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A B S T R A C T

The Klotho protein, known as an antiaging protein, is expressed mainly in the kidney, and kidney
disorders may contribute to the disrupted expression of renal Klotho. The purpose of this sys-
tematic review was to determine if there are biological and nutraceutical therapies that increase
the expression of Klotho and can help prevent complications associated with chronic kidney
disease. A systematic literature review was carried out through the consultation of PubMed,
Scopus, and Web of Science. Records between the years 2012 and 2022 in Spanish and English
were selected. Cross-sectional or prevalence and analytical studies were included that evaluated
the effects of Klotho therapy. A total of 22 studies were identified after the critical reading of these
selected studies: 3 investigated the association between Klotho and growth factors, 2 evaluated
the relationship between the concentration of Klotho and the type of fibrosis, 3 focused on the
relationship between vascular calcifications and vitamin D, 2 assessed the relationship between
Klotho and bicarbonate, 2 investigated the relationship between proteinuria and Klotho, 1
demonstrated the applicability of synthetic antibodies as a support for Klotho deficiency, 1
investigated Klotho hypermethylation as a renal biomarker, 2 investigated the relationship be-
tween proteinuria and Klotho, 4 linked Klotho as an early marker of chronic kidney disease, and 1
investigated Klotho levels in patients with autosomal dominant polycystic kidney disease. In
conclusion, no study has addressed the comparison of these therapies in the context of their use
with nutraceutical agents that raise the expression of Klotho.

© 2023 United States & Canadian Academy of Pathology. Published by Elsevier Inc. All rights reserved.
Introduction

Chronic kidney disease (CKD) is a serious public health prob-
lem, having a prevalence of approximately 11% in the adult pop-
ulation in Spain.1 It is associated with high morbidity, especially
due to cardiovascular diseases (CVDs).2,3 CKD is characterized by
the inability of the kidney to remove waste products and excess
fluid from the body.
The term CKD replaced chronic renal failure and was defined in
2022 by the National Kidney Foundation Kidney Disease Quality
Outcome Initiative4 as a decrease in renal function, expressed by
the glomerular filtration rate (GFR) or creatinine clearance >60/
mL/min/1.73 m2 or as the presence of persistent kidney damage
for at least 3 months. Likewise, the National Kidney Foundation
has divided CKD into 5 stages based on its GFR.

Kidney damage is usually diagnosed by urine markers, estab-
lishing the diagnosis of CKD by a decreased GFR or by markers of
kidney damage. The main marker of kidney damage is elevated
urinary albumin or protein excretion. This new vocabulary pro-
vides a platform for health care professionals caring for patients
ology. Published by Elsevier Inc. All rights reserved.

mailto:rafaelfernandez@ugr.es
https://doi.org/10.1016/j.labinv.2023.100178
https://doi.org/10.1016/j.labinv.2023.100178


R.F. Castillo / Lab Invest 103 (2023) 100178
with CKD around the world to speak a common language. It also
provides a simple definition of CKD and a classification system
that distinguishes between groups of patients.5

The main causes of CKD are diabetes mellitus, renal vascular
disease glomerulonephritis, and hypertension.6 The risk of CKD
increases with age, and lifestyle also plays a very important role in
its development.7 Obesity is known to lead to CKD through dia-
betes mellitus and hypertension. Still, evidence indicates that
obesity can also contribute directly to kidney damage because of
glomerular hyperfiltration, that is, by affecting the GFR and renal
plasma flow.8,9 In addition, there is evidence that smoking may be
a risk factor for CKD.10

Furthermore, the prevalence of CKD is 1.5 times higher in men
than that inwomen, suggesting a sex difference in susceptibility.11

The estimated global prevalence of CKD is 13.4% (11.7%-15.1%),
and the number of patients with end-stage renal disease who
need renal replacement therapy is estimated to be between 4.902
and 7.083 million.12 Although data are scarce for developing
countries, it is estimated that by 2030, 70% of patients with end-
stage renal disease (stage 5 CKD) will be in developing coun-
tries, which increases the burden on the budgetary capacities of
health care systems.13

Alterations in mineral metabolism that accompany CKD are an
important cause of morbidity, especially cardiovascular mortal-
ity.14 Approximately 50% of patients in dialysis die from cardio-
vascular events, not only in the terminal stage but even in the
earliest stages.15

Cardiovascular pathology is mainly due to vascular calcification
(VC) scores produced by parathyroid hyperfunction and high
CaxP.16 Elevated P serum levels associated with high-remodeling
bone disease are also associated with VC in patients with CKD. It
has been reported that for each mg/dL that serum phosphorus
increases, the risk of death increases by 23%.17 Some recent reports
on vascular tissue cultures have studied how the chronic Ca/P
metabolism disorder of CKD affects VC, finding that for the same
CaxP product, the calcification induced by Ca is more powerful
than that induced by P.18

In the VC of patients with CKD, in addition to the classic car-
diovascular risk factors (diabetes, hypertension, obesity, dyslipi-
demia, smoking, age, and inflammation), other factors have been
described, including Ca/P metabolism disorders, time on dialysis,
treatment with phosphorous, and treatment with corticosteroids
or warfarina.19 Klotho is a protein that was discovered in 1997 in
rapidly agingmice.20 The defect in those micewas a lack of Klotho.
Since then, it has been found that Klotho is present in the cell
membrane and the bloodstream, where it functions as a hormone
associated with the aging process; it participates in phosphorous
metabolism and regulates the activity of fibroblast growth factor
23 (FGF23).21 The main source of Klotho is the kidney. Kidney cells
secrete Klotho into the environment that surrounds them, so that
through circulation, it reaches the various organs of our body
where it exerts its antiaging function.

In CKD, there is evidence of an early reduction in renal Klotho
messenger RNA expression, affecting both transmembrane Klotho
and soluble Klotho. This is responsible for the development of
renal tubular cell resistance to FGF23. FGF23 regulates both renal
phosphate handling and renal calcitriol synthesis. Soluble Klotho
may have anti-inflammatory and antiapoptonic effects.22 FGF23
and Klotho play an essential role in the regulation of mineral
metabolism, and both are altered as a consequence of renal failure.
FGF23 increases to increase phosphaturia, which prevents phos-
phate accumulation in the early stages of CKD. This effect of FGF23
requires the presence of Klotho in the renal tubules. However, its
expression is reduced as soon as renal function begins to fail to
2

generate a state of resistance to FGF23. Changes in these proteins
directly affect other parameters of mineral metabolism. They can
affect kidney function and cause damage to other organs, such as
bone, the heart, and the vascular system (Fig. 1). Some of the
mechanisms responsible for changes in FGF23 and Klotho levels
are related to 2 changes in Wnt signaling. There seems to be a link
between FGF23/Klotho and Wnt/b-catenin in different organs,
such as the kidney, heart, and bone. Activation of canonical Wnt
signaling produces changes in FGF23 and Klotho and vice versa;
therefore, this pathway is of interest in complementing a project
where new biological therapies, and nutraceuticals are created
that increase the expression of Klotho. This can help prevent
complications and CVD because it is still not possible to make up
for a lack of Klotho. The aim of this systematic review was to
determine if there are biological and nutraceutical therapies that
increase the expression of Klotho and can help prevent compli-
cations associated with CKD.
Materials and Methods

A systematic review of the records of different bibliographic
databases was carried out, following an established search and
review protocol to minimize the risk of bias in both the choices
and the publications themselves, thus ensuring optimal organi-
zation and content. The review followed the norms established in
the Preferred Reporting Items for Systematic Reviews and Meta-
Analyses23 statement.
Information Sources and Search Equation

For the search, PubMed, Scopus, and the Web of Science da-
tabases were consulted, with the results restricted to documents
published in the last 10 years. The search was conducted in March
2022, and the search equation was “(Klotho OR a-Klotho) AND
(chronic kidney disease OR CKD) AND (therapy or treatment OR
supplementation).” Search equation descriptors were obtained
from the thesaurus Medical Subproject headings.
Inclusion and Exclusion Criteria

Studies published in Spanish or English in the last 10 years
were selected in order to review themost current evidence. In this
regard, cross-sectional or prevalence and analytical studies that
evaluated the effects of Klotho therapy and its increase were
included. Studies that were not related to the subject or that did
not provide relevant statical information were excluded.
Selection and Evaluation of Methodological Quality

The selection was made in 4 phases: first, after performing the
search, the data were entered into the Mendeley bibliographic
manager to detect duplicate results. After reading the titles and
abstracts, those that did not fit the subject of the research, or the
objective of the study were excluded. Next, after reading the
complete texts, those that provided data related to the study were
chosen. Here, another article was discarded because it did not
have a research study format (being informative). Finally, a com-
plete reading of the articles that remained was carried out; they
were analyzed for the extraction of data and the realization of this
review.



Figure 1.
The decrease in renal mass causes a decrease in Klotho, calcitriol, and an increase in phosphorus (P). The increase in P leads to a greater decrease in calcitriol, an increase in
fibroblast growth factor 23 (FGF23), and parathyroid hormone. Parathyroid hormone also increases in an attempt to palliate the calcitriol deficit and increase FGF23. This
network increases cardiovascular risk: ventricular hypertrophy, atherosclerosis, endothelial dysfunction, and vascular calcifications. CKD, chronic kidney disease; PTH, para-
thyroid hormone.
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To assess the quality of the studies included in the review, the
levels of evidence and grades of recommendation of the Oxford
Center for Evidence-based Medicine 24 were followed. These
guidelines made it possible to evaluate the evidence according to
the thematic area of the clinical scenario in question, ensuring that
the most relevant knowledge of each scenario was obtained,
because of each scenario’s high degree of specialization.
Data Analysis

During the analysis of the data, the study designs, years of
publication, countries of publication of the studies, and the re-
lationships of these studies with the objective proposed in this
study were verified. Priority was given to those studies that
referred to treatment in the different phases of CKD.
Results

Selection of Studies

After applying the different search equations indicated above, a
total of 3365 articles were identified, of which 391 were obtained
from the PubMed database, 716 from Scopus, and 2258 from Web
of Science. In the first screening, duplicate articles were elimi-
nated, leaving a total of 1569 articles, of which 80 were not related
to CKD. In a second screening, articles that did not correspond to
3

the inclusion criteria were eliminated, so 1716 studies were
selected. These studies were read and analyzed to determine
whether they could be included in this review. In total, 1345 ar-
ticles were excluded after this evaluation, so the final number of
articles used for this systematic reviewwas 22 studies. Thesewere
then analyzed to assess their methodological quality. Figure 2
shows the flowchart of the selection and exclusion process of
the research studies, which was carried out according to the
Preferred Reporting Items for Systematic Reviews and Meta-
Analyses system.

Among the articles included, 3 investigated the association
between Klotho and growth factors,25-27 1 evaluated the rela-
tionship between oxidative stress and Klotho concentration,28 2
evaluated the relationship between Klotho concentration and
fibrosis type,29,30 3 focused on the relationship between VCs and
vitamin D,31-33 2 assessed the relationship between Klotho and
bicarbonate,34,35 2 investigated the relationship between cardio-
vascular alterations and Klotho,36,37 1 demonstrated the applica-
bility of synthetic antibodies as a support for Klotho deficiency,38 1
investigated Klotho hypermethylation as a renal biomarker,39, 2
investigated the relationship between proteinuria and Klotho,40,41

4 examined Klotho as an early marker of CKD,42-45 and 1 inves-
tigated Klotho levels in patients with autosomal dominant poly-
cystic kidney disease.46

The Table summarizes the most important results of these
studies and the aspects assessed: the study in question; the type
of design, objective, intervention, or treatment; the evaluation of
Klotho and the concentration; and the results.



Figure 2.
Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA flowchart of study selection).

R.F. Castillo / Lab Invest 103 (2023) 100178
Quality Evaluation

The 22 included studies had been designed with adequate
follow-ups, so they all had a level of evidence 2b and a grade of
recommendation B (Table).
Discussion

The purpose of this systematic review was to classify and
document all the possibilities of treatment with Klotho to com-
plement a project where new biological therapies and nutra-
ceuticals are being created that increase the expression of Klotho.
This can help prevent complications associated with CKD because
it is still not possible to make up for a lack of Klotho.

However, the studies analyzed were found to have focused on
other lines of research.
Klotho Growth and Oxidative Stress

Some studies investigated the fluency of growth hormone
administration with subcutaneous injections of GH (Genotropin,
20mcg/kg/d) for 7 consecutive days in patients with CKD to in-
crease Klotho25 levels, and this research only showed a modest
increase in Klotho in patients with stage 3 CKD. Other research
focused on FGF23 and reduced levels of Klotho.26,27 The biological
action of FGF23 depends on the Klotho gene, which acts as its
4

coreceptor. In this study, renal replacement therapy reduced
serum phosphorous and consequently FGF23 levels, but it did not
increase the Klotho levels, which continued to remain low. In
contrast, other studies in patients with polycystic kidney disease
found elevated levels of FGF-23 and Klotho.46

Several studies have described the involvement of oxidative
stress in the development of various kidney diseases,47,48 such as
diabetic kidney disease and acute kidney injury. However, some
studies found no evidence that affected antioxidant therapy will
increase a-Klotho concentrations in patients with CKD.28
Klotho Fibrosis and Vascular Calcifications

Klotho is a protein that is predominantly expressed in the
kidney, where it acts as a coreceptor for FGF23. In its execrated
form, Klotho exerts antifibrotic effects on various tissues. In clin-
ical trials, differences in Klotho cause fibrosis and, conversely,
overexpression or supplementation of Klotho protects against
fibrosis in various models of fibrotic kidney and heart disease.49,50

In this regard, some studies have shown the efficacy of dihy-
droartemisinin as a renoprotective agent, reversing Klotho
repression and improving renal fibrosis.29 Other studies have also
indicated that overexpression of the Klotho protein protects the
peritoneal membrane through alteration of the Wnt/b-catenin
signaling pathway.30 Klotho is an important regulator of mineral
metabolism homeostasis as it increases renal phosphate reab-
sorption by acting as a coreceptor for the binding of FGF23 to
FGFR1. It directly promotes the internalization and degradation of



Table
Characteristics and summary of the studies included in the review

Type of study (follow-up) Aim Intervention Evaluation (Klotho
concentration)

Results Reference (first
author)

Level of
evidence
(OCEBM)

Prospective, case-control
(15 mo)

Effect of subcutaneous GH
therapy on a-Klotho
concentrations in subjects with or
without mild CKD

Exogenous growth hormone
administration

Nonfasting blood samples and
first-morning spot urine were
drawn at baseline, after 7 d of
treatment and 1 wk after the
treatment stopped (554 in CKD
pg/m)

The differe n change of a-
Klotho con ation was not
statistically ificant between
the 2 sugro

Adema et al,25

2018
2b/B

Post hoc and prospective
randomized trial (12 mo)

A 12-mo antioxidant therapy
compared to placebo induces an
increase of a-Klotho

An antioxidant regime
comprising of pravastatin (40 mg/
d) starting at baseline followed by
the addition of vitamin E (a-
tocopherol acetate, 300 mg/d) at
month 6, or placebo for 12 mo

a-Klotho and vitamin D (25(OH)
D) and phosphate
concentrations were measured
in serum samples and
parathyroid hormone (PTH) and
c-terminal fibroblast growth
factor-23 (cFGF23)
concentrations
In plasma samples, all at
baseline and after 12 mo of
treatment (placebo: 489.6 pg/
m; intervention 492.7 pg/m)

Changes in otho
concentrat ere not different
between b roups

Adema et al,28

2016
2b/B

Prospective randomized
trial (12 mo)

Antifibrotic mechanisms of
dihydroartemisinin (DHA),
particularly its specific target in
renal cells, reverse Klotho
repression

DHA administration in mouse Renal cells. Renal fibrosis was
induced in mice by unilateral
ureteral obstruction (UUO) or
oral administration of adenine
(80 mg/kg-1), the mice received
DHA (30 mg/kg-1/d-1, i.g.) for 14
or 21 d (high levels)

Downregu of DNMT1
expression tively reversed
Klotho pro r
hypermeth n, consequently
restoring K protein and
amelioratin al fibrosis

Zhou et al,29

2022
2b/B

Prospective randomized
trial (15 mo)

How aldosterone and
spironolactone influence Klotho
gene expression

1º group of mice was
subcutaneously injected with
vehicle (soybean oil), DOCA
(50mg/kg BW), spironolactone
(75mg/kg BW) or DOCA and
spironolactone together
2º group of mice: was treated
with either spironolactone
(80mg/L)30 or with vehicle
drinking water ad libitum

Kidney tissues, blood and
plasma concentration (high
levels)

Besides blo the effects of
aldosteron onolactone
upregulate tho gene
expression regulation of 25-
hydroxyvit
D3 1-alpha roxylase with
subsequen vation of the
vitamin D3 ptor by 1,25(OH)2
D3, an effe ssibly
independe m the
mineraloco id receptor

Alesutan et al,31

2013
2b/B

Observational cohort study
(12 mo)

a-Klotho deficiency has been
shown to be an early biomarker
as well as a pathogenic factor

Synthetic antibody library to
identify a high-affinity human
antigen-binding fragment that
recognizes human, rat and mouse
a-Klotho primarily in its native,
rather than denatured, form

Measured both serum and
urinary levels of full-length
soluble a-Klotho (high levels)

Using synt antibody
libraries, th rnish data in
support of tho deficiency in
human CK d we set the
foundation he development
of diagnos d therapeutic
application ntiea-Klotho
antibodies

Barker et al,38

2015
2b/B

(continued on next page)
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Table (continued )

Type of study (follow-up) Aim Intervention Evaluation (Klotho
concentration)

Results Reference (first
author)

Level of
evidence
(OCEBM)

Observational cohort study
(12 mo)

IMD1e53 attenuates vascular
calcification by upregulating
a-Klotho

Application IMD1e53 inhibits
vascular calcification by
upregulating a-Klotho

Aortas of rats with CKD and
vascular calcification (high
levels)

IMD1e5 atment reduced
vascular ification and
increase lotho protein level
in calcifi ascular smooth
muscle c

Chang et al,32

2016
2b/B

Prospective randomized
trial (7 mo)

Determine renal and peripheral
blood mononuclear cells (PBMC)
levels of Klotho (KL) promoter
methylation and analyze their
relationship with clinical and
histologic severity in patients
with CKD

Using bisulfite pyrosequencing,
renal and PBMC levels of KL
promoter methylation

Renal biopsy samples DNA and
methylation analyses by
quantitative bisulfite
pyrosequencing, blood and
plasma concentration (high
levels)

PBMC le f KL promoter
methyla correlated positively
with ren vel of KL promoter
methyla

Chen et al,39

2013
2b/B

Prospective randomized
trial (15 mo)

Investigate the clinical value of
serum Klotho and FGF23 in
cardiac valve calcification in
patients with CKD

Patients were divided into 3
groups: CKD2~3 group, CKD4
group, and CKD5 group. In each
group, ultrasound was used to
evaluate the cardiac valve
calcification, and the independent
risk factors for cardiac valve
calcification

Levels of hemoglobin and blood
calcium. (high levels)

FGF23 a lotho are
indepen risk factors for heart
valve ca ation in patients
with CK

Chen et al,33

2021
2b/B

Prospective randomized
trial (12 mo)

Study the mechanism of
decreased Klotho expression by
albuminuria using an animal
model of high-grade albuminuria
generated through podocyte
apoptosis, and cultured kidney
epithelial cells (HEK-293 and
HK-2)

Mice at the C57BL6 background
were injected intraperitoneally
with 2 doses of Tunicamycin (3
mg/g/d) to induce ER stress-
mediated acute kidney injury and
the kidneys were harvested 48
hours later

Kidney tissue, cell culture and
transfection, total RNA
extraction and real-time PCR
analysis (high levels)

Pharmac ic inhibition of ER
stress sig antly rescues Klotho
expressi t the post-
transcrip al level in
proteinu idney disease

Delitsikou
et al,40 2020

2b/B

Observational cohort study
(120 mo)

Evaluated the association of
soluble serum klotho with decline
in kidney function as well as the
development of incident CKD in
3075 patients

Just research Klotho and kidney function at
baseline, and at least one repeat
measure of kidney function
(low levels)

Demons d an association
between soluble Klotho and
decline i ney function.

Drew et al,42

2017
2b/B

Observational cohort study
(7 mo)

Measure the relationship of
serum a-Klotho with renal
function, acid-base status, bone
biomarkers, and proteinuria in
CKD patients

Just research Blood and plasma
concentration (478 pg/m)

Serum a tho is related to
serum b onate and
proteinu nd not to renal
function

Hage et al,34

2014
2b/B

Prospective, interventional,
nonrandomized, open-
label trial study (1 mo)

Tested the hypothesis that
correcting acidosis may improve
urinary Klotho excretion and
serum a-Klotho

Patients were then prescribed 1 g
of oral sodium bicarbonate 3
times per day for 4 wk

Blood and plasma
concentration (615 pg/m)

Correcti idosis by oral
adminis n of sodium
bicarbon apidly increases the
urine ex on of soluble a-
Klotho i D patients

Hage et al,35

2019
2b/B
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Prospective randomized
trial (2 mo)

Investigated the activation of
Wnt/b-catenin signaling in
peritoneal fibrosis in b-catenin-
activated transgene (BAT)
promoter mice and the effect of
Klotho on peritoneal fibrosis in
Klotho-overexpression mice.

For 5wk, 5 mice were given
1.5mL saline daily (saline) and
another 5 mice were given 1.5mL
standard PD fluid buffered with
lactate and containing 4.25%
glucose; another set of mice
received the same volume of PD
combined with 5mg/kg/d of ICG-
001 (an inhibitor of b-catenin/T-
cell factor [TCF] and cyclic
adenosine monophosphate
response element binding protein
interaction)

Peritoneal membrane sections,
blood and plasma concentration
(high levels)

Klotho mRNA pression and
protein expre on increased in
KLTG mice mo than in WT mice

Kadoya et al,30

2020
2b/B

Prospective single-arm
study (6 mo)

Effects of hemodialysis initiation
on the levels of Klotho an FG-23
hormones and other parameters
of mineral metabolism

Hemodialysis Blood and plasma
concentration (297 pg/m)

Soluble Kloth evels were
decreased in ients with
chronic kidne ailure, but these
levels did not ange
after the initi n of
hemodialysis

Kawabata
et al,26 2020

2b/B

Prospective, case-control
(15 mo)

Study serum soluble a-Klotho in
different stages of CKD and its
correlation with FGF-23
to focus more light on its clinical
importance

Just research Blood and plasma
concentration (Stage I 10 ng/ml,
Stage II 8.7, Stage III 4.5, Stage IV
1.5, Estage V 1.5)

Soluble a-Klo was early
sensitive para ter for the early
diagnosis of s es of CKD and
extra renal bo complication

Khodeir et al,27

2020
2b/B

Observational cohort study
(60 mo)

The association between serum
Klotho and cardiac parameters
from a large-scale patients CKD
cohort

Just research Blood and plasma
concentration, left ventricular
mass index (LVMI) (667 pg/m)

Serum Klotho as an
independent marker of LVMI,
but not arteri stiffness

Kim et al,36

2018
2b/B

Cross-sectional study (30
mo)

Investigate whether the soluble
Klotho (s-Klotho) level in patients
with CKD is related to kidney
function and whether a low s-
Klotho level can predict adverse
renal outcomes or CKD
progression in patients with
advanced CKD

Just research Blood and plasma
concentration (mean in control
9.81; mean in CKD 2.44)

s-Klotho level as closely
correlated wi kidney function,
further, low s otho level could
predict adver kidney disease
outcomes in p ients with
progressive C

Liu et al,43 2018 2b/B

Prospective, randomized,
controlled comparative
study (14 mo)

To compare the possibilities of
LPDþKA and isolated LPD in their
impact on morphogenetic
proteins FGF-23 and Klotho, as
well as the safety of these options
in relation to both the risk of CVC
and LVH in patients with CKD
stage 3b to 4

The first group (42 patients)
received LPD þ КA. The second
group (37 patients) continued the
LPD alone

Blood and plasma
concentration (group 1: 429.9
pg/m group 2: 433.2 pg/m)

Aggravation o ineral-bone
disorders (inc se in serum FGF-
23, PTH and p sphate levels and
decrease in se m Klotho)

Milovanova
et al,41 2018

2b/B

Observational cohort study
(6 mo)

Investigate mechanisms that
regulate Klotho release by the
human kidney

Measured plasma Klotho across
the kidney, splanchnic organs and
lung in 22 patients (71 ± 2 years,
estimated glomerular filtration
rate 60 ± 5.4 mL/min 1.73 m2)
during elective diagnostic cardiac

Blood and plasma
concentration (280 pg/mL)

Kidney s-Klot release is part of
a homeostatic stem that links
kidney energy etabolism to the
release of sur al factor(s) to
extrarenal tis s

Picciotto et al,44

2019
2b/B

(continued on next page)
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the NaPi2a cotransporter in the renal proximal tubules and sup-
presses vitamin D signaling.51 In this regard, some of the studies
indicated that both aldosterone and spironolactone increase the
expression of Klotho messenger RNA,31 whereas other studies
indicated that endocrine factors, such as intermedin 1-53 (a
peptide related to calcitonin/calcitonin), can attenuate VC by the
positive relation of Klotho through the calcitonin receptor, by
modifying the protein complex and signaling of calcitonin protein
kinase A.32 Other studies instead indicated that GF23 and Klotho
are independent risk factors for heart valve calcification in pa-
tients with CKD.33
Klotho AcideBase Balance and Cardiovascular Disorders

In CKD, proteinuria and metabolic acids are produced. The
pathogenesis is based on the lack of synthesis of serum bicarbonate
with the accumulation of organic and inorganic acids, causing
tubulointerstitial damage through ammonia retention and com-
plement deposition.52 In this regard, some studies showed that in
CKD, serum Klotho is related to serum bicarbonate and proteinuria
and not to renal function.34 Other studies showed that correction of
acidosis by oral administration of sodium bicarbonate rapidly in-
creases the urinary excretion of soluble Klotho. However, during 4
weeks of treatment, this did not increase serum Klotho.35

Much research has shown that CKD constitutes a state of se-
vere Klotho deficiency accompanied by an extremely high inci-
dence of CVD cardiac hypertrophy and uremic vaculopathy.22,53

In this review, we found that increasing serum Klotho exerts a
cardioprotective effect during CKD, improving kidney function
and preventing mortality,36-38,40,41 confirming that Klotho is an
early marker of CKD.42,45

As we have seen, CVD is one of the leading causes of morbidity
and mortality in patients with CKD. Inflammation and alterations
in bone mineral metabolism are pathologic conditions that lead to
increased cardiovascular risk in CKD. FGF23 and Klotho play an
essential role in the regulation of mineral metabolism, both of
which are altered as a consequence of renal failure. FGF23 in-
creases to increase phosphaturia, which prevents phosphate
accumulation in the early stages of CKD. This effect of FGF23 re-
quires the presence of Klotho in the renal tubules. However, the
expression of Klotho occurs as soon as renal function begins to fail
to generate a state of resistance to FGF23. Changes in these pro-
teins directly affect other parameters of mineral metabolism; they
can affect kidney function and can cause damage to other organs,
such as bone, the heart, and the vascular system. Some of the
mechanisms responsible for changes in FGF23 and Klotho levels
are related to changes in Wnt signaling. There seems to be a link
between FGF/Klotho andWnt/b-catenina in different organs, such
as the kidney, heart, and bone.

Activation of canonical Wnt signaling produces changes in
FGF23 and Klotho and vice versa; this may be of interest to a
project where new biological therapies and nutraceuticals are
being created that increase the expression of Klotho. Lately,
nutraceuticals have gained increasing recognition; they are
considered crucial to improve life and provide molecules that
contain antioxidants. One of these nutraceutical compounds is
derived from blue lupine and olive; these are associated with an
improvement in parameters associated with CVD, in patients with
CKD. This improvement may be based on a combination of bio-
logical therapies and/or nutraceuticals that leads to a decrease in
parameters associated with CVD (reduction of mediators, such as
proinflammatory cytokines and typical proteins of VC), whichmay
increase the expression of Klotho (Fig. 3).



Figure 3.
Hyperphosphatemia and hyperglycemia present in patients with chronic kidney disease can stimulate calcification. Vascular calcification is an important factor that
connects cardiovascular events with bone loss, sharing pathophysiologic mechanisms and genetic causes. Conglutin proteins, from the leguminous plant blue lupin (Lupinus
angustifolius L.), possess anti-inflammatory activity and could be useful in inflammatory processes such as chronic kidney disease by increasing Klotho concentration.
Polymorphisms of genes involved in the Wnt and RANK/RANKL/OPG signaling pathways will be associated with cardiovascular disease. The genotypes of some poly-
morphisms will be associated with a better response to biological therapy with nutraceutical compounds decreasing cardiovascular calcifications and consequently car-
diovascular disease.
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The search for natural compounds that offer beneficial proper-
ties in chronic diseases has increased in recent years. Thus, it has
been proven that conglutin proteins, from the leguminous plant
blue lupin (Lupinus angustifolius L.), possess anti-inflammatory
activity and reduce insulin resistance, properties that could be
useful in diabetes mellitus 2 and any other pathology with in-
flammatory processes, such as CVD and CKD. In addition, extra v/
irgin olive oil is a potential protector against several pathologies
also related to inflammatory processes and oxidative damage,
mainly due to its content of bioactive compounds, and mainly to its
phenolic fraction (oleuropein, oleocanthal, hydroxytyrosol, tyrosol,
etc.) characterized by its antioxidant properties. Therefore, the
enrichment of optimized virgin olive oil obtained by processes that
enhance its biological value with other potentially bioactive com-
ponents would create a functional oil with high biological potential.
Thus, the ability to reduce the risk of CVD during the consumption
of extra virgin olive oils and metabolic syndrome has been deter-
mined, improving these results when extra virgin olive oils are
supplemented with different amounts of these compounds. The
most interesting compounds from olive processing that have
beneficial effects on health in different diseases have been exten-
sively studied by members of this group. These molecules include
betulinic acid, ursolic acid, oleanolic acid, and their derivatives.
However, the potential effect of many derivatives of these mole-
cules in the treatment of CKD has not been addressed, nor has their
possible potentiating effect on therapies for CVD.

In this review, we explored the many facets of Klotho biology.
The best-characterized aspects relate to renal physiology,
9

especially phosphate and calcium homeostasis. The importance of
the FGF23/Klotho/FGFR interaction was evident in Klotho-
deficient mice. The major outcomes were hyperphosphatemia
and hypervitaminosis D and cardiovascular disorders. Despite all
these summarized lines of research and the impressive, docu-
mented advance in the knowledge of the role of the RANK/OPG/
RANKL and Wnt signaling pathway and its inhibitors in the
regulation of bone and cardiovascular homeostasis, no study
included in this review compared the framework of their use with
nutraceutical agents that elevate Klotho expression in human.

This review is not without limitations. First, although the
search strategy was broad, there may be relevant studies that
were missed and therefore not included in the review. Because
this review consisted of a critical reading of studies, it is possible
that limitations secondary to the personal criteria applied were
ignored.
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