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Editorial
The novel discipline of nutriepigenomics integrates knowledge on

nutrigenomics and the reciprocal effects that epigenetic changes exert
on gene expression under the influence of nutritional factors. Mutual
interactions among genes, nutrients and nutrition-induced epigenetic
modifications configure the nutriepigenomic outcome. This trinomial
interaction is highly complex and this field is still in a very primitive
stage; however, it is most attractive for the scientific community and
probably a correct path towards a personalized nutrition in the future
[1,2].

Nutriepigenomics may affect pathogenic features of cardiovascular
[3,4], brain [5-7], and immune disorders [8,9], and longevity [10],
cancer [11-14], neurodegeneration [15,16], and drug metabolism as
well [17-19]. Similarly, nutritional strategies can be used to prevent
and/or reverse the pathological consequences of these health
conditions [19]. Of particular importance is the role that epigenetics
may play in neonatal nutrition as a preventive strategy against diseases
of adulthood and/or aging-related disorders [20].

The gene clusters involved in the nutrigenomic process are, at least,
of 5 different categories (similar to those involved in
pharmacogenomics): (i) pathogenic genes associated with a particular
disease; (ii) food-related metabolic genes (phase I-II enzymes); (iii)
detoxifying genes; (iv) transporter genes; and (v) pleiotropic genes
[17]. All these genes are under the influence of the epigenetic
machinery [15,18].

Epigenetics, defined as phenotypic changes transmitted from one
generation to another with no apparent alterations in structural DNA,
is a common phenomenon in health and disease. Classical epigenetic
mechanisms, including DNA methylation, histone modifications, and
microRNA (miRNA) regulation, are among the major regulatory
elements that control metabolic pathways at the molecular level. These
epigenetic modifications regulate gene expression transcriptionally,
and miRNAs suppress gene expression post-transcriptionally.
Epigenetics has emerged as one of the most important biological
mechanisms linking exposures during the course of life to long-term
health. Epigenetic status is influenced by a range of constitutional
conditions (structural genomics, genomic variation) and
environmental exposures, including diet and nutrition, social status,
chemical and emotional environment, pregnancy, pathological
conditions, and pharmacological intervention. Epigenetic changes in
genes associated with age affect life expectancy and longevity and
altered DNA methylation patterns may account for phenotypic
changes associated with human aging [15]. Epigenetic modifications
are reversible and can potentially be targeted by pharmacological and
dietary interventions. Epigenetic drugs and nutrients may be useful for
the treatment of major problems of health. The efficacy and safety of

epigenetic nutrients depend upon the efficiency of the
pharmacoepigenetic process in which different clusters of genes are
involved [15-18]. Many food-derived epigenetic compounds have been
characterized as: (i) DNA methyltransferase (DNMT) inhibitors
(curcumin derivatives, psammaplins, tea polyphenols
(epigallocatechin-3-gallate), bioflavonoids (quercetin, genistein,
fisetin), catechins); (ii) histone deacetylase inhibitors (HDACs)(short-
chain fatty acids, hydroxamic acids, cyclic peptides, benzamides,
ketones, sirtuin inhibitors (suramin, sirtinol, splitomycin, cambiol),
sirtuin activators (resveratrol, quercetin); and (iii) others (tubacin,
anacardic acid, garcinol, chaetocin, parnate, vitamins) [16,21].
Although most epigenetic nutrients derive from vegetal sources, a new
class of biomarine derivatives has shown a clear nutrigenomic profile
and highly effective lipid-lowering, anti-atherosclerotic, immune-
enhancing, and anti-tumor effects [17].

Nutritional epigenetics has emerged as a novel mechanism
underlying gene-diet interactions. Nutrient-dependent epigenetic
variations can significantly affect genome stability, mRNA and protein
expression, and metabolic changes, which in turn influence food
absorption and the activity of its constituents. Dietary bioactive
compounds can affect epigenetic alterations, which are accumulated
over time and have been shown to be involved in the pathogenesis of
age-related diseases. Nutrients can act as a source of epigenetic
modifications. Nutrients involved in one-carbon metabolism (folate,
vitamin B12, vitamin B6, riboflavin, methionine, choline, and betaine)
modify DNA methylation by regulating levels of the universal methyl
donor S-adenosylmethionine (SAM) and methyltransferase inhibitor
S-adenosylhomocysteine [22]. SAM is generated in the one-carbon
metabolism cyclical cellular process by several enzymes in the presence
of dietary micronutrients [23]. Other nutrients and bioactive food
components such as retinoic acid, resveratrol, curcumin, sulforaphane
and tea polyphenols can modulate epigenetic patterns by altering the
levels of SAM and S-adenosylhomocysteine or directing the enzymes
that catalyze DNA methylation and histone modifications [22]. Dietary
bioactive compounds such as genistein, phenylisothiocyanate,
curcumin, resveratrol, indole-3-carbinol, and epigallocatechin-3-
gallate can regulate HDAC and histone acetyltransferase (HAT)
activities and acetylation of histones and non-histone chromatin
proteins, and their health benefits are thought to be attributed to these
epigenetic mechanisms [24]. Epigenomic marks are heritable but are
also responsive to environmental shifts, such as changes in nutritional
status, and are especially vulnerable during development. Epigenetic
features can be altered by periconceptional nutritional interventions
such as folate supplementation, thereby changing offspring phenotype.
Variation in early environmental exposure in utero leads to differences
in DNA methylation of offspring with the resulting alterations in gene
expression in the offspring [25]. Dietary polyphenol-targeted
epigenetics might be an attractive approach for disease prevention and
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intervention [26]. Polyphenols, a class of natural compounds widely
distributed in fruits, vegetables, and plants, have been reported to
possess a wide range of activities in the prevention and alleviation of
various diseases such as cancer, neuroinflammation, diabetes and
aging [27]. Polyphenols reverse adverse epigenetic regulation by
altering DNA methylation and histone modification, and modulate
miRNA expression or directly interact with enzymes that result in the
reactivation of silenced tumor suppressor genes or the inactivation of
oncogenes [26]. Dietary supplementation with polyunsaturated fatty
acid during pregnancy modulates DNA methylation at IGF2/H19
imprinted genes and growth of infants [28]. Vitamin A inhibits
cytokine responses through increased expression of SUV39H2, a
histone methyltransferase that induces the inhibitory mark H3K9me3.
H3K9me3 at promoter sites of several cytokines is up-regulated by
vitamin A, and inhibition of SUV39H2 restores cytokine production.
The stimulatory histone mark H3K4me3 is down-regulated by vitamin
A at several promoter locations of cytokine genes [29]. Fetal and
subsequent early postnatal iron deficiency causes persistent
impairments in cognitive and affective behaviors despite prompt
postnatal iron repletion. The long-term cognitive impacts are
accompanied by persistent downregulation of BDNF, a factor critical
for hippocampal plasticity throughout the lifespan. Early-life iron
deficiency epigenetically modifies the BDNF locus and dietary choline
supplementation during late gestation reverses these modifications
[30].

These are but a few examples illustrating the impact that
nutriepigenomics may have on health and disease. The future seems to
be promising; the scientific challenge is very exciting; however, the
time is not yet ripe and much more work and deep commitment from
the medical community is necessary before we can enter the promised
land of personalized nutrition.

References
1. Juma S, Imrhan V, Vijayagopal P, Prasad C (2014) Prescribing personalized

nutrition for cardiovascular health: are we ready? J Nutrigenet
Nutrigenomics 7: 153-160.

2. Konstantinidou V, Daimiel L, Ordovás JM (2014) Personalized nutrition
and cardiovascular disease prevention: From Framingham to PREDIMED.
Adv Nutr 5: 368S-371S.

3. Soory M (2012) Nutritional antioxidants and their applications in
cardiometabolic diseases. Infect Disord Drug Targets 12: 388-401.

4. García-Calzón S, Martínez-González MA, Razquin C, Corella D, Salas-
Salvadó J, et al. (2015) Pro12Ala polymorphism of the PPAR?2 gene
interacts with a mediterranean diet to prevent telomere shortening in the
PREDIMED-NAVARRA randomized trial. Circ Cardiovasc Genet 8: 91-99.

5. Cacabelos R, Torrellas C, Carril JC, Aliev G, Teijido O (2016) Epigenomics
and proteomics of brain disorders. Current Genomics (in press).

6. Dauncey MJ (2013) Genomic and epigenomic insights into nutrition and
brain disorders. Nutrients 5: 887-914.

7. Zeisel SH (2012) Diet-gene interactions underlie metabolic individuality
and influence brain development: implications for clinical practice derived
from studies on choline metabolism. Ann Nutr Metab 3: 19-25.

8. De Rosa V, Galgani M, Santopaolo M, Colamatteo A, Laccetti R, (2015)
Nutritional control of immunity: Balancing the metabolic requirements
with an appropriate immune function. Semin Immunol 27: 300-309.

9. Paparo L, di Costanzo M, di Scala C, Cosenza L, Leone L, et al. (2014) The
influence of early life nutrition on epigenetic regulatory mechanisms of the
immune system. Nutrients 6: 4706-4719.

10. Zeng Y, Chen H, Ni T, Ruan R, Nie C, et al. (2015) Interaction between
FOXO1A-209 Genotype and Tea Drinking is Significantly Associated with
Reduced Mortality at Advanced Ages. Rejuvenation Res.

11. Thakur VS, Deb G, Babcook MA, Gupta S (2014) Plant phytochemicals as
epigenetic modulators: role in cancer chemoprevention. AAPS J 16:
151-163.

12. Gerhauser C (2013) Cancer chemoprevention and nutriepigenetics: state of
the art and future challenges. Top Curr Chem 329: 73-132.

13. Khan SI, Aumsuwan P, Khan IA, Walker LA, Dasmahapatra AK (2012)
Epigenetic events associated with breast cancer and their prevention by
dietary components targeting the epigenome. Chem Res Toxicol 25: 61-73.

14. Hardy TM, Tollefsbol TO (2011) Epigenetic diet: impact on the epigenome
and cancer. Epigenomics 3: 503-518.

15. Cacabelos R, Torrellas C (2015) Epigenetics of Aging and Alzheimer's
Disease: Implications for Pharmacogenomics and Drug Response. Int J Mol
Sci 16: 30483-30543.

16. Cacabelos R, Torrellas C (2014) Epigenetic drug discovery for Alzheimer's
disease. Expert Opin Drug Discov 9: 1059-1086.

17. Cacabelos R, Cacabelos P, Torrellas C, Tellado I, Carril JC (2014)
Pharmacogenomics of Alzheimer's disease: novel therapeutic strategies for
drug development. Methods Mol Biol 1175: 323-556.

18. Cacabelos R, Torrellas C, Aliev G (2016) Epigenetics-related drug-efficacy
and safety: the path to pharmacoepigenomics. Current Genomics.

19. Remely M, Stefanska B, Lovrecic L, Magnet U, Haslberger AG (2015)
Nutriepigenomics: the role of nutrition in epigenetic control of human
diseases. Curr Opin Clin Nutr Metab Care 18: 328-333.

20. Simeoni U, Yzydorczyk C, Siddeek B, Benahmed M (2014) Epigenetics and
neonatal nutrition. Early Hum Dev 90 Suppl 2: S23-S24.

21. Cacabelos R (2014) Epigenomic networking in drug development: from
pathogenic mechanisms to pharmacogenomics. Drug Dev Res 75: 348-365.

22. Park LK, Friso S, Choi SW (2012) Nutritional influences on epigenetics and
age-related disease. Proc Nutr Soc 71: 75-83.

23. Anderson OS, Sant KE, Dolinoy DC (2012) Nutrition and epigenetics: an
interplay of dietary methyl donors, one-carbon metabolism and DNA
methylation. J Nutr Biochem 23: 853-859.

24. Vahid F, Zand H, Nosrat-Mirshekarlou E, Najafi R, Hekmatdoost A (2015)
The role dietary of bioactive compounds on the regulation of histone
acetylases and deacetylases: a review. Gene 562: 8-15.

25. Dominguez-Salas P, Cox SE, Prentice AM, Hennig BJ, Moore SE (2012)
Maternal nutritional status, C(1) metabolism and offspring DNA
methylation: a review of current evidence in human subjects. Proc Nutr Soc
71: 154-165.

26. Pan MH, Lai CS, Wu JC, Ho CT (2013) Epigenetic and disease targets by
polyphenols. Curr Pharm Des 19: 6156-6185.

27. Ayissi VB, Ebrahimi A, Schluesenner H (2014) Epigenetic effects of natural
polyphenols: a focus on SIRT1-mediated mechanisms. Mol Nutr Food Res
58: 22-32.

28. Lee HS, Barraza-Villarreal A, Biessy C, Duarte-Salles T, Sly PD, et al. (2014)
Dietary supplementation with polyunsaturated fatty acid during pregnancy
modulates DNA methylation at IGF2/H19 imprinted genes and growth of
infants. Physiol Genomics 46: 851-857.

29. Arts RJ, Blok BA, van Crevel R, Joosten LA, Aaby P, et al. (2015) Vitamin A
induces inhibitory histone methylation modifications and down-regulates
trained immunity in human monocytes. J Leukoc Biol 98: 129-136.

30. Tran PV, Kennedy BC, Lien YC, Simmons RA, Georgieff MK (2015) Fetal
iron deficiency induces chromatin remodeling at the Bdnf locus in adult rat
hippocampus. Am J Physiol Regul Integr Comp Physiol 308: R276-R282.

 

Citation: Ramón Cacabelos (2016) Nutriepigenomics: Mending Ideas in Nutrition, Health and Disease. J Nutr Food Sci 6: e124. doi:
10.4172/2155-9600.1000e124

Page 2 of 2

J Nutr Food Sci
ISSN:2155-9600 JNFS, an open access journal

Volume 6 • Issue 1 • 1000e124

http://www.ncbi.nlm.nih.gov/pubmed/25634489
http://www.ncbi.nlm.nih.gov/pubmed/25634489
http://www.ncbi.nlm.nih.gov/pubmed/25634489
http://www.ncbi.nlm.nih.gov/pubmed/24829490
http://www.ncbi.nlm.nih.gov/pubmed/24829490
http://www.ncbi.nlm.nih.gov/pubmed/24829490
http://www.ncbi.nlm.nih.gov/pubmed/23167714
http://www.ncbi.nlm.nih.gov/pubmed/23167714
http://www.ncbi.nlm.nih.gov/pubmed/25406242
http://www.ncbi.nlm.nih.gov/pubmed/25406242
http://www.ncbi.nlm.nih.gov/pubmed/25406242
http://www.ncbi.nlm.nih.gov/pubmed/25406242
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2688365/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2688365/
http://www.ncbi.nlm.nih.gov/pubmed/23503168
http://www.ncbi.nlm.nih.gov/pubmed/23503168
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3894784/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3894784/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3894784/
http://www.ncbi.nlm.nih.gov/pubmed/26527507
http://www.ncbi.nlm.nih.gov/pubmed/26527507
http://www.ncbi.nlm.nih.gov/pubmed/26527507
http://www.ncbi.nlm.nih.gov/pubmed/25353665
http://www.ncbi.nlm.nih.gov/pubmed/25353665
http://www.ncbi.nlm.nih.gov/pubmed/25353665
http://www.ncbi.nlm.nih.gov/pubmed/26414954
http://www.ncbi.nlm.nih.gov/pubmed/26414954
http://www.ncbi.nlm.nih.gov/pubmed/26414954
http://www.ncbi.nlm.nih.gov/pubmed/24307610
http://www.ncbi.nlm.nih.gov/pubmed/24307610
http://www.ncbi.nlm.nih.gov/pubmed/24307610
http://www.ncbi.nlm.nih.gov/pubmed/22955508
http://www.ncbi.nlm.nih.gov/pubmed/22955508
http://www.ncbi.nlm.nih.gov/pubmed/21992498
http://www.ncbi.nlm.nih.gov/pubmed/21992498
http://www.ncbi.nlm.nih.gov/pubmed/21992498
http://www.ncbi.nlm.nih.gov/pubmed/22022340
http://www.ncbi.nlm.nih.gov/pubmed/22022340
http://www.ncbi.nlm.nih.gov/pubmed/26703582
http://www.ncbi.nlm.nih.gov/pubmed/26703582
http://www.ncbi.nlm.nih.gov/pubmed/26703582
http://www.ncbi.nlm.nih.gov/pubmed/24989365
http://www.ncbi.nlm.nih.gov/pubmed/24989365
http://www.ncbi.nlm.nih.gov/pubmed/25150875
http://www.ncbi.nlm.nih.gov/pubmed/25150875
http://www.ncbi.nlm.nih.gov/pubmed/25150875
http://www.omicsonline.org/open-access/pharmacoepigenomics-and-the-metabolomics-of-drug-efficacy-and-safety-2153-0769-1000e140.php?aid=60372
http://www.omicsonline.org/open-access/pharmacoepigenomics-and-the-metabolomics-of-drug-efficacy-and-safety-2153-0769-1000e140.php?aid=60372
http://www.ncbi.nlm.nih.gov/pubmed/26001651
http://www.ncbi.nlm.nih.gov/pubmed/26001651
http://www.ncbi.nlm.nih.gov/pubmed/26001651
http://www.ncbi.nlm.nih.gov/pubmed/25220121
http://www.ncbi.nlm.nih.gov/pubmed/25220121
http://www.ncbi.nlm.nih.gov/pubmed/25195579
http://www.ncbi.nlm.nih.gov/pubmed/25195579
http://www.ncbi.nlm.nih.gov/pubmed/22051144
http://www.ncbi.nlm.nih.gov/pubmed/22051144
http://www.ncbi.nlm.nih.gov/pubmed/22749138
http://www.ncbi.nlm.nih.gov/pubmed/22749138
http://www.ncbi.nlm.nih.gov/pubmed/22749138
http://www.ncbi.nlm.nih.gov/pubmed/25701602
http://www.ncbi.nlm.nih.gov/pubmed/25701602
http://www.ncbi.nlm.nih.gov/pubmed/25701602
http://www.ncbi.nlm.nih.gov/pubmed/22124338
http://www.ncbi.nlm.nih.gov/pubmed/22124338
http://www.ncbi.nlm.nih.gov/pubmed/22124338
http://www.ncbi.nlm.nih.gov/pubmed/22124338
http://www.ncbi.nlm.nih.gov/pubmed/23448446
http://www.ncbi.nlm.nih.gov/pubmed/23448446
http://www.ncbi.nlm.nih.gov/pubmed/23881751
http://www.ncbi.nlm.nih.gov/pubmed/23881751
http://www.ncbi.nlm.nih.gov/pubmed/23881751
http://www.ncbi.nlm.nih.gov/pubmed/25293351
http://www.ncbi.nlm.nih.gov/pubmed/25293351
http://www.ncbi.nlm.nih.gov/pubmed/25293351
http://www.ncbi.nlm.nih.gov/pubmed/25293351
http://www.ncbi.nlm.nih.gov/pubmed/25934925
http://www.ncbi.nlm.nih.gov/pubmed/25934925
http://www.ncbi.nlm.nih.gov/pubmed/25934925
http://www.ncbi.nlm.nih.gov/pubmed/25519736
http://www.ncbi.nlm.nih.gov/pubmed/25519736
http://www.ncbi.nlm.nih.gov/pubmed/25519736

	Contents
	Nutriepigenomics: Mending Ideas in Nutrition, Health and Disease
	Editorial
	References


