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Background: Recent literature suggests that α-Klotho, a widely recognized anti-aging

protein, is involved in longevity as well as in many diseases, including Alzheimer’s disease,

and depression. Although the Klotho gene encodes α-Klotho, a single transmembrane

protein with intracellular and extracellular domains, the relationship between Klotho gene

polymorphism and circulating α-Klotho levels in patients with major depressive disorder

(MDD) is not clear.

Methods: A total of 144 MDD patients and 112 age-matched healthy controls were

included in this study. The Klotho genetic polymorphisms (rs9536314, rs9527025, and

rs9315202) and plasma α-Klotho levels were measured by PCR and ELISA, respectively.

The severity of depressive symptoms was estimated using the Hamilton Depression

Scale (HAMD).

Results: We found a significantly lower level of plasma α-Klotho in theMDD patients than

in controls. Among them, only elderly MDD patients (first episode) showed significantly

lower α-Klotho levels than the age-matched controls, while elderly recurrent and young

MDD patients showed no difference in plasma α-Klotho levels from age-matched

controls. The young MDD group showed a significantly earlier onset age, higher plasma

α-Klotho levels, and lower HAMD scores than those in the elderly MDD group. While the

plasma α-Klotho levels were higher in rs9315202 T alleles carrier regardless age or sex,

the rs9315202 T allele was negatively correlated with disease severity only in the elderly

MDD patients.

Conclusion: The results of our study showed that only elderly MDD patients showed

a decrease in plasma α-Klotho levels along with an increase in disease severity as well

as an association with the number of rs9315202 T alleles, and not young MDD patients

compared to age-matched controls. Our data suggest that circulating α-Klotho levels

combined with Klotho genetic polymorphisms are important in elderly MDD patients,

particularly carriers of the Klotho gene rs9315202 T allele.
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INTRODUCTION

α-Klotho, an anti-aging protein, is known for its aging-related
functions in longevity. Reduced expression of the Klotho gene or
α-Klotho protein level are associated with a shorter lifespan and
risk of neurodegenerative diseases, as well as accelerated aging
and premature morbidity and mortality (1). α-Klotho protein is
a single-pass type I transmembrane protein with three domains: a
short intracellular domain (∼60 amino-acids), a transmembrane
domain, and a large extracellular domain (∼950 amino-acids).
The full-length α-Klotho protein (∼140 kD) is a substrate for
several enzymes (2, 3), and the cleaved extracellular domain
(∼130 kD) enters the blood, urine, and cerebrospinal fluid as a
soluble α-Klotho protein (4, 5). While the full-length membrane-
bound α-Klotho protein is known as a co-receptor for fibroblast
growth factor-23 as well as playing a role in regulating the
excretion of phosphate and the synthesis of active vitamin D
(6–8), the soluble α-Klotho protein acts as a hormonal factor as
well as an enzyme in regulating growth factor signaling (9–11),
oxidative stress (12), and ion channels and transporters (13–16).

As an anti-aging protein, α-Klotho is widely expressed
throughout the body and is most strongly expressed in the
brain (17). Recent literature suggest that the level of α-
Klotho is regulated by chronic stress and depression. For
example, a study showed that women under a higher level
of stress have a significant age-dependent reduction of plasma
α-Klotho compared with women under low stress, while the
lower level of α-Klotho is also associated with more severe
depressive symptoms (18). In addition, treatment for MDD
might upregulate soluble α-Klotho protein levels in elderly
depressive patients. For example, electroconvulsive therapy
(ECT) results in a significant increase in cerebrospinal fluid
(CSF) α-Klotho levels, which are positively correlated with the
frequency of ECT treatment (19). However, other studies failed
to confirmed these findings and showed no difference in soluble
α-Klotho levels before and after ECT or antidepressant treatment
in patients with MDD (20).

Previous studies have suggested that Klotho gene

polymorphisms are also associated with mental disorders.

KL-VS is the most well-studied α-Klotho haplotype and

consists of six sequence variants, which was in perfect linkage
disequilibrium (LD) in the haplotype. Two of variants are located
in exon 2 and result in the amino acid substitutions, F352V
(rs9536314) and C370S (rs9527025) (21). In the treatment of
late-life MDD, patients who carry Klotho genetic polymorphism
KL-VS (rs9536314) homozygotes respond poorly to selective
serotonin reuptake inhibitors (SSRIs) compared to non-carriers
after 6 months of treatment (22). Moreover, it has been suggested
that KL-VS various (rs9536314/rs9527025) affect the trafficking
and catalytic activity of α-Klotho protein (21), and KL-VS
heterozygous carriers have higher serum α-Klotho levels than
non-carriers (23). While very limited studies investigated the
relationship of rs9315202 with aging and psychiatric stress-
related DNA methylation, a recent postmortem PTSD brain
study showed that the rs9315202 is associated with a reduction
of Klotho expression via DNA methylation in elderly with
psychiatric stress as PTSD (24). There is another clinical study

with Caucasians suggested that Klotho SNP rs9315202 might
predict a consistent correlation between psychiatric stress and
cell aging since the severity of PTSDwasmore strongly associated
with advanced epigenetic age in those carried two copies of the
minor allele (25). In addition, it has been hypothesized that the
potential effect of rs9315202 on Klotho gene expression may be
through transcription regulation, since it is located at a potential
enhancer (enh51509) of the Klotho gene (Enhancer DB) (26).

Since Klotho is closely related to age, it is hypothesized
that Klotho polymorphism may exert their biological effect
such as aging and longevity in specific time windows. This
hypothesis is supported by the KL-VS heterozygous genotype
only favorable for survival in old people, not in centenarian
(27) or young controls (21).While limited investigations focused
on the anti-aging factor of Klotho and treatment response in
MDD, whether the Klotho SNPs distribution contribute α-Klotho
protein expression and disease severity in MDD patients of
different ages is still unknown. In this study, we detected the
Klotho polymorphism (rs9536314 and rs9315202) and α-Klotho
plasma concentration in young and elderly MDD patients and
healthy controls, then analyzed the potential clinical association
and significance.

MATERIALS AND METHODS

Participants
Samples from 144 MDD patients and 112 age-matched healthy
controls were selected from the Beijing Biobank of Clinical
Resources-Mental Disorders. Participants in two age groups were
included in the study: young (n = 71, 30–40 years) and elderly
(n = 73, >65 years). All patients were diagnosed previously by
two experienced psychiatrists according to the Diagnostic and
Statistical Manual of Mental Disorders-IV and their personal
information, disease state, age of onset, andHamilton Depression
Scale (HAMD) scores were collected as a standard protocol for
the Biobank. Genomic DNA was extracted from all participants
for SNP analysis and the α-Klotho levels were measured in the
plasma of all participants. The patients were further divided into
a first episode group and a recurrent group. The exclusion criteria
included a history of substance abuse or dependency and any
neurological or psychiatric disorder. The study was approved by
the Ethics Committee of Beijing Anding Hospital and was in
accordance with the latest version of the Declaration of Helsinki.
All participants provided written informed consent to participate
in this study.

Measurement of Plasma α-Klotho Levels
Blood samples were collected from both MDD patients and
healthy controls in EDTA tubes and plasma was isolated by
centrifugation at 3,000 rpm for 10min and stored at−80◦C until
analysis. Concentrations of plasma α-Klotho were assessed using
solid-phase sandwich enzyme-linked immunosorbent assays
following the manufacturer’s instructions (Immuno-Biological
Laboratories, Takasaki, Japan). In brief, 100-µl plasma samples
per well of a pre-coated 96-well plate were incubated for 60min at
room temperature before washing 4 times with buffer. Then, the
samples were incubated with 100 µl antibody for 30min at room
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TABLE 1 | Demographic and clinical data in elderly and young participants (mean ± SD).

Characteristics Elderly Young

HC FEP RP HC FEP RP

N 32 28 45 80 35 36

Female (%) 19 (59.4) 18 (64.3) 31 (68.9) 41 (51.2) 23 (65.7) 18 (50.0)

Age 63.97 (3.04) 67.04 (5.78) 67.69 (4.49) 34.83 (3.44)### 34.06 (3.12)### 34.89 (3.50)###

Onset age NA 66.11 (5.70) 63.49 (3.75) NA 33.91 (4.17)### 25.90 (6.80)###

Plasma α-Klotho levels, pg/ml 581.125 (172.242) 443.871 (201.352)** 586.147 (227.622) 899.674 (310.364)### 942.630 (279.935)### 864.705 (270.012)###

HAMD scores NA 27.07 (7.06) 24.71 (7.41) NA 9.63 (6.77)### 11.75 (8.17)###

HC, healthy controls; FEP, first-episode patients; RP, recurrent patients. Significant difference between controls and patients, **P< 0.01; significant difference between elderly and young

group, ###P < 0.001.

temperature followed by 5 washes. The chromogen (100 µl) was
added to the wells and incubated for 30min in the dark before
adding 100 µl Stop solution to stop the reaction. A SpectraMax
i3x reader (Molecular Devices, San Jose, CA) at 450 nm was used
for data acquisition. The sensitivity of the ELISA kit was 6.15
pg/ml and the coefficient of variation was <10%.

Klotho SNP Assays
DNA was extracted from leukocytes using the Miniprep System
(Promega, Madison, USA). The concentration of DNA was
measured by using Nanodrop 2000 (Thermo Scientific,Waltham,
USA) to ensure that adequate amounts of high-quality genomic
DNA had been extracted. A primer pool containing three
SNPs (rs9536314, rs9527025, and rs9315202) was designed and
synthesized, and then the target SNPs were amplified by two-step
PCR and an Illumina-compatible library was prepared. After the
first round of PCR reaction, the PCR products were detected by
1% agarose gel electrophoresis to determine the correct size of
the products. The PCR products were purified using AMPureXP
beads (Beckman-Coulter, CA, USA). Then the second round of
PCR reaction was performed using the first round PCR products
as templates to obtain the sequenced library with molecular
tags as previously described (28). After the final PCR products
were recovered and mixed equally, paired-end sequencing of the
library was performed on HiSeqXTen sequencers (Illumina, San
Diego, CA). Prinseq-lite (v 0.20.3) software was used to filter
the raw data, and the remaining clean data were mapped to the
reference genome using BWA (v 0.7.13-r1126) software, and the
genotype results of the target site were calculated according to the
comparison results.

Statistical Analysis
All experimental data were entered into a database in SPSS 26.0
software (SPSS Inc., Chicago, Illinois, USA). All quantitative
data accord with normal distribution by Kolmogorov-Smirnov
test, and are presented as the mean ± SD. Comparisons of
the data (plasma α-Klotho levels and HAMD scores) between
groups were tested using the unpaired t-test or ordinary one-
way ANOVA. Chi-squared test was used to detect and verify
whether the genotype frequency distributions in participants
was consistent with Hardy-Weinberg equilibrium (HWE). Chi-
squared test was also used to detect and verify whether there

is difference in the genotype frequency distributions (Recessive,
Dominant, Additive, Genotype and Allele models) between
two groups. Pearson correlations were used to examine the
correlation between age and plasma α-Klotho levels. Age×
genotype interactionmodel was used to investigate whether there
was a significant rs9315202dominant × age e?ect on the plasma
α-Klotho levels in all participants. Multiple linear regression
analysis was used to analyze the correlation between plasma α-
Klotho levels and the rs9315202 T allele. The level of significance
was set at p < 0.05. However, the corrected p value was set
at 0.0167 considering the Bonferroni multiple testing. A power
calculation for the main results was performed. Group sample
sizes of 32 (healthy controls) and 28 (first-episode patients)
achieve 78.975% (>75%) power to reject the null hypothesis
of equal means (Plasma α-Klotho levels) when the population
mean difference is µ1–µ2 = 581.1–443.9 = 137.3 with standard
deviations of 172.2 for group 1 and 201.4 for group 2, and with a
significance level (alpha) of 0.050 using a two-sided two-sample
unequal-variance t-test. All significance tests were two-tailed.

RESULTS

Plasma α-Klotho Concentration Is
Reduced in the Elderly, and Not in Young
MDD Patients Compared to Age-Matched
Controls
The demographic information of all MDD patients as well as
controls is shown inTable 1. While we found a significantly lower
level of plasma α-Klotho in the MDD patients than in the control
group (714.767 ± 313.075 vs. 808.660 ± 312.629 pg/ml, P =

0.018; Supplementary Table 1), further analysis showed that the
lower level was limited to the elderly first-episode MDD group
compared to the age-matched elderly control group (443.871 ±

201.352 vs. 581.125 ± 172.242 pg/ml, P = 0.006), but not the
recurrent elderly MDD group (586.147 ± 227.622 vs. 581.125
± 172.242 pg/ml, P = 0.917) (Figure 1A). Furthermore, our
data showed no difference of plasma α-Klotho levels between
young MDD and age-matched controls, regardless disease
episode (Figure 1A). In addition, while all participants showed
a significant correlation between plasma α-Klotho concentration
and age (P < 0.001, r = −0.564; Supplementary Table 2), the
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FIGURE 1 | Plasma α-Klotho levels (A) and HAMD scores (B) in participants. HC, healthy controls; FEP, first episode patients; RP, recurrent patients; **P < 0.01, ***P

< 0.001.

TABLE 2 | Genotyping and allele distributions of SNP rs9315202 in the elderly participants.

Groups rs9315202 genotype models HWE

Recessive Dominant Additive Genotype Allele

CC+CT TT CC CT+TT CC TT CC CT TT C T

Elderly HC 26 6 5 27 5 6 5 21 6 31 33 0.21

Elderly FEP 21 7 11 17 11 7 11 10 7 32 24 0.36

Elderly RP 33 12 11 34 11 12 11 22 12 44 46 0.99

χ
2

χ
2

ElderlyFEP 0.344 4.275 0.192 5.990 0.908

χ
2

ElderlyRP 0.654 0.884 0.017 2.139 0.003

P

P ElderlyFEP 0.558 0.039 0.661 0.050 0.341

P ElderlyRP 0.419 0.347 0.897 0.343 0.956

HC, healthy controls; FEP, first-episode patients; RP, recurrent patients; data were analyzed by Pearson’s χ
2 test.

Bold values are used to represent P values ≤ 0.05.

FIGURE 2 | Genotyping and dominant model distributions of SNP rs9315202 in the elderly (A) and young (B) participants. HC, healthy controls; FEP, first episode

patients; RP, recurrent patients; *P < 0.05.
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TABLE 3 | Plasma α-Klotho levels (pg/ml) according to the distribution of rs9315202 dominant model (mean ± SD).

Groups N Plasma α-Klotho levels t P

CC CT+TT

All participants 256 686.803 (300.067) 783.917 (318.416) −2.249 0.025

Elderly HC 32 455.062 (114.755) 604.470 (172.408) −1.850 0.074

Elderly MDD 73 442.118 (207.958) 570.165 (226.433) −2.270 0.026

Young HC 80 749.706 (182.738) 976.072 (334.691) −3.911 <0.001

Young MDD 71 928.973 (314.427) 892.980 (261.795) 0.492 0.624

HC, healthy controls; MDD, major depressive disorder.

Bold values are used to represent P values ≤ 0.05.

FIGURE 3 | Plasma α-Klotho levels (A) and HAMD scores (B) in MDD patients carrying Klotho polymorphism rs9315202, and HAMD scores vs. α-Klotho levels in

elderly (C) and young (D) patients. MDD, major depressive disorders; *P < 0.05.

young MDD groups showed significant higher plasma α-Klotho
levels than the matched elderly MDD groups (Figure 1A). It
is also interesting that the young MDD groups had less severe
clinical symptoms as shown by lower HAMD scores (Figure 1B),
and an earlier onset of the disease (Table 1) than the matched
elderly MDD groups.

Genotyping and Allele Distributions of SNP
rs9315202 in MDD Patients and Matched
Controls
The Klotho genotype was distributed in HWE (P > 0.05). Among
the 256 participants, only two (an elderly MDD patient and a

young healthy control) carried KL-VS (rs9536314/rs9527025)
loci. Since the minimum allele frequency of rs9536314/rs9527025
was <0.005, the KL-VS (rs9536314) data were excluded

(Supplementary Tables 4–5). Interestingly, the distribution

frequency of rs9315202 T allele is significant lower in the
elderly first-episode patients than the elderly control group.
A significant difference in the distribution frequency of the
rs9315202 dominant model (CC vs. CT + TT) was found
between the elderly first episode MDD group and the elderly
control group (P = 0.039), while the elderly recurrent MDD
group had a distribution frequency similar to the elderly controls
(P = 0.347; Table 2 and Figure 2A). No significant difference in
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distribution of this model (CC vs. CT + TT) was found between
the young MDD and young control groups (Figure 2B and
Supplementary Table 3).

Relationship Between the rs9315202
Genotype and Plasma a-Klotho
Concentration
As we found a significant difference in plasma α-Klotho levels
as well as Klotho rs9315202 genotype between the elderly first-
episode MDD and age-matched healthy control groups, to
understand the impact of Klotho rs9315202 genotypes on plasma
α-Klotho concentration, we divided the participants into two
groups according to genotype (CC vs. CT + TT) (Table 3). A
significantly lower plasma level of α-Klotho was found in the
CC genotype carriers than in the CT + TT genotype carriers
among all participants regardless age and disease (686.803 ±

300.067 vs. 783.917 ± 318.416 pg/ml, P = 0.025; Table 3). In
the healthy controls, a lower plasma α-Klotho level was found in
the young CC carriers than in the age-matched CT+TT carriers
(749.706 ± 182.738 vs. 976.072 ± 334.691 pg/ml, P < 0.001),
but not in elderly controls (455.062 ± 114.755 vs. 604.470 ±

172.408 pg/ml, P = 0.074; Table 3). In the MDD patients, only
the elderly patients showed a significantly lower plasma level of
α-Klotho (442.118 ± 207.958 vs. 570.165 ± 226.433 pg/ml, P =

0.026) in the CC genotype carriers than in the CT + TT carriers,
while no association between plasma α-Klotho and genotype
was found in the young MDD patients, although an association
was found in young healthy controls (Table 3). Age-dependent
relationships between the rs9315202 genotype and plasma a-
Klotho concentration as well as HAMD scores in the young
and elderly MDD groups were also found (Figure 3). Our data
showed that in the elderly MDD patients, the disease severity
was significantly different between the CC and CT+ TT carriers
(28.09 ± 5.94 vs. 24.55 ± 7.64, P < 0.05; Figure 3B). However,
there is no significant association between HAMD scores and
plasma α-Klotho levels in both elderly and young MDD patients
(Figures 3C,D). The rs9315202 dominant model × age did not
predict plasma α-Klotho concentration, but the age evidenced
a significant main effect (P = 0.012; Table 4). In addition, the
multiple linear regression model was used to control for the
effects of variables significantly associated with plasma α-Klotho
concentration (Table 5). In all participants, age was used in the
first model 1, F= 118.385, P < 0.001, with an R2 of 0.318. Adding
the rs9315202 T allele improved model 2, F = 69.884, P < 0.001,
with an R2 of 0.356. Adding rs9315202 T allele and sex improved
model 3, F = 50.537, P < 0.001, with an R2 of 0.376. For all 256
participants, age was the main factor negatively affecting plasma
α-Klotho concentration, while sex and the rs9315202 T allele had
a weak positive effect.

DISCUSSION

Recent literature suggests that the level of α-Klotho is regulated
by chronic stress and depression (18), and polymorphisms of
the Klotho gene affect the plasma level of α-Klotho in healthy

TABLE 4 | Regression results from models with significant interactive effects of

rs9315202 dominant model and age on plasma α-Klotho concentration (n = 256).

Variable Beta SE P

Covariates

Age −0.747 5.331 0.012

Sex 0.013 45.032 0.851

Onset −0.017 4.642 0.950

rs9315202 dominant model −0.257 157.094 0.259

rs9315202 dominant model

× age

0.389 2.833 0.120

Bold values are used to represent P values ≤ 0.05.

individuals (23). To investigate whether the plasma level of α-
Klotho and SNPs are associated with MDD, we examined both
of them in MDD patients and healthy controls. While extensive
reports have shown that α-Klotho levels decline with age, we
found that elderly MDD patients had even lower levels than
age-matched controls (Figure 1A). However, such a difference in
plasma α-Klotho levels did not exist in young MDD patients and
matched controls. Our data suggested that circulating α-Klotho
might be involved in MDD in elderly, but not young patients.
Previous studies have demonstrated the age-dependent changes
of circulating α-Klotho concentrations, including those in the
plasma (29) as well as in the CSF (30).

Moreover, as a previous study suggested that a lower level of
α-Klotho is associated with more severe stress-related depressive
symptoms in healthy individuals (18), we speculated that the
decrease of plasma α-Klotho with aging may contribute to the
aggravation of depressive symptoms in MDD patients. Besides,
MDD is a highly heterogeneity disease, as exemplified by early vs.
late onset, first episode vs. recurrent MDD, and other subtypes
(31). Previous studies have shown that patients with early-
onset depression (EOD) and late-onset depression (LOD) have
different symptomatology and clinical characteristics (32, 33) as
well as biological processes (32, 33). For example, the serum levels
of interleukin-10 in LOD patients are higher than in controls or
EOD patients (34), and the increased plasma C-reactive protein
(CRP) levels are more closely associated with LOD than EOD
patients (35). In the current study, we noticed that the onset
of age in young MDD patients is significantly earlier than that
in elderly MDD patients (Table 1). Whether the difference in
plasma α-Klotho levels between young and elderly MDD patients
is due to the difference in onset ages or the patients age still need
further investigation with age-matched EOD and LOD patients.

In addition to age, soluble α-Klotho concentration has also
been associated with the type and status of disease (36–38).
For example, soluble α-Klotho levels significantly decrease with
the severity of chronic kidney disease (39). Furthermore, the
concentration of plasma α-Klotho is negatively correlated with
the severity of progression of cerebral small vessel disease in
patients with acute ischemic stroke (40). An association between
circulating α-Klotho levels and disease severity has also been
found in patients with cerebral deep white-matter lesions and
impaired cognitive function (41). Moreover, the level of plasma
α-Klotho might also reflect the level of psychosocial stress
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TABLE 5 | Multiple linear regression model of plasma α-Klotho concentration in total participants (n = 256).

Models Model summary Multiple regression weights

R2 F (df) P B Beta P

Model 1 0.318 118.385 (1, 254) <0.001

Age −11.035 −0.564 <0.001

Model 2 0.356 69.884 (1, 253) <0.001

Age −11.359 −0.580 <0.001

rs9315202T allele 90.218 0.196 <0.001

Model 3 0.376 50.537 (1, 252) <0.001

Age −11.679 −0.597 <0.001

rs9315202T allele 92.957 0.201 <0.001

Sex 90.628 0.142 0.005

Bold values are used to represent P values ≤ 0.05.

as women under high-stress condition expressed significant
reduction in plasma α-Klotho compared with the women under
low-stress category (18). While α-Klotho is associated with aging
and MDD is also closely related to aging (19, 20, 22), vascular
disease (42, 43), stress (25, 44, 45) and cognitive decline (46–
49), we studies the α-Klotho in young and old MDD patients
with age-matched controls. Interestingly, we noted a reduced
plasma α-Klotho level in elderly first-episode MDD patients, not
in elderly patients with recurrent MDD, compared to elderly
controls (Table 1; Figure 1A). We found no significant difference
in plasma α-Klotho between the young MDD group and age
matched controls (Table 1; Figure 1A). These results in young
participants is consistent with a previous study which found no
significant difference in plasma levels of α-Klotho between MDD
patients and healthy controls at an average age of 45 years (20).

Medical treatment may be another important reason for
the change of soluble α-Klotho concentration. Hoyer et al.
found that ECT elevates the CSF-soluble α-Klotho levels in
patients with MDD (19), suggested that treatment may affect
the soluble α-Klotho levels. However, Sartorius et al. found no
group differences between the baseline soluble α-Klotho of MDD
patients and controls and between pre- and post-treatment in
MDD patients treated either with ECT or antidepressants (20).
In general, there is no consistent conclusion about the effect of
treatment on soluble α-Klotho levels (including plasma andCSF).
Compared with the elderly recurrent MDD patients, the elderly
first- MDD patients received no or little medication, which might
represent antidepressant treatment affects plasma α-Klotho
levels. However, such an argument is not supported in young
MDD patients since there was no difference in plasma α-Klotho
between the first-episode and recurrent MDD groups (Figure 1).
Instead, the first-episode young MDD patients had a higher α-
Klotho level than that in the recurrent patients (Table 1), but the
difference did not reach statistical significance. Interestingly, the
first-episode young MDD group had a significantly later onset
age than the age-matched recurrentMDD group (Table 1). Given
the earlier onset age in young MDD than elderly MDD found
in our study, whether the plasma α-Klotho levels are associated
more with the onset age rather than the medication requires
further investigation.

Mounting evidence link the polymorphism of the Klotho
gene to human longevity and survival rate, brain structure and
function, psychiatric stress and treatment. For example, a larger-
scale study of Italian population from young to old age showed
that KL-VS heterozygous genotype was conducive to survival in
the aged people through regulating α-Klotho protein transport
and catalytic activity (21), as KL-VS heterozygous carriers
had a higher level of serum α-Klotho than the non-carriers
(23). Besides, KL-VS heterozygosity is associated with greater
volume in the right dorsolateral prefrontal cortex (rDLPFC)
and enhanced executive function in cognitively normal older
adults (37), while G395A polymorphism is associated with
reduced age-related cognitive impairment (50). One clinical
study found a consistent correlation between SNP rs9315202 and
psychiatric stress and cell aging, such as the strongest relationship
between severity of PTSD and advanced epigenetic age in
those carried two copies of the minor allele of rs9315202 (25).
Besides, according to the forecast of the Enhancer DB website,
the potential effect of rs9315202 on Klotho gene expression
may be through transcription regulation, since it is located
at a potential enhancer (enh51509) of the Klotho gene (26).
In the treatment of late-life depression, patients with at least
one SNP rs1207568 minor allele showed significant reduction
of depressive symptoms (more than 50 percent reduction in
Hamilton Rating Scale for Depression 21-items (HRSD-21)
score) after 6 months of treatment, while the patients with
rs9536314 homozygotes respond the treatment poorly (<10
percent reduction in HDRS-21 score) (22). We then selected KL-
VS (rs9536314/rs9527025) and rs9315202 based on their known
impact on the aging and brain function (23, 25, 50–52).

As only two participants were identified as KL-VS haplotype
carriers, consistent with previous reports that this variant is very
rare in Asian populations (53, 54), we excluded KL-VS from
this investigation (Supplementary Tables 4, 5). These results
suggest that the association between rs9315202 genotype and
circulating α-Klotho in MDD patients is age-dependent. While
knowledge of the physiological impact of Klotho polymorphisms
on mental health is limited, one study showed that rs9315202 is
associated with slower epigenetic aging in Caucasian (24), and
higher level of circulating α-Klotho (23) as well as a positive effect
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on lifespan was seen in individuals who were heterozygous for
the KL-VS allele (21, 27). In order to understand the function
of the Klotho rs9315202 genotype in MDD, we divided all
participants into two groups according to rs9315202 dominant
model genotype (CC vs. CT + TT) and assessed the plasma
levels of α-Klotho as well as some clinical features. We found a
significantly lower frequency distribution of Klotho rs9315202 T
carrier in the elderly first-episode MDD group than in the
elderly controls (P = 0.039), while the elderly recurrent MDD
group showed no difference in the distribution frequencies from
the elderly controls (P = 0.347) (Table 2; Figure 2). However,
between young MDD and controls, there is no difference in the
rs9315202 dominant model distribution (Figure 2B). The elderly
MDD T carriers had a higher plasma α-Klotho level than the
age-matched MDD CC carriers, while the young MDD group
failed to show an effect of rs9315202 genotype (Figure 3A). In
addition, the elderlyMDDT allele carriers had significantly lower
HAMD scores than the elderly MDD CC carriers (Figure 3B).
As a previous report suggested that the lower level of α-Klotho
is associated with more severe depression-like symptoms in
healthy people under chronic stress (18), we speculated that the
Klotho polymorphism might affect the elderly MDD patients via
reducing plasma α-Klotho levels. However, an effect of Klotho
polymorphism on plasma α-Klotho levels and HAMD scores did
not appear in the young MDD patients (Figures 3A,B). There
was no significant correlation between plasma α-Klotho levels
and HAMD scores in both young and elderly MDD patients
(Figures 3C,D). Multiple linear regression was used to further
analyze the factors affecting plasma protein in different groups
(Table 5). Klotho polymorphism rs9315202 is a common factor
affecting the plasma α-Klotho concentration in all participants,
independent of age and sex. Together, our data suggest that
Klotho polymorphism rs9315202 genotypes might be related to
the plasma α-Klotho concentration in the elderly MDD patients.
Only detecting plasma α-Klotho levels may not be specific
to MDD, the combination of Klotho polymorphism and the
expression of α-Klotho might be more useful for understanding
the MDD in elderly.

There are several limitations in this study. First, our
samples were grouped as young (30–40 years) and elderly
(>66) and our data do not represent middle age (40–65
years) MDD. Second, there might be a potential effect of
medication on the plasma α-Klotho levels in MDD patients
in this study since we do not have a full treatment record
for these patients from the biobank of Anding hospital and
could not provide direct analysis of medication/treatment
effect on plasma α-Klotho levels in MDD patients in
this study, except having some discussion on potential
medication involvement. These items should be addressed
in the future investigations.

CONCLUSION

The results of our study showed that only elderly
MDD patients showed a decrease in plasma α-Klotho

levels along with an increase in disease severity as
well as an association with the number of rs9315202 T
alleles, and not young MDD patients compared to age-
matched controls. Our data suggest that circulating
α-Klotho might be important in elderly MDD patients,
particularly in carriers of the Klotho gene rs9315202
T allele.

DATA AVAILABILITY STATEMENT

The datasets presented in this study can be found in online
repositories. The names of the repository/repositories and
accession number(s) can be found below: NCBI SRA BioProject,
Accession No: PRJNA691643.

ETHICS STATEMENT

The study was approved by Ethics Committee of Beijing
Anding Hospital and was in accordance with the latest version
of the Declaration of Helsinki. The patients/participants
provided written informed consent to participate in
this study.

AUTHOR CONTRIBUTIONS

XG managed the literature searches, designed the study,
undertook the sample processing, interpreted the statistical
analyses, and wrote the first draft of the manuscript. ZS,
YL, HX, and GM contributed to the assessment of plasma
α-Klotho levels. JZ, YG, QD, GZ, and ML contributed to
participant and clinical data administration. RL instructed in the
study approach and supervised the statistical analyses and their
interpretation. All authors have contributed to and approved the
final manuscript.

FUNDING

This research was supported by the National Natural
Science Foundational of China (#9184910028 to RL) and
the National Key Technology Research and Development
Program of the Ministry of Science and Technology of China
(#2020YFC2005300 to RL).

ACKNOWLEDGMENTS

We thank all patients and healthy individuals for their
participation in the study, and clinical researchers from Beijing
Anding Hospital of Capital Medical University for their support
and help.

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fpsyt.
2021.682691/full#supplementary-material

Frontiers in Psychiatry | www.frontiersin.org 8 October 2021 | Volume 12 | Article 682691

https://www.frontiersin.org/articles/10.3389/fpsyt.2021.682691/full#supplementary-material
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org
https://www.frontiersin.org/journals/psychiatry#articles


Gao et al. Klotho Level and Polymorphism

REFERENCES

1. Kuro-o M, Matsumura Y, Aizawa H, Kawaguchi H, Suga T, Utsugi T, et al.

Mutation of the mouse klotho gene leads to a syndrome resembling ageing.

Nature. (1997) 390:45–51. doi: 10.1038/36285

2. Bloch L, Sineshchekova O, Reichenbach D, Reiss K, Saftig P, Kuro-o M, et al.

Klotho is a substrate for alpha-, beta- and gamma-secretase. FEBS Lett. (2009)

583:3221–4. doi: 10.1016/j.febslet.2009.09.009

3. Chen CD, Podvin S, Gillespie E, Leeman SE, Abraham CR. Insulin

stimulates the cleavage and release of the extracellular domain of Klotho by

ADAM10 and ADAM17. Proc Natl Acad Sci USA. (2007) 104:19796–801.

doi: 10.1073/pnas.0709805104

4. Imura A, Iwano A, Tohyama O, Tsuji Y, Nozaki K, Hashimoto N, et al.

Secreted Klotho protein in sera and CSF: implication for post-translational

cleavage in release of Klotho protein from cell membrane. FEBS Lett. (2004)

565:143–7. doi: 10.1016/j.febslet.2004.03.090

5. Hu MC, Shi M, Zhang J, Addo T, Cho HJ, Barker SL, et al. Renal production,

uptake, and handling of circulating alphaKlotho. J Am Soc Nephrol. (2016)

27:79–90. doi: 10.1681/ASN.2014101030

6. Kurosu H, Ogawa Y, Miyoshi M, Yamamoto M, Nandi A, Rosenblatt KP, et al.

Regulation of fibroblast growth factor-23 signaling by klotho. J Biol Chem.

(2006) 281:6120–3. doi: 10.1074/jbc.C500457200

7. Urakawa I, Yamazaki Y, Shimada T, Iijima K, Hasegawa H, Okawa K, et al.

Klotho converts canonical FGF receptor into a specific receptor for FGF23.

Nature. (2006) 444:770–4. doi: 10.1038/nature05315

8. Kuro-o M. Klotho as a regulator of fibroblast growth factor signaling and

phosphate/calciummetabolism.Curr Opin Nephrol Hypertens. (2006) 15:437–

41. doi: 10.1097/01.mnh.0000232885.81142.83

9. Kurosu H, Yamamoto M, Clark JD, Pastor JV, Nandi A, Gurnani P, et al.

Suppression of aging in mice by the hormone Klotho. Science. (2005)

309:1829–33. doi: 10.1126/science.1112766

10. Liu HJ, Fergusson MM, Castilho RM, Liu J, Cao L, Chen JH, et al. Augmented

Wnt signaling in a mammalian model of accelerated aging. Science. (2007)

317:803–6. doi: 10.1126/science.1143578

11. Doi S, Zou Y, Togao O, Pastor JV, John GB, Wang L, et al. Klotho inhibits

transforming growth factor-beta1 (TGF-beta1) signaling and suppresses renal

fibrosis and cancer metastasis in mice. J Biol Chem. (2011) 286:8655–65.

doi: 10.1074/jbc.M110.174037

12. Yamamoto M, Clark JD, Pastor JV, Gurnani P, Nandi A, Kurosu H, et al.

Regulation of oxidative stress by the anti-aging hormone klotho. J Biol Chem.

(2005) 280:38029–34. doi: 10.1074/jbc.M509039200

13. Chang Q, Hoefs S, van der Kemp AW, Topala CN, Bindels RJ, Hoenderop JG.

The beta-glucuronidase klotho hydrolyzes and activates the TRPV5 channel.

Science. (2005) 310:490–3. doi: 10.1126/science.1114245

14. Cha SK, HuMC, Kurosu H, Kuro-oM,Moe O, Huang CL. Regulation of renal

outer medullary potassium channel and renal K(+) excretion by Klotho.Mol

Pharmacol. (2009) 76:38–46. doi: 10.1124/mol.109.055780

15. Imura A, Tsuji Y, Murata M, Maeda R, Kubota K, Iwano A, et al. alpha-

Klotho as a regulator of calcium homeostasis. Science. (2007) 316:1615–8.

doi: 10.1126/science.1135901

16. Xie J, Cha SK, An SW, Kuro OM, Birnbaumer L, Huang CL. Cardioprotection

by Klotho through downregulation of TRPC6 channels in the mouse heart.

Nat Commun. (2012) 3:1238. doi: 10.1038/ncomms2240

17. German DC, Khobahy I, Pastor J, Kuro OM, Liu X. Nuclear localization of

Klotho in brain: an anti-aging protein. Neurobiol Aging. (2012) 33:1483.e25–

30. doi: 10.1016/j.neurobiolaging.2011.12.018

18. Prather AA, Epel ES, Arenander J, Broestl L, Garay BI, Wang D, et al.

Longevity factor klotho and chronic psychological stress. Transl Psychiatry.

(2015) 5:e585. doi: 10.1038/tp.2015.81

19. Hoyer C, Sartorius A, Aksay SS, Bumb JM, Janke C, Thiel M, et al.

Electroconvulsive therapy enhances the anti-ageing hormone Klotho in

the cerebrospinal fluid of geriatric patients with major depression.

Eur Neuropsychopharm. (2018) 28:428–35. doi: 10.1016/j.euroneuro.2017.

12.012

20. Sartorius A, Gilles M, Pfeifer AM, Deuschle M, Hoyer C, Haffner

D, et al. Peripheral levels of the anti-aging hormone Klotho in

patients with depression. J Neural Transm. (2019) 126:771–6.

doi: 10.1007/s00702-019-02008-w

21. Arking DE, Krebsova A, Macek M Sr, Macek M Jr, Arking A, Mian IS, et al.

Association of human aging with a functional variant of klotho. Proc Natl Acad

Sci USA. (2002) 99:856–61. doi: 10.1073/pnas.022484299

22. Paroni G, Seripa D, Fontana A, D’Onofrio G, Gravina C, Urbano M, et al.

Klotho gene and selective serotonin reuptake inhibitors: response to treatment

in late-life major depressive disorder. Mol Neurobiol. (2017) 54:1340–51.

doi: 10.1007/s12035-016-9711-y

23. Dubal DB, Yokoyama JS, Zhu L, Broestl L, Worden K, Wang D, et al.

Life extension factor klotho enhances cognition. Cell Rep. (2014) 7:1065–76.

doi: 10.1016/j.celrep.2014.03.076

24. Wolf EJ, Chen CD, Zhao X, Zhou Z, Morrison FG, Daskalakis

NP, et al. Klotho, PTSD, and advanced epigenetic age in

cortical tissue. Neuropsychopharmacology. (2021) 46:721–30.

doi: 10.1038/s41386-020-00884-5

25. Wolf EJ, Morrison FG, Sullivan DR, LogueMW, Guetta RE, Stone A, et al. The

goddess who spins the thread of life: Klotho, psychiatric stress, and accelerated

aging. Brain Behav Immun. (2019) 80:193–203. doi: 10.1016/j.bbi.2019.03.007

26. Kang R, Zhang Y, Huang Q, Meng J, Ding R, Chang Y, et al. EnhancerDB: a

resource of transcriptional regulation in the context of enhancers. Database.

(2019) 2019:bay141. doi: 10.1093/database/bay141

27. Invidia L, Salvioli S, Altilia S, Pierini M, Panourgia MP, Monti D, et al. The

frequency of Klotho KL-VS polymorphism in a large Italian population, from

young subjects to centenarians, suggests the presence of specific time windows

for its effect. Biogerontology. (2010) 11:67–73. doi: 10.1007/s10522-009-9229-z

28. Wan L, Zhang G, Liu M, Wang C, Li Y, Li R. Sex-specific effects of

methylenetetrahydrofolate reductase polymorphisms on schizophrenia

with methylation changes. Compr Psychiatry. (2019) 94:152121.

doi: 10.1016/j.comppsych.2019.152121

29. Semba RD, Cappola AR, Sun K, Bandinelli S, Dalal M, Crasto C, et al.

Plasma klotho and cardiovascular disease in adults. J Am Geriatr Soc. (2011)

59:1596–601. doi: 10.1111/j.1532-5415.2011.03558.x

30. Semba RD, Moghekar AR, Hu J, Sun K, Turner R, Ferrucci L, et al. Klotho

in the cerebrospinal fluid of adults with and without Alzheimer’s disease.

Neurosci Lett. (2014) 558:37–40. doi: 10.1016/j.neulet.2013.10.058

31. Lopizzo N, Bocchio Chiavetto L, Cattane N, Plazzotta G, Tarazi FI, Pariante

CM, et al. Gene-environment interaction in major depression: focus on

experience-dependent biological systems. Front Psychiatry. (2015) 6:68.

doi: 10.3389/fpsyt.2015.00068

32. Chen JD, Liu F, Xun GL, Chen HF, Hu MR, Guo XF, et al. Early and

late onset, first-episode, treatment-naive depression: same clinical symptoms,

different regional neural activities. J Affect Disord. (2012) 143:56–63.

doi: 10.1016/j.jad.2012.05.025

33. Korten NC, Comijs HC, Lamers F, Penninx BW. Early and late onset

depression in young and middle aged adults: differential symptomatology,

characteristics and risk factors? J Affect Disord. (2012) 138:259–67.

doi: 10.1016/j.jad.2012.01.042

34. Gazal M, Jansen K, Souza LD, Oses JP, Magalhaes PV, Pinheiro R, et al.

Association of interleukin-10 levels with age of onset and duration of illness in

patients with major depressive disorder. Braz J Psychiatry. (2015) 37:296–302.

doi: 10.1590/1516-4446-2014-1452

35. Rozing MP, Veerhuis R, Westendorp RGJ, Eikelenboom P, Stek M,

Marijnissen RM, et al. Inflammation in older subjects with early-

and late-onset depression in the NESDO study: a cross-sectional and

longitudinal case-only design. Psychoneuroendocrinology. (2019) 99:20–7.

doi: 10.1016/j.psyneuen.2018.08.029

36. Shardell M, Semba RD, Rosano C, Kalyani RR, Bandinelli S, Chia CW,

et al. Plasma klotho and cognitive decline in older adults: findings from

the InCHIANTI study. J Gerontol A Biol Sci Med Sci. (2016) 71:677–82.

doi: 10.1093/gerona/glv140

37. Yokoyama JS, Sturm VE, Bonham LW, Klein E, Arfanakis K, Yu L,

et al. Variation in longevity geneKLOTHOis associated with greater cortical

volumes. Ann Clin Transl Neurol. (2015) 2:215–30. doi: 10.1002/acn3.161

38. Brombo G, Bonetti F, Ortolani B, Morieri ML, Bosi C, Passaro A, et al.

Lower plasma klotho concentrations are associated with vascular dementia

but not late-onset Alzheimer’s disease. Gerontology. (2018) 64:414–21.

doi: 10.1159/000488318

39. Savvoulidis P, Kalogeropoulos AP, Raptis V, Rafailidis V, Georgianos PI,

Balaskas EV, et al. Calcification of coronary arteries and aortic valve and

Frontiers in Psychiatry | www.frontiersin.org 9 October 2021 | Volume 12 | Article 682691

https://doi.org/10.1038/36285
https://doi.org/10.1016/j.febslet.2009.09.009
https://doi.org/10.1073/pnas.0709805104
https://doi.org/10.1016/j.febslet.2004.03.090
https://doi.org/10.1681/ASN.2014101030
https://doi.org/10.1074/jbc.C500457200
https://doi.org/10.1038/nature05315
https://doi.org/10.1097/01.mnh.0000232885.81142.83
https://doi.org/10.1126/science.1112766
https://doi.org/10.1126/science.1143578
https://doi.org/10.1074/jbc.M110.174037
https://doi.org/10.1074/jbc.M509039200
https://doi.org/10.1126/science.1114245
https://doi.org/10.1124/mol.109.055780
https://doi.org/10.1126/science.1135901
https://doi.org/10.1038/ncomms2240
https://doi.org/10.1016/j.neurobiolaging.2011.12.018
https://doi.org/10.1038/tp.2015.81
https://doi.org/10.1016/j.euroneuro.2017.12.012
https://doi.org/10.1007/s00702-019-02008-w
https://doi.org/10.1073/pnas.022484299
https://doi.org/10.1007/s12035-016-9711-y
https://doi.org/10.1016/j.celrep.2014.03.076
https://doi.org/10.1038/s41386-020-00884-5
https://doi.org/10.1016/j.bbi.2019.03.007
https://doi.org/10.1093/database/bay141
https://doi.org/10.1007/s10522-009-9229-z
https://doi.org/10.1016/j.comppsych.2019.152121
https://doi.org/10.1111/j.1532-5415.2011.03558.x
https://doi.org/10.1016/j.neulet.2013.10.058
https://doi.org/10.3389/fpsyt.2015.00068
https://doi.org/10.1016/j.jad.2012.05.025
https://doi.org/10.1016/j.jad.2012.01.042
https://doi.org/10.1590/1516-4446-2014-1452
https://doi.org/10.1016/j.psyneuen.2018.08.029
https://doi.org/10.1093/gerona/glv140
https://doi.org/10.1002/acn3.161
https://doi.org/10.1159/000488318
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org
https://www.frontiersin.org/journals/psychiatry#articles


Gao et al. Klotho Level and Polymorphism

circulating a-klotho levels in patients with chronic kidney disease. J Thorac

Dis. (2020) 12:431–7. doi: 10.21037/jtd.2020.01.49

40. Woo HG, Chang Y, Ryu DR, Song TJ. Plasma Klotho concentration is

associated with the presence, burden and progression of cerebral small

vessel disease in patients with acute ischaemic stroke. PLoS ONE. (2019)

14:e0220796. doi: 10.1371/journal.pone.0220796

41. Kuriyama N, Ozaki E, Mizuno T, Ihara M, Mizuno S, Koyama T, et al.

Association between alpha-Klotho and deep white matter lesions in the brain:

a pilot case control study using brainMRI. J Alzheimers Dis. (2018) 61:145–55.

doi: 10.3233/JAD-170466

42. Pantoni L. Cerebral small vessel disease: from pathogenesis and clinical

characteristics to therapeutic challenges. Lancet Neurol. (2010) 9:689–701.

doi: 10.1016/S1474-4422(10)70104-6

43. Rensma SP, van Sloten TT, Launer LJ, Stehouwer CDA. Cerebral small vessel

disease and risk of incident stroke, dementia and depression, and all-cause

mortality: a systematic review and meta-analysis. Neurosci Biobehav Rev.

(2018) 90:164–73. doi: 10.1016/j.neubiorev.2018.04.003

44. Gold PW, Licinio J, Pavlatou MG. Pathological parainflammation and

endoplasmic reticulum stress in depression: potential translational targets

through the CNS insulin, klotho and PPAR-gamma systems. Mol Psychiatr.

(2013) 18:154–65. doi: 10.1038/mp.2012.167

45. Dafsari FS, Jessen F. Depression-an underrecognized target for prevention

of dementia in Alzheimer’s disease. Transl Psychiatry. (2020) 10:160.

doi: 10.1038/s41398-020-0839-1

46. Green RC, Cupples LA, Kurz A, Auerbach S, Go R, Sadovnick

D, et al. Depression as a risk factor for Alzheimer disease - The

MIRAGE study. Arch Neurol. (2003) 60:753–9. doi: 10.1001/archneur.

60.5.753

47. Ownby RL, Crocco E, Acevedo A, John V, Loewenstein D. Depression and risk

for Alzheimer disease: systematic review, meta-analysis, and metaregression

analysis. Arch Gen Psychiatry. (2006) 63:530–8. doi: 10.1001/archpsyc.

63.5.530

48. Caraci F, Spampinato SF,MorgeseMG, Tascedda F, SalluzzoMG, Giambirtone

MC, et al. Neurobiological links between depression and AD: the role of

TGF-beta1 signaling as a new pharmacological target. Pharmacol Res. (2018)

130:374–84. doi: 10.1016/j.phrs.2018.02.007

49. Barnes DE, Yaffe K, Byers AL, McCormick M, Schaefer C, Whitmer RA.

Midlife versus late-life depressive symptoms and risk of dementia: differential

effects for Alzheimer disease and vascular dementia. Arch Gen Psychiatry.

(2012) 69:493–8. doi: 10.1001/archgenpsychiatry.2011.1481

50. Hao Q, Ding X, Gao L, Yang M, Dong B. G-395A polymorphism

in the promoter region of the KLOTHO gene associates with

reduced cognitive impairment among the oldest old. Age. (2016) 38:7.

doi: 10.1007/s11357-015-9869-7

51. Mengel-From J, Soerensen M, Nygaard M, McGue M, Christensen K,

Christiansen L. Genetic variants in KLOTHO associate with cognitive

function in the oldest old group. J Gerontol A Biol Sci Med Sci. (2016)

71:1151–9. doi: 10.1093/gerona/glv163

52. Shimoyama Y, Nishio K, Hamajima N, Niwa T. KLOTHO gene

polymorphisms G-395A and C1818T are associated with lipid and

glucose metabolism, bone mineral density and systolic blood pressure

in Japanese healthy subjects. Clin Chim Acta. (2009) 406:134–8.

doi: 10.1016/j.cca.2009.06.011

53. Kawano K, Ogata N, Chiano M, Molloy H, Kleyn P, Spector TD,

et al. Klotho gene polymorphisms associated with bone density of

aged postmenopausal women. J Bone Miner Res. (2002) 17:1744–51.

doi: 10.1359/jbmr.2002.17.10.1744

54. Zhang F, Zhai G, Kato B, Hart D, Hunter D, Spector T, et al.

Association between KLOTHO gene and hand osteoarthritis in a

female Caucasian population. Osteoarthritis Cartilage. (2007) 15:624–9.

doi: 10.1016/j.joca.2006.12.002

Conflict of Interest: The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could be construed as a

potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors

and do not necessarily represent those of their affiliated organizations, or those of

the publisher, the editors and the reviewers. Any product that may be evaluated in

this article, or claim that may be made by its manufacturer, is not guaranteed or

endorsed by the publisher.

Copyright © 2021 Gao, Sun, Ma, Li, Liu, Zhang, Xu, Gao, Zhou, Deng and Li.

This is an open-access article distributed under the terms of the Creative Commons

Attribution License (CC BY). The use, distribution or reproduction in other forums

is permitted, provided the original author(s) and the copyright owner(s) are credited

and that the original publication in this journal is cited, in accordance with accepted

academic practice. No use, distribution or reproduction is permitted which does not

comply with these terms.

Frontiers in Psychiatry | www.frontiersin.org 10 October 2021 | Volume 12 | Article 682691

https://doi.org/10.21037/jtd.2020.01.49
https://doi.org/10.1371/journal.pone.0220796
https://doi.org/10.3233/JAD-170466
https://doi.org/10.1016/S1474-4422(10)70104-6
https://doi.org/10.1016/j.neubiorev.2018.04.003
https://doi.org/10.1038/mp.2012.167
https://doi.org/10.1038/s41398-020-0839-1
https://doi.org/10.1001/archneur.60.5.753
https://doi.org/10.1001/archpsyc.63.5.530
https://doi.org/10.1016/j.phrs.2018.02.007
https://doi.org/10.1001/archgenpsychiatry.2011.1481
https://doi.org/10.1007/s11357-015-9869-7
https://doi.org/10.1093/gerona/glv163
https://doi.org/10.1016/j.cca.2009.06.011
https://doi.org/10.1359/jbmr.2002.17.10.1744
https://doi.org/10.1016/j.joca.2006.12.002
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org
https://www.frontiersin.org/journals/psychiatry#articles

	Reduced Plasma Levels of α-Klotho and Their Correlation With Klotho Polymorphisms in Elderly Patients With Major Depressive Disorders
	Introduction
	Materials and Methods
	Participants
	Measurement of Plasma α-Klotho Levels
	Klotho SNP Assays
	Statistical Analysis

	Results
	Plasma α-Klotho Concentration Is Reduced in the Elderly, and Not in Young MDD Patients Compared to Age-Matched Controls
	Genotyping and Allele Distributions of SNP rs9315202 in MDD Patients and Matched Controls
	Relationship Between the rs9315202 Genotype and Plasma a-Klotho Concentration

	Discussion
	Conclusion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Acknowledgments
	Supplementary Material
	References


