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Abstract 

The klotho gene has been identified as an aging suppressor that encodes a protein involved in cardiovascular disease (CVD). The inac-
tivation of the klotho gene causes serious systemic disorders resembling human aging, such as atherosclerosis, diffuse vascular calcification 
and shortened life span. Klotho has been demonstrated to ameliorate vascular endothelial dysfunction and delay vascular calcification. Fur-
thermore, klotho gene polymorphisms in the human are associated with various cardiovascular events. Recent experiments show that klotho 
may reduce transient receptor potential canonical6 (TRPC6) channels, resulting in protecting the heart from hypertrophy and systolic dys-
function. Fibroblast growth factor23 (FGF23) is a bone-derived hormone that plays an important role in the regulation of phosphate and vi-
tamin D metabolism. FGF23 accelerates urinary phosphate excretion and suppresses 1,25-dihydroxy vitaminD3 (1,25(OH)2D3) synthesis in 
the presence of FGF receptor1 (FGFR1) and its co-receptor klotho, principally in the kidney. The hormonal affects of circulating klotho pro-
tein and FGF23 on vascular and heart have contributed to an understanding of their roles in the pathophysiology of arterial stiffness and left 
ventricular hypertrophy. Klotho and FGF23 appear to play a critical role in the pathogenesis of vascular disease, and may represent a novel 
potential therapeutic strategy for clinical intervention. 
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1  Introduction  

Aging is a multifactorial process often characterized by a 
progressive decline in physiological functions. Advanced 
age is accompanied by a high prevalence of cardiovascular 
risk factors such as diabetes, hypertension and chronic kid-
ney disease, all of which increase cardiovascular morbidity 
and mortality. The klotho (or more precisely alpha-klotho) 
has been identified as an aging suppressor protein, which is 
expressed predominantly in kidney tubular epithelium, and to 
a lesser extent in the parathyroid gland, epithelial cells of the 
choroid plexus and human vascular tissue.[1] The expression 
of the klotho gene is decreased during aging, which may 
contribute to age-related cardiovascular disease (CVD) in 
humans.  

The human homolog of mouse klotho is composed of 
five exons and extends over 50 kb on chromosome 13q12, 
and the human klotho protein has 86% identity with the 
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mouse counterpart.[2] The klotho gene was originally identi-
fied as an aging suppressor gene. Inactivation of klotho gene 
causes a syndrome resembling human aging, including os-
teoporosis, hyperphosphatemia, atherosclerosis, ectopic 
calcification, and shortened life span. It has been shown that 
transgenic mice with an over-expression of the klotho gene 
have a longer life-span.[3]  

Klotho gene encodes a type I single-pass transmembrane 
protein that is related to β-glucuronidases. The full-length 
klotho protein has a large extracellular amino-terminal do-
main and a small intracellular carboxy-terminal domain. 
Klotho protein exists in at least two forms, the membrane 
form and the secreted form and each form has distinct func-
tions.[4] Membrane klotho interacts with fibroblast growth 
factor (FGF) receptors (especially FGFR1) to form a 
high-affinity for FGF23, induces phosphate excretion into 
the urine and reduces the level of serum 1,25(OH)2D3, and 
inhibits secretion of parathyroid hormone. Secreted klotho 
protein functions as a humoral factor that modifies several 
ion channels and transporters, and other processes, includ-
ing insulin and insulin-like growth factor-1 signaling. Solu-
ble klotho also is involved in the regulation of nitric oxide 
(NO) production and the integrity and permeability of en-
dothelium.[5,6] The soluble form results from the cleavage of 
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extracellular domain of full-length protein by secretases, 
which can be detected in blood, urine and cerebral spinal 
fluid.[7]  

FGF23 is a mutated gene indentified in autosomal domi-
nant hypophosphatemic rickets,[8] with 251-amino acid re-
siduals in the protein. FGF23 is composed of an 
amino-terminal signal peptide (residues 1–24), a FGF-like 
sequence (residues 25–180), and a unique carboxyl-terminal 
extended sequence (residues 181–251).[9] The FGF family 
has 23 proteins that regulate cell proliferation, migration, 
differentiation and survival. Several known subfamilies of 
human FGFs have been defined. The FGF19 subfamily 
comprises FGF19, FGF21 and FGF23. FGF23 is synthe-
sized by osteocytes, and regulates phosphate homeostasis 
via FGFR1 receptor signaling in the presence of klotho. In 
cooperation with klotho, FGF23 regulates blood calcium 
level by suppressing the synthesis of 1,25(OH)2D3 and re-
absorption of phosphate in the proximal convoluted part of 
the nephron. FGF23 also can negatively regulate the secre-
tion of parathyroid hormone.[10] 

Increasingly, clinical and experimental studies have veri-
fied that an increased FGF23 level mediated adverse car-
diovascular outcomes among patients with end-stage renal 
diseases. In the cross sectional studies, serum FGF-23 level 
is associated with high atherosclerotic burden,[11] endothelial 
dysfunction, arterial stiffness and vascular calcification.[12] 

Klotho modulates the endothelial dysfunction via reduc-
ing the NO production and increasing oxidative stress, 
thereby promoting the progression of CVD. The klo-
tho-FGF receptor complex binds to FGF23 with a higher 
affinity. Klotho and FGF23 may function in a common sin-
gle transduction pathway to accelerate vascular calcification 
and cardiac hypertrophy. Indeed, klotho-null mice or 
FGF23-deficient mice shows early atherosclerosis, vascular 
calcifications, impaired angiogenesis, and vasculogenesis, 
suggesting the impact of this pairing on the pathophysiology 
of cardiovascular disorders.[13] In this paper, we will sum-
marize the key areas of research on the significant roles of 
the anti-aging klotho and FGF23 in cardiovascular diseases 
(Figure 1). 

 
Figure 1.  Putative mechanisms by which Klotho and FGF23 result in cardiovascular diseases. Main reasons for Klotho/FGF23 axis 
causing cardiovascular diseases are: vascular endothelial dysfunction, diffuse vascular calcification, and cardiac hypertrophy. Diabetes, hy-
pertension, aging, and overexpression of P16 and P53 tumor suppressor proteins decrease klotho expression (A). Lower expression of klotho 
protein in humans reduces NO production and increases the level of ET-1 and inflammatory medium. These reactions can aggravate endo-
thelial dysfunction (B). The klotho/FGF23 axis participates in vascular calcification, which is caused by deficiency of active vitamin D, hy-
percalcemia and hyperphosphatemia (C). Heart damage by lower expression of klotho is mediated by upregulation of TRPC6 and electrolyte 
disturbance. At the same time, higher level of FGF23 also separately affects cardiac structure and function (D). In addition, polymorphisms 
of klotho gene are associated with various cardiovascular events (E). Ang II: angiotensin II; ET-1: endothelin-1; FGF23: fibroblast growth 
factor23; NO: nitric oxide; SNP: single-nucleotide polymorphisms; TRPC6: transient receptor potential canonical6; VitD: vitamin D. 
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2  The role of klotho in CVD 

The expression human klotho gene is under strict control 
of cis- and trans-acting factors. The expression in kidney is 
minimal in prenatal life, but increases after birth.[14] A re-
duction of klotho in kidney, serum, and urine has been ob-
served in normal aging and in diseases characterized by 
premature vascular aging, such as renal diseases, diabetes 
and hypertension.[15] As demonstrated previously in humans, 
higher plasma klotho concentrations are independently re-
lated to a lower likelihood of cardiovascular events.[16]  

Recent studies have suggested that the human functional 
variant of the klotho gene is associated with both reduced 
longevity and coronary-artery disease,[17] thus the klotho 
gene may play a role in the development of aging-related 
phenotypes in humans. Klotho-deficient gene mice exhibits 
a syndrome resembling accelerating human aging in con-
junction with NO production and hyperphosphatemia, 
which causes serious disorders such as vascular endothelial 
dysfunction, atherosclerosis, diffuse vascular calcification, 
and cardiac hypertrophy.[18] 

3  The effects of klotho on endothelial dys-
function  

Endothelial dysfunction is a systemic pathological condi-
tion resulting from an imbalance between vasorelaxation 
and vasoconstriction. The imbalance is mainly caused by a 
reduced NO bioavailability and/or increased generation of 
reactive oxygen species. Inflammatory stimuli and hyper-
tension accelerate the course of endothelial dysfunction. 
Klotho may induce NO production, or exhibit an 
anti-inflammatory action to protect the endothelium. In ag-
ing, the vasodilatory capacity is decreased with a reduced 
sensitivity to vasodilators (e.g., NO). On the other hand, 
vasoconstriction is increased with ligands as angiotensin II 
(AngII) and endothelin-1.[19] These disturbances are ex-
plained by an age-related endothelial dysfunction. Cumula-
tive oxidative injury plays a major role in the process of cell 
aging. Oxidative stress and generation of free radicals in-
crease with aging. Anti-aging soluble klotho has an impor-
tant role in maintaining endothelial wall homeostasis and 
promoting the health of the vasculature. Klotho protein in-
creases the NO availability and protects against endothelial 
dysfunction.[19,20] 

NO is an acetylcholine-induced vasodilator and is the 
main endogenous vasodilator. NO is synthesized from the 
precursor L-arginine by nitric oxide synthase (NOS) and can 
be inhibited by the superoxide anion and the NOS endoge-

nous inhibitor, asymmetric dimethylarginine (ADMA).[20] 
NO not only produces vasodilatation but also prevents 
atherogenesis by suppressing smooth muscle cell prolifera-
tion, and inhibiting adhesion molecules and platelet aggre-
gation. There is growing evidence that the klotho protein 
induces the expression of mitochondrial superoxide dismu-
tase (MnSOD) and suppression of NADPH oxidases to pro-
tect against oxidative stress. Genetic mutation of klotho 
decreases the SOD expression while overexpression in-
creases the expression, indicating that klotho may regulate 
SOD expression. Wang, et al.[21] showed that klotho not 
only down-regulated Nox2 protein expression and intracel-
lular superoxide production, but also attenuated AngII-in-
duced superoxide production, oxidative damage, and apop-
tosis. Klotho-induced suppression of Nox2 expression may 
be mediated by the cAMP/PKA pathway [Nox2 and its ho-
mologs are catalytic subunits of NAD(P)H oxidase].[21] Ad-
ditionally, the circulatory FGF23 level independently corre-
lates with endothelial dysfunction, possibly due to asym-
metric dimethylarginine.[22] 

In the meantime, Six, et al.[23] used three in vitro models 
(mouse aorta rings, human umbilical vein endothelial cells, 
and human vascular smooth muscle cells) to explore whe-
ther soluble klotho and FGF23 exert direct and rapid effects 
on the vessel wall. In conclusion, although phosphate, solu-
ble klotho and FGF23 separately stimulate aorta contraction, 
klotho mitigates the effects of phosphate and FGF23 on 
contractility via increased NO production, thereby protect-
ing the vessel to some extent against potentially noxious 
effects of high phosphate or FGF23 concentrations. Thus, 
klotho also mitigates the direct effects of combined phos-
phate and FGF23 on aortic contractility, thereby protecting 
the vessel wall. 

According to a WHO (2012) report, hypertension causes 
approximately half the deaths in the CVD. The influence of 
hypertension in the progression of several pathologic condi-
tions suggests hypertension playing a major etiologic role in 
the development of ischemic heart disease and cardiac and 
renal failure. Klotho plays a role in the regulation of vascu-
lar tone through homeostatic interplay between NO and the 
renin angiotensin system. Both klotho and FGF23 partici-
pate in the regulation of vascular tone.[24] This might explain 
the observed association of the klotho and/or FGF23 with 
high blood pressure. 

The delivery of klotho gene enhances blood IL-10 level 
in spontaneous hypertensive rats (SHRs), suggesting that 
klotho may suppress inflammation to protect the vascular 
wall integrity.[23,24] Soluble klotho suppresses tumor necrosis 
factor-α-induced expression of adhesion molecules, such as 
the intercellular adhesion molecule-1and vascular cell adhe-
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sion molecule-1(VCAM-1) in endothelium. In another 
clinical study, Malmqvist, et al.[25] showed that FGF-23 
stimulated the production of cell adhesion molecules, 
E-selectin and VCAM. Higher levels of E-selectin and 
VCAM demonstrated the activation of vascular endothelium, 
which frequently occurs in essential hypertension patients 
with endothelial dysfunction. 

Endothelin-1 (ET-1) plays an important role in the regu-
lation of endothelial function. ET-1 increases vasoconstric-
tion and promotes vascular remodeling with aging to ag-
gravate endothelial injury.[26] The action of ET-1 is medi-
ated by ETA receptors. Activation of ETA receptors in-
creases NADPH oxidase activity and superoxide production 
which may contribute to aging-related kidney damage to 
down-regulation of renal klotho protein expression.[27] Be-
cause destroying the stability of the endothelial cell, ag-
ing-related changes in ET-1 and ET receptors are also re-
ported in the heart.[28] Therefore, higher klotho may reduce 
the lower level of ET-1 to protect endothelium. 

4  The effects of klotho/FGF23 on vascular 
calcification 

A sensitive and specific assay has recently been devel-
oped for the measurement of soluble klotho in humans, and 
demonstrate a correlation between serum klotho and the 
prevalence of CVD, and we hypothesize that low serum 
klotho is associated with signs of vascular dysfunction, such 
as vascular calcification.[29,30] Hypertension, diabetes and 
hyperlipidemia are risk factors for vascular calcification 
associated with cardiovascular events. Although condi-
tion-specific factors are likely to drive the calcification 
process, mineral accumulation in the vasculature is also 
equally important to calcification. 

Indeed, in vascular smooth muscle cells (VSMCs) which 
are the predominant cell type involved in vascular calcifica-
tion, these cells can undergo phenotypic transition to os-
teoblastic and osteocytic cells in a calcified environ-
ment.[31,32] Furthermore, it has been demonstrated that 
phosphate accelerates this phenotypic differentiation. Solu-
ble klotho ameliorates vascular calcification by enhancing 
phosphaturia, preserving glomerular filtration and directly 
inhibiting phosphate uptake by vascular smooth muscle. 
Phosphate reabsorption in the kidney is mediated by the 
sodium-phosphate co-transporters type 2 (Na/Pi-2a and 
Na/Pi-2c), which are expressed mainly in proximal tubular 
cells at their apical brush border membrane. Klotho inhibits 
Na/Pi-2a and Na/Pi-2c to diminish phosphate reabsorption, 
and increases urinary phosphate excretion to induce hypo-
phosphatemia.[33] In addition, klotho proteins interact with 

the VEGFR-2/TRPC-1 complex on the surface of endothe-
lial cells to maintain endothelial integrity.[34]  

The serum level of klotho is an independent determinant 
of arterial stiffness, even after adjusting for age, gender, 
mean blood pressure, use of antihypertensive drugs, drink-
ing and smoking.[35] Membrane klotho may inhibit type 2A 
Na-phosphate co-transporter by decreasing the numbers of 
cell-surface Na-phosphate co-transporter, thereby reducing 
cellular phosphate uptake in renal proximal tubular cells.[36] 
Unlike membrane klotho, serum klotho cannot efficiently 
support the FGF23-induced activation of FGF signaling. 
Instead, secreted klotho protein activates transient receptor 
potential vanilloid-5 (TRPV5), a calcium channel involved 
in calcium reabsorption in kidney,[37] which results in hy-
percalcemia to induce vascular calcification. Furthermore, 
circulating klotho functions as a hormone that prevents 
vascular calcification. A previous study by Lim, et al.[38] 
demonstrates klotho expressions in human arteries and aor-
tic smooth muscle cells. Vessel-produced klotho has been 
shown to be an endogenous inhibitor of calcification. 
Klotho exerts direct cardiovascular-protective effects, which 
suggests that klotho may exhibit anti-aging effects in the 
arterial system. 

The expression of klotho gene in kidney is confined to 
the distal tubule and is also the site for initial FGF23 bind-
ing and signaling. However, renal phosphate reabsorption 
mainly occurs in the proximal tubule. How FGF23 signaling 
in the distal tubule translates into decreased phosphate re-
absorption in the proximal tubule remained unclear. 

FGF23 is considered as a predictive marker of all-causes 
and cardiovascular mortality. Emerging evidence suggests 
that higher levels of serum FGF23 are associated with im-
paired vasoreactivity and increased arterial stiffness.[39] Se-
rum FGF-23 is related to progression of coronary artery 
calcification score (CACS) independent of serum phospho-
rus levels.[40] Besides, FGF-23 may play a major role in 
progression of vascular calcification, especially at the early 
stages of calcification. In addition, the FGF23/klotho axis 
participates in vascular calcification, which may, in part, be 
caused by a deficiency of active vitamin D. Clinical studies 
have demonstrated that serum calcitriol levels are inversely 
correlated with coronary artery calcification.[41] Active vi-
tamin D and its analog against vascular calcification is me-
diated by secreted klotho.[42] Vascular klotho deficiency 
potentiates the development of human artery calcification 
and mediates resistance to FGF23.[43] 

Thus, based on current studies, we hypothesize that 
FGF23 predicts cardiovascular outcomes mainly by por-
traying vascular stress due to parallel changes in mineral 
metabolism and active vitamin D levels. In order to eluci-
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date the potential mechanism through which FGF-23 may 
be exerting it’s specific effect on VSMCs, Zhu, et al.[44] 
examined the PI3K/Akt and MAPK/ERK1/2 signaling 
pathways in VSMC calcification. This study suggested that 
the ERK1/2 signaling pathway is essential for FGF-23 to 
promote murine VSMC calcification in vitro. Furthermore, 
the study demonstrated that expression of FGFR1 and 
FGFR3 in human arteries from healthy individuals and 
CKD patients, is critical for vascular calcification, and that 
the physical association of Klotho, FGFR1 and FGFR3 is an 
essential mechanism to induce critical vascular calcifica-
tion.[45] 

The Klotho/FGF23 axis mediates vascular calcification 
by maintaining the mineral homeostasis and increasing the 
active vitamin D. The Erk1/2 signaling pathway may be 
essential for FGF23 to speed up murine VSMC calcification, 
and represent a novel therapeutic strategy for clinical inter-
ventions. 

5  The effects of klotho and FGF23 on cardiac 
hypertrophy  

We found that klotho attenuated the progression of hy-
pertension and heart damage in spontaneous hypertensive 
rats,[46] but the mechanisms were unclear. However, a recent 
study provides compelling evidence indicating that soluble 
klotho protects the heart against stress-induced cardiac hy-
pertrophy and remodeling. In the study, the authors con-
clude that cardioprotection by klotho is mediated by 
down-regulation of transient receptor potential canonical6 
(TRPC6).[47] 

The heart responds to injury and stress signals by patho-
logical growth and remodeling that often progresses to heart 
failure and sudden death. One key regulatory step in the 
development of pathological cardiac growth and remodeling 
is activation of calmodulin-dependent, serine-threonine 
protein phosphatase calcineurin by abnormal calcium sig-
naling. The TRPC family channels are Ca2+-permeable 
cation channels expressed in the plasma membrane of many 
tissues including the heart. The TRPC family includes seven 
members, and is divided into two groups based on structure 
and function. Evidence indicates that Ca2+ influx through 
cardiac TRPC channels is important in calcineurin signaling 
pathway and hypertrophic growth of hearts.[48] The expres-
sion of TRPC channels (such as TRPC6) are increased in 
hypertrophic hearts stimulated by various types or forms of 
stresses, and their down-regulation protects against cardiac 
hypertrophy. Soluble klotho inhibits cardiac TRPC6 chan-
nels and protects the heart against stress-induced pathologi-
cal hypertrophy and remodeling.[49] Klotho-deficient mice 

demonstrate no cardiac dysfunction at baseline, but develop 
exaggerated cardiomyopathy in response to ISO treatment. 
The ISO treatment causes upregulation of TRPC6 mRNA in 
the heart, and also shows that IGFs (such as IGF1) provides 
a tonic stimulation for exocytosis of TRPC6 via phospho-
inositide-3-kinase (PI3K). Activation of PI3K and the 
downstream Akt signaling cascade in the heart is important 
for physiological cardiac growth, but it can also lead to 
pathological cardiac hypertrophy.[50] Therefore, pharmacol-
ogical TRPC antagonism is in development as a potential 
treatment of cardiac hypertrophy. 

There are several possible mechanisms by which FGF-23 
may affect cardiac structure and function, indirectly and 
directly.[51,52] It remains controversial, however, as to whe-
ther FGF-23 has a direct effect on the cardiovascular sys-
tem. 

Recent studies have shown an association between cir-
culating FGF23 levels and pathologic cardiovascular condi-
tions, including left ventricular hypertrophy. Such associa-
tions have been investigated mainly in patients with chronic 
kidney disease.[53] Considering that cardiovascular events 
are increased in patients with a low glomerular filtration rate, 
the possibility exists that increased FGF23 levels mediate an 
adverse cardiovascular outcome among patients with end- 
stage renal disease. Circulating levels of calcium, phospho-
rus, and 1,25(OH)2D3 are reported to be associated with not 
only vascular calcification, but also ventricular hypertrophy, 
and elevated PTH levels are also associated with left ven-
tricular mass and severity of heart failure.[54] The regulation 
exerted by FGF23 on calcitriol synthesis is clearly defined 
by the differential effects of FGF23 on the gene expression 
of the two enzymes that regulate the level of 1,25-(OH)2D3. 
FGF23 down-regulates the expression of Cyp27b1 gene 
that encodes 1-alpha-hydroxylase, the enzyme converting 
25-(OH)D3 to 1,25-(OH)2D3. Meanwhile, it also stimulates 
the degradation pathway through the up-regulation of the 
Cyp24 gene that encodes 24-hydroxylase, the enzyme 
inactivating 1,25-OH)2D3,[55,56] therefore, the level of 
1,25(OH)2D3 is decreased. However, FGF23 is also able to 
inhibit the expression and production of PTH in parathyroid 
glands. 

To sum up, FGF23 is involved into regulating the level 
of calcium, phosphorus, vitamin D, and PTH. Hence, 
FGF23 is related to development of cardiac dysfunction. 
Whether modulation of klotho concentration and FGF23 
activity would improve cardiac outcome in such a high risk 
population awaits further investigation. 

FGF23 is not only an essential component of the klo-
tho-FGF23 receptor complex, but also has functions of its 
own. As such, fibroblast growth factors and their receptors 
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tors are highly conserved signaling molecules that have 
been implicated in postnatal cardiac remodeling. 

Interestingly, FGF23 and FGF2 have been shown to play 
pathophysiological roles in the heart. These FGFs are in-
volved in cardiac remodeling via unique action mecha-
nisms.[57] Faul, et al.[58] showed that intramyocardial and 
intravenous injections of FGF23 in mice resulted in left 
ventricular hypertrophy, which can be inhibited by an in-
hibitor of the FGF receptor. Cardiac hypertrophic effects of 
FGF23 are mediated by FGFR-dependent activation of the 
calcineurin-nuclear factor of activated T cells (NFAT) sig-
naling cascade, but do not require klotho as a co-receptor.[59] 
FGF2 is the multifunctional protein synthesized as high- 
and low- molecular weight isoforms. It is expressed by 
many cell types, including cardiomyocytes and fibroblasts, 
which also express FGF receptors (FGFRs).[60] Although 
FGF23 and high-FGF2 induce a similar hypertrophic phe-
notype in isolated neonatal rat ventricle myocyte (NRVMs), 
they use different downstream signaling pathways. 
High-FGF2-induced hypertrophy depends primarily on ac-
tivation of Erk, whereas FGF23-induced hypertrophy is 
partially Erk dependent, but primarily requires PLC-γ-cal-
cineurin-NFAT activation.[61,62] The PI3K-Akt pathway 
appears to contribute only modestly to high-FGF2 and not 
to FGF23 induced hypertrophy. These findings indicated 
that FGF23 and FGF2 cause pathological hypertrophy by 
activating different branches of canonical FGFR signaling 
in the heart.  

6  The effects of polymorphisms of klotho on 
CVD 

Polymorphisms in the human klotho gene are associated 
with longevity; various cardiovascular events like stroke; 
coronary artery disease as well as the cardiovascular risk 
factors like reduced high density lipoprotein-cholesterol 
levels; and elevated systolic blood pressure. In humans, 
single-nucleotide polymorphisms (SNP) in the klotho gene 
have been associated with arteriosclerotic diseases and 
metabolic syndrome, including hypertension. 

Several studies have identified polymorphisms in klotho 
and association with a variety of phenotypes. Three SNPs, 
G-395A, rs564481 (C1818T) and rs9536314 (KL-VS), have 
been genotyped because they have been previously associ-
ated with a variety of phenotypes. KL-VS is a haplotype 
variant which consists of two amino acid substitutions 
(F352V and C370S) and can be defined by a single SNP, 
rs9536314. Several groups have associated KL-VS status 
with longevity, coronary artery disease and bone mineral 
density. [63] The C1818T (rs564481) variant is less well stu-

studied, but the T allele has been shown to be associated 
with a reduced risk of coronary artery disease in Korean 
women,[64] and with decreased bone density in Japanese 
women.[65] G-395A is a promoter SNP that has been shown 
to be associated with CVD in Korean women,[64] and de-
creased bone density in postmenopausal European-derived 
and Asian women.[65] In our previous study, we investigated 
the association of three single nucleotide polymorphism site 
distributions of klotho gene with diseases. AA gene type of 
G-395A polymorphism in the promotor region leads to hy-
pertension and the GG gene type is probably a protective 
factor of coronary arteriosclerotic heart disease and diabetes. 
Heterozygosity of F352V and C370S in the coding region is 
protective for coronary arteriosclerotic heart disease.[66] But, 
as the associated SNPs are intronic, the genetic mechanism 
behind the increased expression is unknown. 

The KL-VS variant of klotho consists of six sequence 
variants in perfect linkage disequilibrium, two of which 
result in the amino acid substitutions, F352V and C370S. 
Due to the presence of complete linkage disequilibrium 
across the SNPs, the single variant, F352V, has been used to 
tag the KL-VS haplotype. The presence of phenylalanine at 
the position 352 in the human klotho gene is highly con-
served and its substitution by valine has been demonstrated 
to alter the in vitro excretion and activity of the protein.[67] 
Arking, et al.[68] reported a positive association between the 
functional KL-VS variant of klotho and early-onset occult 
CVD. In another study, Majumdar, et al.[69] reported a posi-
tive association of the KL-VS homozygosity of klotho with 
the incidence of early-onset ischemic stroke, particularly in 
the young (age ≤ 40 years). 

The C1818T variant locates in the fourth exon. As a si-
lent mutation, the variant is not likely to be functionally 
relevant. However, there is a report which demonstrates the 
association between coronary artery disease (CAD) and the 
C1818T variant in Koreans.[63] In the Asian population, the 
C1818T is associated with increased cardiovascular risk, 
blood pressure, lipid levels and so on. There have been two 
studies to research the relationship between C1818T poly-
morphism and CAD.[70,71] The TT or CT gene type of the klotho gene participates in CAD. Therefore, our hypothesis 
is that the T allele may be harmful to humans. 

The G395A in the promoter region of the klotho gene 
and is suggested to modify bone mineral density, which 
appears to be related to arterial atherosclerosis and calcifica-
tion, both of which may potentially influence CAD. A study 
in Japan involving 197 patients demonstrates that the inci-
dence of A allele carriers of the klotho gene is significantly 
higher in the CAD group than in the control group (29.9% 
vs. 19.0%), and A allele is an independent predictor of 
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CAD.[72] Rhee, et al.[64] used multivariate analysis and iden-
tified the klotho gene G-395A mutant as an independent risk 
factor of CAD. They also implied that the klotho gene mu-
tant exerts its potency in the young population rather than in 
elder CAD patient. Vascular access dysfunction occurs ear-
lier and is more common in the A-allele carriers. In patients 
with essential hypertension, the frequency of A-allele carri-
ers is increased in patients < 60 years of age compared to 
that found in patients > 60 years.[64] In fact, the 395A variant 
of the G-395A SNP may be protective against essential hy-
pertension by up-regulating klotho expression. 

7  Conclusions  

Klotho is a novel humoral factor that confers resistance 
to oxidative stress and cardiac hypertrophy, and ameliorates 
mineral homeostasis. FGF23 and klotho may have inde-
pendent actions on the cardiovascular systems, affecting 
vascular function, calcification and atherosclerosis as well 
as arteriolosclerosis. Their interactive activities may also 
have direct and indirect effects on interdependent cardio-
vascular pathophysiology. However, recent experimental 
studies have shown that overexpression of P16 and P53 
tumor suppressor proteins decreases klotho expression. In 
contrast, increasing the concentration of calcium and phos-
phate ions stimulates klotho expression.[73] There is no 
doubt that we can suggest some interventions to increase or 
maintain serum klotho levels to prevent cardiovascular 
events and mortality. 
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