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CANCER

The aging epigenome
A new approach helps to assess the impact of accelerated epigenetic 
aging on the risk of cancer.

BRANDON L PIERCE

Age is a prominent risk factor for most types 
of cancer, including breast, lung and colon 
cancers, which each have a large impact 

on public health (de Magalhães, 2013). Cancer 
risk increases with age, in part, because genetic 
mutations that arise from DNA replication errors 
and exposure to environmental carcinogens accu-
mulate as we get older (Tomasetti et al., 2017).

Aging also alters the epigenome, the chem-
ical marks spread across DNA that help switch 
genes on or off by altering how the genome is 
packaged. For instance, the addition of a methyl 
group to DNA can play a role in compressing 
the nearby DNA sequence so it can no longer 
be accessed by the cell’s machinery. Epigenetic 
modifications, including DNA methylation, have 
also been shown to contribute to the develop-
ment of cancer (Flavahan et al., 2017; Saghaf-
inia et al., 2018). However, the potential impact 
of age-related epigenetic changes on cancer 
development has not been fully characterized.

Previous studies have identified specific DNA 
methylation sites that are associated with age 
(Horvath and Raj, 2018). Researchers have 

developed algorithms, called ‘epigenetic clocks’, 
that use data from tens to hundreds of these 
methylation sites to estimate an individual’s 
‘epigenetic age’. This includes the Horvath clock 
which predicts age using DNA methylation data 
from any tissue type (Horvath, 2013), and the 
Hannum clock which was designed to use data 
from blood cells (Hannum et al., 2013).

It has been hypothesized that people whose 
epigenetic age is greater than their age in years 
– a phenomenon known as accelerated aging – 
may be at higher risk of age-related diseases, 
including cancer (Yu et  al., 2020). However, 
previous studies linking accelerated epigenetic 
aging and cancer have produced mixed results. 
Now, in eLife, Fernanda Morales Berstein from 
the University of Bristol and co-workers (who are 
based at various institutes in the United Kingdom, 
the United States, Greece and Australia) report 
how they tackled this question using a different 
approach to most prior studies called Mendelian 
randomization (Morales Berstein et  al., 2022). 
Instead of associating a person’s risk of cancer 
with epigenetic clock estimates, they correlated 
it against genetic variations that are known to 
influence these algorithms.

First, the team examined results from a previ-
ously conducted genome-wide association study 
which had analyzed the DNA of over 34,000 indi-
viduals to identify genetic variations that influ-
ence epigenetic clocks (McCartney et al., 2021). 
They used these results to select specific variants 
that predict the epigenetic age values measured 
by four common clocks (Horvath, Hannum, 
PhenoAge and GrimAge).

Next, Morales Berstein et al. used the Mende-
lian randomization method to find out if the vari-
ants that predict accelerated aging also affect the 
risk of several different types of cancer (breast, 
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prostate, ovarian, colorectal and lung cancer). 
To do this the team obtained data from several 
large genome-wide association studies that had 
searched the genome of individuals for differ-
ences that predict cancer status; genetic vari-
ations related to the aging clocks were then 
extracted to see if they were also associated with 
an increased risk of cancer.

The results of Morales Berstein et al. did 
not show many clear relationships between the 
epigenetic aging clocks and risk for the various 
types of cancer studied. The most promising 
finding was an association between the GrimAge 
clock and colorectal cancer. The GrimAge clock 
was not designed to predict age alone, but 
also reflects the effects of smoking and other 
mortality-related epigenetic features (Lu et  al., 
2019). Thus, the interpretation of this association 
is not straightforward, as this clock may capture 
the effects of environmental or lifestyle factors on 
the epigenome.

While the Morales Berstein et al. study did 
not show pervasive effects of epigenetic aging 
on cancer risk, their work is a critical contribu-
tion to cancer susceptibility research, as they 
have addressed an important question using 
rigorous methods, including Mendelian random-
ization. The primary strength of studies that 
use this approach is that they are less prone to 
certain types of biases that can affect obser-
vational research, such as confounding and 
reverse causation. Furthermore, it is important to 
acknowledge that epigenetic clocks have largely 
been developed based on how aging affects 
DNA methylation in blood cells. Much less is 
known regarding aging and epigenetics in other 
tissue types, including those prone to cancer, 
such as the ones examined by Morales Berstein 
et al.

Future studies will likely use Mendelian 
randomization to address similar hypotheses 
for additional cancer types and a wider variety 
of epigenetic aging algorithms. As the size of 
genome-wide association studies increase and 
more clock-related genetic variants are discov-
ered, this approach will gain more power to 
detect the effects of epigenetic aging on cancer 
and other age-related diseases.

Brandon L Pierce is in the Departments of Public 
Health and Human Genetics, University of Chicago, 
Chicago, United States
​brandonpierce@​uchicago.​edu

‍ ‍ http://orcid.org/0000-0002-7829-952X

Competing interests: The author declares that no 
competing interests exist.

Published 28 April 2022

References
de Magalhães JP. 2013. How ageing processes 
influence cancer. Nature Reviews Cancer 13:357–365. 
DOI: https://doi.org/10.1038/nrc3497, PMID: 
23612461
Flavahan WA, Gaskell E, Bernstein BE. 2017. 
Epigenetic plasticity and the hallmarks of cancer. 
Science 357:eaal2380. DOI: https://doi.org/10.1126/​
science.aal2380, PMID: 28729483
Hannum G, Guinney J, Zhao L, Zhang L, Hughes G, 
Sadda S, Klotzle B, Bibikova M, Fan JB, Gao Y, 
Deconde R, Chen M, Rajapakse I, Friend S, Ideker T, 
Zhang K. 2013. Genome-wide methylation profiles 
reveal quantitative views of human aging rates. 
Molecular Cell 49:359–367. DOI: https://doi.org/10.​
1016/j.molcel.2012.10.016, PMID: 23177740
Horvath S. 2013. DNA methylation age of human 
tissues and cell types. Genome Biology 14:R115. DOI: 
https://doi.org/10.1186/gb-2013-14-10-r115, PMID: 
24138928
Horvath S, Raj K. 2018. DNA methylation-based 
biomarkers and the epigenetic clock theory of ageing. 
Nature Reviews Genetics 19:371–384. DOI: https://​
doi.org/10.1038/s41576-018-0004-3, PMID: 29643443
Lu AT, Quach A, Wilson JG, Reiner AP, Aviv A, Raj K, 
Hou L, Baccarelli AA, Li Y, Stewart JD, Whitsel EA, 
Assimes TL, Ferrucci L, Horvath S. 2019. DNA 
methylation GrimAge strongly predicts lifespan and 
healthspan. Aging 11:303–327. DOI: https://doi.org/​
10.18632/aging.101684, PMID: 30669119
McCartney DL, Min JL, Richmond RC, Lu AT, 
Sobczyk MK, Davies G, Broer L, Guo X, Jeong A, 
Jung J, Kasela S, Katrinli S, Kuo PL, Matias-Garcia PR, 
Mishra PP, Nygaard M, Palviainen T, Patki A, 
Raffield LM, Ratliff SM, et al. 2021. Genome-wide 
association studies identify 137 genetic loci for DNA 
methylation biomarkers of aging. Genome Biology 
22:194. DOI: https://doi.org/10.1186/s13059-021-​
02398-9, PMID: 34187551
Morales Berstein F, McCartney DL, Lu AT, Tsilidis KK, 
Bouras E, Haycock PC, Burrows K, Phipps AI, 
Buchanan DD, Cheng I, Martin RM, Davey Smith G, 
Relton CL, Horvath S, Marioni RE, Richardson TG, 
Richmond RC, PRACTICAL Consortium. 2022. 
Assessing the causal role of epigenetic clocks in the 
development of multiple cancers: A Mendelian 
randomization study. eLife 11:e75374. DOI: https://​
doi.org/10.7554/eLife.75374, PMID: 35346416
Saghafinia S, Mina M, Riggi N, Hanahan D, Ciriello G. 
2018. Pan-cancer landscape of aberrant DNA 
methylation across human tumors. Cell Reports 
25:1066–1080. DOI: https://doi.org/10.1016/j.celrep.​
2018.09.082, PMID: 30355485
Tomasetti C, Li L, Vogelstein B. 2017. Stem cell 
divisions, somatic mutations, cancer etiology, and 
cancer prevention. Science355:1330–1334. DOI: 
https://doi.org/10.1126/science.aaf9011, PMID: 
28336671
Yu M, Hazelton WD, Luebeck GE, Grady WM. 2020. 
Epigenetic aging: More than just a clock when it 
comes to cancer. Cancer Research 80:367–374. DOI: 
https://doi.org/10.1158/0008-5472.CAN-19-0924, 
PMID: 31694907

https://doi.org/10.7554/eLife.78693
http://orcid.org/0000-0002-7829-952X
https://doi.org/10.1038/nrc3497
http://www.ncbi.nlm.nih.gov/pubmed/23612461
https://doi.org/10.1126/science.aal2380
https://doi.org/10.1126/science.aal2380
http://www.ncbi.nlm.nih.gov/pubmed/28729483
https://doi.org/10.1016/j.molcel.2012.10.016
https://doi.org/10.1016/j.molcel.2012.10.016
http://www.ncbi.nlm.nih.gov/pubmed/23177740
https://doi.org/10.1186/gb-2013-14-10-r115
http://www.ncbi.nlm.nih.gov/pubmed/24138928
https://doi.org/10.1038/s41576-018-0004-3
https://doi.org/10.1038/s41576-018-0004-3
http://www.ncbi.nlm.nih.gov/pubmed/29643443
https://doi.org/10.18632/aging.101684
https://doi.org/10.18632/aging.101684
http://www.ncbi.nlm.nih.gov/pubmed/30669119
https://doi.org/10.1186/s13059-021-02398-9
https://doi.org/10.1186/s13059-021-02398-9
http://www.ncbi.nlm.nih.gov/pubmed/34187551
https://doi.org/10.7554/eLife.75374
https://doi.org/10.7554/eLife.75374
http://www.ncbi.nlm.nih.gov/pubmed/35346416
https://doi.org/10.1016/j.celrep.2018.09.082
https://doi.org/10.1016/j.celrep.2018.09.082
http://www.ncbi.nlm.nih.gov/pubmed/30355485
https://doi.org/10.1126/science.aaf9011
http://www.ncbi.nlm.nih.gov/pubmed/28336671
https://doi.org/10.1158/0008-5472.CAN-19-0924
http://www.ncbi.nlm.nih.gov/pubmed/31694907

	The aging epigenome
	References


