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Epigenetics

 Epigenetics refers to changes in GENE expression, not 
involve changes to the underlying DNA sequence 

 Heritable and reversible changes in chromatin structure and 
gene function and expression (transgenerational risk)

 Developmental patterns in early life stages
 Triggers and consequences of the phenotypic alterations 

of ageing and several disorders

 Occurrence: regular and natural/influenced by age, the 
environment/lifestyle, and disease state 



HISTONE, DNA, NUCLEOSOMES



 Modifications of 
histones and 
DNA can alter 
gene 
expression

 DNA methylation : 
transcriptionally inactive

https://courses.lumenlearning.com/boundless-biology/chapter/eukaryotic-gene-regulation/



Epigenetic mechanisms

 DNA methylation: 
HYPERmethylation: closed chromatin 
conformation, blocking genes; 

Hypomethylation/unmethylated: open 
chromatine structure, gene activation 
(Jones et al. 2002; 

Feinberg et al, 2004)
 Histone modifications: acetylation, 

methylation, phosphorylation of lysine
 Chromatin remodeling
 microRNA expression: regulator of 

gene expression, protein synthesis

https://socratic.org/questions/what-is-epigenetics



https://www.labome.com/method/
DNA-Methylation.html

The reaction of DNA methylation



Methods Employed to Measure DNA 
Methylation

 global methylation: determining total levels of DNA methylation in a genome, in spite 
of regional changes in DNA methylation: 

 measurement of the incorporation of radioactive methyl groups from the S-adenosyl-L-
methionine (SAM) donor into a DNA sample catalyzed by the Sss1 methylase enzyme 

 fluorescent quantification of DNA methyl groups using binding to anti-methyl cytosine 
antibodies

 high performance liquid chromatography detection of methylated cytosines coupled with 
either UV (HPLC-UV) or tandem mass spectrometry (LC-MS/MS) analysis

 ELISA( enzyme-linked immunosorbent assay)-based methods and determination of 
methylation in repeat element as a representation of the methylation status of the 
genome, using short repeats or line elements in which 5mCs are detected either by a 
biotin-streptavidin immobilization, ELISA or pyrosequencing

 local methylation: are crucial because the majority of effects derived from exposures 
to compounds will occur at a local level of methylation rather than having an effect at 
the level of the whole genome; determination of DNA methylation patterns of specific 
genes or genomic regions

 genome-wide methylation: MeDIP-Chip



HISTONE 
MODIFICATIONS

 - acetylation, 
deacetylation, and 
histone methylation are 
responsible for the 
binding of the epigenetic 
factors to the tails of the 
histones

 - alters the extent of 
wrapping of DNA around 
histone molecules, which 
in turn alter gene 
expression

 - Euchromatin and 
HETEROchromatin

http://pediaa.com/what-is-the-difference-between-dna-sequence-mutations-and-

epigenetic-modifications/



Biomarkers of ageing

 chronological age: a strong risk factor for aging-related 
death and disease

 biological age: individual-level measures of aging that 
capture inter-individual differences in the timing of 
disease onset, functional decline, and death over the life 
course; enable evaluation of interventions aimed at 
promoting healthier aging, by providing a measurable 
outcome (Levine et al, 2018)

 “phenotypic aging measures”: derived from clinical 
biomarkers, predict differences in the risk of all-cause 
mortality, cause-specific mortality, physical functioning, 
cognitive performance measures, facial aging and remaining 
life expectancy  among same-aged individuals (Levine et al, 
2013; Belsky et al, 2015; Li et al, 2015; Sebastiani et al, 2017)





Age-associated epigenetic changes

 Aging is characterized by an extensive remodeling of epigenetic patterns, 
implicated in the pathophysiology of age-related diseases (Gensous et al, 2019)

 GLOBAL DNA methylation levels decreases with age; the relaxation in the 
epigenetic control of the genome could be associated with age-associated 
functional decline

 Age-related  hypermethylation in gene promoters
 Increase in the inter-individual divergence between patterns of DNA methylation 

(named DNA methylation drift), an increase in the rate of epimutations
 Changes in activity of DNA methyltransferases (DNMT 1 and 3a), increase in 

DNMT3 b
 Post-translational histone modifications: methylation, acetylation, 

deacetylation, ubiquitination,and phosphorylation and changes in the abundance 
and distribution of certain of these specific histone marks, histone chaperons 
(Greer et al, 2010; Bannister et al, 2011; Zhao et al, 2015; Hammond et al, 2017; 
Denzel et al, 2019) 

 Small non-coding RNAs



Epigenetic clock

https://www.leafscience.org/refining-the-epigenetic-clock/

- biochemical test that can be used to measure biological age, based on 
DNA methylation patterns in selected sets of CpG sites 

- BIOLOGICAL age: changes in DNA methylation
- CHRONOLOGICAL age: the number of years
- Epigenetic age acceleration 
(Marioni et al, 2015; Breitling et al, 2016)



Epigenetic clocks and diet

 Lifespan and healthspan
 Epigenetic age acceleration and dietary factors: fish intake, 

poultry intake, as well as blood carotenoid levels used as a 
surrogate of fruit and vegetable consumption (Quach et al, 2016)

 DNAmPhenoAge, is also related to dietary habits (fruits and 
vegetables consumption are associated with lower values of 
epigenetic age)(Levine et al, 2018)

 epigenetic clocks are able to grasp the potential health benefits 
associated with the consumption of higher levels of fruits and 
vegetables, fish, and poultry (Quach et al, 2016; Levine et al, 
2018) 

 Animal studies: CR reduced epigenetic ages of 9.4 months in mice 
livers or of 20% in whole-blood (Petkovich et al, 2017; Wang et al, 
2017); mice fed with a high-fat diet showed accelerated 
epigenetic aging (Stubbs et al, 2017)
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Anti-ageing epigenetic diet

 Nutrition-one of the most promising anti-ageing interventions
 Epigenetic plasticity in the adulthood: changes are reversible 

and can be modulated by several environmental factors (Gensous 
et al, 2019)

 Nutritional interventions that can positively counteract 
epigenetic changes associated with ageing considering the 
malleability of epigenetic modifications

 In humans: DNA methylation: caloric restriction, carbohydrates, 
lipids, B6, Mg, vegetables, PUFA; components involved in one-
carbon metabolism, bioactive food components, impact of 
inflammaging and age-related diseases (Bacalini et al, 2014)

 microRNA



Honeybees

 Honeybees: type of feeding induces DNA 
methylation modifications and development 
of long living queens or short-living workers 
(royal jelly/beebread)



Caloric and dietary restriction

 Limited food intake could positively affect 
health and ageing (McCay et al, 1989)

 Caloric restriction: reduction of caloric 
intake by 20-40%, without malnutrition and 
micronutrients deficiency (Trepanowski et al, 
2010)

 Dietary restriction: 1/more macronutrients 
removed/reduced without affecting the total 
caloric intake (Trepanowski et al, 2010)

 Fasting: alternate-day fasting 



Caloric restriction: benefits

 Extend lifespan, protect against diabetes, cardiovascular events, 
neurodegenerative diseases and cancer (Mair et al, 2008; Colman et al, 2009; 
Fontana et al, 2010; Mattison et al, 2012; Balasubramanian et al, 2017)

 12 months, 20% caloric reduction: decreases visceral fat, improves insulin 
sensitivity, reduces inflammatory markers, T3, increases plasma adiponectin, 
reverses deterioration of diastolic function (Fontana et al, 2010; Stein et al, 
2012)

 Controversial results: the effects depend on genetic background (Liao et al, 
2010) and initial basal metabolic rate (Brzek et al, 2012)

 Induce  a  cellular  memory which can persist even when it is discontinued 
(Cameron et al, 2012; Selman et al, 2012)

 CR in aging obese humans: DNA methylationlevels used as predictors of 
weight loss (Bouchard et al, 2010)

 Glucose restriction: increase in DNMT1 activity in normal fetal lung 
fibroblasts (Li et al, 2010)

 CR was able to antagonize the age-related increase in DNMT3a in 
mouse hippocampus (Chouliaras et al, 2011)



Cold Spring Harb Perspect Biol 
2011;3:a004440

Pathways that regulate ageing in response to 
caloric restriction 



Neurobiology of Aging, 67 (2018), pp. 53-66

Effect of age and CR on DNA methylation. DNA was obtained from the hippocampus of 3- and 24-
month-old mice fed ad libitum and 24-month-old mice fed a CR diet. The number of CpG and 
CpH sites that changed with age are shown. 
For CpG sites, CR reduced hyper- and hypomethylated sites equally (32 to 36%). 
For CpH sites, CR had had a much greater effect on hypermethylated sites (59%) compared to 
hypomethylated sites (11%). 



Effect of CR on DNA methylation. The CpG sites differentially methylated between old mice fed 
ad libitum and CR is shown. The CpG sites that change with age in the ad libitum fed mice that 
were prevented by CR are shown in green. The changes in methylation induced by CR that did 
not change with age in ad libitum fed mice are shown in red. Approximately 70% of the 
changes in DNA methylation induced by CR are age independent, i.e., do not occur 
with age in mice fed ad libitum. 

CpG sites that change with 
age



Nutrients involved in one-carbon 
metabolism (homocysteine cycle)

 Regulated by various 
nutrients:

 Sources of methyl donors: 
methionine, choline, 
betaine, serine

 Co-enzymes: vitamin B2, 
B6, B12, folate

 Age associated decrease 
of DNA methylation 
reduced by folate 
administration (Keyes et al, 
2007)





Epigenomics. 2011; 3(4): 503–518. doi:10.2217/epi.11.71.



Dietary 
modifiers of 
HISTONES



Dietary effectors of miRNAs



Dietary polyphenols

Biochem Pharmacol. 2010 Dec 15;80(12):1771-92. doi: 
10.1016/j.bcp.2010.06.036.



Biochem Pharmacol. 2010;80(12):1771-92. 

doi: 10.1016/j.bcp.2010.06.036.

Epigeneti
c changes 
in cancer 
cells



Effects of dietary polyphenols on the DNA methylation and histone 
modifications

Tumor 
suppressor 
genes 

oncogenes



Bioactive food components: folic 
acid

 Age associated decrease of DNA methylation in mouse colon 
reduced by folate administration (Keyes et al, 2007)

 Folate supplementation increased global DNA methylation level 
in rectal mucosa in patients with colonic adenomas (Cravo et 
al, 1998)

 Folate administration increases estrogen receptor alpha gene 
that predisposes to colorectal cancer (Wallace et al, 2010)

 SAFETY CONCERNS of folic acid administration in healthy 
adults!!!!

 T lymphocytes cultured in a folate depleted medium: 
hypomethylation of genes activated during ageing (KIR, CD 70) 
(Li et al, 2010)

 Folate poor diet associated with DNA hypomethylation and 
increased risk of chronic disease (Shelnutt et al, 2004; Pufulete 
et al, 2005; Axume et al, 2007)



Folate rich foods



Bioactive food components: 
cobalamin

 Vitamin B-rich food: eggs, chees, beef, lamb, 
seafood, milk

 Deficiencies: DNA damage, impaired DNA 
methylation (Blount et al, 1997; Lindahl et al, 
1999), increased homocysteine level and 
cardiovascular risk (Krishna et al, 2013; Van Dijk 
et al, 2013)

 DNA methylation response to B vitamin levels 
depends on genetic background, extend and 
duration of supplementation/depletion, 
investigated tissues (Axume et al, 2007; Hübner et 
al, 2013)



Bioactive food components: 
polyphenols

 Effects:
 Antioxidant
 Antiatherogenic
 Anticarcinogenic
 Antiinflammatory
 Decrease HYPERmetilation status of genes (fang et al, 

2007; Li et al, 2010)
 Inhibition of enzymes involved in DNA methylation and by 

modifying histone acetylation (Nandakumar et al, 2011; 
Pandey et al, 2010)

 Inhibition of Dnmt-1 mediated DNA methylation 
depending on concentration of tea catechines and 
bioflavonoids (Lee et al, 2005)





Effects of lycopene on endothelial function and and arterial stiffness



Inhibition of 
monocyte 
adhesion and 
trasmigration, 
secretion of TNF 
alpha and PLA2 
(Lee et al, 2012) 



MicroRNAs and ageing

 small non-coding RNAs that exert key roles in the post-
transcriptional regulation of gene expression by targeting 
specific mRNAs

 numerous miRNAs are differentially expressed during aging 
(Inukai et al, 2012; Noren Hooten et al, 2013; Huan et al, 2018)

  in the brain of mice: CR counteracts the age-dependent 
increase in miR-181a-1, miR-30e, and miR-34a, leading to a 
gain in the expression of their common target gene,Bcl-2, 
involved in apoptosis (gain in neuronal survival,  the 
neuroprotective effects of CR (Maalouf et al, 2009)

 in the skeletal muscle of rhesus monkeys: CR is able to 
reverse the age-related alterations in miRNA 
expression towards a younger phenotyp (Mercken et al, 
2013)



MicroRNAs and ageing

 Inflammaging: low-grade systemic 
inflammation (increased IL-6, TNF alpha)

 Age-related DNA hypomethylation – 
increased inflammatory markers (Agrawal 
et al, 2010; Alexeeff et al, 2013; 
Baccarelli et al, 2010)

 Regulation of human lifespan and ageing: 
extreme longevity related to inflamma-
miRs: miR-155, miR-21, miR-146a, miR-
126 (Quin et al, 2011; Oliveri et al, 2013)



CR and histone modifications

 Activation of sirtuins is observed in 
individuals under CR: regulation of the 
expression of key genes of metabolic 
pathways, apoptosis regulation, or 
senescence (Gensous et al, 2019)

 CR prevented the age-related increase 
in Histone Deacetylase 2 (Chouliaras 
et al, 2013)



Epigenetic diets and inflamm-
aging

 Inflamm-aging: a low-grade systemic inflammation 
(elevation of Il-6, TNF alpha), associated with fraility and 
age-related disorders: CVD, T2DM, neurodegenerative 
diseases, sarcopenia, cancer (Franceschi et al, 2000; 
Vasto et al, 2007; Cervenini et al, 2013)

 Age-related global DNA hypomethylation, 
inflamma-miRNAs – inflamm-aging (Baccarelli et al, 
2010; Agrawal et al, 2010; Breving et al, 2010; Alexeeff 
et al, 2013)

 Diet may slow down or partially revert inflamm-
aging: polyphenols (miR-126), quercetin (miR-146a), 
resveratrol (miR-27a), probiotic lactobacilli (miR-146a, 
miR-155)



Cardiovascular disorders

 Changes of DNA methylation in CV disorders 
(Hiltunen et al, 2002) - cause or consequence?

 Coronary heart disease (Baccarelli et al, 2010; 
Creemers et al, 2012; Hiltunen et al, 2002); miRNAs 
in endothelial cells (miR-126, miR-17, miR-92a), 
smooth muscle cells (miRs-145), inflammatory cells 
(miR-155) (Fichtlscherer et al, 2010)

 Advanced atherosclerotic injuries (Lund et al, 
2004; Ehrlich et al, 2006)

 Decrease of global DNA methylation in WBCs in 
patients with higher plasma homocystein (Castro et 
al, 2003)





Epigenetic Effects of n-3 LCPUFAs: A 
Role in Pediatric Metabolic Syndrome







Conclusions

 Diet is a modifiable behavior with the potential to mitigate chronic 
disease risk, with an impact on epigenetic reprogramming

 Personalize nutritional intervention
 Epigenetic diet: consuming products that show the ability to 

stimulate beneficial epigenetic modifications 
 With a growing aging population all over the world, healthy aging is 

an important objective for public health
 Boring lifestyle recommendations that everybody knows about are 

the most effective
 Intermittent fasting or alternate-day fasting proposed as a surrogate 

of caloric restriction
 Understanding how nutritional epigenetic mechanisms contribute to 

the “transgenerational risk” for several disorders may contribute to 
early prevention strategies for children’s health



Timisoara – European Capital of 
Culture 2021
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