scan [22]. VC is one of the predictors of increased
cardiovascular mortality among CKD patients [23].

Inflammation in CKD patients

Systemic inflammation is one of the hallmarks of CKD. The
exact pathogenesis of inflammation in CKD was not fully
understood. Multiple comorbid conditions (like infections
and autoimmune systemic diseases) can underlie inflammation
in some CKD cases [24]. Blood translocation of bacteria and
uremic toxins was recently suggested as an alternative mecha-
nism of uremic chronic inflammation [25]. Lastly, Singh et al.,
demonstrated that FGF23 stimulates hepatocytes to increase
secretion of the inflammatory markers IL6 and C-reactive
protein (CRP) [26]. Many of the inflammatory markers and
mediators can promote VC in CKD patients. These factors
include interleukin 1 (IL-1), IL-6, CRP and tumor necrosis
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factor o (TNFa) [27,28]. In addition, inflammation causes
structural and functional abnormalities in HDL, an important
antioxidant that defends the endothelium against the effects of
cytokines [29]. Inflammation is interrelated to oxidative stress
in CKD [30]. Systemic inflammation is independently associ-
ated with increased mortality among pre-dialysis and dialysis
CKD patients [31]. High sensitivity CRP has been shown to
independently predict mortality in CKD patients [30].

FGF23 and vascular calcification

The positive correlation between FGF23 and VC was first
reported among hemodialysis (HD) patients 6 years ago [5].
A second trial in pre-dialysis CKD patients showed that
FGF23 is independently associated with carotid artery calcifi-
cation [32]. In CKD patients in stage G2-5D, higher aortic
and coronary calcification scores were encountered in those
having elevated FGF23 levels [6]. Similar results were even
reported in healthy older men irrespective of traditional risk
factors [33]. Pediatric studies confirmed the same results in
children with CKD [34]. FGF23 predicts coronary calcifica-
tion and poor outcome in patients with CKD stages 3-5D
[35]. The same association was recorded in patients kept on
HD for more than one year [36]. Four isoforms of FGF23
receptors were identified in male mouse aorta. Direct stimula-
tion of these receptors increased free oxygen radicles release
and a distinct decrease of nitric oxide bioavailability [37].
The strong correlation between aortic calcification and
FGF23 was mitigated by the inflammatory marker high sen-
sitivity CRP [38]. Finally, the lack of association between
FGF23 and arterial calcification in the work done by Scialla
et al. [39] is probably related to time gap between blood
sample collection and imaging procedure (median time gap
376 days, range 331-420 days). FGF23 serum level varies with
time according to serum phosphorus level, phosphate load,
type and dose of phosphate binder used, vitamin D status,
serum PTH and serum calcium level and more important with
GFR. These CKD patients were not yet on dialysis and their
GFR decline with time rendering the level of FGF23 in blood
samples collected 1 year before imaging inaccurate for corre-
lation analysis.

FGF23 and inflammation

The last 4 years have witnessed a revolution of knowledge
about the relation between FGF23 and inflammation. In
2012, Munoz Mendoza et al., discovered that higher FGF23
levels are associated with 1L6, CRP, and TNFa in CKD
patients [40]. One year later FGF-23 was found to strongly
correlate to hsCRP in HD patients [38].

In a mouse model of CKD, FGF23 was able to induce the
genes responsible for TNFa and transforming growth factor 3
(TGFB) production within the kidney [41]. FGF23 signifi-
cantly increases TNF-a production within splenic cells [42].
It also stimulates TNFa expression by macrophages [43,44].
Hepatocytes were found to have membrane receptors to
FGF23. These receptors are similar to those previously charac-
terized on the cardiomyocyte membrane, namely, FGFR4
isoform. On binding to these receptors, FGF23 signaling
increased synthesis of CRP and IL6 through stimulation of
intracellular calcineurin [26].

On the other hand, many studies demonstrated induction of
FGF23 by immune reaction or inflammation. Inflammatory
cytokines can directly increase production of FGF23 in bone
[45-47]. Immune stimulation following parenteral bacterial
inoculation or intra-peritoneal injection of lipopolysaccharides
is associated with increased expression of FGF23 by activated
dendritic cells and phagocytes [43]. FGF23 is up regulated on
stimulation of pro-inflammatory macrophages [44].

In view of the current findings, it is possible that FGF23
and inflammatory cytokines constitute a positive feedback
loop in which FGF23 stimulates expression of inflammatory
cytokines, which in turn increase expression of FGF23. This
vicious cycle can explain the 100- to 1000-fold increase of
FGF23 in advanced CKD.

FGF23 and LVH

The first report on the association between FGF23 and LVH
was in 2009 [48]. In spite of stable blood pressure and kidney
functions, CKD patients in stage 3 develop LVH that is asso-
ciated to FGF23/klotho ratio [49]. FGF23 stimulates hyper-
trophy of isolated rat cardiomyocytes. By binding to FGFR4
on the cell membrane, activation of the calcineurin-nuclear
factor of activated T-cell (NFAT) signaling pathway ensues
[50]. Similar results were encountered in CKD patients [51].
FGF-receptor antagonism ameliorates CKD-induced LVH in
rats [52]. In addition, higher FGF-23 was independently asso-
ciated with graded risk of CHF and to less extent with
atherosclerotic events [53].

On the other hand, a recent study failed to find out LVH in
patients with FGF23-related hypophosphatemic rickets/
osteomalacia [54].

FGF23 and CKD progression

The first study that highlighted an off-target offensive role of
FGF23 was in 2007. In this study of non-diabetic CKD
patients, FGF23 was an independent predictor of CKD pro-
gression after adjustment for age, gender, serum calcium,
phosphorus, parathyroid hormone, glomerular filtration rate
(GFR), and proteinuria [55]. The cohort investigated in this
study was composed of relatively young patients with mild
to moderate impairment of kidney function. Similar findings
were encountered in a Swedish cohort of patients with chronic
IgA nephropathy [56] and in patients suffering diabetic kidney
disease [57]. A Japanese group further supported these results.
In their prospective study in a cohort of 738 pre-dialysis
patients, 213 reached the endpoint (defined as either doubling
of serum creatinine or starting regular dialysis) over a median
duration of 4.4 years. High serum level of FGF23 and low level
of 25-hydroxy vitamin D were the only factors significantly
associated with the endpoint. This association was consistent
regardless of the baseline GFR [58]. In a later study of African
Americans, FGF23 had a dose-response relationship with the
risk for end-stage renal disease (ESRD) or death [59]. In a
recent study of 419 CKD children, 1-16 years old that were
followed for a median of 5.5 years, 32.5% of them reached
the progression end point (needed dialysis, underwent kidney
transplant or had more than 50% reduction in GFR. FGF23
was independently associated with higher risk to reach the
progression end point [60].
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The strong relationship between FGF23 and development
of progressive CKD was proved by the large study of 13,448
healthy participants at entry. These participants were black
and white men and women and were followed for up to
21 years. The mean age of this group at recruitment was
56.9 years and their mean GFR was 97 ml/min per 1.73 m?.
During this long-term follow-up, 2.0% of participants devel-
oped ESRD. The highest FGF23 quintile was associated with
risk of developing ESRD compared with the lowest quintile.
This association was independent of the different possible
confounders [61]. In patients with advanced CKD (mean
GFR = 18 mL/min/1.73 m?), a progressive increase in the
risks of death, development of cardiovascular events, and need
for dialysis was encountered with each subsequent quartile of
FGF23 level compared to the lowest quartile [62].

FGF23 and a-Klotho

a-Klotho is an anti-senescence protein [63]. It exists in 2 forms:
the transmembrane and the soluble secreted form [64].
a-Klotho is detected as a soluble protein in body fluids [65].
Membrane a-Klotho functions as the coreceptor for FGF23,
which amplifies and confers specificity of FGF23 hypophos-
phatemic action [66]. In contrast, soluble a-Klotho protein
functions independently of FGF23 and plays an important
role in antioxidation [67] and anti senescence [68]. FGF23
suppresses a-klotho gene transcription in the kidney [41].

FGF23 and parathyroid gland

FGF23, in vitro, inhibits PTH secretion and mRNA transcrip-
tion [69]. On the contrary, primary hyperparathyroidism in
rodents is associated with increased serum levels of FGF23.
This rise is reduced by parathyroidectomy. PTH stimulates
secretion of FGF23 by osteocytes [70]. In normal physiological
settings of normal Klotho and FGFR expression, FGF23
decreases PTH production, increases expression of both the
parathyroid Ca-sensing receptor and the vitamin D receptor,
and decreases parathyroid cell proliferation [71]. In CKD,
increased FGF23 is associated with secondary hyperparathy-
roidism [72]. This paradox is likely a consequence of resistance
to FGF23, probably due to down-regulation of the FGFR in
the parathyroid gland, decreased affinity of FGF23 for its
FGFR secondary to a klotho deficiency [16], and decreased
serum level of 1,25(OH), vitamin D. FGF23 inhibits
Cyp27bl (1-o-hydroxylase) activity and activates Cyp24
(24-hydroxylase) and thus decreases 1,25(OH), vitamin D level
[73].

FGF23 and renin-angiotensin system (RAS)

The effect of FGF23 on the RAS system is indirect. Through
inhibition of vitamin D activation, FGF23 can stimulate
RAS [74]. Angiotensin II (AII) activates nicotinamide adenine
dinucleotide phosphate (NADPH) oxidase, leading to produc-
tion of the superoxide anion and decreased availability of
nitric oxide (NO). Reactive oxygen species (ROS), thus pro-
duced, stimulates vascular cell proliferation and hypertrophy
[29]. Angiotensin converting enzyme inhibitors (ACEls) can
decrease the systemic and renal expression of FGF23 in a

diabetic nephropathy model. In this model, ACEIs increased
Klotho expression and normalized phosphate level and excre-
tion [75]. However, a posthoc analysis of the ESCAPE trial in
CKD children showed that ACEIs were associated with
increased FGF23 [76]. High FGF23 is associated with
impaired Reno protective response to RAS blockers [77].

FGF23 and neutrophil function

Increased susceptibility to infections is one of the adverse
effects of CKD. In CKD patients treated by HD, high serum
level of FGF23 was associated with a higher risk of infectious
events [78]. In CKD patients, the leukocyte recruitment into
inflamed tissue is impaired but is restored if FGF23 is neutral-
ized. In CKD mice, intra-vital microscopy showed that FGF23
is able to inhibit leukocyte adhesiveness to endothelial surface
[79]. Polymorph nuclear leucocytes (PMNLs) carry FGF
receptor isoform called FGFR2 [80]. Binding of FGF23 to
FGFR2 activates protein kinase A (PKA) within PMNs.
PKA activation inhibits integrin activation on PMNs and thus
blocks the action of selectins and chemokines on PMNLs
adhesion and trans endothelial migration [79].

Discussion

When FGF23 was first characterized and subsequent studies
disclosed its hypophosphatemic action, its high level in CKD
was appreciated as a protective mechanism against disturbed
phosphate handling by the diseased kidneys. This impression
was reinforced by the studies on FGF23 knockout mice. In
these mice premature aging, soft tissue and arterial calcifica-
tion were outstanding [81,82]. However, later observational
clinical trials disclosed opposite results. FGF23 was signifi-
cantly and independently associated with disease progression,
increased mortality, LVH, and VC in CKD. The association
between FGF23 and increased mortality was further sup-
ported by a recent meta analysis of seven studies including
1406 ESRD patients maintained on dialysis [83]. Shalhoub
and his colleagues used monoclonal antibodies to block the
action of FGF23 in CKD rats. VC and mortality significantly
increased in the treated rats in spite of control of hyper-
parathyroidism. They explained these results as a consequence
of the significant rise of serum phosphorus in the treated rats
[10]. These results favored the concept that FGF23 is a mere
risk marker [11,12]. By that time, FGF23 was considered a
favorable factor and the adverse events associated with its
pathologic high level are the consequences of either the phos-
phate load or the deficient klotho or due to its effect on
vitamin D activation. Suppression of 1,25(OH), vitamin D
synthesis results in secondary hyperparathyroidism [2,17].
However, many studies in the last five years have disclosed
the offensive role of FGF23. The direct effect of FGF23 on
cardiac mass was the Ist evidence of this offensive role [50].
It also induces the genes responsible for TNFa and TGFf pro-
duction within the renal tissue of CKD mice [41]. This might
be the 2nd evidence of the direct damage induced by FGF23.
The significant increase of TNF-a production within splenic
cells [42], and macrophages [43.44] and of CRP and IL6 by
hepatocytes [26] on stimulation of these cells points to a crucial
role of high FGF23 in the pathogenesis of systemic inflamma-
tion in CKD. These findings confirmed that FGF23 in CKD
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patients is a real foe. Being triggered by immune and inflam-
matory reactions [43-47] and at the same time to increase
secretion of inflammatory mediators, it seems that FGF23
fuels the fire of inflammation and hence confirms its link to
vascular inflammation and subsequent calcification and to
increased mortality of CKD patients. Further support to the
direct adverse effect of FGF23 was achieved by the work done
by Rossaint et al., published last March. Binding of FGF23 to
its receptors on the surface of neutrophils impaired their
response to selectin and chemokine stimulation [79].

These accumulating findings should trigger the energetic
control of FGF23 once its serum level starts to rise above nor-
mal in almost all CKD patients. FGF23 starts to increase as
carly as stage G2 [84]. Alimentary phosphate absorption is
the most modifiable target to control FGF23 level. Many
short-term small studies looked for the control of FGF23 by
dietary phosphate restriction [85], non-calcium based phos-
phate binders [86-89], phosphate restriction plus non-calcium
based phosphate binders [90], cinacalcet [91,92], or cinacalcet
plus low-dose vitamin D [93]. Although appreciable reduction
of FGF23 was achieved in these studies, the dual treatment by
dietary phosphate restriction and non-calcium based phos-
phate binders showed the most consistent effect [90].
Calcium-based phosphate binders do not achieve similar
results [94] probably because calcium stimulates FGF23
production [95]. Nicotinamide blocks the intestinal sodium
phosphate co-transporter “NPT2b” [96]. This active trans-
porter is up regulated by dietary phosphate restriction [97].
It seems that combining nicotinamide to dietary phosphate
restriction and non-calcium based phosphate binder would
give the most efficient control of intestinal phosphate
absorption and hence FGF23 control. This is the rationale
of the currently underway CKD Optimal Management with
BlInders and NicotinamidE (COMBINE) study [98]. Selective
blocking of FGF23-FGFR signaling is another hopeful alter-
native that waits for clinical studies. Finally, we like to empha-
size that there is no randomized clinical trials that show that
the therapeutic reduction of FGF23 is associated with better
outcomes. In the secondary analysis of EVOLVE study,
hyperparathyroid patients treated with cinacalcet showed a
sustained significant decrease of FGF23 levels after 20 weeks
of cinacalcet treatment. Reduced FGF23 levels were associated
with lower cardiovascular mortality and major cardiovascular
events [99].

Conclusions

It became evident that FGF23 is neither a good friend nor an
innocent bystander. Energetic control of FGF23 through
control of phosphate load and or using selective receptor
blockers should have a significant favorable impact on CKD
progression, systemic inflammation, immunity, cardiovascular
disease, cardiovascular, and overall mortality. The link
between the effect of non-calcium based phosphate binders
on FGF23 and their anti-inflammatory actions and their
impact on overall mortality would support this view.
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