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Entendiendo la saciedad, ¢ cual es su funcion?

* Mejor aprovechamiento de los nutrientes
« Regulando la motilidad
 Regulando las secreciones
« Limita la cantidad de nutrientes que llegan el TGI, mejorando
absorcion
* Evita efectos adversos del sobre-consumo

 Evita niveles elevados de glicemia
(control glicémico-hipotalamo)

 Evita sobre-almacenamiento de nutrientes (control tejido adiposo, leptina,
adiponectina)

* |Insulinorresistencia

« Hipertrofia adipocitos
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REGULATION OF ENERGY INTAKE AND THE BODY
WEIGHT. THE GLUCOSTATIC THEORY AND THE
LIPOSTATIC HYPOTHESIS
Jean Mayer, 1955
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Satlation: procesos gue promueven el final de la
Ingesta de alimentos

Satiety: procesos postprandiales que afectan el
tiempo de aparicion del hambre, o el inicio de una
nueva etapa de ingestion de alimentos
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Nutrigendmicay mecanismo de regulacion de la
saciedad
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Rare genetic forms of obesity: Clinical approach and

current treatments in 2016

(Huvenne et al, 2016)
Obes Factss 2016:9:158-176

Gen Tipo mutacion Prevalencia Obesidad
Leptina Homocigota Menos de 100 pacientes Severa, desde los
diagnosticados en el mundo primeros dias de vida
LEPR Homocigota 2-3% de los pacientes con obesidad  Severa, desde los
temprana severa primeros dias de vida
POMC Homocigota o Menos de 10 pacientes Severa, desde los
heterocigota diagnosticados en el mundo primeros meses de vida
PCSK1 Homocigota o Menos de 20 pacientes Severa, ocurriendo
heterocigota diagnosticados en el mundo durante la ninez
SIM1 Translocacion entre chr  Menos de 50 pacientes Severa, ocurriendo
1922.1y 6916.2 diagnosticados en el mundo durante la ninez
NTRK2 Heterocigota Menos de 10 pacientes Severa, desde los
diagnosticados en el mundo primeros meses de vida
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Congenital leptin deficiency is associated with severe early-onset

obesity In humans

(Montague et al, 1997) 70 %
Nature, Vol 387, 903-908 o6 YA
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Efecto de deficiencias en mecanismos de control de la
saciedad en la ingesta de energia
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Fisiologia de la leptina
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Circadian rhythm of plasma leptin levels in upper and lower

body obese women: influence of body fat distribution and

weight loss

(Langendonk etal, 1998)
J Clin Endocrinol Metab 83:1706-1712
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Odds

Association between variants of the

Asians
. Popruk 2008 « 0.81 (0.43, 1.53)
Leptin Receptor Gene (LEPR) and
Subtotal (I-squared = 0.0%, p = 0.492) 0.99 (0.74, 1.32)
- . - - Caucasians
overweig ht: A systel natic review Masuo 2008 ' 075 (036, 1.58)
- Chagnon 1999 ‘ 0.81 (0.56, 1.17)
. ColLaus men B 0.91 (0.76, 1.09)
ColLaus women o~ 1.01(0.85, 1.19)
ana meilta-ana ySIS Mammes 2001 = 142:0.76, 1.65)
De Krom 2007 ¢ 1.14 (0.76, 1.70)
Yiannakouris 2001 - 1.45 (0.56, 3.74)
Subtotal (I-squared = 0.0%, p = 0.682) 0.97 (0.87, 1.08)
QOdds
a: Q223R ratio (95% c” Mixed populations
Chung 1997 . 0.72 (0.35, 1.47)
0.72 (0.35, 1.47
Asians ( )
Endo 2000 - 0.89 (0.56, 1.41) Overall (I-squared = 0.0%, p = 0.825) 0.97 (0.88, 1.07)
Popruk 2008 . 1.24 (0.57, 2.70)
Wang 2006 . 1.35(0.70, 2.59)
Subtotal (I-squared = 0.0%, p = 0.538) 1.06 (0.76, 1.49) 23 08 4 &= @1 B
Reduced risk * Increased risk
Caucasians
Chagnon 1999 . 0.82 (0.58, 1.15) . Odds
Portolés 2006 B 0.84 (0.67, 1.05) G RAA0N ratio (95% Cl)
Silyer, 1997 - 0.85 (0.57, 1.27) P
Bi _ y ; 1. sians
|e|nert0va 2008 - 0.88 (0.56, 1.39) Qu 2007 I 0.86.(049, 1.50)
De Krom 2007 . 1.00 (0.72, 1.39) P I
opruk 2008 1.06 (0.25, 4.42)
Mammes 2001 b 1.03 (0.73, 1.45) Subtotal (I-squared = 0.0%, p = 0.789) 0.88 (0.53, 1.48)
Mergen 2007 - 1.38 (1.00, 1.90)
Yiannakouris 2001 . 1.40 (0.72, 2.74) Caucasians
Mattevi 2002 . 1.53 (1.1, 2.11) Chagnon 1999 o] 1.03 (0.69, 1.54)
Masuo 2008 . 2.01(1.12, 3.61) Yiannakouris 2001 ® 1.17 (0.55, 2.47)
total (I- =57.4%, p=0.012 1,08 (0.90, 1.29 Mammes 2001 1.19(0.78, 1.82)
SR, (renmd =5 P Na) ( ) Silver 1997 = 1.40 (0.84, 2.34)
Mixed lati Masuo 2008 B 1.80 (0.98, 3.31)
Ixed populations Subtotal (I-squared = 0.0%, p = 0.642) 1.24 (0.99, 1.55)
Chung 1997 . 0.65 (0.35, 1.22)
Guizar-Mendoza 2005 . 0.75 (0.40, 1.40) Mixed populations
Duarte 2007 . 1.22 (0.89, 1.67) Chung 1997 - 0.67 (0.30, 1.50)
Subtotal (I-squared = 51.7%, p = 0.126) 0.91 (0.59, 1.39) 0.67 (0.30, 1.50)
Overall (I-squared = 43.5%, p = 0.032) 1.05 (0.92, 1.21) Overall (I-squared = 0.0%, p = 0.572) 1.14(0.93,1.39)
025 05 1 2 4 8
0.25 0.5 1 2 4 8 Reduced risk * Increased risk
Reduced risk * Increased risk
Instituto

Curso Nutrigenomica y Avanzado NutriGendmica



Fisiologia del Receptor de la Melanocortina-4 (MC4R)
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Variaciones genéticas en el gen MC4R
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Inactive MC4R Mutants Partially Active MC4R Mutants
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Melanocortin-4 receptor gene variants in Chilean families:

association with childhood obesity and eating behavior

(Valladares et al, 2010)
Nutritional Neuroscience 13:71-78
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Lifestyle intervention in obese children with variations in the

melanocortin 4 receptor gene.

(Reinehr et al, 2009)
Obesity 17:382-389
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Five year outcome of bariatric surgery in a patient with

melanocortin-4 receptor mutation

(Elkhenini et al, 2014)
Clinical obesity, 4:121-124
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Figure 1 Weight loss following gastric bypass surgery in a man with
severe super-obesity associated with melanocortin-4 receptor mutation.
9%EWL, percentage excess weight loss.
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Melanocortin-4 receptor mutations and polymorphisms do

not affect weight loss after bariatric surgery

(Vallete et al, 2012)
PLOS ONE 7(11):e48221
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GAD2 gene sequence variations are associated with eating behaviors and
weight gain in women from the Quebec family study.

(Choquette et al, 2009)
Physiology & behavior 98:505-510
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Nutrigendmicay mecanismo de regulacion de la
saciedad

Indice

3. Variaciones en el sentido del gusto y la ingesta de alimentos
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Relacion entre los mecanismos de control de la saciedad con

la percepcion del sabor

Comparison between values at 0800 and 2200 h in normal feeding

(three meals)

0800 h 2200 h P

Leptin (ng/ml) 6.43 = 0.74 8.77 £ 0.87 <<0.001

Female subjects 8.83 £ 1.00 11.40 =1.00 <<0.001

Male subjects 3.47 + 0.66 5,61 = 1.16 <0.001
Taste recognition

thresholds (mmol/1)

Sucrose 23.0 = 2.5 38.2 £ 4.0 <0.001

Glucose 95.3 = 7.7 156.9 = 20.0 <0.001

Saccharin 0.087 = 0.011 0.15*+0.03 <0.05

NaCl 24.8 + 2.7 24.8 = 4.0 NS

Citric acid 0.47 = 0.06 0.57 = 0.09 NS

QHCI 0.012 = 0.001 0.013 = 0.002 NS

MSG 4.2 + 0.6 5.3 £ 0.8 NS
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Variaciones genéticas en TAS2R38
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Implicaciones en seleccion de alimentos
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Implicaciones en mujeres adultas
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Implicaciones en adolescentes
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Oral and gastrointestinal sensing of dietary fat and appetite
regulation in humans: modification by diet and obesity

(Little & Feinle-Bisset, 2010)
Front Neurosci 4, 178-178.
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Oral sensitivity to oleic acid Is associated with fat intake and body

mass Iindex

(Stewart et al, 2011)
Clinical Nutrition 30 (2011) 838-844

Nutriente/Alimento Hiposensibles Hipersensibles
(n=38) (n=13)
Energia (kJ) 9355 =+ 540 7188 = 791
Grasas (Q) 76 = 4 62 =5
Lacteos enteros (g/dia) 542 + 64 396 = 63
Carne (g/dia) 229 + 36 96 = 30
Huevos (g/dia) 53 £ 15 16 = 6
Hiposensibles Hipersensibles
Mujeres Hombres Mujeres Hombres

IMC 21,8 = 0,6 239+13 204+*06 223=x0,7

Sensory detection threshold

Detection threshold (mmol/L) »
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Oleic acid (open symbol) and triolein (closed symbol) detection thresholds in individuals who
are homozygous for the allele associated with low (AA, n = 6) or high (GG, n = 8) CD36
expression levels and in heterozygous subjects (AG, n =7).

=I5
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= o
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CD36 SNPrs1761667 Marta Yanina Pepino et al. J. Lipid Res. 2011;53:561-566
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Functional roles of the sweet taste receptor in oral and

extraoral tissues

(Laffitte, 2014)
Curr Opin Clin Nutr Metab Care. 17:379-85

Brain [26]
Oral cavity [1]

Thymus [33]

VFT

Heart [25]
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Pancreas [14]
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Colon [22]

CRD

Small intestine [9]

— Testes [30]

Adipose tissue [19]

TMD

Bone [31]

T1R2 T1R3
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Genetic variation in TAS1R2 (lle191Val) is associated with
consumption of sugars in overweight and obese individuals in 2

distinct populations

(Eny et al, 2010)
Am J Clin Nutr. 92:1501-10

A Glucose Intake (g/d) B Fructose Intake (g/d)
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Comparison of 1-mo daily average servings from sugar-containing food
groups for Tle191Val genotypes in overweight subjects in population 17
Ile/Tle (n = 103)  Val carriers (n = 102) P
TAS1R2:rs35874116 Dairy products 1.39 + 0.13 1.27 + 0.14 0.152
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GLUTZ rS54OO Fruit juice 0.57 £ 0.12 042 = 0.12 0.30°
Fruit 2.06 = 0.19 1.48 = 0.19 0.002°

Sweetened beverages 0.47 = 0.07 0.44 = 0.07 0.64°
Sweets 1.14 = 0.11 0.98 = 0.11 0.23°
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Allelic polymorphism within the TAS1R3 promoter Is

assoclated with human taste sensitivity to sucrose

(Fushan et al, 2009)
Curr Biol 19:1288-1293

TAS1R3
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Importancia de la percepcion del dulzor en parametros de

sacledad
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The functional involvement of gut-expressed sweet taste
receptors in glucose-stimulated secretion of glucagon-like
peptide-1 (GLP-1) and peptide YY (PYY)

(Steinert et al, 2011)
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The functional involvement of
gut-expressed sweet taste
receptors In glucose-
stimulated secretion of
glucagon-like peptide-1 (GLP-
1) and peptide YY (PYY)

(Steinert et al, 2011)
Clin Nutr 30:524-532
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Circunferencia cintura (cm)

% Grasa corporal

Hambre

behavior traits and adiposity: Results from the Quebec
BMI

Family Study.
(Choquette et al, 2012)
1s2878329

Association between olfactory receptor genes, eating
OR7D4

Physiology & Behavior 105:772-776
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Fisiologia de la secrecion de hormonas de saciedad
Intestinales

Small intestine

Existe un alto interés en el funcionamiento

Esophagus

Stomach
Ghrelin
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GRP. NMB Pancreas
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W

y regulacion de las hormonas intestinales
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Ghrelin modulates brain activity in areas that control
appetitive behavior

" Amygdal Fusiform G Insul Pulvi OFC
(Malik et al, 2008) i M N . i e )

Cell Metabolism 7:400-409
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Ghrelin Receptor Gene: Identification of Several Sequence
Variants in Extremely Obese Children and Adolescents, Healthy
Normal-Weight and Underweight Students, and Children with

Short Normal Stature

(Wang et al, 2004)
J Clin Endocr Metabol 89:157-162

5*-UTR Exon 1 intron
(796bp) (2.2kb)

GHSR la

D

Exon 2 3’-UTR
(305bp)

e

T a

5.UTR  Exon 1(870bp)

+—>
PCR amplicons Exonl_1 .« >
445bp Exonl_2
571bp
Sequence variants | T T 7%
12 34 56

Genotype frequencies
TT TC CC

Extremely obese children

and adolescents
(n = 746)

Underweight students

(n = 232)

Normal-weight students

(n = 96)

Children with short normal

stature (n = 43)

397(53.2) 296(39.7) 53(7.1)

116 (50.0) 95(41.0) 21(9.0)
53 (55.2) 33(34.4) 10(10.4)
28 (65.1) 12(27.9) 3(7.0)

Exon2
355bp
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Fisiologia de las incretinas
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Association analyses of 249,796 individuals reveals 18
new loci associated with body mass index

(Speliotes et al, 2010)
Nat Genet 42:937-948
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Weight-loss diets modify glucose-dependent insulinotropic
polypeptide receptor rs2287019 genotype effects on changes In
body weight, fasting glucose, and insulin resistance: the Preventing
Overweight Using Novel Dietary Strategies trial.

(Qi etal, 2012)
Am J Clin Nutr 95:506-513
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Satiety mechanism in genetic risk of obesity

(LIewellyn et al, 2014)
JAMA Pediatr 168(4):338-344
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Forest plot of the effect of the
Interaction between the FTO
rs9939609 SNP and physical activity
on BMIl in-.a random effects meta-
analysis,.of 218,166 adults.

Kilpelainen TO, Qi L, Brage S, Sharp SJ, Sonestedt E, et al. (2011)
Physical Activity Attenuates the Influence of FTO Variants on Obesity Risk:
A Meta-Analysis of 218,166 Adults and 19,268 Children. PLoS Med 8(11):

€1001116. doi:10.1371/journal.pmed.1001116
http://journals.plos.org/plosmedicine/article?id=info:doi/10.1371/journal.pme
d.1001116

@PLOS ‘ MEDICINE

Study

Hoith Amiersca [rmedT, 93E)
DOP Agian

WHLOES Asiam

WHIAOE M pane:

DEP Haganic

CPP Afncan Amrarioan
BLEA

OFS

HAPI

Fa=si=5

WHI-DS African Amaican
WHLOE while

DPP winte

WHE & HPFS candd

WHE & MPFS conbiols
ARIC

WG

P for ipteractos = 1 5x10F, 12w oty

Euwtizper (184, 307)
Fusion Siege I conbols
DPE

Fusicn Sieps I casts

ORGGEEN cases
RISC

MR Ely
HUNTZ-CaaB cliis
QRGGEN controly
Furgbom Simpe 1 conimds
TUEF & TULIF
G000

Fusicn Sleor | cates
INMCHIAMT]

ERF

EPHC-HL
HUNTZ-Dia B controly
YES

PPP-Hoina

BYHME
AGES-Riyhpivk
Rotterdam

Tl

WFDC VB

DESuf
EFIC-Patednm
ME TS kA

ELSA

Gl nis

Barth Calsain 10585
nbared

LA M ICAHORA
GLACIER

URE

EFHC-Moafoik

LIDC

P for inderaction = {18, P = 38%

PR A

Srgaporn WRSS Indan Asan
Sangapore NHE98 Malay
CLANS

Sangapors MHG98 Chinesa

P hod indedacics = 0,15, 7 = &

Interaction beta (95% CI), kg/m®

—f - =

OLFD =200, &30

Crvarall P for intoraction = 0.0049, 7 = 35%

115 (340 108)
140085 345
0,18 [-1.82 1.81}
1% [-1.23 157}
GUud (-0 7, 105
=1 30 (<3 4F 102}
<091 [(«1.97, 0,16}
GorB-1.0:8, 143

180 (=28, 13
<085 (182, 0.5
033 (-1 38 0as
03 (-1 50, -0 .84
038 084, A3
SOLET (D A, G0
w0 A 0ES, s
o0 A0 B ST

048 {=1.27, 235
4004 (=148, 1,38)
0.5 (-1.97, 184
GTo-055 313
0.5 =100, 213
0B85 {-0.25, 155
=1 54 (-2 54, D580
1,03 (0ol 208
=020 [»1.40, 0.88)
<0l &1 [«1.80 0.77}
010 (-1.48, 1.26)
G0 (0032, 081)
016 [«1.07, 0.75)
=1 R0k (= B, .08
oG {«053, 2.14)
<0 0i) (4D 98, 0,85
a0 12 135
SOAE =110 013
036 {022 054
SO -0 7 023
0T (029, o
0,30 (-0 180"
QOT -0d0, 025
0.14 (<053, 0.30
<0 0% (40 32 0.22)
05 0T, 0.18)
OLO (=044, 047
<0 07 (40 88, 052}
-0 (D2 0.19)
G -0dd, D4
ol 43 (<40 23 004
<00 {40 37, 0.30})
=0 0% (40 23, 0,14}
0,03 {014, OZ1)
018 (034, 0020
=012 (4035, 0.09)
=1 08 (<018, 003}

073 (-07S 23T
00 =180, 1.22)
=00 =178, D)
<08 (=140, 002}
037 (028 0.13)

«0L14 (=023, 0.04)

| |
i -3

Curso Nutrigenomica y Avanzado

Institutopr«z<
NutriGendmica


http://journals.plos.org/plosmedicine/article?id=info:doi/10.1371/journal.pmed.1001116
http://journals.plos.org/plosmedicine/article?id=info:doi/10.1371/journal.pmed.1001116

Obesity associated genetic variation in FTO Is associated

with diminished satiety

(Wardle et al, 2008)
J Clin Endocrinol Metab 93(9):3640-3643.

FTO rs9939609
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An obesity-associated FTO gene variant and increased

energy Intake in children
(Cecil, 2008)
N Engl J Med 359:2558-2566
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Improving glucose tolerance by reducing weight gain in a

polygenic obese mouse model: use of a high protein diet

(Blair et al, 2015)
Horm Metab Res, 47:184-193

Hipotesis: Un individuo seguird comiendo hasta que ingiera los
necesidades de proteinas. Por lo tanto, en dietas con bajo contenido en
proteina puede resultar en una ingesta elevada de carbohidratos y grasas.

<Iae). .
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Incremento

Ingesta proteina
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sacledad
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Trends In carbohydrate, fat and protein intakes and
association with energy Iintake In normal-weight, over-

weight and obese indivuals: 1971-2006.

(Austin et-al, 2011)
Am J Clin Nutr 93:836-843.
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Improving glucose tolerance by reducing weight gain in a

polygenic obese mouse model: use of a high protein dlet

(Blair et al, 2015)

Horm Metab Res, 47:184-193 New Zealand Obese (NZO)
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Tendencias en alimentos funcionales contra la obesidad:
ingredientes funcionales, alimentos tecnologicamente modificados

y dietas completas
(Serrano et al, 2008)

Revista de Espainola de Nutricion Comunitaria 14:193-200

A. Reduccion de la densidad energética del
alimento

*Disminuyendo el contenido de grasas

*Sustituyendo azucares simples por edulcorantes sin valor
energeético

*Incrementando el contenido de fibra

*Incrementando el contenido de agua

B. Modificacion tecnolégica-sensorial

*Modificacion de textura
*Disminuyendo la densidad (incrementando el contenido de
aire)

C. Modificacion del contenido de
macronutrientes para producir saciedad

*Aumentando el contenido de proteinas

D. Modificacion del indice glicémico del
alimento

*Incorporando fibras o ingredientes que retrasen la
absorcion de hidratos de carbono en el intestino delgado.

E. Incorporacion de ingredientes funcionales

*Inhibiendo la sensacion de apetito (bloqueando sefiales
orexigeénicas o potenciando sefales anorexigénicas)
*Limitando la biodisponibilidad de nutrientes, utilizando
inhibidores de la accion de enzimas digestivas.
*Estimulacion del gasto energético (termogénesis)
*Modificaciones en la composicion de la microbiota colénica

F. Dietas completas

*Elaboracion de alimentos/platos nutricionalmente
equilibrados y completos que puedan sustituir algun tiempo
de comida y que combinen varios ingredientes funcionales
que favorezcan un mejor control de la ingesta de energia y
nutrientes asi como el gasto metabadlico.
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Conclusiones

Obesidad Genotipo Dinamico

Physical
Activity at
Age 14 Family SES
Matemal FTo Years al Age 14 Physical SES at Diet at
Prepregnancy / rs9939609 Years Activity at Age 31 Age 31
Matemnal Age - BMI l[ Age 31 Years Years
Years /
Family SES
at Birth

kL 'I::
‘—L __——» BMlatBirth »| BMIat Age BMI at Age
Parity f——— 5 14 Years 31 Years
=1 Ifr" ___..-.r’fl_l; :
.-"FF#-FJ Ill
Maternal Smoking inthe / \
Sacond Month of Pregnanagy I".,
Alcohol Use Smoking
Maternal Blood Pressure at:'-.ge 31 at\f‘-&l‘# 31
During Pregnancy Smoking ears gars
Sex at Age 14
Gestational Alcohol Use at Years
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Una paradoja de la sensacion de hambre, es que las personas obesas que siguen
una dieta baja en calorias, tienden a decrecer su apetencia a los alimentos
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