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ABSTRACT KEYWORDS
Nutrition research concentrated on nutrient deficiencies and impairment Nutrition;
of health. The advent of genomics-interpreted broadly as a suite of high Nutrient deficiencies,
throughput technologies for the generation, processing, and application Genomics,
of scientific information about the composition and functions of genomes- Nutrigenomics;
has created unprecedented opportunities for increasing our understand- Epigenome;
ing of how nutrients modul ate gene and protein expression and ultimately Metabolome;
influence cellular and organismal metabolism. Nutritional genomics Transcriptome.

(nutrigenomics), the junction between health, diet, and genomics, can be
seen asthe combination of molecular nutrition and genomics. The diverse
tissue and organ-specific effects of bioactive dietary components include
gene-expression patterns (transcriptome); organization of the chromatin
(epigenome); protein-expression patterns, including posttranslational
modifications (proteome); as well as metabolite profiles (metabolome).
Nutrigenomics will promote an increased understanding of how nutrition
influences metabolic pathways and homeostatic control, how this regula-
tionisdisturbed in the early phases of diet-related disease, and the extent
to which individual sensitizing genotypes contribute to such diseases.
Eventually, nutrigenomicswill lead to evidence-based dietary intervention
strategies for restoring health and fitness and for preventing diet-related
disease. Inthisreview, we provide abrief overview of nutrigenomicsfrom
our point of view by describing current strategies, future opportunities,
and challenges. © 2011 Trade SciencelInc. - INDIA

INTRODUCTION facesthe challenge of establishing astrong basic re-

search foundation whiles multaneoudy surmounting a

Expectationsof nutrigenomicd'® areextremdy high,  number of technologica hurdles. Thecomingyearswill

but progressisrather dow. Thefield of nutrigenomics  likely require patience, redistic expectations, and strong
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advocacy for the needed research funding. In addition,
wemust beinnovativein our approachesto the com-
plex problemsthat nutrigenomics presents. For example,
ad nglenutrigenomi csexperiment can generatean enor-
mous amount of data. We must quickly learn how to
extract useful biological information from thesedata
Nutrigenomics must address management and storage
of different typesof dataderived fromthevarioustech-
nologicd platformsused devel opment and gpplication
of new biogstatistical algorithms, and inaccessibility of
tissue samplesfrom hedthy volunteers.

Challengesof this scope and magnitude cannot be
solved by oneresearch group aloneand will likely re-
quire collaboration among anumber of different re-
search teams. Furthermore, many of thegenomicstech-
nologiesarequiteexpensive. Not surprisingly, anin-
creasing number of large national and international
nutrigenomicsresearch clustersare being formed to
jointly addresstheseand smilar challenges. Theseclus-
terstypically focus on specific aspectsof nutrition re-
search and disease prevention (TABLE 1) that can be
approached with nutrigenomicsresearch. For such a
collaborative effort to be successful, theremust beex-
cellent communication among scientistsfrom different
disciplines(eg, nutrition, molecular biology, medicine,
genomics, bioinformatics), andtheremust beahighleve
of compatibility of the genomicsdataproduced inthe
various|aboratories® 14,

Severd of theseclustersor centersasoinvolvecol-
|aboration between thefood industry and academia.
Thefoodindustry recognizestheneed for nutrigenomics
re- search asabag sfor deve oping the concept of “per-
sondized diets,” for identifying molecular biomarkers
or new bioactivefoodingredients, and for validating
the effectivenessof these bioactiveingredientsasfunc-
tiona food componentsor nutraceuticals. Animportant
am of nutrigenomicsresearchisto study genome-wide
influencesof nutrition, with specificfocusontheroleof
metabolic stressin the genesis of the metabolic syn-
drome, thecollection of phenotypescombininginflam-
mation, metabolic stress, insulin resistance, and diabe-
teg?,

Thisgoal israther ambitious, but isbased onthe
ideathat nutrition should focus primarily on hedth and
disease prevention and be complementary to pharma:
cologicd therapy, whichtargetsthe pathophysiologicd
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Figurel: Twostrategiesfor nutrigenomics

aspectsof disease. Toredizethisgoa, new genomics-
based phenotypical biomarkersare needed that alow
early detection of the onset of disease or, ideally, the
predisease state of the metabolic syndrome, acondi-
tion referred to asmetabolic stress.

To approach this complex condition, molecular
utrition research on organ-specific dietary response
patternsus ng transgenic and knock-out mouse models
iscombined with genomic technol ogies. From amo-
lecular standpoint, nutrientsare considered tobe“sig-
naling mol- ecules” that, through Appropriate cellular
sensing mechanisms, result in trandation of these di-
etary Sgndsinto changesingene, protein, and metabolite
expression’®, Such anapproach alowsinsightintothe
mechanismsof nutrition at themolecular leve (ie, what
happensin our cellsand organswhen weesat, whenwe
do not eat, or when we eat too much).

Nutrigenomics: How to get smpleanswersfor a
complex science?

Animportant challengein nutrition researchisthe
complexity and variability of nutrition and foods. The
body hasto handlealarge number of different nutrients
and other food componentsand nutrient concentrations
canbehigh (micromolar to millimolar) without reaching
toxicleves. Each nutrient can a so have numeroustar-
getswithdifferent affinitiesand specificities. Thissitua
tion contrasts starkly with pharmacol ogy, wheresingle
agentsare used at low concentrations and act witha
relaively highaffinity and selectivity for avery limited
number of biological targets. The challenge of
nutrigenomicsresearchisto break down theimportant
but complex research problems into small feasible
projectsthat can be handled by normal-sized research
groups(Figure1). Onepossihility isto switchfromthe
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TABLE 1: Overview of selected inter national nutrigenomicsconsortiaand networks

Consortium Country Focus Web site
Cen_te_r of excdleqce for United states Personalized diet:diet-gene interactions www.nutrigenomics.ucdavis.edu
nutritional genomics
(I:Dolﬁggrtri] 3';::genom|cs The Netherlands Metabolic syndrome:early biomarkers WwWw.nutrigenomics.nvngc
Network of excellencein  Europe Establishment of a european nutrigenomics WWW.NUCO.Or
nutrigenomics (NUGO) (European community) research network (research, training, standardization) -ugo.org
Cenf[re of e>_<ce| lencein New Zealand Crohn’s disease; new food bioactivity www.nutrigenomics.org.nz
nutrigenomics
Functional food genomics Japan Biomarkers and bioactivity food ingredients
Nutrigenomics network Germany Complex diseases: diet-geneinteraction www.nutrigenomik.de

most complex system, the human being, to ssimpler or
more easily accessible organisms, such asyeast and
Caenorhabditis elegans, which can serve as model
systems. These organismshave sophisticated genetics
aswell as sequenced genomes, and researchers have
madeimportant discoveriesin nutrigenomicsusing these
model systems. Eventhefruit fly Drosophilaisan at-
tractivemode organismfor conducting nutrigenomics
research? becauseit hasadipose-liketissuesand alipid
transport system, which makesit acloser model to hu-
mans with respect to obesity and associated diseases
than many other model organisms. Another possible
strategy isto use methodsthat arewell establishedin
medica or pharmacol ogicd research but arerather new
to nutrition research. For example, anal ogousto phar-
macology, nutrients or dietary metabolites can be
viewed assignaling moleculesthat arerecognized by
specialized cellular-sensing mechanismd®. Theinfor-
mation that allowsnutrientsto activate specific signal-
ing pathwaysis contained within their molecul ar struc-
ture. Minor changesin structure (eg, saturated vsun-
saturated fatty acidsor cholesterol vsplant sterols) can
haveaprofound influence on which sensor pathways
areactivated. Thechdlengeaheadisto further identify
themolecular pathwaysthat areinfluenced by individud
nutrients and to determine the downstream effects of
thisregulation. Nutrigenomicscan greatly assstinthis
identification becauseit dlowsthe genome-wide char-
acterization of nutritiona target genes. With thistype of
information, researcherscan comprehensively under-
stand how nutrientsact and explain how diet hassuch
animpressiveeffect on hedth and disease, whichisnow
widely acknowledged. Ultimately, nutrigenomicsre-
search will lead to development of evidence-based
hedthful food and lifestyleadviceand dietary interven-
tionsfor contemporary humans.

Signaturesof health and disease

A mgjor focus of nutrition researchison preven-
tion of chronic diseases, such ascardiovascular dis-
ease, metabolic syndrome, and cancer. These disor-
dersare partly mediated by chronic exposureto cer-
tain food componentsand, therefore, acritical part of
the prevention strategy concerns changing food hab-
its. Causal rel ationships between those bioactive di-
etary componentsand prevention or outcomeof adis-
ease can only be assessed by long-term intervention
trials, which are time-consuming and costly. Other
conventional nutrition intervention studies use
biomarkerslikedisturbedlipid profiles (eg, choles-
terol, triglycerides), increased blood pressure, or re-
ducedinsulin sengitivity aspredictorsof diseases, such
as cardiovascular disease or metabolic syndrome.
These biomarkersare mainly single proteinsor me-
tabolitesor certain body functionsthat can be used as
indicatorsfor pathophysiological changesthat can ul-
timately lead to avariety of chronic diseases, depending
ontheindividua genotype. A completebiomarker pro-
filewill bemore characteristic for the health status of
anindividua than singlemarkers. Theability to assess
these so-called “signatures” of health and disease hold
the promise of amore compl ete phenotyping of hu-
mansand the ability to monitor health statususing a
noninvadvetool. Biomarker profilescan bedetermined
on a genomics-transcriptome, proteome, and
metabolomelevel, all having their own specific ad-
vantages as markersof body health status.

From genotypeto phenotypev

Most chronic diseases, such ascardiovascular dis-
ease, metabolic syndrome, and cancer are multifacto-
rial disorderscaused by multiple genetic and environ-
mental factors. Multigenic or polygenic diseasesare
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caused by acombination of genetic variationsin mul-
tiplesusceptibility genes. Different combinationsof gene
variantscanleadtoasimilar disease phenotype, further
complicating thepicture. Moreover, severa modulator
effects of dietary components on the phenotype by a
genetic variation have been described and arereferred
to asgene-nutrient effects™. Investigation of combi-
nationsof genetic variantsand theeffect of nutrientsin
relationto adiseaserequireslarge study populations of
patientsand controls. Theknown genevariantsand the
modulator effectsof nutrientsin relationto adisease
have recently been discussed in an excellent review by
Ordovasand Corelld®. Most genetic variations, such
assingle-nucleotide polymorphisms (SNP), insertions,
or repeats have been found by sequencing genes cod-
ing for enzymesor transportersrelated to the disease
of interest.

With sequencing of the whole human genome,
knowledge about genetic variationshasincreased, and
microarrays contai ning around 500,000 SNPs (500
K-arrays) arealready available. These chipscan be
used in association studiesto identify new candidate
loci for adisease™. Nuitrition research hasuntil now
focused mainly on no morethan afew SNP simulta-
neously and on the opportunity to abolish possible
harmful consequencesof the SNP by nutritioninter-
vention. Research into these so-called nutrient gene
interactions with genome-wide SNP arraysare com-
plicated by multiple genes, dietary components, and
gene-nutrient interactions*¥. Beforetechnologiessuch
asthiscan beapplied in nutrition research, they first
haveto be proven and validated in disease associa-
tion research studies.

Can a bioinformatician make sense of your
microarray experiment?

Another limitationin nutrition researchistherea
tively small effect of dietary interventionson physi-
ological parameters. Similarly, effectsof nutrition on
gene-expression patternsare a so hard to detect. Con-
sequently, asuitable study approachisrequired aong
with the need to devel op state-of-the-art sensitive
microarray anaysis systems. Although amagjor tech-
nologica advance, microarray technology has strengths
and limitationsthat must befactored into theresearch
design. A robust research hypothesis and study de-

signwill help to ensure the research question is ad-
equately addressed by theexperimenta design (avoid-
ing the so-called ““fishing experiments”). Important fac-
torsthat can influence gene expressionin humansas
well asinanimasare age, sex, nutritiona status, and
other poss bly unknown (patho)- physiologica param-
eters. Inaddition, these methodswork best when geno-
typevariationisminimal, whichisfeasibleinanimal
studieswithinbred strainsbut not with human beings.
Themost easily obtained information in human inter-
vention trials is race and family history. Once a
transcriptomics study isperformed, RNA quality and
quantity should be verified and subsequent labeling
and hybridization of RNA should preferably be con-
ducted by the same technician and within the same
microarray experiment. In order to enhance accuracy,
pooling of samplesisnot desirable, but increasing the
number of biologicd replicateswill decreasethefase-
positiverateand result inreliable data™V.

Futureper spectives

Will nutrigenomicsstay excitingenough over thenext
severa yearsto sustain devel opment of an extensive

research foundation?Weare surethiswill bethe case
becauseitiswidely appreciated that further devel op-
mentsin nutrition and food devel opment areimpossible
without exploring the mechani smsunderlying nutrition.
Will it then be possiblefrom nutrigenomicsresearch to
develop food and beverage productsthat can help pre-
vent or reduce onset and impact of complex diseases,
such astype 2 diabetes, cardiovascul ar disease, and
someformsof cancers? Canfood productsbetailored
to promote the health and well-being of groupsinthe
population identified onthebasisof their individud ge-
nomes? Thepotential isthereand exciting new devel-
opmentsareunfolding. However, it isimportant tore-
evaluate expectationson aregular basis. What canwe
achievewithinthe scope of theexpertiseand techniques
we have available now and in the near future? Inthe
coming years, wehaveto put dl our effortsinto gaining
athorough understanding of how nutrientsinteract with
the human genomeat amolecular level. Tobeableto
use genetic blueprints or genotypesindietary preven-
tion of disease, wemust first identify the mechanisms
driving the connection between diet and the outward
manifestation of our genes, our phenotype.
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