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Objetivo final de la Investigacion Nutricional:
Mejorar la calidad de vida, minimizando morbilidad y
maximizando longevidad

Pautas y normas para garantizar un 6ptimo estado de ‘s?lwl
A IDR, Objetivos Nutricionales, Guidanentarias ~ ? .
Programas y politicas alimentarias y nutricionales ;}"‘*

Prevenci()ﬁ

Falta de intervenciones efectivas
en enfermedacdrénica

Nutricién personalizada
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La prevencion es posible

Development of dietary guidelines at various stages of individual life cycle from conception, infancy, adolescen|
aging, related to individual genotype and phenotype in health promotion and disease prevention.
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Energia y nutrientes
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Nutrientes (Bioactivos):

- Funciones clasicaprevenir las
enfermedades deficitarias (1 causa)

- Nuevas funcionesrevenir las EC

(multiples causas)

Gb2 Vv dzi(Bihabtyos)S\a ¢
Wi D Prevenir enfermedadrénica (EC)
(mdltiples causas)

Interacciones (+})
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Nutricion de
predsion

D. Corella, Drdovas A. Martinez, MGaraulet

Prevenir la
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TheHuman Genome Project (HGRP90A 2003; HapMap: 2005]
Oneof the sciencestrongly influenced by this project wasitrition,
throughthe consolidation ofutritional genomics

International Human Genome Sequencing Consortium. Finishing the euchromatic sequence of the human genome. Nature. 20093181670
En Cominetti et al. Nutrire (2017) 42:1@ittps://nutrirejournal.biomedcentral.com/articles/10.1186/s411-007-00332
https://www.ucm.es/innovadieta/n

EUR"EW;?;:‘“ Rat her than there bein
s diet, there are a range of adequate diets

Personalised NUtrition which depend upon individual biological and

cultural variation:

tion

“Personalised nutrition is the tailoring of dietary advice

to suit an individual based on their genetic make-up.” Nutricién personalizada , basada

en:

V Secuenciacion genoma humano

V Andlisis de variabilidad genética

V Estudios de asociacién entre
variantes genéticas y marcadores de
enfermedad

V Impacto de nutrientes sobre la
expresion génica

http://www.portalfarma.com/jornadascongresos/ijornada

profesionatalimentacion/Documents/Alfreddartinez.pdf

https:/pdfs.semanticscholar.org/presentation/fa13/8df514834bacbOeab8b40581fc380bd5e101. pdf
Rosalind Fallaize - Food Matters Live 2014 https://www.genome.gov/10001772/alabout-the--humangenomeprojecthgp!
http://edit.um.es/campusdigital/santiagayrisoliael-bioquimiceque-dirigio-el-proyectogenomahumanode-la-unesce2/
http://biocinformatica.uab.es/base/base3.asp?sitio=ensayosgenetica&anar=pgh&item
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Nutricion personalizada:
Desarrollar pautas nutricionales especificas para cada individuo seg@mética

The hypolactasia diagnosis, the celiac disease ruling out or the phenylketonuria
screening, have allowed the implementation of tailored nutritional advices based on
genetic makeup for years, i.e., avoiding lactose-, gluten- and phenylalanine-containing
products to at-risk individuals.

Nuttricion e
Precision
Desarrollar pautas efectivas basadas en la combinacién de factores genéticos y epigené
perfil metabdlico, habitos alimentarios, microbiota, actividad fisica, ambiente, estilo de viq
X G§SYyASyR2 Sy OdsSyidl 1jdzS G2R2a Stf2a Lz
Loque hacemos y donde'estamos puede ser masimportante que lo:que.somos.

De las ingestas recomendadas a la nutricion personalizada
http://www.ucm.es/data/cont/docs/458-2017-11-17-carbajal-IR-Nutr-personalizada-GENUTREN-26-Abril-2012.pdf

Actualmente no existe una base racional para nutticion verdaderamente personalizagara la mayoria de las
personas, basada en las diferencias interindividuales.

Por el contrario, lautricién de precisiérbasada en el "estilo de vida" ambiental y / 0:de .comportamiento-de cada
persona puede proporcionar una base mas sdlida para ajustar la dieta de formardinamica, adaptandola a las
diferentes:demandas y requisitos fisiolégicos a lo-largo del tiempo.

Limitaciones actuales:
Bettsy Gonzdlez, 2016 _ - Falta de resultados robustos y reproducibles,
https://onlinelibrary.wiley.com/doi/pdf/10.1111/nbu.12238 P 2§ N
De Toro Martiny col, 2017 - Alto coste de tecnologiadmicasy aspectos metodologicos en el disefip,
hittp://www.mdpi.com/2072-6643/9/8/913/htm - Andlisis e interpretacion de datos (Bigta)
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Nutricion de precision
The Road to Tailored Dietary Advices

One of the ultimate goalsof the promisingfield of precisionnutrition is the designof tailored nutritional recommendationsto

treat or preventmetabolicdisorders More specificallyprecisionnutrition pursuitsto developmore comprehensiveand dynamic
nutritional recommendationsbased on shifting, interacting parameters in a LJS N& @itgraad and external environment
throughoutlife. Tothat end, precisionnutrition approachesnclude,in addition to genetics other factorssuchasdietary habits,
food behavior, physicalactivity, the microbiota and the metabolome Followingthe completion of the mappingof the Human
Genome,a cumulative number of associationstudies have been performed in order to identify the geneticfactors that may
explain the inter-individual variability of the metabolic responseto specificdiets. In this sense,while numerous genesand

polymorphismshave been already identified as relevant factors in this heterogeneousresponseto nutrient intake, clinical
evidencesupportingthesestatisticalrelationshipsis currently too weakto establisha comprehensivdrameworkfor personalized
nutritional interventionsin most cases Thus,althoughmost of findingson this topic are still relativelyfar from givingtheir fully

expectedpotential in terms of translation and applicationof this knowledgeto precisionnutrition, some of them have been
successfullydevelopedin both the public and the private sectors On one hand, the hypolactasiadiagnosis the celiacdisease
ruling out or the phenylketonuriascreening have allowed the implementationof tailored nutritional advicesbasedon genetic
makeupfor years,i.e., avoidinglactose, glutenr and phenylalaninecontaining productsto at-risk individuals On the private
sector, many companiesare already offering genetic tests to customizediets based on the individual responseto specific
nutrients. Forinstance,that is the caseof genetictests basedon the specificmetabolismof caffeine(slow or fast metabolizers),
the predispositionto weight gain by saturatedfat intake, or the increasedrisk of developinghypertensionby high salt intake,
amongothers. Together,these nutritional recommentationssolely basetion genetic backgroundrepresentsa straightforward
approachto the conogptof personalizednutrition. Althoughquite similarto the conceptof precisionnutrition, and sometimes
interchangeablethe latter makesreferenceto a conceptualframework coveringa wider set of individualfeaturesallowingan

effective and dynamic nutritional approach Thus,while personalizednutrition basedon genesis already being implemented
successfullypasedon numerousresearchstudies,suchasthe onesabovementioned, precisionnutrition may still lack sufficient
evidencefor full implementationgivenits complexity,aswill be reviewedbelow

http://www.mdpi.com/2072-6643/9/8/913/htm
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Nutricdion de predsion

Interaccion Ger Ambiente

ENVIRONMENTAL INPUTS INTERACT
WITH OUR BODY’S GENETIC SYSTEM

METABOLIC RESPONSE
Cancer Susceptibility Risk Factors and
Other Health Outcomes

ENVIRONMENTAL INPUTS
Exposures, Nutrition, Lifestyle

Lanutricion personalizadagntendidacomo la adecuaciéndel consejonutricional a las necesidadesspecificaglel
individuo, incluyendolasinteraccionesnhutrigenéticasy nutrigenémicasha marcadola investigacioren nutricion del
SigloXXI El conceptode & b dzii Nde © NB ¥ A de hrany/inépbrtancia en investigaciény en el ambito clinico,
consideraque la prevenciono el tratamiento de enfermedadesmetabdlicasdebe abordarsede un modo integral,
teniendo en cuenta al individuo y a su entorno, y no sélo a nivel fenotipico o molecular, sino también a nivel
subjetivo,emocionaly conductual ProyectoEuropeoFoodMe.

SNavasCarreteroDirectorde la Lineade Investigaciomle NutricionPersonalizadaZentrode Investigacioren Nutricion Universidadie Navarra
http://www .sennutricionorg/es/2017 12/ 28/nutricin-de-precisinla-personalizacifntegratde-la-dieta-comomedio-de-prevencinde-enfermedades
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When it comes to the prevention and
management of type 2 diabetes, a
combination of regular exercise,
maintaining a healthy body weight, and
following evidenced-based dietary
recommendations remains sound guidance
for the general population. However, in
combination with recent technological advances, the e
offers a novel approach to tailor prevention and treatm
characteristics—such as genetic background or gut mi
applying precision nutrition effectively in our clinical ¢
disease affecting nearly 425 million adults worldwide?

Precision Nutrition and Type 2 Diabetes Manage-
ment: Is It Ready for Prime Time?

. D
< o 3,

E=53 HARVARD
3 TH.CHAN

SCHOOL OF PUBLIC HEALTH

What is precision nutrition?

Precision nutrition, or personalized nutrition is a method of tailoring nutrition
recommendations based on a person’s DNA, unique microbiome, health history,
various environmental exposures such as diet or lifestyle habits, and an emerging area
of research called metabolomics. (Metabolomics studies metabolites, or small
molecules that are created from reactions in cells, such as the digestion of food. All of
the metabolites in a person’s body produce their “metabolome,” which can
potentially reveal dietary patterns.)

https://www.hsph.harvard.edu/nutritionsource/2018/02/09/precisienutrition-type-2-diabetesmanagemenis-it-ready-for-prime-time/

https://www.hsph.harvard.edu/news/features/precisienutrition-hype-or-hope/
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Nutrigenetic, nutrigenomic, and

nutriepigeneticapproaches for precision
nutrition to the prevention and management [sues and cter stucturat variants
of obesity and associated chronic diseases.

MNutrigenetic, nutrigenomic and nutriepigenetic
knowledge for actions

Age, gender, ethnicity
Physiopathological status
Microbiome
Nutrition (dietary intake,
absorption, transport, metabolism,
excretion)
Physical activity

DNA methylation, histone
modifications, and miRMA
expressian
Gene expression profiles.

Precision
nutrition

¥

Disease risk prediction
Genotype- and phenotype-based personalized treatment
Therapy responsiveness

Obesity
Dyslipidemia
NAFLD

Others

RamosLépez y col., Guide for Current Nutrigenetic, Nutrigenomic NuttdiepigeneticApproaches for Precision Nutrition Involving the Prevention and Management
of Chronic Diseases Associated with ObesMutiigenetNutrigenomics 2017;10:482 - https://www.karger.com/Article/Full Text/477729
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Precision NutritionThe interplay between genetic background, biological,
cultural and environmental variations on personalized nutrition.

~ Food Culture
The response of an individual to nutrient intake results from the intolerance /
interaction of metabolic,environmental,socialand geneticfactors (fig). i Arcess to
Analysisof an individual's genome can distinguish respondersfrom = Allergies 4 food
nonrespondersto dietary interventions and treatments Personalized ,
Inheritance

nutrition dependson the geneticbackgroundplus biologicaland cultural
variations,includingfood intolerances,preferencesand allergies,where

Personalized e

knowledgeand integration will allow precisionnutrition. Ph‘.v‘_SiF3| T

The traditional concept of personalizednutrition is to adapt the diet = #ctVity Epigenetic
accordingto individual needs and preferences With the evolution of / markers
hightthroughput technologies,precision nutrition can finally contribute

to the reductionand preventionof diseaseby usinggeneticinformation Hilﬂﬂl'r of I Food

to predict whether someoneis goingto respondto specificnutritional diseases ) PfffE'E”Ff‘_S
patterns or not. Personalizechutrition is basedon the principle that Family (likes and dislikes)
particularfoodsor nutrient quantitiesmay alter diseaseriskmore or less, histary

dependingon the individual'sDNAsequence

Precisionnutrition can be consideredas occurringat three levels (1) conventionalnutrition basedon generalguidelinesfor
population groupsby age,genderand socialdeterminants (2) individualizednutrition that addsphenotypicinformation about
the person'scurrent nutritional status(e.g. anthropometry,biochemicaland metabolicanalysis physicalactivity, amongothers),
and (3) genotypedirected nutrition basedon rare or commongenevariation The ultimate goalis to integrate suchsourcesof
information to ensurethat health-care professionalsjncludingdietitians, physicianspharmacistsand geneticcounselors know
sufficientconceptsabout nutrigeneticsand nutrigenomicsto decideon the most appropriatelevel of careto achievea precision
nutrition whichintegratesphenotypicaland genotypicalissuesaswell associal,environmentaland metabolicfactors
Martinez JANavasCarreteroS, Saris WHstrupA: Personalized weight loss strategthe role of macronutrient distribution. Nat Rev Endocrinol 2014;10:769.

RamosL6pez y col., Guide for Current Nutrigenetic, Nutrigenomic NutriepigeneticApproaches for Precision Nutrition Involving the Prevention and Management of Chronic
Diseases Associated with ObesitjulrigenetNutrigenomics 2017;10:482 - https://www.karger.com/Article/Full Text/477729
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NUTRIGENOMICS

The precision nutrition plate

A schematic representation

of the main factors worth to Microbioma
. . MICROBIOTA

consider when approaching

precision nutrition.

DIETARY HABITS

| Dietd total: MEDAS |

Crononutricid
FOOD BEHAVIOR

METABOLOMICS
Metabplismo

At he s c/ e deNuientes
community generally
agrees that the
future of precision
nutrition will not be
solely based on
nutrigeneticso

PRECISION
NUTRITION
PLATE

DEEP PHENOTYPING
Modificadode: ToreMartin y col. Precision Nutrition: A Review of Personalized Nutritional Approaches for the Preventiol

and Management of Metabolic Syndrome. Nutrients 2017, 9(8), 9t8J//www.mdpi.com/2072-6643/9/8/913/htm
Betts & GonzalePersonalisedutrition: What makes you so specii®tr. Bull. 2016, 41, 35359.

Cémo aplicar IaNutrigenéticay la Epigenética de nuestro reloj interno a la practica clinica de la nutricién
M. Garaulet- https://www.youtube.com/watch?v=jgQwiVZDgc
Los relojes de tu viddnttps://tv.um.es/canal?cod=al&serie=20801
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Seccion del voluntorio | Conference Registration

MEDITERRANEAN DIET

L -

foodkme.org

Acerca de Investigacion Noticias Prensa Quiénes somos

h

Un andlisis integrado de las oportunidades y los
retos para la nutricion personalizada.

LEs posivle disefiar
exstente entre fos aimentos y puede hacer

PREDIMED y Food4me

INVESTIGATORS TOOLS

PROPOSALS

ttp://www.predimed.es/

CIBEROBN PUBLICATIONS

OMICS SYMPOSIUM

Food4Me es un proyecto Ge investigacion dirigido por 3 Universidad y financiado por fa UE que

INvestiga 10d0s 105 aspectos de este campo apasionante:
Seccion del volunterio

http://www.food4me.org/es/

http://www.mdpi.com/2072-6643/9/8/913/htm

Prediined

Prevencion con Dieta Mediterranea

Up to date, the PREDIMED study and the Food4Me project could be considered as
state-of-the-art trials in the field of precision nutrition, and two of the most

stimulating wide-scale approaches in this field, that will hopefully provide guidance
about how precision nutrition could be used to successfully prevent and manage
cardiometabolic disorders. As already mentioned, such integrated approaches have
the potential to improve dietary behaviors in an individualized or in a group-based
manner, and to generate new and innovative tools, methods and procedures.

IVESTIGATORS ACCESS

THEMATIC NETWORK PREDIMED PLUS
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\Clml seMyPlate oov

Mediterranean Diet Pyramid
A contemporary approach to delicious, héalthy eating

Meals
with Others
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Enfoque tradicional:
La misma dieta para todos !

W \xgr \xgr AR

. Loy 0ol

A Se asume que los miembros de un grupo tienen las caracteristicas medias del grupo en conjunto.
A Se asume que los grupos son homogéneos.
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At 2NJ lj dzS X

Esta comida es sana para unos y para otros supone un
riesgo de hipercolesterolemia?

High Cholesterol
Not FAIR!!

romosome
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At 2 NJ j dzS. X

& enfermedad coronaria

A Resultados inconsistentes:
I Beber café aumenta el riesgo de enfermedad coronaria
I La cafeina NO tiene efecto
I El consumo moderado de café tiene efectos captimtectores

chromosome
émmw

Recent research has indicated that part of the interindividual variability in cardiovascular responses to caffeine hés bagine
Movingtowards SpecifidNutrigenetic Recommendatiorlgorithms Caffeing Genetic Variation and Cardiovascular Risk.

J Nutrigenet Nutrigenomics 2016;9:105 - https://doi.org/10.1159/000446801 This study had o limited sample size to gssess outcome events.

Practical Implications
Heavy coffee drinkers (>814 ml) with the low-activity COMT rs4680 AA genotype
should be advised to limit their coffee drinking (grade llb, LOE B).
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ogran variabilidad individual en | a res
Keys(1965):Lasccaracteristicas intrinsecds RSt AYRA@GARdz2 az2y f
la diferente respuesta lipidica a laisma intervenciéndietética
g
-10 7
3 20+ Hipo-respondedores
3
: 304 Normo-respondedores
-40 4
e
$ 50
60 4
(Corella, 2007) Hiper-respondedores
& 70
chromosome
Fig. 2. Variabilidad interindividual de la respuesta a la dieta. Ejemplo del 9 % % \
duos sometidos a la misma dieta durante el mismo tiempo. ona &Y 4
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Enfoque actual:
Somos distintos!: Dieta individualizada !

‘?;”;” a\@ﬁﬁﬁ“""i
SECTVI b o b4

h f v
tico B: x "

Terapia estindar i
- ‘/ //

icinersonalizadainamedicina.html Arers., ’/

ali 2,

Angeles Carbajal Azcoriapto de Nutricién y Ciencia de los Alimentos. Fac. Farmacia. Universidad Complutense d fidhww.ucm.es/nutricioncarbajal

(modificado de Corella, 2007)
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Consumer insight surveys
forecast that 33% of consumers
may be collecting and acting on
nutrigenomic information
by 2010

Gillies, J Am Diet Assoc 20083;102:S50-S55
—

Yesterday Today

Tomorrow

Angeles Carbajal Azcoripto de Nutricién y Ciencia de los Alimentos. Fac. Farmacia. Universidad Complutense ddﬂ@ﬂd{ww.ucm.eslnutriciozr?carba'al

Interacciones
gen-dieta

Ciencia que estudia la interaccion funcional entre los
alimentos y sus componentes y el genoma

Gendémica nutricional

Nutricion

personalizada

Fig. 1. Genémica nutricional como integracion de la gendémica
en las ciencias de la nutricion.

Ciencias de

la nutricion

(Corella, 2007)
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Medicina y Nutricion personalizadas

Hip()Cl‘ﬁtES (Cos, 460 a. C. - Tesalia 370 a. C.) *“...que el
alimento sea tu medicina y la medicina tu alimento”

Galeno (Pérgamo, Grecia, 130 - Roma, 200) “ninguna causa puede ser
eficiente sin una aptitud del cuerpo™....los individuos heredan respuestas
tnicas a los alimentos — susceptibilidades tinicas a enfermedades cronicas

C. Bernard (Mediados. s XIX) manifiesta ” no hay enfermedades sino enfermos”.
Garrod (ppios. s XX) sugiere que dieta influye en enfermedad de manera

diferente segtin el individuo.
Williams (1956): Diversos estudios muestran amplias variaciones en los

niveles de insulina, colesterol, iones....

Nizel, AE (1972) Personalized nutrition counseling. ASDC J Dent Child 39, 353 3360

A Martinez. Presente y Futuro de la Nutricién Personalizada

http://www.portalfarma.com/jornadascongresos/ijornadaprofesionalalimentacion/Documents/Alfreddartinez. pdf

Angeles Carbajal Azcoriapto de Nutricién y Ciencia de los Alimentos. Fac. Farmacia. Universidad Complutense dehiiasiffdaww.ucm.es/nutricioncarbajal

Antecedentes relevantes 2004

13 L THE POLITICS OF RELIEF |

Newsweca

- armino nutrigenética fue acuifiado por Brennan RO en Dlet&GeneS
@ en su libro “Nutrigenetics: New Concepts for Relieving

ypoglycemia”, M. Evans Inc., New York, USA. (1975). Stk
-La influencia de la interrelacion genoma-dieta en los
requerimientos nutricionales fue contemplada por
Holtzman NA en(1998 ¥en su articulo:
Genetic variation ihn itional requirements and susceptibility
to disease: policy implications. Am J Clin Nutr 1988; 48:1510-6.

-El término nutrigenomica o genémica nutricional fue
utilizado por primera vez por : DellaPenna D en su articulo

“Nutritional genomics: manipulatingplant micronutrients
to improve human health. Science 85:375-9. El Proyecto Genoma Humano (2001) y &l
(interseccion entre el area de la bioquimica d&pidhtas, Y ye

HapMap(2005) han aportado las
herramientas y la informacion necesarias
(Corella, 2007) . ., .

para entender la interaccion gemutriente

la genémica y la nutricion para mejorar la salud humana)

Angeles Carbajal Azcor2pto de Nutricién y Ciencia de los Alimentos. Fac. Farmacia. Universidad Complutense dehittatfidiww.ucm.es/nutricioncarbajal

A. Carbajal. F. Farmacia. UCM

14


http://www.portalfarma.com/jornadas-congresos/ii-jornada-profesional-alimentacion/Documents/Alfredo-Martinez.pdf
https://www.ucm.es/nutricioncarbajal
https://www.ucm.es/nutricioncarbajal

https://www.ucm.es/nutricioncarbajal/

The omics cascade. Metabolomics is the final step in the cascade, and thus EXPOSOMICS
studies information closer to the phenotype than the preceding omics. ExposomeWild, CanceEpidemioBiomarkergrev 2005 Aug;14(8):18430.
http://www.mdpi.com/2218-1989/7/2/18/htm https:// www.ncbi.nlm.nih.gov/pubmed/16103423

https:// academic.oup.com/ije/article/41/1/24/650703
https://www.sciencedirect.com/science/article/pii/S1438463916301304

Estado
nutrlmonal

Genomics <:]

Comportamlento
ahmemano

é

¢KS adZFFAE w2yYAadau
as a modifier for a wide range of endeavors
such as the comprehensive analysis of:
- Genes @enomic$,
- DNA modificationsepigenomicy (DNA
YSikKetlidiAz2yT X0z
- Messenger RNA (mRNA) or transcripts
& @ & (transcriptomic$,
g Proteins expressiorpfoteomics,
) ‘ - Metabolites changes{etabolomic3,
- ‘ il | - Lipids ipidomics,
Biomarcadoresl - Food {oodomicy,
- - - Microbiota fnicrobiomics metagenomics

https://iwww.karger.com/Article/Full Text/445350
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3121546
http:// circgenetics.ahajournals.org/content/9/3/291

AN 4
- Transcr\ptomlcs @

Proteins

_n
o Metabolomics <:

Estllo de

('xExposom

Estres ELC

[

EI 2° genoma
Genoma de microbiota,
microbiémica metagenémica

Estado
nutricional

Martinez, MOOC Nutricion, genes y saldl. Nutricion personalizada http://www.gutmicrobiotaforhealth.com/es/glossary/proyectde-microbioma
https://www.youtube.com/watch?v=_7v9HWGWIQI&feature=youtu.be humand
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The future of research on stratified diabetes medicine: a systems epidemiology approach to the discovery of
interactions between theexposome(all nongeneticelements to which we are exposed) and the quantifiable
elements of the humarphysiome

uohiedipsiy
[EREE]

Vi

=

L

;

I

Phenome

Paul W. Franks et dbiaCare 2013;36:1413421
http://care.diabetesjournals.org/content/36/5/1413

American
Diabetes_
. Association.

©2013 by American Diabetes Association
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Potential molecular mechanisms for nutrigenomic/nutrigenetic interactions in cardiovascular
disease (CVD) risk.
4. Methylation and
epigenetic modifcation
\._ﬁm,\,’,i
5. Lipidome ™~
J Metabolome o
T proteome
1. Gut Microbiota ia Ligands for
Nutrients Cardiovascular
Risk
Gene Expression
Jane F. Ferguson et al. Circ Cardiovasc Genet. 2016;9:291-313
http://circgenetics.ahajournals.org/content/9/3/291
e American
0 Heart
Association. Copyright © American Heart Association, Inc. All rights reserved.

3. Biomarcadores en nutricién personalizada

Tanto en medicina como en nutricién, existe una necesidad de identificar nuevos bio-
marcadores que sean robustos e indiquen de manera sencilla pero clara la existencia o no de
enfermedad, el riesgo o predisposicion a sufrirla en el futuro, o el mejor tratamiento dietético
o farmacolégico. Los biomarcadores nutricionales (bioquimicos, funcionales o moleculares)
estan revolucionando nuestra comprension de la funcién de los nutrientes en la salud, y pueden
ser de gran ayuda para la prevencion, deteccién temprana, diagndstico y tratamiento de las
enfermedades. Los biomarcadores pueden ser utilizados, ademds de para el diagndstico, para
evaluar la ingesta alimentaria de un individuo, para obtener informacién sobre las respuestas
biologicas o fisioldgicas a una dieta determinadao a procesos patogénicos, para evaluar la res-
puesta a diversas intervenciones terapéuticas, y para proporcionar datos sobre las diferencias
interindividuales en la respuesta a la dieta y la nutricion.

La nutricién personalizada a través de la epigenomica, Milagro y Martinez, 2015

nutricié
ajamar.es/publi erraneo-economico-27-nutricion-y-salud/740
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Table II

Classification of new omic-based biomarkers

Genetic biomarkers

randomization analyses.

Based on changes in DNA, mainly polymorphisms of a single nucleotide (SNP). Examples:
Polymorphisms in the lactase gene (LCT) as proxies of milk consumption in Mendelian

Epigenetic biomarkers

related diseases.

Biomarkers based on the main epigenetic regulators: DNA methylation. histone modification
and non-coding RNAs. Examples: DNA hypermetylation or hypomethylation of specific genes
depending on food intake: Levels of circulating microRNAs associated with several nutrion-

Transcriptomic biomarkers

Mediterranean diet in comparison with control subjects.

Biomarkers based on RNA expression (whole transcriptome or differences in expression of
selected genes). Example: Differences in the gene expression profile in subjects following a

Proteomic biomarkers

participants fed control diets with the proteome of participants fed low folate diets.

Biomarkers based on the study of the proteome. Example: Analysis of the proteome of

Lipidomic biomarkers

diabetic subjects on a high-fat diet versus a high carbohydrate diet.

Biomarkers based on the study of the lipidome. Lipidomic profile of human plasma in type 2

Metabolomic biomarkers

on a low fat diet.

Biomarkers based on the study of the proteome. Example: The I1H NMR urinary profile in sub-
jects following a traditional Mediterranean diet in comparison with the urinary profile of subject

Biomarkers: background, classification and guidelines for applications in nutritional epidem2dagy
www.aulamedica.es/nh/pdf/8765.pdf

Angeles Carbajal Azcoriapto de Nutricién y Ciencia de los Alimentos. Fac. Farmacia. Universidad Complutense dehiiasiffdaww.ucm.es/nutricioncarbajal

Table 2. Classification of new omic-based biomarkers.

Omic-Based L
- Description References
Biomarkers
Based on changes in DNA, single nucleotide polymorphisms (SNP). Examples:
Genetic biomarkers ~ SNPs in the lactase gene (LCT) as proxies of milk consumption in Mendelian randomization analyses. [521
SNPs in the lipoprotein lipase (LPL) gene as biomarkers of genetic isk of stroke. [40]
Biomarkers based on the main epigenetic regulators: DNA methylation, histone modification, and non-coding RNAs. Examples:
Epigenetic
biomarkers DNA hypermetylation or hypomethylation of specific genes depending on food intake; Levels of circulating microRNAs associated (2]
with several nutrition-related diseases. o
Transcriptomic Biomarkers based on RNA expression (whole transcriptome or differences in the expression of selected genes). Example: [55]
omarkers Differences in the gene expression profile in subjects following a Mediterranean diet in comparisen with control subjects. [561
Proteornic ~
Biomarkers based on the study of the proteome. 571
biomarkers
Lipidomic 5 5 o R .
b Biomarkers based on the study of the lipidome (comprehensive analysis of the molecular lipid species). [581
iomarkers
Biomarkers based on the study of the metabolome [the entire small molecule (metabolite) component of a system]. Metabolites
. (including peptides, lipids, nucleotides, carbohydrates, amino acids, and many other classes of small molecules) are generally [291
Metabolomit  gofined as having an atomic mass of less than 1.5 kDa and can be exogenous, endogenous, or derived from the microbiome. Example:
biomarkers
The 'H NMR urinary profile in subjects following a traditional Mediterranean diet in comparison with the urinary profile of subject [0
on alow fat diet.

Fito y col. Int. J. Mol. Sci 2016, 17(9), 1469; doi: 10.3390/ijjms17091469
http://www.mdpi.com/1422 -0067/17/9/1469/htm
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Nutricion molecular,; genémica nutricional
Interaccion gemutriente

El genoma humano es sensible al entorno nutricional en un doble sentido

,ﬁ(,mica

7

E ra po‘ /'I Nutri(epi)genética

(polimorfismos)

~ S

/ | QjmOia\s,\\/ariantes genéticas modulan el efecto de los nutrienpes
" Nutricién personalizada SEREE
““ Genes ‘* A Salud 6ptima N
bioactivos

Papel de nutrientes en la modulacion de la expresion ger'ética

P~y < Nutrigenémica
“al %@qﬁj. (expresion de genes)

Modificado deGillies J AnDiet Asso2003;102:S5655
PérezMartinez y col., 2008
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{2YS w2YAadau GSOKyz2t23AS8a O02dA R 7~ 7% ¢
diets to promote health maintenance and disease prevention for each GI‘“".Z.
individual, thus expanding into effective public health strategies on diet ’
therapy.

With this perspective, the omics tools most immediately relevant to
personalized nutrition include nutrigenetics, nutrigenomics and

et
& @ i
nutriepigenetics
Nutrigeneticsinvestigates the influence of the genotype (variants of the @
DNA sequence) on the response to nutritional change and on the risk of

nutrition-related disease. Mutchet al. (2005FFASEB Journk®:16021616.

Nutrigenomicstudies investigate the effect of nutrition on gene
expression and, consequently, on the proteome and the metabolome.

Nutriepigeneticstudies explore the chromatin structure and DNA
modifications that do not alter the underlying DNA sequence, but affect
gene expression.

Guide and Position of the International Society of Nutrigenetics/Nutrigenomiéecsonalised

Nutrition: Part 1- Fields of Precision Nutrition, 2016
https://www.karger.com/Article/FullText/445350
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< Los nutrientes modulan la expresién de los gehes

Gene
Expression

NUTRIGENONIGA:

A Analiza el efecto de los componentes bioactivos de la
dieta (nutrientes y no nutrientes) en la EXPRESION
GENETICA (en los genes).

A objetivos:
A Identificar los genes regulados por la dieta (genes candidatos responsables
de un fenotipo concreto).

Muller M & Kersten S. (2008)ature Reviews Genetids315322
https://www.ncbi.nIm.nih.gov/pubmed/12671662
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Nutrigenomics

Nutrients and food componentscan affect and regulate gene activity both directly and
indirectly, includingacting asligandsof transcriptionfactors and playinga regulatoryrole
in intermediate metabolitesof signalingpathways with positiveor negativeeffects
Hence,nutrigenomicsseeksto show how dietary factors influence gene expressionand
subsequentlyimpactprotein and metabolitelevels

A common approachis the examinationof individual mRNAlevelsrelative to intake of
certainfood components

Nutrigenomicstrategiesthus includeanalysiof geneexpressiorand biochemicalprofiles
Early examplesof such researchstrategiesinclude the finding that dietary cholesterol
inhibits transcriptionof the 3-hydroxy-3-methylglutarylCoAreductase(HMGCRyene,and
that long-chainomega3 polyunsaturatedfatty acidsreducegenetranscriptionof platelet-
derivedgrowth factor andinterleukin-1i .

Guide and Position of the International Society of Nutrigenetics/Nutrigenomicson
Personalised Nutrition: Part 1 - Fields of Precision Nutrition, 2016 -
https://www .kargercom/Article/Full Text445350
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A From a nutrigenomic perspective bioactive food componentstigtary signalghat are detected by
the cellular sensor systems.i.t t ! and RXR receptors) that influence gene expression, protein
synthesis and metabolite production.

A From this point of vievgenesare dietary targets

A Patterns of gene expression, protein synthesis and metabolite produciiomesponse to particular
nutrients can be considered asetary signatures

A Nutrigenomics seeks to examitigese dietary signaturedn specific cells, tissues and organisms and
to understand how nutrition influences homeostasis.

A Nutrigenomics aims also identify the genes that influence the risk of diaklated diseases on a
genome-wide scaleand to understand the mechanisms that underlie these genetic predisposition

Nutrients acts as dietary

(_ DIET ) —> | Genotype signals
el J' Nutritional factors bmente
Health |
e €« Phenotype Transcription factors
Disease e
Gene transcription Signaling frough

sensor mechanisms

Eneell Gens (normal genolype)
Muller M & Kersten S. (2008)ature Reviews Genetids315322 homeostasis proliferation Mm

l Noimal phenctype l

https://www.ncbi.nim.nih.gov/pubmed/12671662
Nutrient
absorption Homeoslasis

G.Dedoussis www.eevfa.gr/web/documents/Dedoussis_nutrigenetics. pdf

Angeles Carbajal Azcoripto de Nutricién y Ciencia de los Alimentos. Fac. Farmacia. Universidad Complutense dehiiasiffdaww.ucm.es/nutricioncarbaijal

‘ Primer ejemplo de nutrientes que modulan la expresion gé#\
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- XXXXXD

Vitamin D receptor (VDR)
Polimorfismos futrigenética)
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Fig. 2. Example of a direct nutrigenomic mechanism mediated by calcitriol. Modified from Nagpal et al. [30]. VDR
vitamin D receptor, RXR retinoid X receptor, VDRE vitamin D response element.

The action of calcitriol, the vitamin D active form, represents an example of a direct nutrigenomic mechanism in
which this molecule acts as a ligand for the nuclear receptor, the vitamin D receptor (VDR). Binding to this nuclear
receptor causes vitamin D to associate with another protein, retinoid X receptor (RXR), which results in the formation
of RXRVDR heterodimer. In turn, this complex interacts with specific nucleotide sequences in the DNA, called
vitamin D response element (VDRE). VDRE activation allows other transcription factors to bind to this complex, which

then modulates transcriptional activity of target genes.

https://nutrirejournal.biomedcentral.com/articles/10.1186/s4114M 7-00332
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Regardingndirect mechanismshat control gene expression, nutrients or food components activate signaling pathways, which in turn promo|
the translocation of specific transcription factors from the cytoplasm to the cell nucleus. Transcription factor bindprontioger region of
specific genes inducing gene transcription. Curcumin, a yellow pigment found in the rhiz@uecofna longand known as turmeric, represents
an example of a food component that induces an indirect mechanism of gene expression regulation. Several studies hamzetatacant
inflammatory actions of curcumin, combined with its antibacterial, antiviral, antifungal, and antitumoral effects. Curcodulates several in
vitro molecular targets, including the M#B, and the expression of genes induced by this transcription factor, such as traénen
cyclooxygenase (CQOX)inducible nitric oxide synthaséNQS, vascular cell adhesion molecule 1 (VEBMntracellular adhesion molecule 1
(ICAM1), TNP' = A y (i S NI IS8 AIlLL2, énd iptérferon gamma (IFNO @ Ly | RRAGA 2y T  (h&productior2df BN dzt
induced by phorbell2-myristate-13-acetate (PMA) and hydrogen peroxide. Thus, it has been suggested that theflantimatory dfects of
curcumin may be attributed, in part, to its ability to trap reactive oxygen species radicals.

Fig. 3 Exampleof anindirect mechanismmediated by curcumin Adaptedfrom Aggarwa[38]. NFkB nuclear factokappa BJkBkappa Bnhibitor,
IKKIkBkinase Pphosphorylation RNA P RNpgolymerase kBkBsites VCAML vasculacelladhesionmoleculel.

https://nutrirejournal.biomedcentral.com/articles/10.1186/s41110 -017-0033-2
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Nutr omic?

Ejemplosde nutrientes que modulanla expresiongénica

Numerousdietary componentscan altergeneticandevents

EssentiaNutrients- Ca, Zn, S&olate C, ED,fat, carbohydrate¥ X

Non-Essential
A Phytochemicals CarotenoidsFlavonoidsindoles IsothiocyanatesAllyl Sulfur
A Zoochemicals Conjugatedinoleicacid, n-3fatty acids
A FungochemicalsSeveratompoundsn mushrooms

A Bacteriochemical Thoseformed from food fermentationsandthoseresultingfrom intestinal flora
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Transcriptionfactor pathways
medlatlng nutrientgene interaction
Nutrient Compound Transcription factor
Macronutrients
Fats Fatty acids PPARs, SREBPs, LXR, HNF4, ChREBP
Cholesterol SREBPs, LXRs, FXR
Carbohydrates Glucose USFs, SREBPs, ChREBP
Proteins Amino acids C/EBPs
Micronutrients
Vitamins Vitamin A RAR, RXR y—
Vitamin D VDR REVIENS
Vitamin E PXR GENETICS
-
Minerals Calcium Calcineurin/NF-ATs | %
Iron IRP1, IRP2 | R 5
Zinc MTF1 |
Other food components k' W -
Flavonoids ER, NFxB, AP1 u
Xenobiotics CAR, PXR =
Muller M & Kersten S. (2008)ature Reviews Genetids315322
https://www.ncbi.nlm.nih.gov/pubmed/12671662 https://www.ncbi.nlm.nih.gov/pubmed/15506946
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Nutritional interventions Target genes Expression Potential health Ref.
changes  effects

Dlet and Gene EXpreSSIOn Mediterranean diet NFKB1, IKBKE, MMPS, ILIB, = Anti-inflammatory, - [53]

) MAPKS, XBP1 i
Mediterranean diet plus olive NFKB1, MMP9, TNFA - Anti-inflammatory, [55]
rofiles W finfamna
C t . t . . Mediterranean diet NFE2L2,50D1,50D2, TXNRD1 - Anti-inflammatory,  [54]
antioxidant
er aln nu rlgenomlc High MUFA APOBR - Anllil:]‘::idemi(. [56]
H H tiath i
studies assessin ene Energy-resiricted diet plus EPA_IL10 . At inflmatory (58
58]
. N High PUFA POMC, GALP + i il 571
High PUFA HCRT, MCH - i i [57]
exp reSS I o n p rOfI I es irllgergy-reslricmd diet plus EPA  Lipid catabolism genes + Amil!pideijr;ic [59]

and e-lipoic acid

assocC i ated With Energy-restricted diet plus EPA  Lipid storage genes - Anti-lipidemic 159

and a-lipoic acid

M H H High pratein PPARGCIA, PCK1, GSTA, CPTIA + Antisteatotic [60,61]

nutrltlonal Interve ntlons High protein FGFZ1,5CD1 - Antisteatotic [60,61]
Curcumin MMP-9, MMP-13, EMMPRIN - Antiatherogenic, [62,63]
Resveratrol EMMPRIN - Antiatherogenic 64
Apple polyphenols LEP, SREBF1, PLIN - iobesi 65

PPARGCLA, AQP7, AEBP1 + besil 65
{ is-related - Anti-inflammatory  [145]

Apple polyphenols
lavonoid fish oil

inflammatory genes

High n-3/n-6 PUFA ratio TLR4, TNFA, IL6, CRP - Anti-inflammatory, [146]
antidiabetic

EGCG MMP3, MMPZ - Antitumorigenic [147, 148]

Theaflavin MMP2 - igenic  [149]

Resveratrol FASN - Antisteatatic [150]
EGRI1 + Anticanc [151]

Genistein P21,P16 + Anticancer (152]

Genistein BMI1, c-MYC - Anticancer (152]

MUFA, menounsaturated fatty acids; PUFA, polyunsaturated fatty acids; NFKBI, nuclear factor kappa B subunit
1; IKBKB, inhibitor of kappa light polypeptide gene enhancer in B-cells, kinase beta; MMP, matrix metallopeptidase
9; IL1B, interleukin 1 beta; MAPKS (JNKT), mitogen-activated protein kinase 8; XBPI, X-box binding protein 1; TNFA,
tumor necrosis factor alpha; APOBR, apolipoprotein B receptor; NFE2L2, nuclear factor, erythroid 2 like 2; SOD1,
superoxide dismutase 1; SODZ, superoxide dismutase 2; TYNRDY, thioredoxin reductase 1; IL10, interleukin 10;
POMC, proopiomelanocortin; GALP, galanin like peptide; HCRT, hypocretin neuropeptide precursor; MCH, melanin-

RamosL6pez y col., Guide for Current Nutrigenetic, Nutrigenomic NurttdiepigeneticApproaches for Precision Nutrition Involving the Prevention and Management
of Chronic Diseases Associated with ObesMutdigenetNutrigenomics 2017;10:482 - https://www.karger.com/Article/FullText/477729
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Dietary factors Target genes Expression Putative disease risks Ref.
. . changes
Diet and Gene Expression Py—— waaz - )
P f | Low protein HSD11B1, PCK1 + T2DM 47
Choll d folate defi PPARGA - NAFLD 48]
rofiles Ch:u.;?:mn cicioncy JcmMy*lnsul‘m signaling genes - T2DM 49]
- - Sell d TLRZ, ICAM1 + CvD 50]
Nutrigenomic examples Vitamin By defcioncy  SREBF1,LOLR . Dyshpid s
Vitamin A deficiency GATA% - CVD 53]
H H High fat and high LEP, SREBF1, PLIN Obesi 65
of interactions between T — T oy {ra—
d . . k d Low protein CYP7AL - Dyslipidemia 751
Selenium deficienc VHL - Cancer 79]
Ietary Inta es an gene Vitamin D deficiency NFKBIA - T2DM B0]
. - High SFA TNFA, IL6 + CcvD 132]
eXp ression p rOfl | es High SFA Proinflammatory + Obesity-related inflammation  [133]

“obesity-linked” genes

H | d 1 d 1 H k High SFA PPARGCIA - NAFLD [134
Involve n ISease r1s High SFA ADGREI ¥ Obesity-related inflammation  [134]
High fat LEPR, NPY + Obesity [135)
High fat TH, DRD4 + Obesity [136)
High fat rich in lard OPN,ADGREI, TNFA, + Obesity-related inflammation [137]
NFKB1 and insulin resistance
High fat rich in lard OPN, TLR2, TLR4, + Obesity-related inflammation [138]
TNFA and insulin resistance
High fat and high sugar DRDZ - Obesity 139
High fat and high sugar NPY + Obesity 140
High fat and high sugar POMC - Obesity 140
High carbohydrate FGF21 + NAFLD 141
Low folate and choline Genes involved in + Liver cancer [142]
cellular proliferation
Western diet plus vitamin D TLRZ, TLR4, TLRY, IL1B, + NAFLD [143]
defici 114,116, RETN
Choline and folate deficiency ~ APOE, FOXA1, FOXA2 - NAFLD [144]

SFA, saturated fatty acids; TNFA, tumor necrosis factor alpha; IL6, interleukin-6; PPARGCIA, peroxisome
proliferative activated receptor, gamma, coactivator 1 alpha; ADGRE!, adhesion G protein-coupled receptor E1;
LEPR, leptin receptor; NPY, neuropeptide Y; TH, tyrosine hydroxylase; DRD4, dopamine receptor D4; OPRMI, opioid
receptor, mu 1; PENK, prepr in; DAT, ine transp 3 OPN, in; NFKBI, nuclear factor
kappa B subunit 1; TLR2, toll-like receptor 2; TLR4, toll-like receptor 4; DRD2, dopamine receptor D2; POMC,
proopiomelanocortin; LEP, leptin; SREBF1, sterol regulatory element binding transcription factor 1; PLIN, perilipin;

RamosLoépez y col., Guide for Current Nutrigenetic, Nutrigenomic NutdepigeneticApproaches for Precision Nutrition Involving the Prevention and Management
of Chronic Diseases Associated with ObesMutdigenetNutrigenomics 2017;10:482 - https://www.karger.com/Article/FullText/477729

Angeles Carbajal Azcorapto de Nutricién y Ciencia de los Alimentos. Fac. Farmacia. Universidad Complutense dehittastidiww.ucm.es/nutricioncarbajal

A. Carbajal. F. Farmacia. UCM 23


https://www.ucm.es/nutricioncarbajal
https://www.karger.com/Article/FullText/477729
https://www.ucm.es/nutricioncarbajal
https://www.karger.com/Article/FullText/477729

https://www.ucm.es/nutricioncarbajal/ 22/05/2018

| Los genes modulan el efecto de los nutrientes

NUTRIGENETICA

w Estudia la influencia de las variaciones genéticas (POLIMORFISMOS) ¢
la respuesta individual a la dieta, a los nutrientes. Por qué la poblacion
respondede manera diferente a la misma dieta

w Obijetivos:
A Identificacion y caracterizacion de estos polimorfismos.
A Marcar recomendaciones dietéticas especificas (individuales) para
conseguir la optima salud:
V abdzi NAOAsy LISNE2Z2YIfATLIRLFE
Va5ASar + £ OF NI ¢
(modulacion de la susceptibilidad genética)

Angeles Carbajal Azcor2pto de Nutricién y Ciencia de los Alimentos. Fac. Farmacia. Universidad Complutense dehiiastfidiww.ucm.es/nutricioncarbajal

Nutrigenetics

A major contribution of the HumanGenomeProjectwasto lay the foundationthat led to the discoveryof millions of differencesin the
nucleotide sequenceof genes The variants occurringin at least 1% of any distinct population are called polymorphic variants or
polymorphisms A particularlycommontype of polymorphismis defined by the replacementof one nucleotide basewith another, and
therefore called¥ & A pugldotitlepolymorphism'(SNP)SomeSNPsnay affect the synthesisand function of proteins,and may therefore
alter nutritional requirementsand nutrient metabolism,aswell asplayingimportant rolesin anindividual'srisk of developingdisease

A further way in which geneticvariationsoccuris through structural DNAchangesthat include insertions/deletions translocationsand
copynumbervariations(CNVs)CNV®xplainabout 1%of the geneticvariationbetweentwo individuals Someof them appearto playan
important role in humanhealth through associatiorwith the risk of diseasedevelopmentand progression

Thediscoveryof diseasesssociatedvith geneticvariantshasprovideda better understandingof nutrient/diet effectson humanhealth
and disease and hashelpedindividualsto achievecustomizednutritional treatments One exampleof this is phenylketonuria (PKU) an
inborn error of metabolismcausedby mutations in the genethat encodesthe hepatic enzymephenylalaninehydroxylase Individuals
with PKUneed to avoid foods rich in the amino acid phenylalanine Another exampleis lactase persistence which evolved a few
thousandyearsagoin responseto the developmentof dairy farming Carriersof variantsassociatedwith lactasepersistencehave their
lactasegene permanentlyW (i dzMiy &t& weaningand can digestlactoseevenas adults Lactose(milk sugar)is a disaccharidemade
from glucoseand galactose Therefore,the 70% of the global population,who do not have suchgeneticvariants,are better off limiting
consumptionof milk and other dairy productsrichin lactose

Recentstudiesinvestigatinggenetic variantsassociatedwith obesity risk or with resistanceto weight lossin human populationshave
helped clarify molecularmechanismsinvolved in obesity One such exampleis the fat massand obesityassociated(FTO)gene The
minority (16%) of individualswith two copiesof the commonFTOvariant(rs9939609 weigharound3 kg more than noncarriersandhave
a 1.67-fold increasedrisk of obesity Variantsin numerousother obesity candidate genes,such as peroxisomeproliferator-activated
receptor, uncouplingproteins (UCR and UCB), leptin receptor and melanocortin 4 receptor, can also affect weight gain or lossin

geneticallypredisposedsubjects
Guide and Position of the International Society of Nutrigenetics/Nutrigenomics on Personalised Nutrition: Part 1 - Fields of Precision Nutrition, 2016 -
https://www .kargercom/Article/Full Text445350
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The principles of nutrigenetics follow naturally from those of pharmacogenetics

Genetics of Genetics of _ Heterogenaity of
Drug Metabalizm the Drug Target =  Drug Response
Patients Absorption ) .
and Distribution Pathogenesis Efficacy Pharmacogenetics
Disease Metabolism
Excretion Susceptibility Toxicity
Genetics of Genetics of Heterogeneity of
Mutrignt Metabolism + the Nutrient Target = Mutrient Response
Consumers
and - - .
Absarption . Nutrigenetics
Health Distribution Susceptibility Prevention
Metabolism
Excretion Pathogenesis Treatment

Gillies, J Am Diet Assoc 2003;102:S50S55
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Los polimorfismos de un sotaicleético(SNPsson la principal fuente de variacion
genética y pueden determinar la respuesta individual a la dieta.

Su estudio puede contribuir a la definicién de dietas 6ptimas

SNP# 6 millones en genoma humano

A

Gene
(coding region)

DNA molecule

l ‘Common genotype

\J

Chromosome

X

SNP Site

R \\ 3 Protein

FAT FIT

Protein
altered

Single nucleotide polymorphisms (SNPs) are small sequence differences within genes where the DNA sequencésdoficioafsy
vary by a single base; not all SNPs result in structural protein changes. For example, some people eayrbmasome with ai\
at a particular site where others have a chromosome with a G. SNPs occur in about 1% of the population.

Journal of the Academy of Nutrition and Diete#644 114, 29812DOI: (10.1016/j.jand.2013.12.001)
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Subject 1 b Subject 2

Common
genotype

G Variant
genotype

Normal protein Altered protein
Fig 1 Singlenucleotide polymorphism variationsin nucleotidescan occur all alongthe DNAseg Here, two lesof genoty e illustrated: a in
the ccommangenotype there is a codon GOTwhich is transeribedinto C&AIn mRiNAand encoedlesan arginine b In the dvariant genotypeé nucleotide C was
exchangedor an A. CotdlonGATwill be transeribedinto CWAIn mRNA which encodesa leucine, promoting, therefore, a ck in the translatedprotein.

SNPsare the most commontype of variation in the humangenome (about 90% of all variations)and refer to the replacementof only one nucleotidein a
certainDNAposition Whenthe nucleotideexchangeoccursin the codingregion, it might promote a changein the structure and/or function of the translated
protein. Dueto the geneticcode degeneracywhen the exchangeof nucleotidedoesnot alter the aminoacid,the SNPis knownasé & & y 2 y ént2ades &
becausdt doesnot changethe translatedprotein (e.g., GUOHGUA both encodea valine) Whenthe changegivesrise to a codonresultingin the translation
of a different aminoacid,the SNAsknownasd y #\e y 2 Y & of @ Yz& & & 8.9/, &/ 3MHUCA the first encodesa leucineandthe seconda serine) If the
nucleotideexchangeresultsin a premature stop codon,the SNPwill be knownasé y 2 y & @&y AJBUMHUAG,whereinthe first encodestyrosineand the

secandsa stop codon) https://nutrirejournal biomedcentral.com/articles/10.1186/s41 141 7-00332
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* Mutacion cualquier cambio en la secuencia de nucledtidos del ADN

* Polimorfismo mutacién con alelo de frecuencia superior a 1%

ENFERMEDADES MONOGENICAS ENFERMEDADES POLIGENICAS

Celiaquia Obesidad Genotipo (ge A, B, C,
Intolerancia a la lactosa Diabetes tipo2 Y ambiente
Hipercolesterolemia familiar Hiperlipidemias
Fenilcetonuria Hipertension
Galactosemia Enfermedad cardiovascular
Osteoporosis
Enfermedades neurodegenerativas
Cancer
* Factores exdgenos: exposicion a toxinas o productos quimicos, radiacién,
alérgenos, contaminantes, virus y bacterias....

* Factores volitivos: estilo de vida, ejercicio fisico, consumo de alcohol o
tabaco, ingestion caldrica y componentes de la dieta, alteraciones del
suefio....

HAPLOTIPO + AMBIENTE — PREDISPOSICION (% contribucién)

Alfredo Martinez, NUGO Barcelona, 2015 ' N u G o

http:// www.nugo.org/wpcontent/uploads/2015/10/NUG@Barcelonafinal.pdf
NUGOhttp://www.nugo.org/memberorganisations
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Lipids
Lipids
Lipids
Lipids
Blood pressure
Blood pressure
Infammation

Inflammation

Methylation (folate)
Methylation (B12)

Nutrigenetic analysis of SNPs within some @&l&ted genes

APOAI -75G>A GA
APOC3 3175C->G GG
APOE €2, 3,4 2,3
CETP 279G—>A GG
ACE Ins/Del ID
AGT -6C—>A AA
IL1B -511C->T T
IL6 -174G—>C GC
MTHFR 677C>T T
TCN2 776C>T CT

MY 2T A2 U2P041S 6K OT
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H Folato activo

RH Sustrato (aceptor de GH
(Lip Prot ADN, etc.)

Gen de MTHFR

SAdenositMETIONINA

(SAM Donante universal de grupos metilo:
Sintesis de lipidos, proteinas

bSdNRGNI yaYAaz2zNBaz Xo
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Deficienciavit B12:
Deficiencia funcional de folat

netica

0

4
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Gen de MTHFR 67ACT

Cromosoma 1 (11 exones) P r0t0t| po

Exén 4, posicién 67% polimorfismo de un solo nucleétido: cambio de C per T
Cambioalaninapor valina en posicion 222 déTHFRA termolabil, inestableA 70% menos activa

Forma homocigoética ¢ Homocisteina
5% poblacion general ¢ ECV

17% pacientes coenf Coronaria | | € Defectos de cierre del tubo neural

Meta-analyseg2003)reported about20%higherrisk for degenerative
vasculardisordersfor the homozygougenotype(Herrmanny col., 2007)

La ingesta de folato puede modular el riesgo genético
de HHCY Se compensa con dietas ricas en foldto

Ingesta baja
Ingesta alta de acido féllico
de acido félico

Hiperhomocisteinemia

Homocisteina plasmatica

cC CT TT cc CT Nutr|

GENOTIPO C677T MTHFR

(Corella, 2007)
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Guillén et al.

V4 L]
Prevalence of the methylenetetrahydrofolate reductase 677- etl Ca
mutation in the Mediterranean Spanish populatloNtu, it = .‘-nh
cardiovascular risk factors.

Eur J Epidemiol. 2001 Recomendar mayor consumo de
acido félico a las personas confla

sate Gucnacon | | mutacion (sur de Europa)

Norway (Guttormsen)

Netherlands (vanPut)

I_._I
I_._I
Felang (Harmen) |...| 4 L R 1_.1
] .
|_._|
I

ea

All Europe - South

South (Gudnason)

ﬂ Greographical ar

Spain (this study)
95%
italy (Margaglions) l—-—l

)
(corele, 2007 ) Frequency of 867T a»“Ge”b_t’ w m Edl t Jr‘aﬂlﬁ

(Grasa Ul

Irich y col.s 2002)
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Algunos glzmplos d2 lntzr lonzs

Har-dizia

APOE ene

112 158
cys arg*==
cys cys
arg

(Corella, 2007)

AR

E3
E2
E4

LDL-C
(mg/dL)

o~
-

hi
hi

ttps://www.ncbi.nlm.nih.gov/pme/articles/PMC4921141
ttps://www.ncbi.nlm.nih.gov/pmc/articles/PMC5102878
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Apolipoproteina E

Gradiente Norte-Sur en |a frecuencia del alelo E4

Las recomendaciones
dietéticas (grasa) tendran que
ser diferentes en el norte y en
el sur de Europa

(Corella, 2007)
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genéticamente para ella
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Drink Water

(mostly whole),
Olive oil,
Beans, Nuts,

Menor morbi-mortalidad
. X Mayor esperanza de vida
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Genes Polymorphisms  Alleles  Diet interactions Putative disease risks Ref.
G e n etl C BaC kg rO U n d an d TASIR2  rs35874116 G High carbohydrate Hypertriglyceridemia [16]
L. . . CD36 rs1761667 A High fat, SFA Hypercholesterolemia  [17]
Nutrltlonal Prescrlptlons MTHFR  rs1801133 T Low folate, vitamin Bg,and  Breast cancer (18]
vitamin Byz
H H MTR rs1805087 G Low folate, vitamin Bg, and  Breast cancer [18]
Nutrigenetic examples witamin By
. . N VDR rs1544410 A Low calcium Osteoporosis [22]
of S N P.Sj | e‘t | nte ractl ons APOC3  rs5128 C Waestern dietary pattern Metabolic syndrome [23]
APOAL rs670, rs5069 AT Western dietary pattern Metabolic syndrome [24]
i nVOIVed in d |Sease I’ISk CYPIAZ  rs762551 c Moderate and heavy caffee Hypertension, CVD [25, 26]
drink
FTO rs9939609 T Low adherence to TZDM [106]
Mediterranean diet
MC4R rs17782313 T Low adherence to T2DM [106]
Mediterranean diet
FTO 59939609 A High fat Obesity [107,108]
FT0 rs8050136 A High carbohydrate Obesity [109]
MC4R  rs12970134 A Western dietary pattern  Metabolic syndrome  [110]
and high SFA
APOB rs512535 G High fat Metabolic syndrome 111]
TCF7L2 157903146 T High dessert and milk T2DM 112
TCF7L2  rs7903146 T High SFA Metabolic syndrome 113
LCT rs4988235 T High dairy products Obesity 114
PPARG  rs1801282 G High fat Obesity 115]
PNPLA3  rs739409 G High carbohydrate NAFLD [116]
TXN rs2301241 T Low vitamin E Abdominal obesity [117]
MTHFR, methylenetetrahydrofolate red s MTR, h hase; FTO, fat d obesity asso-

ciated; MC4R, melanocortin 4 receptor; APOC3, apolipoprotein C3; APOAI apolipoprotein A1; APOB, apoli-
poprotein B; CD36, cluster of differentiation 36; TCF7L2, transcription factor 7 like 2; LCT, lactase; PPARG,
peroxisome proliferator activated receptor gamma; PNPLA3, patatin like phospholipase domain containing
3; TASIRZ, taste 1 receptor member 2; VDR, vitamin D receptor; CYP1AZ, cytochrome P450 family 1 subfamily
A member 2; TXN, thioredoxin; SFA, saturated fatty acids; MUFA, monounsaturated fatty acids; T2DM, type
2 diabetes mellitus; CVD, cardiovascular disease.

RamosLoépez y col., Guide for Current Nutrigenetic, Nutrigenomic NutdepigeneticApproaches for Precision Nutrition Involving the Prevention and Management
of Chronic Diseases Associated with ObesMutdigenetNutrigenomics 2017;10:482 - https://www.karger.com/Article/FullText/477729
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G e n et| C BaC kg ro u n d an d Genes Polymorphisms  Alleles Diet interactions Dietary responses Ref.
HH H H FTO rs1558902 A High protein Greater weight loss [118]
Nutntlonal PI’eSCI’IptlonS FTO rs1558902 A ch» fat Less reduct‘.g;ns in insulin and [119]
. . . . HOMA-IR
TCF7L2  rs7903146 T High fat Smaller weight loss and HOMA-IR  [120]
Certaln nUtrlgenetIC trlals APOAS  rs964184 G Low fat Greater reduction in TC and LDL-c _ [121]
H ‘ GIPR rs2287019 T Low fat Greater weight loss and greater [122]
analyzing SNRiiet decreaces i lacose, mslin nd
. . . . HOMA-IR
Interactions |nV0|Ved 1] CETP 13764261 C High fat Larger increases in HDL-c and [z3

decreases in triglycerides

the dlﬂ:erentlal responses DHCR7  rs12785878 T High protein Greater decreases in insulin and [124]

HOMA-IR
e LIPC rs2070895 A Low fat Higher decreases in TCand LDL-c  [125]
to nutritional anda ower mcrease
. . in HDL-¢
|nte rve nt|0ns PPMIK  rs1440581 [4 High fat Less weight loss and smaller [126]
: decreases in insulin and HOMA-IR B
TFAPZB  rs987237 G High protein Higher weight regains [127]
IRS1 52943641 C High carbohydrate  Greater decreases in insulin, [128]
HOMA-IR and weight loss
PCSK7 rs236918 G High carbohydrate  Higher decreases in insulin and [129]
HOMA-IR
MTNRIB  rs10830963 G High protein Lower weight loss in women [130]
6 rs2069827 [S Mediterranean diet  Lower weight gains [131]

FT0, fat mass and obesity associated; TCF7LZ, transcription factor 7 like 2; APOAS, apolipoprotein AS;
GIPR, gastric inhibitory polypeptide receptor; CETP, cholesteryl ester transfer protein; DHCR7, 7-de-
hydrocholesterol reductase; LIPC, lipase C, hepatic type; PPMIK, protein phosph Mg?*/Mn2* depend
1K; TFAPZB, transcription factor AP-2 beta; IRS1, insulin receptor substrate 1; PCSK7, proprotein convertase
subtilisin/kexin type 7: MTNRIB, melatonin receptor 1B; IL6, interleukin-6; TC, total cholesterol; LDL-c,
low-density lipopratein cholesteral; HDL-c, high-density lipoprotein cholestercl; HOMA-IR, homeostasis
model assessment of insulin resistance.
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Epigenetics/Epigenomics

Epigeneticprocessedring about reversiblemodificationsin chromatin structure and DNAmodification without altering the underlying
sequence Epigeneticchangesinclude DNA methylation and histone modification Different classesof small noncodingRNAs(suchas
microRNAs)pr long noncodingRNAshave been proposedas key regulatorsof gene expressionchromatin remodelingand epigenetic
changeshrough multiple mechanismshowinga potential asbiomarkersof humandiseasesAdditionally,externaleffects (includingdiet)
onthe epigenomealter the expressiorof genes providingalink betweenenvironment, nutrition anddisease

DNAmethylationis the mostwidely studiedform of epigeneticmodification Oneof numerousspecificmethyltransferasesiddsa methyl
group to the cytosinein the carbon5 position of a CpGdinucleotide (cytosinefollowed by a guanine) The added methyl group often
silencesthe gene by blockingthe binding of transcriptionfactors In recent years,developmentof new technologiessuchas NGShas
allowed the detection of site-specificmethylation patterns with great accuracyand led to the discoveryof new types of epigenetic
modifications

Histone modifications, consisting of acetylation, methylation, phosphorylation and ubiquitination, affect transcription through
compactingDNA Thisprocesscanactivate or repressgeneexpressiorby controlling accessibilityof genesto transcriptionalregulators
Epigeneticsdependson the presenceof enzymesand dietary nutrients, and can occur in a genespecificor in a global manner S
adenosylmethioning SAM)is the universalmethyl donor for all methyltransferaseshat methylate DNIiAand histones The availabilityof
SAWMcan be diminishedunder some circumstancedy insufficient availability of folic acid, vitamin B12, vitamin B6, vitamin B2, choline,
betaine and methionine, both due to low intake and individual geneticvulnerahilities

Somestudies have shown a relationship between nutritional intake during pregnancyand changesin methylation patterns in rats.
Nutritional interventions in pregnancy and lactation such as energy restriction and excessivedietary fat can alter epigenetic
modifications. Other studieshave shownthat epigeneticmodificationschangethe risk of inflammation, obesityand chronicdiseasesA
study of obesemen on a hypocaloricdiet to loseweightfound distinct differencesin DNAmethylation patternsbetweenindividualswith
high weight losscomparedto those with little weight loss Studiesin diabetic individualsfound associationsetween the secretionof
insulinandthe DNAmethylation pattern in the promoter regionof the PCGLA geneof pancreatid -cells

Guide and Position of the International Society of Nutrigenetics/Nutrigenomics on Personalised Nutriton: Part 1 - Fields of Precision Nutriton, 2016 -
https://www .kargercom/Article/Full Text445350
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Epigenetics are the heritable changes not encoded in the DNA sequence itself, but that play an important role in the co
of gene expression. Epigenetics is the process that regulates how and when genes are silenced and activated; epigend
refers to the analysis of epigenetic changes in a cell. Diet can cause epigenetic changes that may turn certain geffes o
ultimately affecting cellular function and metabolism. One epigenetic mechanism is DNA methylation, which refers to th
degree to which methyl groups are present or absent from certain regions of géresrally, hypomethylation allows gene
expression to be activated; hypermethylation interferes with gene expressiBoth hypomethylation or hypermethylation
describe an aberrant scenario and the influence on a gene will depend on the specific genes, the time point, and the tig
https://jandonline.org/article/S2212672(13)01783/fulltext#sec3.4
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The status ofolic acid, vitamin B12, methionine, choline, and betaiappear to be the most important factor for the DNA
YSGKetlFiA2y LI GGSNYyZ SaLlSOAltte o0SOFdzAS
the one-carbon metabolism
Another interesting example lorie restriction which if not accompanied by nutritional deficiencies, appears to be related to
longevity. This effect may be partly mediated by modulation of epigenetic events, as it causes activation of the histetyéadeac
sirtuin 1 (SIRT1). SIRT1 also induces deacetylation of histone associated to the FOXO1, FOXO3, and FOXO4 genes, which res
modulation of cell cycle, increased defenses against reactive oxygen species, and reduced apoptosis.
https://nutrirejournal.biomedcentral.com/articles/10.1186/s4114W 7-00332
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Ante la evidencia del papel que juegan los factores ambientales en el desarrollo de estadgsatetotpgiltimos anos

se ha actiado un nuevo termino, lautriepigendmica, que permite ampliar los conceptos datrigenémicalcémo
los nutrientes influyen en la exprési de los genes) putrigenética(cOmola secuencia geitica condiciona la respuesta
individual a determinados nutrientes) y qastudia los efectos de los nutrientes y los alimentos sobre la salud hum4
a través de las modificaciones epigéticas. Estas modificaciones epig#icas son cambios heredables en la fangy
expreson de los genes, que se producen sin alterar la secuencia primaria del ADN, es decir, sin asociarse a
polimorfismos.

Estaaproximaadn ha demostrado que, si se producen desequilibrios nutricionales y alteracionesaiietatdurante
determinados momentos &icos del desarrollo, las alteraciones epigecas resultantes pueden dar lugar a cambios
permanentes en la expresi de determinados genes que afecten a la estructura o @mnlais tejidos yorganos,
predisponiendo asa laenfermedad.

Aungueesos cambios epigéticos pueden ser heredables, hay tres conceptos que hacen muy interesante el estud
la epigeretica:

1) El primero es que los fémenos epigegticos parecen representar uno de los mecanismos principales por el que
factores dieéticos y ambientales pueden alterar la expéesde los genes y el metabolismo a largo plazo, explicarido
algunos problemas desarrollados en la edad adulta, cuyo origen procede de ed&desnmranas o incluso en
comportamientos atribuibles a los padres o abuelos.

2) El segundo es que las modificaciones epgtiess son potencialmente reversibles, lo que abre la puerta a nuevas
terapias dieéticas o farmacdigicas enfocadas a su modificatitanto en la infancia como en la edad adulta.

3) El tercero es que la deteéniprecoz de esas marcas epigécas alteradas puede ayudar a un diégtico precoz de
la enfermedad o, aun mejor, a una temprana act@a@reventiva previa a su desarrollo. Eétiimo se representa en la
Figura 1, junto con los deim tipos de biomarcadores que se&sabordando en nutrién.

La nutricién personalizada a través depdgenémicaMilagro y Martinez, 2015
http:/Awww.publicacionescajamar.es/publicaciongeriodicas/mediterranegeconomico/mediterraneeeconomice27-nutricion-y-salud/740/
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Figura 1. La dieta interactua con numerosos procesos moleculares a la hora de determinar
el riesgo a sufrir una patologia, y eso determina también el tipo de biomarcadores
y aproximaciones que se pueden abordar para la deteccién precoz de los individuos en riesgo
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Fuente: basado en Nordheim (2012).

La nutricién personalizada a través de la epigenémica, Milagro y Martinez, 2015
http://www.publicacionescajamar.es/publicaciones -periodicas/mediterraneo-economico/mediterraneo-economico-27-nutricion-y-salud/740/
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Factores metabélicos

Figura 2. Factores metabélicos, nutricionales y de estilo de vida

que han sido asociados con cambios epigenéticos
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Modificaciones epigenéticas

La nutricién personalizada a través de la epigenémica, Milagro 