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Abstract

Background: Membrane aKlotho (hereinafter called Klotho)
is highly expressed in the kidney and functions as a corecep-
tor of FGF receptors (FGFRs) to activate specific fibroblast
growth factor 23 (FGF23) signal pathway. FGF23 is produced
in bones and participates in the maintenance of mineral
homeostasis. The extracellular domain of transmembrane
Klotho can be cleaved by secretases and released into the
circulation as soluble Klotho. Soluble Klotho does not only
weakly activate FGFRs to transduce the FGF23 signaling
pathway, but also functions as an enzyme and hormonal
substance to play a variety of biological functions. FGF23 ex-
erts its biological effects through activation of FGFRs in a
Klotho-dependent manner. However, extremely high FGF23
can exert its pathological action in a Klotho-independent
manner. Summary: The decline in serum and urinary Klotho
followed by a rise in serum FGF23 at an early stage of chron-
ic kidney disease (CKD) functions as an early biomarker for
kidney dysfunction and can also serve as a predictor for risk
of cardiovascular disease (CVD) and mortality in both CKD
patients and the general population. Moreover, Klotho defi-
ciency is a pathogenic factor for CKD progression and CVD.

FGF23 may also contribute to CVD. Prevention of Klotho de-
cline, reactivation of endogenous Klotho production, or sup-
plementation of exogenous Klotho attenuate renal fibrosis,
retard CKD progression, improve mineral metabolism, ame-
liorate cardiomyopathy, and alleviate vascular calcification
in CKD. However, the poor CVD outcome after depletion of
FGF23 with FGF23 antibody stimulates the generation of a
more specificinhibitor of FGF23 for CKD treatment. Key Mes-
sage: Klotho/FGF23 may not only be diagnostic and/or
prognostic biomarkers for CKD and CVD, but are also patho-
genic contributors to CKD progression and CVD develop-
ment. The Klotho/FGF23 axis should be a novel target for

renal clinics. ©2016 S. Karger AG, Basel

Introduction

The Klotho gene was discovered in 1997 when mice
with serendipitous silencing of this gene developed pre-
mature aging syndrome [1]. Recently, two other para-
logs, BKlotho [2] and yKlotho [3], were identified, and
Klotho was thereafter redesignated aKlotho [4] (herein-
after simply referred to as Klotho) to distinguish it from
BKlotho and yKlotho. Klotho is highly expressed in the
kidney, brain, and to a lesser extent in other organs [1].
The extracellular domain of membrane Klotho consist-
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Fig. 1. Source of soluble Klotho. The kidney is the main source of
circulating Klotho under physiological conditions. Both renal
proximal and distal tubules express membrane Klotho protein and
also presumably produce secreted Klotho protein through alterna-
tive splicing. The secreted Klotho only contains a K11 domain and
is directly secreted into the blood circulation (left panel); its bio-
logical function is not completely clear yet. Extracellular domain
of membrane Klotho containing K11 and KI2 repeats is shed and
cleaved by secretases into either full extracellular domain or Kl1
repeat, and directly exerts its biological actions. Both cleaved
Klotho fragments are in the blood circulation (right panel).

ing of 2 repeat sequences (KlI1 and Kl2) can be shed by
secretases to yield full fragment and Kl1 fragment of ex-
tracellular domain, respectively, and released into the
circulation as cleaved Klotho [5, 6]. Another form of
Klotho protein encompassing the K11 fragment is gener-
ated by alternative transcript splicing and is called se-
creted Klotho [1, 7]. Taken together with 2 cleaved
Klotho fragments, these are collectively termed soluble
Klotho (Fig. 1). Soluble Klotho, simply referred to as
cleaved full fragment of Klotho protein, is the main func-
tional form in the circulation [5], cerebrospinal fluid [8,
9], and urine of mammals [10-14], and serves as the cir-
culating substance exerting multiple biological actions
on distant organs [15-17].
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Fibroblast growth factor 23 (FGF23) was identified as
a phosphaturic hormone in 2000 [18]; it is produced in
the bone and controls mineral homeostasis by regulation
of serum phosphate (Pi) [18, 19], parathyroid hormone
(PTH), and 1,25-(OH),-vitamin D5 (1,25-(OH),D5) [20].
Both Klotho and FGF23 interplay to participate in min-
eral homeostasis [21-25]. Soluble Klotho is dramatically
decreased and FGF23 increased in chronic kidney disease
(CKD) and end-stage renal disease (ESRD). They have
also been proposed as sensitive biomarkers for adverse
renal and extrarenal outcomes in patients with CKD and
ESRD [25, 26].

CKD is characterized by chronically progressive dete-
rioration of renal function, which eventually progresses
to ESRD. CKD is considered as a state of accelerated aging
[27, 28] with high risk for cardiovascular morbidity and
mortality [29], and is the principal killer of CKD and
ESRD patients. However, the mechanism underlying the
progression from acute kidney injury (AKI) to CKD,
ESRD, and cardiovascular disease (CVD) development is
not completely illustrated. Aberrant Klotho/FGF23 axis
is assumed to make a major contribution to them.

In this paper, we will discuss the recent literature on
the Klotho/FGF23 axis in CKD/ESRD and then summa-
rize preclinical data on Klotho supplementation for pre-
vention of CKD progression and amelioration of CVD.
Finally, we will discuss the potential effect of FGF23 on
CKD. Hopefully Klotho/FGF23 will be a novel target for
CKD.

Overview of the Klotho/FGF23 Axis

The Klotho gene encodes a single-pass transmembrane
protein found in humans, mice, and rats. Klotho protein
is expressed in multiple tissues but is found in particu-
larly high levels in the kidney [1]. In the kidney, Klotho is
prominently expressed in the distal convoluted tubules,
but is also unequivocally found in the proximal convo-
luted tubule [13, 30] and the inner medullary collecting
duct-derived cell lines [31]. Under physiological condi-
tions, the kidney makes a major contribution to the main-
tenance of soluble Klotho homeostasis through dual ef-
fects: (1) producing and releasing cleaved Klotho from
membrane Klotho in the renal tubular epithelial cells into
the circulation, and (2) clearing soluble Klotho from the
blood into the urinary lumen through transcytosis to
cross renal tubules [5]. Yet in CKD or ESRD, soluble
Klotho is still detectable, although it is much lower than
in healthy human beings [32-34], suggesting that there is
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Modes of interplay of Klotho/FGF23

Fig. 2. Proposed modes of fibroblast growth
factor 23 (FGF23) and Klotho action.
Membrane Klotho (green) binds to the
FGF receptor (FGFR) (brown), which in
turn binds to FGF23 (white and pink) to
form the 2FGF23/2FGFR2/Klotho com-
plex. In this complex, Klotho functions as
the receptor to replace the function of hep-
aran sulfate to transduce the FGF23 signal.
The potential FGFRs for FGF23 include
FGFR1c, FGFR3c, and FGFR4 and serve as
the high-affinity receptor for FGF23 (left
panel). Soluble Klotho may form a simi-
lar complex and potentially prevent high
FGF23-induced side (off-target) effects
(middle panel). Soluble Klotho also exerts
its multiple biological actions in an FGF23-
independent manner via a yet-to-be-iden-
tified mechanism(s) (right panel).
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a compensatory mechanism of production and release of
Klotho into the circulation from extrarenal organ(s) or
tissue(s). However, the site of this source is unclear.

Unlike canonic FGF family members, the FGF19 sub-
family consisting of 3 members - FGF19(15), FGF21, and
FGF23 - has a unique structural feature: the lack of a hep-
arin-binding domain that is preserved in all paracrine/
autocrine FGFs impairs the capture in extracellular ma-
trices and is believed to enable their endocrine release.
Membrane Klotho functions as a coreceptor to enhance
the binding of the endocrine FGF23 to FGF receptors
(FGFRs) through the formation of a Klotho/FGFR/FGF23
complex, with subsequent activation of FGF signal trans-
duction at their target organs (Fig. 2) [4, 35, 36].

FGF23 is produced mainly in osteocytes and osteo-
blasts by the regulation of serum Pi and iron, and min-
eral hormones including 1,25-(OH),D;, PTH, and Klotho
(4, 37, 38]. The FGF23 protein has 251 amino acids with
a signal peptide of 24 amino acids [39]. The active FGF23
protein is proteolytically produced before or during the
process of secretion between Arg!”® and Ser!®. Cleaved
C-terminal peptides were shown to actively suppress
FGF23 activity [35], but the biological function of N-ter-
minal peptides remains to be illustrated. Since FGF23 was
discovered, numerous studies have shown that excessive

Klotho and FGF23 in CKD and CVD

and deficient FGF23 results in hypo- and hyperphospha-
temia, respectively. However, FGF23 was recently shown
to be associated with CKD-mineral and bone disorder de-
velopment and progression [40].

Two independent laboratories showed that Klotho is
required to convert canonical FGFR into a specific re-
ceptor for FGF23 by functioning as an obligate corecep-
tor to form a constitutive binary complex with FGFRIc,
FGFR3c, or FGFR4 to selectively increase the affinity of
these FGFRs to FGF23 and not to other FGFs [41, 42]
(Fig. 2). Interestingly, soluble Klotho can also bind to
FGF23/FGEFR, but it prevents high FGF23-induced toxic-
ity [43] (Fig. 2). Moreover, FGF23 can act independently
of Klotho to induce pathogenic action in an off-target
manner, particularly when present in supraphysiological
concentrations [44-46], but the molecular mechanisms
behind the direct effects of FGF23 remain to be eluci-
dated.

Klotho/FGF23: A Novel Biomarker for CKD and CVD

Renal clinical practice requires highly sensitive and
specific diagnostic and prognostic biomarkers for CKD.
The early identification of CKD onset and risk stratifica-
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tion of CKD progression and/or CKD-related complica-
tions are essential for early treatment of CKD patients to
ameliorate their comorbidity burden, particularly CVD,
and prevent the development of ESRD [47, 48]. Klotho
and FGF23 might be future candidates as sensitive and
specific markers for CKD and CVD.

Klotho Deficiency in CKD

Currently, CKD is considered as a pan state of Klotho
deficiency and premature aging disease [14, 27, 49]. Low
Klotho mRNA expression in the kidney was found in
CKD patients and positively correlated with their esti-
mated glomerular filtration rate (¢GFR) [50-52]. Because
of comparable change of levels of renal Klotho to those of
serum and urinary Klotho, serum and urinary Klotho can
be surrogate markers for renal Klotho [14]. It has been
shown that serum Klotho levels start to decline in mild
CKD patients (stages <2) and precede the elevation of
serum FGF23, PTH, and Pi [49], suggesting that Klotho
might be a sensitive biomarker for the decline of kidney
function. Serum Klotho levels were progressively lower
with more advanced CKD stages [53]. The adjusted de-
crease in serum Klotho was 3.2 pg/mL for each 1 mL/min/
1.73 m? decrease in eGFR [33]. In children under perito-
neal dialysis, serum Klotho levels were also significantly
lower than in healthy controls [54].

Urinary Klotho was even more sensitive because it was
decreased in patients with CKD stage 1, and the magni-
tude of decrease in urinary Klotho was correlated with the
severity of decline in eGFR in CKD patients [14]. Further-
more, eGFR significantly correlated with the amount of
urinary excreted Klotho and serum Klotho levels. How-
ever, a stepwise multiple regression analysis identified
eGFR to be a variable independently associated with only
urinary excreted Klotho and not serum Klotho concen-
tration, indicating that urinary Klotho might be more re-
liable than serum Klotho. A strong correlation between
random urinary Klotho/creatinine ratio and 24-h urinary
protein excretion suggested that urinary Klotho/creati-
nine is a surrogate for urinary Klotho excretion [10].

Growing results from animal experiments showed that
Klotho deficiency causes vascular calcification, cardiac fi-
brosis, and cardiac hypertrophy in CKD [14, 16, 55]. A
cross-sectional study of CKD patients with modest de-
cline in renal function revealed that serum Klotho is in-
dependently associated with arterial stiffness measured
by ankle-brachial pulse wave velocity [34]. In contrast, a
larger cohort study of CKD stages 2—-4 showed that plas-
ma Klotho levels (highest versus lowest tertile) did not
predict atherosclerotic or acute heart failure events or
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death after 2.6 years of follow-up [56]. Serum Klotho lev-
els were significantly reduced in hypertensive patients
with mild CKD when compared to healthy controls after
adjustment for eGFR [57]. The role of Klotho as a predic-
tor of adverse outcomes in CKD was confirmed in CKD
patients (stages 1-5) after adjustment for cofounders.
Among patients with low serum Klotho levels (<396.3
pg/mL), 35.2% had poor and/or severe outcome (dou-
bling serum creatinine, ESRD, or death), whereas only
15.7% of patients with high serum Klotho levels (>396.3
pg/mL) had adverse outcomes [33].

It is imperative to recognize that current Klotho clini-
cal data are derived from small observational studies, de-
spite being promising and somehow consistent, and still
require subsequent extrinsic validation in a much bigger
cohort. An additional difficulty of using Klotho as a bio-
marker is the lack of a standardized assay to measure sol-
uble Klotho, often yielding inconsistent or even contra-
dictory results [49, 58]. The development of an assay that
is accurate, reliable, and reproducible is mandatory to ac-
celerate human studies in CKD. Furthermore, identifi-
cation and characterization of circulating cleaved full-
length Klotho, Kl1 or KI2, and secreted Klotho may be
biologically necessary to fully unveil the role of Klotho in
kidney disease.

High FGF23 in CKD

Currently the bulk of clinical observations and experi-
mental animal studies show that FGF23 is a biomarker for
CKD as itrises earlier than most other serum parameters,
including serum creatinine, Pi, 1,25-(OH),D;, and PTH,
but may follow the reduction of Klotho in adult early-
stage CKD [59] (Fig. 3). In mild CKD children (eGFR
30-90 mL/min/1.73 m?), a high plasma level of C-termi-
nal fragment of FGF23 (cFGF23) is the earliest detectable
abnormality [60]. Serum FGF23 can also be a predictor
for poor outcomes in CKD as increased FGF23 is associ-
ated with fast progression to ESRD and increased cardio-
vascular morbidity and mortality. However, one popula-
tion-based study analyzing alteration in the sequences of
plasma intact fragment of FGF23 (iFGF23) and cFGF23
in the elderly (65 years or over) showed that iFGF23 in-
creased significantly when eGFR was reduced to 51.6 mL/
min/1.73 m?, while cFGF23 elevation occurred at an
eGFR of 57.7 mL/min/1.73 m? [61], indicating that
cFGF23 is more sensitive to detect eGFR decline in a non-
CKD population. Circulating FGF23 is also independent-
ly associated with poor renal outcomes and mortality. Af-
ter a median follow-up of 53 months, CKD patients with
higher cFGF23 or iFGF23 at baseline had much faster
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Fig. 3. Proposed model and time profile of changes in serum
Klotho, fibroblast growth factor 23 (FGF23), phosphate (Pi), and
hormones relevant to mineral metabolism in relation to chronic
kidney disease (CKD) progression. The decline in Klotho (black
line) is an early event which is followed by other changes as CKD
progresses. Low Klotho may induce FGF23 resistance causing a
compensatory increase in blood FGF23 levels (red line) to main-
tain Pi homeostasis in CKD. The compensatory increase in FGF23
then suppresses 1,25-(OH),-vitamin Dj (1,25-(OH),D;) produc-
tion (blue line). Low 1,25-(OH),D; and high blood Pi (purple line)
due to progressive decline in renal function increase parathyroid
hormone (PTH) (green line), which may contribute to high FGF23
in advanced CKD.
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progression to ESRD compared to those with low cFGF23
and iFGF23 [62]. Following that study, other epidemio-
logic studies confirmed that an elevated FGF23 level is an
early biomarker of altered Pi metabolism in the initial
stages of CKD and acts as a strong predictor of mortality
in dialysis patients [61, 63].

Patients with elevated FGF23 levels had higher aortic
and coronary calcification scores than those with lower
FGF23 levels [59, 64]. Elevated levels of FGF23 were also
shown to be clinically associated with endothelial dys-
function and arterial stiffness in CKD patients. In the
non-CKD population, higher FGF23 is independently as-
sociated with an increased risk for major cardiovascular
events [65]. Thus, an increase in FGF23 is an independent
determinant for CVD in both kidney disease patients and
the general population. An experimental study confirmed
that preincubation of aortic rings with FGF23 increased
superoxide levels, reduced NO levels, and abolished en-

Klotho and FGF23 in CKD and CVD

dothelium-dependent relaxation elicited by acetylcho-
line, which was prevented by the FGFR antagonist
PD166866. Therefore, FGF23 can cause endothelial dys-
function and contribute to cardiovascular dysfunction
[66]. Higher FGF23 is also associated with a greater risk
of carotid atherosclerosis independent of CKD, and ath-
erosclerosis may be a mechanism through which FGF23
increases cardiovascular events and stroke [67]. There is
a close association between elevated FGF23 levels and in-
creased mortality in the dialysis population [68] and in
community participants over 65 years old [69]. Interest-
ingly, these associations appear to be stronger in CKD
patients [64].

Despite numerous epidemiologic studies showing a
close relationship between FGF23 and the prevalence of
cardiac events, including myocardial infarction, heart
failure, and left ventricle hypertrophy, in both the CKD
and the community population [70, 71], there have been
limited experimental studies revealing their causality.
Faul and colleagues [44, 72] showed that FGF23 may di-
rectly cause pathological cardiac remodeling in animal
models and in isolated rat cardiomyocytes via FGFR-
dependent activation of the calcineurin-NFAT signaling
pathway, but this effect was independent of Klotho. Re-
cently the same group further indicated that the patho-
genic effect of FGF23 on the induction of cardiac hyper-
trophy might be mediated through upregulation of
FGFR4 expression and activity [73].

FGF23 circulates as a full-length protein, and after
proteolytic cleavage, a C-terminal fragment. FGF23 C-
terminal enzyme-linked immunosorbent assay (ELISA)
yields the sum of the C-terminal fragment and intact
FGF23 [74, 75], whereas FGF23 intact ELISA simply
yields iFGF23, which constitutes the biological activity of
FGF23 and is involved in pathophysiological processes in
subjects with CKD and other phosphatemic disorders
[74, 76, 77]. Animal studies have shown that an increase
in cFGF23 by C-terminal ELISA may be due to the in-
crease in C-terminal fragments acting as an acute-phase
reactant under stressful conditions because iFGF23 was
not elevated [78]. This concept in CKD patients is still
uncertain and needs to be confirmed.

The Klotho/FGF23 Axis Is a Novel Target for CKD and
CVD Treatment

Replacement of Klotho
The kidney is the major organ contributing to circulat-
ing Klotho [5, 79]. Decreased Klotho production renders
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the kidney more susceptible to a variety of kidney insults
[12, 17], retards kidney recovery from AKI, promotes the
AKI-to-CKD transition [80], and exacerbates uremic car-
diomyopathy [16] and vascular calcification [14]. Con-
ceivably, any therapy that restores Klotho levels through
reactivation of endogenous Klotho or administration of
exogenous Klotho might be a novel treatment strategy for
CKD.

It has been shown that epigenetic processes such as
methylation and acetylation in the Klotho gene promoter
can modulate endogenous Klotho expression. In CKD,
accumulated indoxyl sulfate or p-cresyl sulfate in the
blood induces hypermethylation of the Klotho gene and
decreased Klotho expression in CKD [81, 82]. The hyper-
acetylation of histone in the Klotho promoter also inhib-
its Klotho expression [83]. TNF and TNF-like weak in-
ducer of apoptosis-downregulated renal Klotho expres-
sion can be blunted by inhibition of histone deacetylase
[84], indicating that cytokine-induced elevation of his-
tone acetylation is associated with downregulation of
Klotho expression. Other epigenetic mechanisms such
as microRNA-mediated regulation also contribute to
the downregulation of Klotho expression in diabetic ne-
phropathy and CKD [85, 86]. However, the therapeutic
efficiency of epigenetic modulation in the upregulation of
renal Klotho is worth confirming in kidney diseases.

To date, several categories of drugs in the market, in-
cluding peroxisome proliferator-activated receptor-gam-
ma agonists [87], angiotensin II-type I receptor antago-
nists [88], 3-hydroxy-3-methylglutaryl CoA reductase in-
hibitors (statin) [89], vitamin D-active derivatives [11,
90], and intermedin [91], have been shown to upregulate
Klotho expression in vivo and/or in vitro. Hence, the up-
regulation of Klotho doubtlessly has beneficial effects on
target organs of experimental CKD models, although the
detailed molecular mechanisms whereby Klotho is up-
regulated remain to be explored [11].

The alternative way to increase soluble Klotho is the
administration of soluble Klotho protein, which is a
more direct, safer, and more potent way to restore endo-
crine Klotho deficiency than reactivation of endogenous
Klotho, particularly in advanced CKD or ESRD. Animal
studies have already provided encouraging proof-of-con-
cept data that bolus administration of soluble Klotho pro-
tein is safe and effective in protecting against kidney in-
jury [12] and in inducting phosphaturia [13]. Further-
more, repeated administration of soluble Klotho protein
attenuates AKI-to-CKD progression when it is given after
ischemia-reperfusion [80] or after ureteral ligation [92].
Although intravenous delivery of a transgene encoding
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soluble Klotho was shown to ameliorate cardiac hyper-
trophy in CKD mice with Klotho-deficiency [55], the bio-
safety in clinical practice is of top concern.

FGF23 Antagonism

Elevated FGF23 is a strong predictor of adverse cardio-
vascular outcomes and mortality in CKD and ESRD. The-
oretically, FGF23 might be a novel target for treatment of
CKD and ESRD patients to attenuate cardiovascular
events and reduce mortality. Traditionally, interventions
to lower Pi uptake from the intestine or low-Pi diet were
among the basic regimens to reduce cardiovascular risk
and subsequently improve survival in CKD patients. Now
they have been shown to lower serum FGF23 [93].
Sevelamer, a Pi binder, in combination with a Pi-restrict-
ed diet decreased FGF23 levels in mild and moderate
CKD patients [94]. In advanced CKD, sevelamer carbon-
ate treatment still reduced serum Pi, but not serum FGF23
[95]. When compared to calcium carbonate, lanthanum
carbonate induced lower serum FGF23 and less urinary
Pi excretion in CKD stage 4-5 patients [96]. In addition
to Pi binder and restriction of Pi intake, dietary protein
restriction also reduces serum FGF23 [97].

Shalhoub et al. [98] demonstrated that FGF23 antibod-
ies successfully ameliorated the development and progres-
sion of most features of secondary hyperparathyroidism
in a rat model of CKD, however at the expense of hy-
perphosphatemia, progressive vascular calcification, and
death. Another beneficial effect of FGF23-neutralizing
antibody was to attenuate bone disease and improve bone
quality [99]. Such “negative” consequences following
neutralizing antibody do not discourage one’s effort to ex-
plore the clinical potential of FGF23, but rather they stim-
ulate one to define FGF23’s pathophysiological action and
especially delineate the narrow window between adapta-
tion and maladaptation of high FGF23 in the CKD sce-
nario [100]. When one uses FGF23 antibody to deplete all
the FGF23 in the circulation, i.e., creating an FGF23
knockout model, one should be aware that the phenotypes
in FGF23 knockout mice will occur, such as vascular cal-
cification and hyperphosphatemia [1, 101]. Therefore, in
CKD patients who have low Klotho levels, complete sup-
pression of FGF23 by removing it from the circulation
would worsen uremic symptoms. The best strategy for the
management of high FGF23 is to maintain a low level of
FGF23 instead of completely depleting it, and at the same
time block FGF23 off-target action C-terminal fragment
of FGF23 is a natural antagonist to FGF23 activity [35],
and whether it will be a therapeutic agent for treatment of
CVD in CKD is worthy of investigation.
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High Pi, low serum vitamin D, and high FGF23 are
negative regulators of Klotho expression in the kidney
and circulating Klotho, as well as positive inducers of
FGF23 production in the bone and circulating FGF23, as
such exogenous soluble Klotho administration in con-
junction with FGF23 antagonism, vitamin D supplemen-
tation, and Pi control could better prevent or ameliorate
the burden of CKD or even restore mineral metabolism
homeostasis and halt CKD-related complications.

Summary

CKD is a public health epidemic. An increased risk of
death and CVD, including uremic cardiomyopathy and
vascular calcification, was found in ESRD and even mild
or moderate CKD patients. Klotho deficiency and FGF23
elevation are associated with poor outcomes and compli-
cations in CKD/ESRD patients and the general popula-
tion. Recent advances in the understanding of Klotho and
FGF23 biology definitely support the notion that aberrant
function of the Klotho/FGF23 axis promotes CKD pro-
gression and CVD development. Klotho and FGF23
might be novel diagnostic targets for the early diagnosis

of renal dysfunction and prediction of chronic complica-
tions, including CVD in CKD. In addition, they are also
potential therapeutic targets for the treatment of CKD pa-
tients. Obviously, better understanding of the cellular and
molecular mechanisms behind the effect of Klotho and
FGF23 on CKD progression and CVD development will
help in developing and implementing novel therapeutic
strategies. Collaborative and translational research are
crucial to enhance bench-to-bedside transition.
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