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Epigenetic changes are critical in regulating development and differentiation. Aging may also be an epigenetically driven 
process. For example, several recent articles describe specific DNA methylation changes as human aging biomarkers. 

Prominent among these is the “epigenetic aging clock” developed by Dr. Steve Horvath based on Illumina array data. The 
Horvath clock uses a weighted average of methylation status at 353 CpGs to estimate biological age. This method has been 
found to apply to both sorted cell types (e.g. neurons, glial cells, monocytes, T-cells) as well as complex tissues (e.g. blood, 
brain, lung, kidney, bone). It is not yet known whether the epigenetic clock applies to urine sample in a similar manner. Urine 
is an attractive sample type because of the non-invasive method needed for collection and its composition of several cell types. 
However, DNA in urine is prone to degradation. Conventional urine storage (i.e. sample freezing and additives) have limited 
positive impacts on nucleic acid quality. Therefore, we developed a well-standardized procedure of urine sample collection, 
storage, and nucleic acid purification. Using this robust procedure, we evaluated the accuracy of the epigenetic clock method in 
human urine samples (n=70) from subjects with an age range from 2 to 84 years. DNA methylation age was highly correlated 
with chronological age (cor=0.95, p=4.3e-36), demonstrating that the epigenetic clock applies to human urine samples. We 
have also developed a multiplex NGS-based platform for epigenetic aging prediction. This novel platform is both less expensive 
and more flexible than the array-based method, allowing integration of customer-designed sites. The combination of this NGS-
based platform and non-invasive sampling will allow broad use of the Epigenetic Aging Clock in academic/clinical, forensic 
and direct-to-consumer markets. We also anticipate wide use of this combination to assess aging/anti-aging effects of disease 
states, drugs or lifestyle changes.

Figure 1: Predicted epigenetic age of urine samples from healthy donors. N=70, 353 CpGs, Test err=3.5, cor=0.95, p=4.3e-36.
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