
AGING AND GEROSCIENCE

Putting epigenetic biomarkers
to the test for clinical trials
Reliable biomarkers are needed to test the effectiveness of

interventions intended to improve health and extend lifespan.

JAMIE N JUSTICE AND STEPHEN B KRITCHEVSKY

G
eroscience is a developing discipline

based on the premise that health can

be improved by targeting aging. This

hypothesis is supported by evidence that inter-

ventions (such as changes in diet) can improve

the health and extend the lifespan of various ani-

mal models (López-Otı́n et al., 2013). Clinical

trials are underway to test the geroscience

hypothesis in humans (Barzilai et al., 2016).

Definitive tests of the hypothesis must demon-

strate reduced rates of age-related diseases and

death, but the length of time and size of trial

needed to test the hypothesis are both substan-

tial. Therefore, objective, quantifiable character-

istics of the aging process – known as

biomarkers – that can be tracked in clinical trials

are needed for the field to progress.

Useful biomarkers should meet several crite-

ria: i) their measurement should be reliable and

feasible; ii) they should be relevant to aging; iii)

they should robustly and consistently predict

trial endpoints, such as functional ability, dis-

ease, or death; and iv) they should be responsive

to interventions such as treatments targeting

aging biology (Justice et al., 2018). Practically

speaking, this means that a change in the level

of a biomarker should parallel changes in the

susceptibility to disease, age of death, or loss of

function. Interventions that target aging and

support the geroscience hypothesis should

therefore also lead to changes in these bio-

markers, which will be reflected in the

incidence or severity of age-related diseases and

functional decline.

Biomarkers based on DNA methylation levels

look promising. Briefly, these biomarkers quan-

tify the proportion of cells in which a gene locus

is methylated. Small but consistent changes in

the methylation of some loci occur in organisms

with older ages, and early methods for estimat-

ing age using epigenetics took advantage of

these chronologic changes (Hannum et al.,

2013; Horvath, 2013). However, critics argue

that while these ‘clocks’ may be associated with

chronological age, it is uncertain whether they

reflect meaningful change in the context of inter-

ventions affecting the underlying biology.

Estimators based on the levels of DNA meth-

ylation are now being developed to detect a

myriad of disease states and predict mortality

and adverse health events, and each is unique to

its calibration method. A few of these estimators

are calibrated to detect aging-related outcomes,

which makes them attractive as possible bio-

markers for clinical trials in geroscience. Now, in

eLife, Daniel Belsky (Columbia University) and
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colleagues in the United States, the United King-

dom, Denmark and New Zealand report the

development of a new epigenetic biomarker

called Dunedin Pace of Aging methylation (Dun-

edinPoAm) that is able to detect how aging phe-

notypes change over time (Belsky et al., 2020).

The new biomarker relies on a composite

measure called the Pace of Aging that was

developed by Belsky and colleagues several

years ago (Belsky et al., 2015). The Pace of

Aging is calculated based on a number of age-

related phenotypic changes that occur over

time. In the new work this measure was used to

calibrate and validate a DNA-wide methylation

clock in four independent cohorts. This is in con-

trast to previous approaches in which methyla-

tion biomarkers were calibrated using endpoints

such as chronological age, death, environmental

exposure or other biomarkers.

Is DunedinPoAm developed to the point

where it could be relied upon as a biomarker for

clinical trials targeting biological aging? Figure 1

shows four criteria that are used to evaluate

DNA methylation as a biomarker. DunedinPoAm

appears to satisfy the first three criteria. It

remains to be seen if it can satisfy the fourth,

which involves being responsive to interventions.

One of the cohorts used to validate the new

approach consisted of middle-aged, non-obese

adults enrolled in the CALERIE trial. This trial

tested the effects of caloric restriction – an inter-

vention that has been successful in animal mod-

els – over a period of two years. DunedinPoAm

was able to predict changes in the Pace of

Aging measure in the control group, but not in

the group that had been calorie restricted.

However, it remains to be seen whether inter-

ventions which affect aging biology change Dun-

edinPoAm in a way that is consistent with the

phenotypic changes observed in the trial.

Testing the geroscience hypothesis in clinical

trials is still in its early days, so it is not surprising

that DunedinPoAm does not yet meet the pri-

mary criterion for an aging biomarker. However,

emerging evidence suggests that methylation

state may change with intervention. Data from

two small clinical studies, with fewer than 15

people in the control and intervention groups,

suggest that methylation-based biomarkers just

might meet the minimum burden of proof

(Chen et al., 2019; Fahy et al., 2019). However,

the acid test for any biomarker will be whether

changes in its levels predict differences in the

rate of chronic disease accumulation or progres-

sion, death or other clinical trial endpoints. This

will require a large study like the planned Tar-

geted Aging with MEtformin (TAME) trial, which

will last for over four years and include 3000 test

subjects. This trial will test the effects of metfor-

min, a drug currently used to treat type 2 diabe-

tes, on FDA-informed clinical disease endpoints

and functional ability. Trials like this will provide

a platform for discovery, data sharing, and wide-

scale biomarker validation to accelerate the

pace of progress in geroscience.
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Figure 1. Assessing DNA methylation biomarkers for use in clinical trials in geroscience. How do five DNA

methylation-based biomarkers (listed in row 1) fare when assessed against four biomarker criteria for clinical trials

targeting aging (listed in column 1)? All five biomarkers meet the first three criteria, but none as yet satisfy the

fourth criterion. Row 2 lists how each biomarker was calibrated. Horvath and Hannum are both epigenetic age

estimators (Horvath, 2013; Hannum et al., 2013); GrimAge is a mortality estimator (Lu et al., 2019); PhenoAge is

a health and lifespan biomarker (Levine et al., 2018); and DunedinPoAm is an estimator of change in aging

phenotype over time (Belsky et al., 2020).
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