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¢, Qué es el sindrome metabdlico?

Tabla 3. Criterios diagndsticos segiin la OMS (1999)

Tabla 6. Criterios diagnésticos segin la AACE

Presencia de diabetes mellitus, glucemia basal alterada,
intolerancia glucidica o insulinorresistencia (captacion de
glucosa < 25% tras clamp euglucémico-hiperinsulinémico)

Ademas, 2 0 mas de estos factores:

Indice n(lasa cor;;oral >30 (yfo indic;:: cintura-cadera
. > 1,9 (varones) o > 0,85 (mujeres

Intolerancia a Triglicéridos 2 150 mg/dl y/o cHDL < 35 mg/dl (varones)

la glucosa 0 < 39 mg/dl (mujeres)

Presion arterial 2 140/90 mmHg

Microalbuminuria 2 20 pg/min o albtimina/creatinina
2 30 mgfg

cHDL: colestrol asociado a lipoproteinas de alta densidad; OMS: Orga-
nizacién Mundial de la Salud.

Hipertension

SINDROME Tabla 4. Criterios diagnosticos segiin el EGIR (1999)

METABOLIC.

Presencia de insulinorresistencia (insulinemia basal
> percentil 75), en poblacién no diabética
Ademads, 2 o0 mas de estos factores:
Perimetro de cintura > 94 cm (varones) o > 80 cm
(mujeres)
Triglicéridos > 175 mg/dl 0 cHDL < 40 mg/dl o
t S Estado y tratamiento especifico
a er9 genlca protrombético Presion arterial > 140 /90 mmHg o tratamiento especifico
:a"vT de triglicexidiod infl Ori Glucemia basal > 110 mg/dl (no diabetes)
?;’, 3 _e CUICERLIS pr0|n amatorio cHDL: colesterol asociado a lipoproteinas de alta densidad; EGIR:

R Grupo Europeo para el Estudio de la Resistencia a la Insulina.

. Qbgsidad
. !central

Dislipidemia

T de LDL pequenas W&
e densas Tabla 5. Criterios diagndsticos segiin ATPIII (2001)

Presencia de 3 o mas de estos factores:
Perimetro de cintura > 102 cm (varones) o > 88 cm
(mujeres)
Triglicéridos 2 150 mg/dl
¢HDL < 40 mg/dl (varones) o < 50 mg/dl (mujeres)
Presion arterial 2 130/85 mmHg
Glucemia basal > 110 mg/dl

ATPIIL: Adult Treatment Panel; cHDL: colesterol asociado a lipoprotei-
nas de alta densidad.

Historia clinica
Diagnéstico de enfermedad cardiovascular, hipertensién
arterial, ovario poliquistico, higado graso no alcohélico
o0 acantosis nigricans
Historia familiar de diabetes tipo 2, hipertensién arterial
o enfermedad cardiovascular
Historia de diabetes gestacional o intolerancia glucidica
Etnia no caucasica
Estilo de vida sedentaria
Edad > 40 afios
Pardmetros alterados:
Indice de masa corporal 2 25 y/o cintura > 102 cm
(varones) u 88 ¢cm (mujeres)
Triglicéridos > 150 mg/dl
cHDL < 40 mg/dl (varones) o 50 mg/dl (mujeres)
Presién arterial > 130/85 mmHg
Glucemia basal: 110-125 mg/dl o glucemia a las 2 h tras
sobrecarga oral de glucosa: 140-200 mg/dl (se excluye
diabetes)

AACE.: Sociedad Americana de Endocrinologia Clinica; cHDL: coleste-
rol asociado a lipoproteinas de alta densidad.

Tabla 7. Criterios diagnésticos segiin IDF

Obesidad central (definida por perimetro de cintura 2 94 cm
para varones europeos y 2 80 cm para mujeres europeas)*
Ademas, 2 o mas de los siguientes factores:
Triglicéridos > 150 mg/dl o tratamiento especifico de esta
alteracién lipidica
cHDL < 40 mg/dl (varones) o < 50 mg/dl (mujeres)
o tratamiento especifico para esta alteracion lipidica
Presién arterial sistélica 2 130 mmHg o presién arterial
diastélica = 85 mmHg o tratamiento de hipertensién
diagnosticada previamente
Glucemia basal 2 100 mg /dl o diabetes tipo 2
diagnosticada previamente

cHDL: colesterol asociado a lipoproteinas de alta densidad; IDF: Fede-
racién Internacional de Diabetes.

*Los valores de corte para la medida de la cintura varian segin el gru-
po étnico considerado.
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¢, Qué es el sindrome metabdlico?
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Effect of Dietary Bioactive Compounds on Mitochondrial and

Metabolic Flexibility

(Serrano et al, 2016)
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Nutrigendmica e insulinorresistencia
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2. Polimorfismos relacionados con el sindrome metabodlico.
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An adoption study of human obesity
(Stunkard et al, 1986)
N Engl J Med 314:193-198
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Type 2 diabetes and obesity.: genomics and the clinic

(Travers & McCarthy, 2011)
Hum Genet 130:41-58
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A genome-wide association study identifies novel risk locl

for type 2 diabetes

(Sladek et al, 2007)
Nature 445:881-885
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o Gen SNP Alelo Odds

i ﬁ riesgo ratio

TCF7L2 rs7903146 T 2,77

i ° SLC30A8 rs13266634 C 1,53

HHEX rs1111875 G 1,44

HHEX rs7923837 G 1,45

LOC387761  rs7480010 G 1,40

5| EXT2 rs3740878 A 1,46

3h EXT2 rs11037909 T 1,47

- 1 5 EXT2 rs1113132 C 1,36
X
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TCF7L2 Transcription factor 7 like 2

rs7901695
rs7903146

TCF7L2

L2 B4 5 78 91011 12131415 16 17
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rs7903146 Genetic Determination Hyperglycemia

Hypercholesterolemia
Hypertriglyceridemia

Increased Type 2 Dlar:)$a tesrisk /7 . Y
Increased Cardiovascular disease risk /| | |

B)

Normal plasma glucose
Normal plasma cholesterol
Normal plasma triglycerides

— Type 2 Diabetes risk similar to the C-allele

Gene-Diet interaction

High MedDiet Cardiovascular disease risk similar C-allele
Hyperglycemia
Hypercholesterolemia
Hypertriglyceridemia
: Increased Type 2 Diabetes risk
Low MedDiet ypP
Increased Cardiovascular disease risk
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TCF7L2 Is a master regulator of insulin production and

processing

(Zhou et al, 2014)
Hum Mol Gen 23:6419-6431
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TCF7L2 Polymorphisms and Progression to Diabetes in the

Diabetes Prevention Program

(Florez et al, 2006)
NEJM 355:241-250
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Dietary saturated fat, gender and genetic variation at the
TCF7L2 locus predict the development of metabolic

syndrome

(Phillips et al, 2012)
J Nutr Biochem 23:239-244
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Mediterranean diet reduces the adverse effect of the TCF/7L2-rs7903146
polymorphism on cardiovascular risk factors and stroke incidence: a
randomized controlled trial in a high-cardiovascular-risk population

(Corella et al, 2013)

Diabetes Care 36:3803-3811
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Mediterranean diet reduces the adverse effect of the TCF7L2-
rs7903146 polymorphism on cardiovascular risk factors and stroke
Incidence: a randomized controlled trial in a high-cardiovascular-

risk population
(Corella et al, 2013)
Diabetes Care 36:3803-3811

A B
1.00 1.00 o P (vs CC): 0.386
e T e TCF7L2, P=0.025 Sy, CT
=y - . ; ! - CC
@ 0.9 B - CC g 0.98- P (vs CC): 0,892
a - | °
5 . &
; ‘\—l P (vs CC): 0.063 E
i — -y TCF7L2, P=0.539
3 0.9 CT = 0.9
2 2
& =
E g
G 0.94- 1T O 094
P (vs CC): 0.006
Control MedDiet intervention
- ontrol group .
I T | I
‘5 é cll (Ia 0 2 4 5

Follow-up (years) Follow-up (vears)

Curso Nutrigenomica y Avanzado maa%gnom@



Nutrigendmica e insulinorresistencia

Indice

3. Enfogue de los tratamientos nutricionales basados en polimorfimos
geneticos
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Objetivos de tratamiento generales

Objetivos nutricionales
Antropomeétricos
1. Reduccion de peso corporal gradual y prolongado. Un objetivo factible para la
disminucién del peso corporal podria incluir la disminucion de 100 kcal/dia del aporte
caldrico total.
2. Mejorar la relacién cintura/cadera.
3. Disminuir el porcentaje de grasa corporal (efectos de atrofia adipocitaria)
Bioguimica sanguinea
4. Mejorar los niveles de colesterol total, relacién colesterol HDL/LDL, Triglicéridos/HDL y
colesterol total/HDL y disminuir los niveles de triglicéridos.
5. Disminuir los niveles de glucosa e insulina pre-prandial a niveles normales (mejorar
sensibilidad a la insulina).
6. Disminuir marcadores de inflamacion.
7. Reducir hipertension arterial.
Estilos de vida
8. Fomentar el incremento en la actividad fisica

Intolerancia a
la glucosa

'| siNDROME =
Obesidag \METABOLICO

“ central

-

Dislipidemiz
atcirggemca

Estado y
protrombaético
2 #3#T de trigliceridios proinflamatdrio

I

T de LDL pequenas *
e densas
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ODbjetivos de tratamientos nutricionales

Carbohidratos Grasa Proteinas Grasas Grasas Grasas Colesterol
% energia % energia % energia saturadas monoinsaturadas  poliinsaturadas mg/dia
diaria diaria diaria % energia % energia diaria % energia diaria
diaria

United States Department of 55-65 20-30 15 <10 <300 20-30 <2300
Agriculture

American Heart Association 50-60 25-35 15 <7 <300 25 <2400
National Colesterol Education 50-60 25-35 15 <10 20 10 <300 20-30 <2400

Program Paso |

Dietary Approaches to Stop 50-60 25-35 15 <7 20-30 <1500
Hipertension

Therapeutic Life Style Changes 50-60 25-35 15 <7 <200 20-30 <2400
American Diabetes Association 55-65 20-30 15 <10 <300

American Dietétic Association 55-65 20-30 15 <10 <300

Dieta Mediterranea 55 30 15 <10 15 5 200 20

e Disminuir el consumo de grasa

e Grasas saturadas menor al 7% de la energia

e Aumentar el consumo de grasas monoinsaturadas
e Consumo de azucares simples
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Consideraciones Iniclales....

Consideraciones
personales de
privacidad

Estilos de viga

N

Beneficios
tratamiento
personalizado

Recomendaciones
agresivas

lnefectividad
réComendaciones
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Distribucion energetica
*Lipidos
*AzUcares simples, etc

Adecuacion
nutricional

Valoracion
dietética

Grupqs ahmentos Polimorfismos asociados

. Diversidad ) o i

. Equilibrio a interaccion gen nutriente
Calidad

Recomendaciones
de tratamiento
basado en la

evidencia
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Sugerencia de protocolo de tratamiento personalizados

'E%/él%l‘ﬁlon dietética { Ingestalfa.DeneSILL) /I
NutriGenomica sarece NI e e rRiee

S

Adecuacion Recomendacion
basada en la evidencia

Prioridad
Imgﬁ-@@endagon

Genoma con variaciones diferenciales de - /aria
respuesta tratamiento diferenciales

Reducir ingesta de grasas
saturadas como primera
alternativa terapeutica

Objetivo tratamiento
secundario
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Improved weight management using genetic information to

personalize a calorie controlled diet

(Arkadianos et al, 2007)

Nutrition Journal 6:29 Variaciones en MTHFR, MTRR, MTR, CBS

Gene

Gene symbol

Polymorphism

Suplementar 800 ug de acido folico, 15 mg vitamina
B6, 20 pg de vitamina B12

Variaciones en GSTMI, GSSTI, GSTPI

Angiotensin | converting enzyme ACE INS/DEL ] ,
Apolipoprotein C-Ili APOC3 3175C>G Porciones regulares de cruciferas (5 veces por
Cystathionine-beta-synthase CBS 699C>T Semana) y ajO (d|ar|0)
Cholesteryl ester transfer protein CETP 279G>A
Collagen, type |, alpha | COLIAI GSpl T _ ]
Glutathione S-transferase M| GSTMI Deletion () Variaciones en SODZ, SODS, NOS3
Glutathione S-transfer i GSTPI 313A>G . . . :
e mmEep e Suplementar vitamina A (5000 1U), vitamina C (250
Glutathione S-transferase theta | GSTTI Deletion ( mg), vitamina E (200 |U)
Interleukin 6 ILé -174G>C
-634G>C . .
Lipoprotein lipase LPL 1595C>G Var|aC|OneS en VDR, COI—lAI
>-methyitetrahydrofolate- MITRR S6A>G Disminuir consumo de café a menos de 2 tazas por
homocysteine methyltransferase , ,
reductase dia, aumentar consumo de lacteos o suplementar con
félgj%-:::siwlenece“ah},dmﬂjlate MTHFR [298A>C 800 IU vitamina D y 1300 mg calcio
677 C>T
S-methylatrahydrofolat. MTR 2756A>G Variaciones en TNFa, IL6, NOS3
omocysteine methyltransferase
Nitric oxide synthase 3 NOS3 894G>T Suplementar omega-3 700-1400 mg
(endothelial cell)
Peroxisome proliferator-activated PPARG Prol2Ala . .
receptor gamma Variaciones en CETP, LPL, APOC3
S ide di 2, SOD2 -28C>T . - S
v ashen e g Disminuir consumo de grasa saturada y restringir
Superoxide dismutase 3, extracellular SOD3 760C>G consumo de lacteos.
Tumor necrosis factor TNF o -308G>A
Vitamin D t VDR CTaql T - -
ramin = recepter T Variaciones en ACE, PPARG
T Fokl C

Dieta baja indice glicémico + ejercicio
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Improved weight management using genetic information to
personalize a calorie controlled diet

Table 5: Weight and BMI loss (or gain if negative) in the two groups.

Non tested group Nutrigenetic group P<*
Time n weight A kg A BMI % lost n weight A kg A BMI % lost
point as % of (kg/m?)  weight as % of (kg/m?)  weight
baseline baseline
baseline 43 100.0% 50 100.0%

3045 35 95.4% 4.77 1.59 94.3% 40 96.3% 3.70 2.10 92.5% 0.50
90-100 23 92.2% 8.42 2.78 86.9% 26 93.4% 6.42 3.51 96.1% 0.64
100-300 36 93.4% 6.94 2.35 88.9% 44 92.9% 6.88 3.19 96.4% 0.29

> 300 22 103.2% -2.74 -0.86 31.8% 26 95.6% 3.6l 2.54 73.1% 0.023

7.0
- p<0.005
i B 6.0 H
& 3
= 50
EX
22 Pe0.046
52 30-
2 E‘l n.s.
5 204
8 E n.s.
1.0
ﬂ.ﬂ T T T
3045 90-100 100-300 300+
days of follow-up
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rs780094 GCKR

rs7903146 TCF7L2 Reducir ingesta de
rs9939609 FTO grasa saturada

(<10% energia)

B 'S4766587 ACC?2
isminuir ingesta de
e 670 APOA1L
235% energia) rss512535 APOB
( rs9997745 ACSL 1

rs3790433 LEPR

Aumentar ingesta de
rs1143643 IL-1b Acidos grasos omega-3 | e N
rs11569562 C3 (500-1000 mg/dia) [ 4 & s

Aumentar la ingesta de
acidos grasos mono- 1s266729 AIPOQ

insaturados rs10920533 ADIPOQR
(10-15% energia)
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Nutrigendmica e insulinorresistencia
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4. Nutriepigenética e insulinorresistencia
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Ejemplos clasicos de epigenética
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Ejemplos clasicos de epigenética

Mouse Ins2 promoter Human INS promoter
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Epigenetic modifications and human disease

(Portela & Esteller, 2010)
Nat Biotechnol 28:1057-1088

K0 \

d DNA methylation

It is recruited to methylated

Maintenance DNMT

Hemimethylated DNA

DNA by URHF1

Indirectly repressed by miR-29b,
through SP1

J

5 e . A | t.
b Histone modifications cetylation

HDAC1 and 2 can be
recruited by MeCP2

&

mir-448a targets HDAC1

SET7 (HMT) regulates

3 DNMT stability
among others...
] ) SWI/SNF ISWI
C Chromatin remodeling
miR-9" and miR-124 mediate MURF recognizes the

the BAF to npBAF switch

BRM is recruited by MeCP2

ISW2 excludes SWI/SNF
from promoters by
postioning nucleosomes

H3K4me3

HMT

SET domains (HMT)
recognize ISWI-remodeled
nucleosomal species

de novo DNMT

Recruited by EZH2 and G9A (HMTs)

Interaction with nucleosomes
containing methylated DNA

Directly repressed by miR-29b
DNMT3A is recruited by HRR3me

J

Methylation Phosphorylation

SETDB1 and Suv38h H3510ph blocks H3K9me
(HMTs) are recruited

by MBD1 Kinase

KDM1B (HDM) is required
to establish maternal
genomic imprint

LSD1 is a subunit of the

H3510ph facilitates H3
recognition by GCNS (HAT)+

Phosph. JAKZ Phnsphoryiates H3,
releasing HP1a

NuRD complex

H4kK16ac inhibits chromatin
remodeling by ISWI

Mi-2 INO80

SWR1 removes the H2A-H2B
dimmers and replaces them
with H2A.Z-HZ2B dimmers

CHDS5 expression is
repressed by CpG island
methylation

MBD3 is an integral

subunit of Mi-2/NurD P400 has HAT activity

HDAC and 2 are integral
components of Mi-2/NuRD

H2Aph enhances INOBO
recruitment /
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Teoria del gen ahorrador

Arya M. Sharma

The thrifty-genotype hypothesis and its implications

for the study of complex genetic disorders in man T Mol Med (1998) 76-368-571

Madre Hijo
Jrare =T vio B acuto obes

Transicion epidemioldgica

Early life nutritional insults Epigenetic changes in hypothalamic Metabolic disorders such as
(under-/over-nutrition) appetite regulatory genes obesity and diabetes

Adulto
desnutrido

Circulo vicioso de la
desnutricion
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Weight gain induced by an isocaloric pair-fed high fat diet: a

nutriepigenetic study on FASN and NDUFB6 gene promoters
(Lomba et al, 2010)

Mol Genet Metab 101:273-278.
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Lymphocytes from patients with type 1 diabetes display a
distinct profile of chromatin histone H3 lysine 9
dimethylation: an epigenetic study in diabetes

(Miao et al, 2008)
Diabetes 57:3189-3198.
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Leptin and TNF-alpha promoter methylation levels
measured by MSP could predict the response to a low-

calorie diet.

(Cordero et al, 2011)
J Physiol Biochem 67:463-470
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Hyperglycemia induces a dynamic cooperativity of histone
methylase and demethylase enzymes associated with gene-

activating epigenetic marks that coexist on the lysine tail
(Brasacchio et al, 2009)
Diabetes 58:1229-1236
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Shifting to a control diet after a high-fat, high-sucrose diet
iIntake induces epigenetic changes In retroperitoneal
adipocytes of Wistar rats

(Uriarte et al, 2013)

J Physiol Biochem
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Butyrate Improves Insulin Sensitivity and Increases Energy

Expenditure in Mice
(Gao et al, 2009)
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Effects of epigallocatechin gallate on regulatory T cell

number and function In obese v lean volunteers

(Yun et al, 2010)
Br J Nutr103:1771-1777
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Weight loss after gastric bypass surgery in human obesity

remOdeIS promOter methyla’tlon' OBESE NORMAL OBESE

(Barres et al, 2013) PRE__ WEIGHT POST
Cell Rep, 3:1020-1027 '
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Conclusiones

« Existe cierta evidencia de varios polimorfismos genéticos
influencian en el desarrollo de sindrome metabdlico.

« Las modificaciones en estilos de vida pueden disminuir el riesgo
de desarrollar insulinorresistencia en el caso de individuos con
riesgo genetico.

« Existe evidencia de éxito de tratamientos nutricionales basados en
iInformacion genetica.

« Se sugiere gue la decision de los tratamientos personalizados
tome como base las recomendaciones nutricionales basadas en la
evidencia.

* Las modificaciones epigenéticas juegan un papel importante en el
desarrollo de la insulinorresistencia. Afortunadamente, muchas de
ellas son reversibles.
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