
Peripheral Klotho and Parkinson’s Disease

Rumit S. Kakar, PhD1, Johanne V. Pastor, BS2, Orson W. Moe, MD2, Fabrisia Ambrosio, 
PhD3, Danielle Castaldi, BS4, Laurie H. Sanders, PhD5,*

1Old Dominion University Norfolk, Norfolk, Virginia, USA

2University of Texas Southwestern Medical Center, Dallas, Texas, USA

3University of Pittsburgh, Pittsburgh, Pennsylvania, USA

4Ithaca College, Ithaca, New York, USA

5Department of Neurology, Duke University Medical Center, Durham, North Carolina, USA

Keywords

Klotho; Parkinson’s disease; plasma

The anti-geronic protein α-Klotho (referred to as Klotho), plays a potential role in delaying 

age-related declines in cellular and tissue function, which has generated considerable 

interest in targeting this protein for the treatment of age-related neurodegenerative diseases.1 

Systemic exogenous elevation of Klotho enhances cognition and neural resilience in young, 

aging, and in vivo models of Parkinson’s disease (PD).2–4 Interestingly, in addition to 

age-related abnormalities, cognitive decline, and premature death, Klotho-deficient mice 

display nigrostriatal neurodegeneration, a hallmark of PD.5,6 We recently identified a role 

for Klotho in the regulation of mitochondrial DNA damage and bioenergetics.7 Given 

increased mitochondrial DNA damage and mitochondrial dysfunction in PD, we explored 

circulating levels of Klotho in human PD for the first time.8–10

To determine whether circulating plasma Klotho levels were associated with PD, we 

analyzed 122 plasma samples from the Fox Investigation for New Discovery of Biomarkers 

(BioFIND) cohort, a cross-sectional, observational study of moderate to advanced PD 

patients and age- and sex-matched healthy controls in which biospecimens were collected 

with standardized clinical and sample acquisition protocols.11 Education, race, and co-

morbidities did not differ significantly between PD and healthy control groups. Total full-

length Klotho levels were determined in the BioFIND plasma samples using a modified 

immunoprecipitation-immunoblot method, similar to our published studies.12,13 When 

analyzed dichotomously, plasma Klotho levels were not different between healthy controls 

and PD patients (Fig. 1A). However, levels of Klotho tended to be higher in women 

compared to men in the PD group; this difference between men and women with regards 
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to Klotho levels was not observed in the healthy control group (Fig. 1A). Biological sex is 

a critical factor in the development and phenotypic expression of PD.14 These results are 

in contrast to the most common form of dementia, Alzheimer’s disease, in which Klotho 

levels were decreased in the cerebrospinal fluid and plasma, perhaps highlighting differences 

in underlying mechanisms of these two neurodegenerative diseases.15,16 However, it is 

important to note that the immunoprecipitation–immunoblotting assay used in this study 

is more efficient in capturing soluble Klotho13 and selectively measures the full-length 

Klotho,12 as compared to the commercial ELISA commonly used. Therefore, caution needs 

to be exercised in directly comparing the two different methodologies for measures of 

Klotho. Further, it was recently reported that Klotho haplotypes interact with the APOE 

genotype to modify Alzheimer’s disease risk.17 Correlating Klotho levels with Klotho 

haplotype information is an important consideration for a future study.

We next tested the correlation between Klotho levels and PD-relevant clinical measures and 

whether sex modified these relationships. A lack of an association was observed between 

total MDS-UPDRS scores and Klotho values in PD patients (Fig. 1B). Additionally, Klotho 

levels did not correlate with MoCA scores in PD patients; stratifying by sex yielded similar 

results (Fig. 1C). We also did not find correlations between Klotho levels and advancing age 

in the PD group (Fig. 1D). Despite a link between pathological aging and PD-associated 

neurodegeneration, the role of Klotho in the pathophysiology of PD is largely unexplored. 

Although, in this study, we did not detect peripheral changes in plasma Klotho levels with 

PD thereby limiting its use as a diagnostic biomarker, this does not exclude the possibility 

of alterations of Klotho in post-mortem PD brains or CSF derived from PD patients in a 

biofluid that may reflect more closely central nervous system changes. Overall, our findings 

may shed light on underlying Klotho pathology in neurodegenerative diseases and has 

implications for therapeutically targeting the Klotho pathway in PD.
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FIG. 1. 
Klotho levels in PD patients and healthy controls in the BioFIND cohort. A pilot study 

was performed with four BioFIND subject plasma samples to confirm assay quality control. 

Klotho levels were measured in duplicate and compared against the standard range for 

healthy adults (22–40 pM). Plasma samples used to confirm assay quality fell in the range: 

20.7–37.2 pM (mean = 29.7 ± 7.2 pM). The duplicate values for the samples in the pilot 

had an acceptable coefficient of variation (7%). Therefore, we proceeded to analyze the full 

cohort of plasma samples. A total of 122 plasma samples from baseline (V1) were secured 

from the BioFIND11 cohort database; 61 PD samples and 61 age- and sex-matched healthy 

controls. Samples were selected such that each age decade (50–90 years) was represented 

and matched between the two groups. Important clinical characteristics of the PD patients 

analyzed include average age = 66.9 ± 6.8 years, mean = 51.7 ± 20.9 MDS-UPDRS score, 

the H&Y score ranged from 1–4, and the average MoCA and RBD score was 26.8 ± 2.5, 

5.5 ± 3.4, respectively. The healthy control demographics include average age = 66.8 ± 

6.9 years, MoCa and RBD scores are 27.8 ± 1.4, 2.1 ± 1.6, respectively. The analysis 

for Klotho levels was performed blinded. (A) Female PD patients tended to have higher 
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Klotho levels compared to male PD patients. Levels of Klotho were similar in men and 

women in healthy controls. (B) No correlation was found between Klotho levels and total 

MDS-UPDRS scores in PD patients. (C) A lack of an association between Klotho and 

MoCA scores and (D) age was observed. #Denotes tendency for statistical significance (P = 

0.05–0.10). Raw data were sorted by patient number and compiled together using R version 

1.1.463. Group comparisons between PD and healthy control groups for Klotho levels were 

performed using a one-way ANOVA. A two-way ANOVA was performed to understand 

the interaction between disease (PD and control) and biological sex (men and women). 

Exploratory post-hoc using one-way ANOVAs were performed for PD and control groups 

separately. Separate univariate ANOVAs were performed on the PD group for comparing 

Klotho levels in groups stratified based on years since diagnosis and those based on H&Y 

Scores (P < 0.05). Bonferroni corrections were performed for suitable comparisons to 

account for family-wise errors. Finally, Pearson product–moment correlation coefficients 

(r2) were calculated (R program-library ggscatter) for levels of Klotho and clinical scores 

from the MDS-UPDRS. The statistical significance thresholds were adjusted for multiple 

comparisons and set at P < 0.01 for all correlations.
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