Gendmica nutricional

(interacciones genes-nutrientes)

Genes Nutrientes

[ i Nutrigenética

Polimorfismo

Nutrigenomica

Expresion de genes




Clinical Dietitian Routine
Case study

m PSA, male, 7 years old

'} = Fever, abdominal cramps, steatorrhea, flatus,
M bloody stools, diarrhea, vomiting, lactose
intolerance, abdominal cramps

)

Early exposition to cow milk (2 months of
w\;’[} ) | age): weight loss (8% in 2 weeks;

anorexia)

%“ = 2lkg (p 80 = 23kg); 121 cm (p 50); Body mass
index = 14.4kg/m? (pla - pa0)



http://upload.wikimedia.org/wikipedia/en/1/16/Crest-FMRP.jpg

Clinical Dietitian Routine
Case study

Leucocytes = 18000 cells/10% C-
reactive protein = 33mg/dl; albumin =

| 2.7q/dl

* Acute Phase response
 Nutritional diagnosis: acute protein malnutrition

e
|

LAY I
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m Malabsorption

o'} * Lipid, electrolytes

S W1 * Medical Diagnosis: Crohn“s disease (disease
activity index > 20)




Clinical Dietitian Routine
Clinical significance of intervention?

Systems Biclogy
" Parenteral | The “Omics” Cascade
nu'.crl.tlon; Elemental Whatcan happen | Gewome |
R diet onl y
enteral y ooy [ TRanscrpToME |
nutrition ¥ |
‘ What makes jr L 7
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das respostas as doencas

jacoes

var



TIPO DE RESPOSTA METABOLICA A INTERVENCAO NUTRICIONAL

Alguns
respondem
negativamente.

Alguns nao

respondem
respondem.

positivamente.

Respondem devido as diferencas genéticas interagindo com o meio ambiente




Obesidade como exem@lo.. o

Uma dieta rica em lipidios ndao define que o individuo sera
obeso!...

Alguns estudos indicam que o consumo médio de alimentos esta {
mas a obesidade estd T...

Sera que a obesidade nao esta necessariamente associada a alta
ingestdo alimentar? (Blundell JE & Cooling J, 1999)

A escolha por alimentos ricos em gordura é um fendbmeno
biolégico ou do meio ambiente? E como as variagdes genéticas
interferem neste processo?

Tabela 9 - Analise descritiva da ingestdo energética e porcentagem de macronutrientes da
dieta de adolescentes atendidos no CMSCVL e divididos por grupo, de acordo
com o estado nutricional

Variaveis* Grupo 1 Grupo 2 Grupo 3
Energia (Kcal) 2226 (1083-5092) 2199 (1294-3747) 2179 (1174-5489)
Proteinas(% VE**) 17,2 (10,7-24,1) 17,5 (13,3-30,9) 18 (11,1-26,6)
Carboidratos (% VE) 45,4 (25,5-59,9) 43,6 (27,6-52,2) 43,6 (34-51,7)
Lipidios (% VE) 36,6 (20,1-53) 38,3 (31-48,3) 38,2 (26,7-47,8)

*p > 0,05; **VE = Valor Energético

Medicina (Ribeirao Preto) 2011;44(3): 257-65







Alouns estudos nito encontram associacio entre moestio alimentar e ohesidade

Alquns néio pe

sJ;‘ ;.

Diferentes necessidades
nutricionais?

Hguns perdem pesu'

Qual a contribuicao das
variacdes genéticas?

e , Interac3o gene-nutriente?
1§77 7 : <

Bezerra IN & Sichieri
R. 2011

Int J Behavioral Nut

and Physical Activity



http://rds.yahoo.com/_ylt=A0PDoS_88a1MiSIAOGKjzbkF/SIG=12o7s1oer/EXP=1286554492/**http:/i238.photobucket.com/albums/ff270/kadiprescott/obesekid-1.jpg
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Genomic Medicine,
Biomarkers, and
Health Sciences

A biomarker, or biological marker, generally refers to a
measured characteristic which may be used as an indicator
of some biological state or condition.
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A biomarker can detect early stage of the development of
disease or indicate risk of a future disease.



Tendéncias da pesquisa sebre nutricie persenalizada

Se 0 nosso genoma € o
mesmo porqué os cientistas
estdo dizendo que temos
diferencas genéticas? Se isso
é verdade entao podemos ter

diferentes necessidades
nutricionais!!!!

Conceito
alimento bom

Conceito
alimento ruim

Rideout TC. 2011;
Lovegrove JA &
Gitau R. 2008




GENOMICA DA NUTRICAO NAO E SIMPLES E ESTAMOS APENAS
ENGATINHANDO ..

Se vocé tem um polimorfismo na APOA1 do tipo GG vocé s6
tera T HDL se PUFA < 4% VCT; agora se vocé tem
polimorfismo do tipo GA, seu HDL vai T quando PUFA > 8%

Doutora, porqué sigo tudo direitinho e meu LDL continua alto e
meu HDL continua baixo?

i £ V_Ow =~
. . \

Talvez ndo seja
tao simples
assim...




ESTUDAR UMA VARIACAO GENETICA AJUDA?

AJUDA MAS
Dieta pobre em NAO E

lipidios e colesterol é

SURICIENTE
PARA TRADUZIR
boa para todos? A ADEQUADA
INFORMAGAO

PARA O
PACIENTE...

* Depende do polimorfismo da APOE

APOE3/E3
APOE4/E4

APOE4/E3

3 Uusitupa MlJ
=X etal.1992




Common genetic determinants of vitamin D insufficiency: a
genome-wide association study

Thomas J. Wang e colaboradores
Lancet. 2010 July 17



Table 3
Genetie variants and risk of vitamin 1Y imsutficiency

=75 nmol/L = 50 nmoll.
Odds ratio® Pvalue Odds ratio® Pvalue
ladividual varfant
GO (rs2282679) L63(1.53-1.73)  35=100% 1L49(140-1.59) 75 = 1033

DHCRT (rs7T44926) L21(L14-0.29) 4.1 = 10010 121 (L.14-129) 47 =« 104

CYPIRI (rs10741657)  1.21(1.45-1.29) 04 10" 106 (1.00-L13)  0.06

Genotype score

Ouartile 1 1.0 {Referent) 1.0 {Re ferent) AJUDA MAS

Quartile 2 1.29(1.15-1.46) 1.10 (0.97-1.25) NAO E

Ouartile 3 1.56(1.39-1.75) 138 (1.22-1.57) SUFICIENTE

Quartile 4 2.47(2.20-2.78) 1.92 (1.70-2.16) PARA TRADUZIR

P-for-trend 3 x 108 o o A ADEQUADA
INFORMAGA®

PARA ©

PACIENTE.-



Gene da Glutationa Peroxidase-1 (GPx1)

Melhora do
estado nutricional
relativo ao selénio

¢ Diferentes respostas
de acordo com o
polimorfismo
Pro198Leu (Pro/Pro;
Pro/Leu; Leu/Leu)

37 obesas marbidas 1 castanha durante 8 AUDA MAS
semanas (290pg de
NAO E

selénio por dia)
SUFICIENTE
PARA TRADUZIR
A ADEQUADA
INFORMACAOQ
Cominetti C PARA ©
etal. 2011 PACIENTE...

Nutrition




T2DM Genes (Gwas)

THADA|  [IGF28P2 CDKALT MTNRIB HNFIB
NDTCHE J [PPARG] lWFST l JAZFI lm lm l
T N R R R
4 4 O p-cell formation
ADAMTSQ SLC30A8 TCF/7L2 ] p-cell function insulin secretion
[] Fasting glucose levels

] Body mass index
[CAMKID|  [TSPANS] [] Adipocyte differentiation

[] Insulin pathway regulation
[ ] Unknown role in T2D

MATURE REVIEWS | GENETICS WVOLUME 10 | APRIL 2009 | 241

Tag SNP for a LD bin statistically associated with trait

Collectively “explains” ~0.5% - 2.4% of individual’s risk

~96% of participants were Europeans



1 interacae gene-nutriente ne eontexio de Sisiemas Biologicos?

Complexa e delicada rede de
interacdes que desafia a simplicidade
e torna a orientacdo nutricional um

desafio ACATA
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Many nutrient-nutrient interactions exist and are fundamental
part of the growth and development process

Nutritional Systems

- )
i
| .o%. 3
[ ] [ ] og® »‘k . .‘. & - ‘:‘
Focusing on a single nutritional cause [ty s et
. - "g.." )

obscured the broader nutritional Ry
phenotype that exists in a person s

Darby 1966; Kaput et al. 2014 ¢



Interacao gene- e sinergismo

nutriente e isolados
Genoma e 20.000 genes
humano e ~100.000 transcripts
Genoma: e > 20 milhdes SNPs em
variacdes > 1% populagao
. .(} ) ® SNPs: 5% a 50% da
individuais populacio

McVean G

Personalized Nutrition Research in the Era of Nutrigenomic
et al. 2005
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duplication

This gene duplication
has created a copy-
number variation. The
chromosome now has

two copies of this
section of DNA, rather
than one.

VarmaV et al.
2010; Myles S et

al. 2008
Simopoulus AP. 2010



http://en.wikipedia.org/wiki/Gene_duplication

Metilacao de DNA

chromatin fiber

chromatin -
binding —__ o
protein [J ;cy‘

<

nucleus “‘ :
chromatin

remodeller

DNA methylation Me

Nutriente altera a estrutura do DNA mas nao a sequencia de
nucleotideos

" Zeisel SH. 2007



Ciéncias Omicas se referem a categorias de biomarcadores moleculares sendo

estudados, mensurados ou descritos.

Untargeted Profiling
(Discovering the Unknown)

Extrinsic factors
(Age, Diet, Disease,
Drug, Lifestyle)

—> Phenatype

] |

Metabolome

Targeted Profiling
Verifying the Known

Fendtipo metabolico é o termo para um conjunto de metabdlitos cuja abundancia em

fluidos bioldgicos reflete o estado de satde/doenca de um individuo. E preciso construir
e validar ferramentas que fornecam mais informacdes sobre 0s processos que integram



Compostos bioativos sao constituintes “extra-nutricionais”

E préciso entender a
complexidade das interagoes
entre os componentes da
dieta e 0 genoma, a
protedmicae a
metaboléomica para que
possamos entender as
diferentes respostas a
mesma intervenc¢aa




Technologies All models — SYSTEMS BIOLOGY
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DESAFIOS AO ANALISAR AS INTERACOES GENE-NUTRIENTE

Meio ambiente: Diferencas nos
Padrdes Dietéticos e Interacao




Approximately 228,000 human genomes have been sequenced by the start of
2015 and estimates are that 1.6 million genomes were sequenced in 2017

GOD... THE DAMN itctagatagece
HUMAN GENOME HACKERS!! e oamend
CODE'S BEEN NOW, T HAVE B
UNRAVELLED TO CHANGE THE glaatiigatos

PASSWORD

HUMAN GENOME PROJECT
TOLtHh Anniversary

National Human Genome Research Institute

Each new genome sequence confirms that individuals are genetically unique and hence will
have unique responses to environmental factors including diet, lifestyle, and medicines

Regalado 2014; Olson 2012
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(e

Permite
identificar
padroes,
agrupar genes
relacionados
qgue regulam as
vias metabdlicas
e agrupar vias
metabdlicas
relacionadas

(1) Baseiam-se em
uma codificacdo do
conjunto das solucoes
possiveis;

(2) os resultados sao
apresentados como
uma populacao de
solucdes e nao como
uma solucao Unica;
(3) ndo necessitam de
nenhum conhecimento
derivado do problema,
apenas de uma forma
de avaliacao do
resultado;

(4) usam transicoes
probabilisticas e nao
regras deterministicas




Em genomica da Nutricdo e
dificil definir um grupo
controle




Facts & Challenges Genetic Diversity

Novembre et al Nature 456, 98 (2008) Lu et al EJHG 17, 967 (2009)

HOW TO SEPARATE CASES AND CONTROLS?




The conceptual basis of nutritional genomics is inter-individual
variability in nutrient requirements

Monteiro, Kussmann and Kaput 2015



Basis of Nutrigenomics

A different effect of a genotype on disease

In persons with different environmental exposures

Ql Genotype X Environment Interactions

R AN
___

A different effect of an environmental exposure on
disease risk in persons with different genotypes
Ottman, Prev. Med 25, 764 (1996)

The main effect(s) may be
genotype x environment interaction(s)
for chronic diseases and modifying effects

Statistical

Parlance




Human Migrations - ancestry




Hypolactasia

N. European Indian children
C-13910T In Africa: G-14010C

Afr American kids

N. American Jews 80

Mexicans - rural SE Asians

60

Eskimo Afr American - adult

Asian Americans
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Figure | nterpolated map of Oid World LP phenotype freguences

Kaput and Rodriguez, Physiological Genomics 16, 166 (2004)
Itan et al. BMC Evolutionary Biology 2010, 10:36
http://www.biomedcentral.com/1471-2148/10/36



RESFUNLIEN

PROCURANDO POR DIFERENTES

FENOTIPO METABOLICO 1

FENOTIPO METABOLICO 2

What spposrsto  [“yoa ie e oiBTOME

4

What makes it PROTEOME

4

What has happened| ueTagol oME

. =

PHENOTYPE







N-of-1 Trials in the Medical Literature
A Systematic Review

Nicole B. Gabler, PhD, MHA * Naihua Duan, PhD, 7T }
Sunita Vohra MD, FRCPC, MSc,§ and Richard L. Kravitz, MD, MSPH||

Precisamos de mais estudos que considerem a resposta do
INDIVIDUO e, ent3o, o classifique em grupos metabélicos
semelhantes.

Os tradicionais ensaios clinicos randomizados resultam em uma
politica de “um tamanho serve para todos” em que o mesmo
tratamento é aplicado a grupos heterogénios.

(Med Care 2011;49: 761-768)



ENVIRONMENTAL INPUTS INTERACT
WITH OUR BODY’S GENETIC SYSTEM

ENVIRONMENTAL INPUTS
Exposures, Nutrition, Lifestyle

METABOLIC RESPONSE
Cancer Susceptibility Risk Factors and
Other Health Outcomes

Systems thinking = a context in which components act, including their relationships and interactions in a non-static way

Prevent NCDs

Omics Technologies To integrate all

What We Know About
Diet, Genes, and
Phenotype: Is There
Potential for Translation?

The Blind Men and the Elephant |

New biomarkers and Dietary

LEVESQUE L et al 2008 M. Joly, P.H.C. Rondd, 2015



Procurando por
grupos
metabodlicos




[ ]

» Como fazemos &
esse tipo de
pesquisa usando
as ferramentas
Omicas?

=N =



Experimental Design Concept n-of-1 to group level

N-of-1 trial = Detailed intervention study of one individual over time and in response to environment

¥ m . SN . €. A .l i
- — - Each round of analysis and classification |-
appropriate response or metabolic group

improves the probability that an
individual is placed within the
i 2 & . 2 2 — ,
P iRE QAR TRILY
= bl i ’ ‘
Classification Algorithms

Nutritional status; Physical activity; Social, economic and behavior status;
Genome, proteome, metabolome

Kaput & Morine, 2012; Monteiro et al. 2014; Morine & Monteiro 2014



Phillips County Arkansas: Marvell and Elaine

Obesity Prevention Summer Day Camp: USDA + FDA

_ Blood (genotyping & | Breakfast, lunch, snack
Summer Day Camp metabolite analyses) (Lowfat milk , fruits,

at the Boys, Girls,
and Adults
Community

Development e @ one month

Center following the end of e Anthropometry
summer camp

e @ beginning vegetables)

e @ the end (5 weeks) e Three 24h recall and
Health Eating Index

This study did not use a case-control design (105 individuals)
6 — 14 years old — 42% overweight




Individuals (represented in rows) with higher SAM/SAH tended to have higher
plasma levels of fat-soluble vitamins A and D and medium or low plasma levels of
vitamin E, thiamine, and pyridoxal. Individuals with low SAM/SAH tended to
have the opposite patterns of these metabolites
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Fig. 1 Metabolite-level heat map and principal component analysis analysis of mean values of vitamin or metabolites. Numbers indicate
of vitamin levels. a Metabolite heat map where individuals are values for individuals (¢). Variances in each principal component (see
represented in the rows, and mean value of metabolite levels from “Materials and methods” section for details)

three blood samplings is in the columns. b Principal component



Component 2 (15%)

MICRONUTRIENT PROFILE - PCA

Plasma Metabolites

-5 ¢} 5
o~ \ \ \
S
43 o ° o
a4 29g; 28251 © o
Vitamin A 25 Thiami}'lé
AM:SA © I
o Homocysﬁem'e . | n
S Pyridoxal - © o
398 3] itamin E I
2057 13 5 |
34 |
1 I o |
o
N 44 Vitamin D 2 |9
oI — 26 18 | n | %
Riboflavin | ERR
I > =
I
|
I o
|
I
| 1
| S
1
Q
S -

Component




Color Key

Proteomic data showed 51 proteins significantly associated “S!ﬁh
with MET_PC1 variable S
| N Value !
Functional analysis of branches l l
Met
PC1
SAM:SAH | - E
| Homocysteine - [ E
[ pyridoxal | =
| Thiamine | E
| VitaminE =

CDH12
ILIRAPL2
GNLY
SHH
NBL1
LTA4H
ENG

CKB CKM
IL12RB1

CDC2 CCNB

—
—> TNFSF15
—
—
—>
—
—
—
—>
—>
—>
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Pro-Inflammatory

Anti-Inflammatory

+/- in inflammatory conditions \ 1 ]
| |
Plasma or membrane proteins 24/27 = 88.9% 5/12 =41.6%
Cytosolic proteins 3/27=11.1% 7/12 =58.4%

Monteiro JP et al 2014 S1_MetPC1_Prot_QTL



What are the SNPs and genes

RAW SNP related to those 2 metabolic groups?

data

GENOTYPING




A pergunta gue nao quer calar...

Como relacionamos o
perfil genético com
estes resultados?
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MICRONUTRIENT PROFILE
DATA

1.0 —

Cluster 1 Cluster 2

Generalized Estimating Equation

. GEE/?TTXPE GEE To connect 125959 SNPs with
PCA1 (metabolic groups)

ATCCGAACTCGT

AGTATTACGCGA

v AlEEE 76
MICRONUTRIENT CORRELATED SREACERARAEE
SNPS
| AGTATTA.GCGA
VEGAS 3200 SNPs

!

MICRONUTRIENT CORRELATED
GENES

1392 genes

TOPOLOGICAL HYPERGEOMETRIC
MODULES TEST

58 modules: 116210

interactions between v
13705 genes MICRONUTRIENT CORRELATED
MODULES
To reasonaTny represent the System B|ology ,statls.tlc_lans got_ a global networking 4 modules (18, 52, 45, 2)
using two manually curated protein-protein interaction database




Middle out Enriched

module — Geno

RS4950025_DPYD
RS7712808_ADCY2
RS6513018_CD38
RS311563_POLRIA
R59313857_ATP10B

Freq > 0.5%

Homozygote

RSG783254_CDH23
RS10999864_COHZ3
RS2239307_ADCY9
RS1662172_RRM1
RS10875085_DPYD
RS3807153_ATPEVOA4
RS12474018_AGAP1
R512135034_PDE4B
RS9896857_CANT1
RS9425291_DNM3
RS10901115_MEDZ7
RS47E2936_ATP2C2
RS9511907_ATPBAZ
RE2271660_ATPEVOA2
RS244078_ADA
1511225634_DYNC2H1
RS601535_DYNC2H1
R59999358_ATP100
RS6694008_ATP10B
RS1053467_ATP10B
RS7571708_AGAP1
RS4762758_FDE3A
RS1432791_ATP10B
RS9862003_FHIT
RS12260506_ADK
R53518177_PDE10A
RS2238438_ADCYS
RS7097_POLR1D
RS694603_POLR1D
RS223869_POLR2C
RSB79620_ADCYS
RS7032884_MED27
RS4592148_MED27
RS6446159_FHIT
RS3807154_ATPEVOAL
RS7043386_MEDZ7
RS379863_ADA
RS244076_ADA
RS534333_ATPEA2
RS10518335_PDESA
RS643666_DYNC2M1
RS658804_DYNC2H1
RS7950028_DYNC2M1
RS11225717_DYNC2M1

I
=

Heterozygote

Il
N

Homozygote

Module 18: 465 genes
Found 42 (2 metabolic groups)
Corrected modular p = 2.63E-19

O rs3asar_atr2e2 [
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Vitamin A |
SAMSAH
Homocysteine y
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Micronutrient module genes map to phenotype loci

MODULE 18

42 DOS NOSSOS GENES ESTAVAM EM
REGIOES CROMOSSOMICAS (QTL/LOCI)
QUE CODIFICAM GENES ASSOCIADOS AO
PESO CORPORAL, A LEPTINA, AO
METABOLISMO DA GLICOSE

slgnificantly correlated with PC1
body weight QTL

leptin QTL

fibrinogen QTL

——
—
e glucose QTL
—

gwasdb - plasma metabolites
——

secretion/absorption genes




Location Ribeirdo Preto, Sdo Paulo, Brazil
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Brazil Micronutrient Project
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.
%" Nestle Institute of Health Sciences

R ——

As amostras de sangue serao enviadas para analise no laboratodrio de pesquisa
do Instituto de Pesquisa em Saude da Nestlé (NIHS) na cidade de Lausanne, na




Brazil Micronutrient Intervention Study

33.5% children are overweight in Brazil

Verweic Hl Obese
OVERWEIGHT POPULATION =overwent mon o
5to9y/o 10to 19 y/o 20 y/o or older
50
2 o B Increased metabolic syndrome in children
15 17 . . . .
"s s M 228 |2 5 M| eg. Dyslipidemia and glucose intolerance
1975 1989 2009 1975 1989 2009 1975 1989 2009 (Harris etal. 2006)
4 48
@ 32 o | @ _ | Obesity and metabolic syndrome are
12 12 14 13 . . - .
P22 @ Solz2la anE related to micronutrients deficiencies
1975 1989 2009 1975 1989 2009 1975 1989 2009
SOURCE: Brazilian Institute of Geography and Statistics
Objectives
Primary ldentify responders & nonresponders defined by glucose, LDL

Secondary

cholesterol, total cholesterol to multiple micronutrients

Develop methods to target appropriate combinations of
micronutrients to individuals to improve metabolic health



Clinical Trial Design 2 tablets for 9, 10, 11 & 3 tablets for 12 & 13

: Intervention Post Washout Post
Baseline I . Washout
days/week for 6 weeks AT 6 weeks
Replication 2014: 139 2014: 136 2014: 135
(68 repeats) (68 repeats) (67 repeats)
Milk Bar Composition Per 3 Tablets Measurements
Vitamina 8010ga 133.3%0 Anthropometric
VitaminDE 5.1qugk 50%0
VitaminB® 9.9Eng? 90%E . .
Vet S0 13 30 Clinical chemistry & CBC
Vitamin@B18 1.48ngH 155.5%E
Vitamin®20 1.768ng0 178%0 DNA damage
Niacin@ 18Engl 150%
Vitamin@B6E 2[Engel 200%0 1’129 plasma proteins
Folatel 2003ugk 50%
Vitamin@B12a 1.151gE 55.5%E -
Biotint 150Gug0 750%8 ~200 plasma metabolites
Pantothenatel 6@ngk 150%@
Calcium@ 287@ngk 22%0
Phosphorousl 217@ngp) 17.3% SM SNP pIUS WhOIe exome
Iron® 6.5angH 81.2%8
Magnesiump 1250Engf 52%0 PIUS Other
Zincl 6EMge! 75%"0




nm N N m
Selected Study Population Data
2013 2014 2013 + 2014 | 2014 Validation | 2014 Replication

Participants 141 2136 139 2135 280 69 & 65 70 270
Female 56.7% 54.0% 55.35% 44.9% 62.9%

Age (years) 11.4+£11 11.9+1.0 11.6 £ 1.1 116+1.1 12.2+0.9
Mean weight - kg 48.8 +16.7 50.0 + 14.6 49.4 +157 483 +11.8 51.7 + 16.7
Mean BMI 20.6 +5.3 20.5+4.9 20.5 + 5.1 20.0 +4.1 21.0+56
Overweight/Obese 48.9% 37.4% 43.2% 34.8% 40.0%
“Vitamin Vitamin B12 Folate insufficiency: Riboflavin Beta-carotene: Retinol

insufficiency”

insufficiency: 0%

5.2%

insufficiency: 19%

insufficiency: 44%

insufficiency: 48%

Validation = new recruits in 2014

Replication = returnees




Main Results Difference between Intervention & Baseline

2013 (n= 98) Lae® Responders Non -Responders
2014 (n=107) 3.4e
140- 2013 #  Ave.Decrease #  Ave.Increase
= 1
ED 120 T ) Glucose 77  4.7mg/d -5% 31 3.9mga-4%
g 100 + S
— T LDL 78 13.4mg/di-11% 24 8.5 mg/d-5.2%
80 T
Cholesterol 62 17.8mg/d-13% 29 9.1 mg/di-8.8%
% % %
© & Y Statistical tests demonstrate that the fold change is due to
% the intervention
Glucose Cholesterol
2013 2.5¢* 3.5e?
2014 4.0e* 0.03 .
Conclusion
HDL TG  VLDL . . , . :
Multiple micronutrients alter lipid/glucose profile
2013 036 036 0.36
2014 0.94 0.08 0.08 Response is clinically relevant

*T test p values corrected for multiple testing (Benjamini-
Hochberg)



Plasma Vitamin & Clinical Variables changed by Intervention

Examples

- _—
4000 1000

3000 - 750 - °

2000 - 500 -

1000 - 250 -
< < < < < <
- N w —_ rn [#3 )

Subset of variables changed by intervention

# changed Total

Micronutrients 14 17

Clinical 3 6




ANEW STRATEGY TO ANALYZE GENE-NUTRIENT INTERACTION IN OBESE CHILDREN AND ADOLESCENTS

Bodybugg at the same time...

Three 24 hour recall (last week prior blood
drawn and FFQ application)

Energy Energy
expenditure expenditure

e Skin e Flux sensors
temperature e Resting

~ e Galvanic skin energy
response expenditure

Physical
activity

umber of
teps
ovment
etector

jacque@fmrp.usp.br Jacqueline Pontes Monteiro - University of Sao Paulo
Ribeirdo Preto - Brazil



—ep  Effect of supplementation intervention on vitamins and clinical variables level

Plasma Vitamin & Clinical Variables

— Vitamins and clinical var levels at baseline, after intervention and after washout

- TMP Hiboflavin
g = [}
40 - 200 =
30 - H
0= ' + * 100 - ]
10 = _L

-t I\J w -t I\J w

PantothenicAcid Pyridaxal

[ ]

600 -
9|| -

S8 & S8 &
alpha_t beta carotene vitamin_h12
3000 - *

o 0,75 -
2000 -

—::;::.;..L.,. .;.....L

S 8 B 08 LS

BS. SubClass ) B6.SubClass
500 - M 400~ 3 L
L] z 300 -
400 = + 200=
200 = + |'“I - * L
I | I
= N ES 08 &
total_proteins - triglycerides
A00 = *

=t [i¥] %] =t |\J L\J

cim -J'q.

J++* 3*** j_L*_L Jerome analysis: 151217

FAD FMN NM Nudi
100= : q0- = i

a0-

£eéez+++ il ;?5255255++4. %5555555;.[.

-

M _

- I\J f.d - I\J f.d - I\J f.d —= I\J
PyndoxmAcid alpha_tompheml gamma_} toupheml retinol
125-
a0 - |||||— 2.0- |E|.5—
Ijll o 4 + | * I.I,4 -
f= 0.3-
I 1 |
I 8 B I 8 B S 8 B S 8 B
5_me_thf B1. subclass BZ.SubGIass BS SubGIass

§0- A = 400" ¢ 4000 -

= I\J L\J = I\J L\J

hdl_cholesterol Idl |_cholesterol

' 20= 1
I ] ] ]
I 8 @ I 8 @ S 8 5 - Rs
vidl_cholesterol

B0 NRC data: 151117

6=

as.factor(period)

bl bed sad wa

::m GRTE ++3-++-L

L\J

total_cholesterol

SN _

v

) Vitamins Pvalue Pcorrected
v TMP 1.2e-11 3.6e-11
‘/ Riboflavin 8.9e-15 34e-14

FAD 7.6e-01 0.76
'/ FMN 2.7e-05 4.6e-05
NM 2.1e-01 0.26
/ Nudi 9.2e-08 1.8e-07
/ PantothenicAcid 2.2e-23 3e-22
\/ Pyridoxal 3.1e-20 2.1e-19
'/ PyridoxicAcid 1.1e-18 5.9e-18
/ alpha_tocopherol 8.0e-03 0.011
'/ gamma_tocopherol 1.1e-09 2.7e-09
retinol 8.2e-02 0.1
alpha_beta_carotene 3.6e-01 0.41
/ vitamin_b12 1.56-03 0.0021
‘/ 5_me_thf 2.2e-08 4.9e-08
‘/ B1.subClass 5.5e-15 2.5e-14
'/ B2.SubClass 3.8e-05 6e-05
‘/ B3.SubClass 1.0e-06 1.8e-06
/ B5.SubClass 2.26-23 3e-22
'/ B6.SubClass 2.2e-20 2e-19
'/ glycemia 2.5e-04 0.00038
hdl_cholesterol 2.7e-01 0.32
‘/ ldl_cholesterol 1.1e-10 3e-10
'/ total_cholesterol 6.0e-08 1.2e-07
'/ total_proteins 1.7e-14 5.7e-14
triglycerides 6.3e-01 0.68
vldl_cholesterol 1.6e-01 0.76

v/ Statistically

Significant for V1 to V2



Correlations

Fold Change

Clinical Data

Jerome:

Vitamins

151217

y]

12345 02 4 6 123 4 08 12 08 12
L1111 L1 L1 L1 |
*kH  kkA B X% . * kA -
TP 0.39 0.38 0.19 0.23 0.5 0.30 o . 045 [
*%H k%N *%

0.53 0.35 0.25 007 - ws
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0.22 0.28 0.24 2 o -013 e [
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Statistical Tests of intervention

COSBI: 160117

v

Procedure Pooled V2 & V1, randomly divided the data into two equal groups
Evaluated the significance of the response (V1 vs V2 with Student t-test)
Repeated 1,000,000 times

ResultsIn 5% of permutations significant differences between both time points

The LDL-C response to intervention was rarely (< 5%) observed by chance
The observed intervention effect on LDL-C was not driven by outliers

Conclusions

Frequency

20000 30000 40000 50000

10000

Fold change for
LDL
in experiment

v
o
L

T
0.05

T
0.10

0.15

Regression to the mean 0w

log Fold Change (absolute value)

Dowr-Up
treatment p-value

Up-Down

Effect treatment  pvalue  washout p-value washout p-value treatment p-value  washout p-value

Varlahin

LD 12. 1E- 1E- 14. 5E- SE-
L 0 07-82 07 / 13 15

2E- -

3E-
0612.8 05

treatment p-value

0.0 7.0.01
7 1

washout pvalue

ConclusionRTM & PM analysis indicate that the fold change is due to the
intervention, not RTM or random chance




Systems modeling using protein-protein
interaction

Nijhout et al. 2008; Reed et al. 2008; Scotti et al. 2013



Cofactor-Protein Database

Databases

EBlCoFactor > Cofactors
Uniprot

Expasy

Metal MaCie

— > Enzymes

Database

OMIM ——— > Diseases

GWAS

Diahetes

Obesity

Sebastian Lecroix, Marie Pier Scott-Boyer, Mellissa Morine, Marco Scotti, Jim Kaput



Global effect of micronutrient: To associate genes identified by data

mining methods with nutrients through cofactor network
/ [ S

N 7 I

Cofactor Network - prqgrgss

15 modules

49 unique co-factors = wememicn : 2,301 unique proteins



Cofactor

Database
Provenance

Genetic

Variation &

...... HDL
7 A

excess cholesterol
= from cells

« y cholesterol
to cells

)

Proteins that bind inorganic and organic (includes in
vivo produced) cofactors identified in 4 databases
(below)

Genes mapped PPMI network, gene ontology &
functional pathways to link processes to cofactors

Genes linked with disease and GWAS to associate
cofactors to disease and phenotype

Marie Pier Scott-Boyer
Sebastien Lacroix
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Bioinformatics Resource Portal
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Europeu: 57%

Africano: 26%

Amerindio: 15%
Ribeirdo Preto
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Figure 2. Admixture analysis. Influence of genetic ancestry on baseline vitamin levels. Ancestry markers from the Human Genome Diversity Project
(HGDP) reference populations were used A) to identify admixture in data from unrelated participants from both years as per methods. To test whether
linear regression between the ancestral components and baseline vitamin levels existed, a k = 5 model was used to the following covariates: trial year,
sex, age, fat mass, and tanner score. Adjusted p-value of 0.05 was used as significance threshold. B) Baseline TMP and Q1 (Europe) with estimate of
regression coefficient (ERC) 4.57, C) baseline vitamin B12 and Q5 (Native American) ECR = 186.53, D) baseline folate and Q5 (Native American) ECR
= 2.13, and E) folate response as ratio of V2/V1 and k5 (Native American) with ECR = 0.77.



Brazil Micronutrient Project

Food history and micronutrient
profile and their relation to DNA
damage
in children in Brazil

_ Tamiris Trevisan de Barros ;Vinicius Venancio; Livia Cristina
jacque@fmrp.usp.br

Hernandes; Lusania Maria Greggi



Background

4 Dietary pattern of children and adolescents: h |
/™ High energy density food { Fruits and vegetables . “?"}
AN ”
- Insufficient intake of vitamins and minerals .'._33? o
\_ _J R A
IV
.- . r’ .‘::".
Micronutrients = cellular protection as antioxidants ~"‘Q ..
Repair DNA damage "' : ".:“‘
. .'J.;..‘ ",0.‘;-
Unrepaired DNA damage can lead to the it A
. . . o PN
development of carcinogenic or mutagenic %]\
Lot b

changes in cells

TORAL N et al, 2007. BENEDET J. et al, 2013. KRAUSE, 2002. BENEDET J et al, 2013. COMINETTI C et al, 2011.



Objective

To investigate the association between DNA

damage and nutritional status in 9 to 13 years
old children and adolescents




Methods

9 to 13 years old
healthy children
Total of 141 subjects

After exclusion of
under and over diet
reports: 120 subjects

Data
collection

Software SPSS 20.0
for Statistical Analysis




Results — Population data

Tail intensity: 10.32% + 4.35
Tail moment: 4.78 £ 2.46
(no differences by sex and

pubertal status)

Body Mass Index/Age* Frequency (n/ %)
< percentil 3 Very thin 4 (3.3%)
percentil 3 - percentil 15 Slimness 9 (7.5%)
percentil 15 - percentil 85 Eutrophic 51 (42.5%)
percentil 85 - percentil 97 Overweight 27 (22.5%)

> percentil 97 Obesity 29 (24.2%)

Body Mass Index according to OMS 2007 5 to 19 years

O —



RESUltS - CIUSter AnalySiS (Tail intensity/tail moment)

Variables Cluster 1 Cluster 2
n=73 n=47

Age (years) 11.49+1.04 11.28 +1.16 0.29
Sex (% M/F) 43.8/56.2 46.8/53.2 0.75
Fat mass (% 24.77 £6.72 24.37 £7.69 0.76
body weight)

Tail intensity 7.08+2.24 15.35+2.40 <0.001
(%)

Tail moment 3.38+1.23 6.97 + 2.30 <0.001




RESUltS - CIUSter AnalySiS (Tail intensity/tail moment)

Moser et al 2011
Collins, 1998.
Konopacka, 2000

Total
vegetables

Green, yellow,
orange and
red
vegetables

Milk and dairy
Meat

Healthy Eating
Index

Plasma
riboflavin

(umol/L)

S —

3.13+2.04

3.47 £2.10

4.92 +3.62

10.0 (10.0 —
10.0)

56.7 £10.0

4.17 £3.11

2.36 £1.93

2.67 £2.19

6.63 £ 3.02

10,0 (8.8 —
10.0)

52.7%9.2

2.68 £1.83

J—
Variables Cluster 1 Cluster 2
n=73 n =47

0.041

0.047

0.008
0.022

0.03

0.03



Separation into 2 groups according DNA damage

(Wollowski et al. 1999; Giovannelli et al 2002)

e Comet assay: fragments of damaged DNA are

dragged in electrophoresis, forming a tail

e Tail intensity values:

- Measures % of DNA in tail (damaged DNA)

e Classification proposed by Wollowski et al (1999)
e Group 1: 0 to 17% of damage (n=108)

e Group 2: 217,1% of damage (n=12)

class I: 0—-6%; class II: 6.1-17%;
class Ill: 17.1-35%; class IV:
35.1-60%; class V: 60.1-100%



Results — Cluster Analysis (wollowski et al. 1999; Giovannelli et al 2002)

KONOPACKA et al, 2001
MORIN et al, 2007

Tail intensity

class I: 0—-6%; class II: 6.1-17%;
class Ill: 17.1-35%; class IV:
35.1-60%; class V: 60.1-100%

Age (years)
Sex (%, M/F)
Tail intensity
(%)

Fat mass (%)

Overweight
(%)

Plasma retinol
(umol/L)

Plasma —
Bcarotene

(umol/L)

Plasma
riboflavin

(umol/L)

S

11.43 £1.09
46.3/53.7
9.39+3.91

25.02 £7.05
50.6

0.35+0.08

0.22+£0.13

3.10 (1.57 —
5.07)

= Variables Cluster 1 Cluster 2
n =108 n=12

11.25+1.14
33.3/66.6
18.68 + 0.93

20.97 £6.56
8.3

0.27 £0.09

0.15+0.10

1.57 (1.13 -
3.00)

0.60
0.40
< 0.001

0.06
0.047

0.01

0.02

0.04



Nutrient intake patterns

Robust Sparse K-means clustering

Intake of amino acids and some micronutrients

Aromatic amino acids and branched amino acids, niacin, phosphorus, pantothenic
acid, cyanocobalamin, purines, chrome, manganese, zinc, copper, magnesium,
inositol and choline

Cluster 1 (n = 27) Cluster 2 (n = 58)

higher intake lower intake
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This study confirms the protective effect
of micronutrients against DNA damage

Children are increasing energy density
food intake lacking in micronutrients
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