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Abstract

Endothelial dysfunction is characterized by reduced vascular nitric oxide levels, that causes some irregularities in blood artery function.

These functional irregularities contribute to atherosclerosis, which promote vasoconstriction of the small arteries, a major factor in hypertension.
Secreted klotho (s-klotho) regulates nitric oxide production in the endothelium. It has been suggested that s-Klotho affect nitric oxide thus benefiting
endothelial function. S-klotho levels are reflective of aerobic fitness level, s-Klotho is significantly higher in trained individuals compared to untrained.
This suggests aerobic training may be an appropriate model for examining the role of physical activity on s-Klotho expression. There is an association
with endothelial fusnction improvement with increased s-klotho levels following aerobic exercise training. It is believed that this review will inspire
more deliberation on the relationship between aerobic exercise training and circulating s-Klotho, as a possibly effectors on cardiovascular arterial

stiffens due to endothelial dysfunction.
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Introduction

Arterial stiffens describes the inflexibility of the arterial wall
that occurs as a result of the aging process and arteriosclerosis.
Inflammation has a major part in arteriosclerosis progress, so, it is
amain donor in large arterial stiffening [1]. Arterial stiffness result
in thickening, fibrosis, fragmentation, and loss of elastin fibers and
hence, stiffen the arterial wall by causing structural alterations
(arteriosclerosis) and artery inflammatory (atheromasias). In brief,
atherogenesis results from lipid peroxidation-derived aldehydes
oxidized to carboxylic acids. The pro-inflammatory oxidized
phospholipids, resulting of the oxidation of low-density lipoprotein
and phospholipids including arachidonic acid, formed in the
lipoxygenase and myeloperoxidase pathways, these molecules
attract and trigger inflammatory cells, such as monocytes, T cells
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and macrophages. Matrix degradation brings about atherosclerotic
as a result of macrophages activation through cytokines, ROS, and
proteolytic enzymes. Oxidative stress is also considered to be a key
factor in mechanisms of changes in cell function [2]. In addition,
indications suggest that the aging process is in oxidative stress
condition [3]. When oxygen is present in large amounts in the cell,
reactive oxygen species (ROS) production is increased therefore,
the cell needs to eliminate those molecules. ROS molecules have
an important part in vascular disease and are known to be a key
donor to cardiovascular dysfunction. ROS is produced in large
amounts by the enzyme nicotinamide adenine dinucleotide
phosphate (NADPH) oxidases [4]. ROS affect other enzymes, such
as nitric oxide synthase and endothelial nitric oxide synthase and
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thus, it is a risk factor for atherosclerosis, cardiac hypertrophy, and
heart failure. NADPH oxidase activation for the ROS production
is facilitated by an extensive number of factors such as hypoxia,
cytokines, mechanical forces, and hormones [5]. Cellular ROS are
signaling molecules, playing a dominant partas mediators of cellular
senescence [6]. Buildup of oxidants might explicate the change of
physical work capacity and functions. ROS, including free radicals,
is a result of oxygen metabolism and use which, oxidize lipids, DNA,
and proteins thus, altering cell’s functions [3]. Oxidative stress is
the result of endogenous oxygen radicals produced and accumulate
in the cells causing damage. Oxidative stress are chemical species
containing oxygen, such as peroxides, superoxide, hydroxyl radical
and singlet oxygen [7]. Thus, prooxidant stimuli induce apoptotic
and nonapoptotic cell death and premature cell senescence
in multiple cell types and tissues, which is highly relevant to
pathogenesis of atherosclerosis. Previously it has been revealed
that cellular senescence has appeared as a significant donor to
age-linked disease [8]. Cells certainly produces antioxidants to
offset free radicals’ destructive effects, but free radicals’ production
outweighs the number of antioxidants produced. Atherosclerosis
reduction and cell protection occur by some antioxidant’s such as
s-Klotho humoral. In addition, arterial stiffening may predispose
the intima to atherosclerosis due to injury sustained from increased

pulsatile pressure.

Pressure applied on the blood arteries walls following left
ventricle ejection is lowest if the mechanical properties of arteries
walls have enough elastance [9]. However, loss of arteries elastance
ability, result in arterial stiffness and rise in pulse pressure which in
turn increase impedance to left ventricle ejection [10]. The velocity
of the pulse wave is related to the stiffness of the arteries. Under
these conditions, stroke volume decrease and therefore, only part
of cardiac output can be used for oxygen delivery. To compensate,
systolic blood pressure and pulse pressure are increased [9]. The
vascular endothelium is a monolayer of cells between the vessel
lumen and the vascular smooth muscle cells, separates the arterial
wall from the blood flow and interacts with circulating blood. The
endothelium plays an important role in blood vessel functions by
producing various signaling molecules [11]. The endothelium is the
internal coating of cells that has several critical functions, it controls
the right vessels’ radius namely, constriction or dilation, thus
changing rapidly blood’s amount delivered to the various organs,
and blood pressure. The endothelium also protects the tissues
from various toxic substances and regulates the a. coagulation
which is a mechanism that blood changes from a liquid to a gel, it
includes activation, bond, and accumulation of platelets along with
deposition and maturation of fibrin, b. controls the fluid, c. regulates
electrolytes’ levels and, d. exchange of numerous substances
between the blood and the tissues and Vic versa, and, regulates
inflammation damages in the tissues. Consequently, Endothelium
function is critical for the regular function of the arteries, tissues,
and organs [12].
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Dysregulation of the normal smooth muscle contraction
properties response is usually characterized by endothelial
dysfunction, following advanced atherosclerosis and increase
oxidative stress [13], that induces endothelial dysfunction and
atherosclerosis progression by reducing nitric oxide availability
[14]. Endothelial dysfunction is mostly triggered by decreased
production or action of relaxing mediators. At this point, it is
clear that reduction in the levels of nitric oxide cause endothelial
dysfunction in blood arterial walls which, leads to vasoconstriction
of the artery [15] and thus, increase blood pressure to high values
(hypertension). In addition, it also, activates platelets that leads
to blood clotting, increases the stimulus of inflammation in artery
walls, and increases the penetrability of the arterial walls to
destructive lipoproteins, oxidized free radical species and various

toxins.

s-Klotho

Age-related declines and physical inactivity are manifested by a
decreased ability for aged skeletal muscle to respond to physiological
stimuli such as muscle loading or acute injury. Certainly, older
adults often exhibit an age-related reduction in the number and size
of muscle fibers known as sarcopenia [16]. Several actions of klotho
have been defined to date, Klotho is a putative anti-aging gene,
vital cofactor for the linkage of fibroblast growth factor (FGF 23)
to its receptor, and thus, acting as a main controller of phosphate
balance [17,18]. The Klotho proteins and its connected enzyme
-Klotho apply various influences on the biological regulation of
ion transport, energy metabolism, calcium, and phosphate mainly
by FGF-23 [19]. In addition, s-Klotho functions as an obligate co-
receptor with fibroblast growth factor receptor 1 (FGFR1) for
fibroblast growth factor 23 (FGF23), a phosphaturia hormone
essential for maintaining mineral homeostasis [20]. Serum FGF-
23 values are related to atherosclerotic problem, endothelial
dysfunction, arterial stiffness, and vascular calcification [21,22].
Circulating s-Klotho is produced in the kidney predominantly
expressed in renal distal tubular epithelial cells.

The extracellular domain of Klotho can be cleaved and shed
in the circulation as s-Klotho where it may function as a vasculo-
protective hormone possibly by enhancing endothelial function
[23,24] or direct inhibition of vascular calcification [25]. Klotho
appears to apply different functions in distinct cell types in a
reliant or, none-reliant means. However, studies on mouse genetic
have revealed in vivo functions of Klotho (FGF signaling) [26].
Klotho inhibited the phosphatidylinositol 3-kinase (PI3K)-AKT
signaling pathway phosphorylation of fork head box protein 03a by
improving its connection to the manganese superoxide dismutase
supporter. Klotho increased mitochondrial manganese superoxide
dismutase, mRNA, and protein expression. In addition, Klotho
reduce tacrolimus-induced oxidative stress and thus, converse
mitochondrial dysfunction, consequently, decrease ROS production

[27]. Increased cellular levels of ROS result in damage to proteins,
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nucleic acids, lipids, membranes, and organelles, which can lead
to activation of cell death processes such as apoptosis. Mice with
Klotho-deficient demonstrate an associated with accelerated and
enhanced development of vasculopathy [28], and early aging.
However, increase Klotho expression increase genetic expression
that solve the Klotho-deficient phenotype at baseline [29] and thus,
improve mice’s standing against oxidant stress [30]. In humans,
serum levels of s-Klotho decrease after 40 years of age [31,32].
The decrease in blood s-Klotho levels in humans may be observed
in sedentary individuals and patients with several aging-related
diseases such as cancer, hypertension, and kidney disease [33,34].

Aerobic Exercise

Physical inactivity decreases maximal oxygen uptake (VO2max)
which decrease further with aging [35]. Aging, regardless of
lifestyle is impacted by the contribution of genetic factors, which
increase the rate of biological processes thereby, severely limiting
an older individuals function, life quality, and longevity [35,36].
However, endurance exercise training was suggested to reduce rate
of decline in work performance typically occurs as an individual
age [37]. Apart from genetic endowment, an individual must also
interact with environmental factors associated with longevity, by
maintaining high level of physical activity [38]. In addition, chronic
endurance training attenuates the decline in VO2max associated
with age [39]. The basic mechanism by which workout triggers
genes (epigenetic) includes a stimulus signal to the DNA, then
transcript through messenger RNA, and finally conversion into
protein [40].

Previously it has been reported that oxidizing free radical
species (ORS) are generated during moderate and high aerobic
bouts [41]. Skeletal muscle generates superoxide and nitric oxide
during aerobic exercise in intensities above the anaerobic threshold
[42]. ROS is essential for skeletal muscle force generation, however,
ROS in high values may reduce muscle contraction properties
and thus, bring about an early exhaustion [43]. There is plentiful
indication that exercise can be operative in averting and suspending
the result of age on muscle well-being and effectiveness. Although
the association between s-Klotho and aerobic exercise training
is not clear, recently, the a-Klotho gene is circulating in blood as
s-Klotho have been related to the aerobic exercise [44, 45]. Yet,
exercise appears to take a major part on the secreted form of the
a-Klotho gene in humans. In addition, a-Klotho gene is associated
also with genes: (-Klotho gene and y-Klotho gene, however, the
last two mentioned genes do not have any role during exercise
[46]. The increase in s-Klotho following aerobic exercise training
may be a response to ROS that increase in muscle cells as a result
of aerobic training. s-Klotho reduces apoptosis through the nitric

oxide production and thus, suppress oxidative stress [47].

Regulations between Exercise, S-Klotho and

Endothelial Dysfunction

Data suggests that endothelium plays a major part in the

regulation of arterial stiffness by the action on smooth muscle
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tone affected by vasoactive intermediaries and, the effect of nitric
oxide production on endothelin arterial stiffness [48]. Nitric oxide
(nitrogen monoxide) is a soluble gas molecule with the chemical
formula for Nitrogen Oxide (NO). It is continually synthesized by
the endothelium: Amino acid L-arginine in endothelial cells is
the precursor for nitric oxide synthesize by calcium-calmodulin-
dependent enzyme nitric oxide synthase [49]. Nitric oxide acts
as an endothelium-derived relaxing factor [50], released from
endothelial cells and acts as an inhibitor of ROS production, by
decrease in L-arginine endogenous asymmetric dimethyl-L-
arginine ratio connected with endothelial dysfunction [51]. Nitric
oxide stimulates phospholipase A2 and inhibitors of lysolecithin
acyltransferase inducing smooth muscle tone relaxation by
inhibiting low density lipoprotein oxidation [52]. Klotho has been
linked to the prevention of muscle atrophy and cardiovascular
disease in aged individuals [28]. Circulating s-Klotho acts as
a humoral factor, involved in the endothelium production and
regulation of nitric oxide. In turn, nitric oxide protects endothelial
penetrability, smooth muscles’ contraction by calcium homeostasis
and inhibits insulin-like growth factor-1 signaling [52].

Similar anti-aging impacts have also been attributed to aerobic
exercise [54,55]. Inrecent years, there are enough studies regarding
the effect of aerobic exercise on blood circulating s-Klotho [31,56].
Reimers et al. [57], demonstrated that the response of s-klotho
depends on aerobic fitness level. In addition, levels of s-Klotho were
significantly higher in trained individuals compared to untrained
once [58], suggesting that long lasting aerobic training may be an
appropriate model for mechanistically probing the role of physical
activity on s-Klotho expression. The population aged from 0 to
91 years screened previously by ELISA revealed that the level of
s-Klotho which is a serum factor related to human declines with
aging [59]. Previously in older mice, it has been demonstrated that
low blood serum s-Klotho levels are related to reduced skeletal
muscle strength and aerobic capacity [60]. On the other hand,
trained elderly with aerobic capacity have longer life expectancies
[61], and higher serum s-Klotho values compared to inactive
elderly [44]. Moderate aerobic training attenuates aging-induced
pathological cardiac hypertrophy at least partially by restoring
the Klotho levels, attenuating oxidative stress, and reduction
in the phosphorylation of ERK1/2, P38 and fibrosis [62]. The
relationships between aerobic exercise, s-Klotho and endothelial
dysfunction can be in brief described as follow: previously it has
been suggested that s-Klotho and long-lasting aerobic exercise
training are factors that may promote and upgrade young adults’
physical performance capacities [63]. aerobic bout increases
s-Klotho levels that in turn, increase FGF23 which promotes NO
synthesis bringing about a, reduction in oxidative stress and ROS
in skeletal muscle and accordingly, increase mitochondrial vitality
[64] and thus, attenuate restore endothelial dysfunction.

Discussion

So far, the present review, suggests that aerobic exercise
increase Klotho gene expression, thus may be a harmless primary
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intervention delay the endothelial dysfunction course and many
chronic diseases and cardiovascular-related diseases [65]. In
addition, previously it has been shown that moderate aerobic
exercise possibly may increase Klotho gene expression in muscle
cells and decrease ROD production [44,45,47]. However, others
suggested lower aerobic intensities as a way to reduce ROS [66].
Following aerobic exercise training, expression of the membrane-
bound Klotho protein levels was suggestively decreased pointing
that membrane-bound Klotho protein compared to the secreted
form may be the active one. Recent developments point out the
effect of aerobic exercise training program as nitric oxide non-
pharmacological means to support the treatment, prevention,
and therapy of patients with cardiovascular diseases [67]. The
present review suggests that aerobic exercise delays aging process
by increase Klotho gene expression, which in turn, reduces ROS
damages to the cell. The relationships between the circulating
s-Klotho levels a potential anti-aging factor and aerobic exercise
are beneficial to physically active aged individuals [68]. In addition,
moderate aerobic exercise increase Klotho gene expression in
muscle cells and decrease ROD production. Future research should
examine the relationship between aerobic exercise training and
circulating s-Klotho, on cardiovascular arterial stiffness and
endothelial dysfunction.
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