Metabolomics and Genomics. Tools for
nutritional molecular diagnostics.
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1. What is Metabolomics?
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Sensitivity
Selectivity

Sample measure

Sample recovery

Repeatibility
Sample preparation

Tissue samples

Number of detectable metabolites in an
uring sample

Targeted analysis

In vivo studies

Low but suboptimal
usually NON-selective

A single measure can detect the NMR-
observable metabolites present

Non-destructive
Very high
Minimal

Yes

40-200

Yes

High
Both directed and non-directed

Different chromatography techniques
needed for different types of metabolites
Destructive, but small amounts are used
Moderate

Different columns and optimization of
ionization needed

No

More than 500

Ideal

No

Methods Mol Biol. 2015;1277:161-93,




1. What is Metabolomics?

Monitoring of enzyme kinetics and metabolic pathways

Monitoring of gene-environment interactions

Identification of unknown functions of genes and proteins

Tracking of effects of nutrients, toxins and drugs

Generation of metabolic profiles for pathological conditions

Having a general overview of the metabolism and the different treatments

Expediting assessments and diagnoses

More rapid, accurate and economical assessment and identification of pathological
conditions

Rapid assessment of the effects of a wide range of interventions, from sport to surgery

Methods Mol Biol. 2015;1277:161-93.
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2. Nutrigenomics, Metabolomics and diet. Genotype-
phenotype relationship and nutritional treatments.
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3. Role of Metabolomics in the identification of
responders and non-responders.

* How to identify before or
during an intervention or
treatment which subjects will
respond favourably without
having to wait for the final
outcome?

* Genetic information can help
identify who needs to ensure
adequate intakes of a certain

nutrient, and so does
Metabolomics.




3. Role of Metabolomics in the identification of
responders and non-responders.
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3. Role of Metabolomics in the identification of
responders and non-responders.
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4. Metabolic profiling as a diagnostic tool.

What shared and differential mechanisms among individuals
from different populations defined by geographical or dietary

criteria can cause certain diseases?

* Mechanisms behind the global problem of blood pressure and diseases associated with it.
* Why?
* High blood pressure is a public health problem.
* Reducing sodium intake campaigns are carried out, but sodium intake is still high. What
sodium sources or mechanisms that alter its balance are there in the diet?How?
* Metabolic phenotyping strategies
* Different populations with different genetic background and lifestyle

Circulation. 2009 Jul 21; 120(3): 221-228.
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4. Metabolic profiling as a diagnostic tool.

What dietary factors are evident in individuals with high blood
pressure?




4. Metabolic profiling as a diagnostic tool.

Table 8. Amino Acld Intake In Indlviduais Wilh High Vegetable and Low Animal Protein Diets Compared With Individuals
With Low Vegelable and High Animal Prolein Diels, Adjusted for Sample, Age, and Sex*
% of Total Pretoi Intake
*
'High Vogetable Low Vegetoblo
asd Low Animal wd High Aaimal
Protein Diet Proteis Oiet
Amimd Asid (0 - 491) (n=471) Ddtorance m ™\ T Seoret
Ghatamic acid 2874011 18234011 13940144 302
Cystne 172000 1502001 221 20014 2450
Froline 704 £ 0.06 5402007 166 « 0034 1964
Fhenylalanne 4.0 144,00 2204004 17.02
Sering 452001 44300 2142002 an
Tryptophan 1.5:0.00 1274000 A0 00 -1.88
Leucing 15982002 775002 D17 2002 -1.05
Arginre 54005 573: 005 2344004 -2.31
Valne S8 001 552+008 07224002 -1183
Aspartec acd 832004 302+ 04 3684005 -1255
Tyrosine 25000 352:0M ~019:010 -1516
Glysine 49652002 45:002 ~365 £ 0034 -1859
Isoieccing 424000 14000 025000 2B
Alsnine 450002 A13s002 06320058 -2363
Fistiding 257 2 0.01 290:0M 23520014 =877
Threoning S5 e001 401000 DA%« 0014 X84
Mathiceine 1.9 2001 250=00 -3350:001% 4055
Lysine 500 ¢ 0.02 5732006 -16810.03¢ -5169
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4. Metabolic profiling as a diagnostic tool.
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4. Metabolic profiling as a diagnostic tool.

What does INTERMAP study allow us to do?

* Knowing which and how certain components derived from the diet or the
microbiota affect such a pathophysiological process as hypertension.

» Searching for associated metabolites in patients with hypertension or at risk of
hypertension in order to create subgroups and detect early changes.

* Implementing the results in dietary interventions which allow to change these
metabolites in a direct way (such as increasing the ratio between vegetable and
animal protein) or in an indirect way (such as through prebiotics and probiotics
which favor a certain type of microbiota).

* Monitoring the results of the inverventions and adapting them to each individual.
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Nature Reviews Endocrinology 8, 228-236 (April 2012)




5. Examples of metabolic profiles for medical diagnosis.

Type 2 diabetes mellitus

Table 1: Diagnostic reference values

Parameters Normal* Prediabetes T2DM
<5.7%* 5.7-6.4%*
Haemoglobin Alc <6.0%5 6.0-6.4% 26.5%
<100 mg per di 100-125 mg per di
Fasting plasma glucose <110 mg per dié 110-125 mg per dié 2126 mg per di
Two-hour plasma OGTT <140 mg per dl 140-199 mg per d| 2200 mg per dl

1.0GTT, oral glucose tolerance test; T2DM, type 2 diabetes mellitus.
2."Normal glucose metabolism.

3.*American Diabetes Association.

4."World Health Organization.




5. Examples of metabolic profiles for medical diagnosis.

Plasma Free Amino Acid Plasma amino acid profiles Weight loss is associated A Branched-Chain Amino
Profiles Predict Four-Year are associated with insulin, with plasma free amino Acid-Related Metabolic
Risk of Developing C-peptide and adiponectin acid alterations in subjects Signature that

Diabetes, Metabolic levals in type 2 diabetic with metabolic syndrome Differentiates Obese and
Syndrome, Dyslipidemia, patients, *Nutr Diabetes. 2016 : Lean Humans and

and Hypertension in *Nutr Diabetes. 2004 Sep 1546133, e197 Contributas to Insulin
Japanese Population Resistance

“ c. . 11018 200

Maetabolite Profiles and . Maetabolic Signatures of Branched-Chain and Circulating Metabolite

the Risk of Developing Insulin Resistance in 7,098 Aromatic Amino Acids Are Predictors of Glycemia in

Diabetes Young Adults Pradictors of Insulin Middle-Aged Men and
*Nat Med. 2011 Apr; 17(4): 448 *Diabetes. 2012 Jun; 61{6): 1372 Resistance In Young Adulta Women

453 1330 *Diabetes Care, 2013 Mar; 36(3): *Diabetes Care. 2012 Aug; 35(8}:
B48-655, 1749-1756.

Branched-chain amino acid Branchad-Chain Amino . A branched-chain amino
catabolism fuels adipocyte Acids and Insulin acid-related metabolic
differentiation and Metabolism: The Insulin signature that
lipogenesis Resistance Atherosclerosis differentiates obese and
*Nature Chemical Biology 12, 15-21 Study (IRAS). lean humans and
{2016) *Diabetes Care. 2016 Apr;39{4):582 contributes to insulin
8
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5. Examples of metabolic profiles for medical diagnosis.
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6. Examples of the relationship between nutritional
treatment and changes in metabolic profiles.
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6. Examples of the relationship between nutritional
treatment and changes in metabolic profiles

Foodball project: http://foodmetabolome.org/

J Proteome Res. 2015 Jan 2;14(1):531-40
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Nutrigenomics and neurodegenerative
diseases.

1. Introduction to neurodegenerative diseases
Molecular basis of neurodegenerative diseases
Nutrigenomics and Alzheimer’'s Disease (AD)

Nutrigenomics and Parkinson’s Disease (PD)

wm e W N

Nutrigenomics and Multiple Sclerosis (MS)
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Healthy Severe
Brain AD




1. Introduction to neurodegenerative diseases

NEURODEGENERATIVE DISEASES CHARACTERIZED BY
FILAMENTOUS-LESIONS FORMED FROM AGGREGATED PEPTIDES/PROTEINS

DISEASE LESION/COMPONENTS LOCATION
Alzheimer’s Disedse (AD)* Senile Plaques/B-amyloid, NAC Extraceliulor
Neurofibriliary tangles/PHF: WW
ohic Lateral (ALs) Intracytoplasmic
Dementia with Lewy Bodies (OLB)" Lewy B /NF I P
Lewy 8ody Variant Alzheimers Senile Plaques/s-amyloid, NAC Extraceliutar
Oisansa (AD + OL8)! Keurofidrillary tangles/PHF: Inteacytoplasmic
2 == Yo ) Lewy B /NF sub - synuch " ytop
Multiple System Atrophy (MSA)* Glial Cell Inclusions/a-synuciein Intracytoplasmic
Neuronal intranuciear e g tacts  Intranuctear
Parkinson's Discase (PD)* Lewy i yoach 1 ytoph
Prion diseases Amyleld plaques/Prion Extraceliular
Tavopathies* Neurofibrillary tangles/AD-like PHF Intracytoplasmic
™ repeat dis In : taas  Intranuclear
T repeat 1 tacts  Intranuctear
s Utk summarze oy e lesions in the extraceular space

°w-ommmmmd are: proge
wmmmmwmmmnmmmm
m

are " Known as 203 AD 15 000 a5 weik. (From Trojanowskl 3Q,
m&lmlww—!ﬂ’”)ﬁl‘ protein and meuron death in Parkinson’s
and Lewy body dementa. Coll Death OV, $:832-837.)




1. Introduction to neurodegenerative diseases

Damaging Processes
Lifetime Occurring Before Neurodegenerative
Influences Symptoms Appear Enrly Symptoms Diseases”®
Tremor
Amyloid plaques SROTNEY M ap AD/PD
Tautangles Executive function DlE PO
Genes Other abnormal m‘ oblems POD
Systemic Reduced oxygen Gait and balance problems
factors fiow 1o tissues Sleep-wake disorders
Toxic processes Hallucinations ALS
Delusions
Rioidi
*AD = Alzhaimer's disease, AD/PD = AD with parkinsonism, ALS = amyotrophic latoral sclerosis, DLB = d with Lowy bodi
FTLD « fr al lobar deg ation, VaD « lar d (includes multi-infarct d ia), PD = Parki 's di

POD = Parkinson’s disease with dementia

Adapted from an Emory University ilustration




1. Introduction to neurodegenerative diseases

8o

el PINKI, and DJ-1)

Front. Aging Neurosci., 21 July 2010




1. Introduction to neurodegenerative diseases.

Disease Cases per 100,000 Prevalence Affected population
populatlon

Alzheimer’s Disease 356 M
and other dementias

Parkinson’s Disease 315 0.34% 23.8M
Multiple Sclerosis 30 0.03% 2.28M
Cause category 2005 2015 2030
(%) (%) (%)
Alzheimer and other dementias 0.73 0.81 0.92
Parkinson’s disease 0.18 0.20 0.23
Multiple sclerosis 0.03 0.03 0.02

Prince et al., 2013; Pringsheim et al., 2014; Trisolini et al., 2010, WHO, 2006




1. Introduction to neurodegenerative diseases.

* Nervous System

— Anatomical division

* CENTRAL NERVOUS SYSTEM
(brain, cerebellum, brain stem
and spinal cord)

* PERIPHERAL NERVOUS SYSTEM
(nerves and neurons)
- Functional division
* SOMATIC (voluntary actions)
* AUTONOMIC (involuntary
actions)
— Histology
* Neuron (receiving stimuli and
carrying nerve impulses)
* Glia (Support and protection of
neurons)
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1. Introduction to neurodegenerative diseases.

* Nervous System

— Anatomical division

* CENTRAL NERVOUS SYSTEM
(brain, cerebellum, brain stem
and spinal cord)

* PERIPHERAL NERVOUS SYSTEM
(nerves and neurons)
- Functional division
* SOMATIC (voluntary actions)
* AUTONOMIC (involuntary
actions)
— Histology .
* Neuron (receiving stimuli and o bt [ eyl
carrying nerve impulses) T
« Glia (Support and protection of p st €
neurons) .
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2. Molecular basis of neurodegenerative diseases

Nervous System
— Anatomical division

* PERIPHERAL NERVOUS SYSTEM
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CENTRAL NERVOUS SYSTEM
(brain, cerebellum, brain stem
and spinal cord)

(nerves and neurons)
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2. Molecular basis of neurodegenerative diseases

‘ Neuronal death; apoptosis and autophagy

‘ Oxidative stress and mitochondrial alterations; aging process
‘ Neuronal excitotoxicity; glutamate receptors and calcium channels.

‘ Pro-inflammatory cytokines and and chemokines in the brain; Toll-like receptors, classical and

Neuroinflammation; the role of glia.

alternative activation of inflammatory response.

‘ Protein aggregation and deposit




2. Molecular basis of neurodegenerative diseases
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2. Molecular basis of neurodegenerative diseases

Nature Reviews Neurology 10, 326336 (2014)




2. Molecular basis of neurodegenerative diseases

Nature Reviews | Neurosclence

Nature Reviews Neuroscience 4, 672-684 (August 2003)




2. Molecular basis of neurodegenerative diseases

e 2 e = e
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Nature Reviews Neuroscience 4, 672-684 (August 2003)




2. Molecular basis of neurodegenerative diseases

Molecular

@f chaperones
Vo —— ‘l

Native a-syn
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Autophagy

Misfolded  Oligomers
Seee prol::lns
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* Oxidative stiess
= Protein sequestration

* Disruption of axonal transport
= Synaptic dysfunction

« Inhibition of UPS

* Mitochondria! dysfunction

Nature Reviews Neuroscience 14, 626636 (2013)




2. Molecular basis of neurodegenerative diseases

Copyrght © 2005 Nature Publistwng Group
, Roviews | Molecular Coll Biok

Nature Reviews Molecular Cell Biology 6, 891-898 (November 2005)
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3. Nutrigenomics and Alzheimer’s Disease (AD)

Neurofibrillary tangles

Amyloid plaques

Section of a standard brain Section of a brain with
Alzheimer

http://healthcare.utah.edu




3. Nutrigenomics and Alzheimer’s Disease (AD)

[ Familial AD |

:Sdic AD

APP ] H

=

I L
AB

‘ B-secretase' - . AB oligomer ——— Amyloids,
l y-secretase formation senile plaques
_—-—_ﬂ

ORSe  T T

L ! L [ ‘ LTP Synaptic loss and
= impairment = neuronal death

Nature Genetics 41, 1047 - 1048 (2009)




3. Nutrigenomics and Alzheimer’s Disease (AD)

https://www.nia.nih.gov




3. Nutrigenomics and Alzheimer’s Disease (AD)

* ADAS-cog: cognitive subscale of
the Alzheimer’s Disease
Assessment Scale

+ CDR: Clinical Dementia Rating

|A] ADAS-cog '8 CDR sum of boxes

: :
I CISIRLS - |
; :

- Pt 3 ]

8 {O Placabo § [ | O Pacebo

| |'&
=10 Vs oHA | =54 Lo
Basaline 6 1} 18 Basedne 6 12 18
Months Months
No. of patients

Placebo 164 147 139 127 164 148 137 127
DHA 238 215 190 173 238 216 9 177

JAMA. 2010;304(17):1903-1911.




3. Nutrigenomics and Alzheimer’s Disease (AD)

[A] APOE ea-posttive patients

@ APQOE g4-negative patients

15-
8 B
5] 3
* A
& o
£ 3
=54 O Placebo o -5 O Placebo
10 A DHA 164 A DHA
Baséline é 1 2 118 Baséline 6 1é 1‘8
Months Months
No. of patients
Placebo 95 89 84 78 €6 57 54 48
DHA 137 126 115 106 9N 83 69 61

JAMA. 2010;304(17):1903-1911.




3. Nutrigenomics and Alzheimer’s Disease (AD)

statins

Receptor binding Lipid binding
136150467 208 244272 g9

1
o e e S ..
e O Hinge

Helix 1 Helix 2 Helix I3 Helix 4|

Isoform-specific Allele
amino acid difference frequency (%)
112 158 General AD
Apo-E2 Cys Cys 84 39
Apo-E3 Cys AR 779 59.4
Apo-E4 Ag AR 13.7 36.7

Nature Reviews Neurology 9, 106-118 (February 2013)
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4. Nutrigenomics and Parkinson’s Disease (PD)

EDS=pxcessive daylime sleepiness,
MCi=mild cognitive impalrment
RBO=REM sleep behaviour disorder

4 Pre-motor/prodromal period

Degree of disability

The Lancet, Vol. 386, No. 9996, p896-912, 29 August 2015




4. Nutrigenomics and Parkinson’s Disease (PD)

Parkinsons Disease

Non-Parkinson's

P.atkimon's

en.wikipedia.org




4. Nutrigenomics and Parkinson’s Disease (PD)

Decreased risk (OR <1)

Tot i

Coffee drinking

NSAID use

Calcium channel blocker use
Alcohol consumption

The Lancet, Vol. 386, No. 9996, p896-912, 29 August 2015




4. Nutrigenomics and Parkinson’s Disease (PD)

a-synuclein
« Localized to mitochondria under cenain conditions

« Decreased complex | function

Mitochondrion

PINK1 O Electron transport chain

« Serine-threonine kinase « Acquired deletions impair function
« Source of roactive oxygen specios

« Protects against oxidative stress
« Mitochondrial fission
(tegether with Parkin)

&0 N

» Relocates to mitochondria when « Serine-threonine
- Oxidative stress increases kinase

« Intaracts with Parkin
HTRA2 () parkin
« Serine protease « Partial mitochondria localization
O « Mitochondrial biogenesis and fission
(together with PINK1)
« E3 ligase in ubiquitin-proteasomal system
« Reduces oxidative stress

Nature Clinical Practice Neurology (2008) 4, 600-609




4. Nutrigenomics and Parkinson’s Disease (PD)
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1. Molecular basis of aging.
2. Caloric restriction and modification of gene expression.

3. Mitochondrial genomics and aging.
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Maxirmum, average and essential lifespan
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Chronological age and biological age. Frailty. Aging phenotypes.
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Exposure and response to damage. Resilience.
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Chance. Damage accumulation. The free radical theory of
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Percent Survival
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Table 3
Blood oxadative damage-related parameters

co HEVOO LEVOOD
DNA strand breaks [SDNA in d) 633:040 5754044 6.08+047
DNA PG sites (SDNA In tall) 16061170 13594147 19834140
plasima TBARS (pmol/ mi) 3124064 1614030 * 2854055

€O, corm odl; H-EVOO, extra-virgin olive of rich in natural anticudanty; L-EVOO, extra-
virgin ofive ofl poor in natural antiaxidants. Values are oxpeessed a3 mean +SEM
(n=11-13) Leukocyte DNA strand breaks and FPG sites were measured with the comet
i
= P05 vy, CO,
* MNO5 v L-EVOO,

Cell 2013 153, 1194-1217
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Life Expectancy at Birth by Region, 1950-2050.
Source: UN World Population Prospects, 2008.
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Nature Medicine 13, 1137 - 1138 (2007)
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[ Assessed for ekgbity (n=1787) ]
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Circulation: Cardiovascular Genetics. 2015; 8: 91-99
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Table 4. Association between telomere length changes during follow-up and changes in anthropometric variables after 5 years of a nutritional
intervention, according to tertiles of baseline TL in participants of the PREDIMED-NAVARRA trial
Tertiles of baseline TL P for trend
n 72 L]
Weight change (kg)
Change in TL during follow-up
TL decreased (n - 314) 0 Ref) 0.10(~1.19 10 1.39) ~071 (~1961t0 053) 0.197
TL increased (n - 207) 0.29 (- 1.03 1o 161) ~0.34(~1.80 t0 1.13) ~ 158 (- 321 10 0.06) 0.008
BMI change (kgm ~7)
Change in TL during follow-up
TL decreased (n~ 314) 0 Ref) —0.06 (- 0.57 0 0.44) ~039 (- 087 to 0.10) om
TL increased (n = 207) 0.01 (~051 1o 052) ~0.24 (-~ 081 10 033) ~071 (~ 135t ~0.08) 0.009
Waist circumference change (am)
Change in TL during follow-up
TL decreased (n - 314) 0 Ref) 068 (- 089 to0 2.25) —088 (- 24110 064) 0.083
TL increased (n = 207) -~ 001 (162 to 161) ~ 062 (- 240 to 1.16) ~ 185 (-394 10 0.04) 0.044
Waist to height ratio change
Change in TL during follow-up
TL decreased (0 314) 0 Ref) 0.003 (- 0.007 t 0.013) —0007 (- 0,016 to 0.003) 0053
TL increased (n - 207) ~ 0001 (-0011 to 0009) - 0.005 (- 0.016 to 0.006) ~0013 (- 0.025 to 0.001) 0.051
Abbm BML, body mass index: TL, telomere length; Iheubleshomﬂmdﬁcblsﬂhﬂ) Adjusted for age, sex, basal BMI, basal WC, basal weight or
WHIR, g fthree ¢ cies), diabs status (dich ive status (dich ), dyslipid status (dich physical activity
(METs-min per dayl total en«qy intake (Kcal per day) and group of unlmtion TIS7825 T2= 7815—!%0& T3>198.08,

Circulation: Cardiovascular Genetics. 2015; 8: 91-99
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Table 5. Odds ratio and 95% CI of remaining obese (BMI =30
kgm ~?) after 5 years of a nutritional intervention, according to tertiles
of baseline TL and change in TL during follow-up

Tertiles of baseline TL

Ti T2 3
Change in TL during follow-up
TL decreased 1 (Ref) 0.50 0.43
(n=119) (0.12-2.15) (0.10-1.89)
TL increased 0.91 0.48 0.27
(n=177) (0.19-4.42) (0.10-2.31) (0.03-2.03)

Abbreviations: BMI, body mass index; Cl, confidence interval; TL, telomere
length. Adjusted for age, sex, basal BMI, basal WC, smoking (three
categories), diabetes status (dichotomous), hypertensive status (dichot-
omous), dyslipidaemia status (dichotomous), physical activity (METS-min
per day), total energy intake (Kcal per day) and group of intervention.
T1<78.25; T2=78.25-168.08; T3> 198.08.

Circulation: Cardiovascular Genetics. 2015; 8: 91-99
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Long-term plasma folate nmol/L
83 137 190 267 450
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Variables
Individual micronutrient z-scores

Model 1 Model 2 Model 3

p P p

Lutein and zeaxanthin 0.079 0.107 0.120
B-cryptoxanthin 0.060 0.041 0.040
Canthaxanthin 0.018 0.049 0.056
Lycopene -0.080 -0.064 -0.069
a-carotene -0.027 -0.020 -0.028
B-carotene -0.069 -0.065 -0.077
a-tocopherol -0.012 0.013 0.019
y-tocopherol -0.002 0.041 0.044
Vitamin C 0.160 0.152 0.14

Retinol -0.055 -0.065 -0.058

JAGS Volume 62, Issue 2 February 2014 Pages 222-229
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Nature Medicine 21, 1424-1435 (2015)




Nutrigenomics and longevity.

“Cleared” cells

SASP modulators

Delayers
Cancer Cells Normal Cells

Normal Cells ApoptoticCells

Nature Medicine 21, 1424-1435 (2015)




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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Exp Gerontol. 2010 Oct;45(10):763-71
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*» Components and dietary practices with epigenetic actions

* Methylation
* Folate and Choline
* Isoflavones: genisteine
* Zinc
* Selenium
* Vitamine A HGES ook V
* Protein restriction
* Histone modification
* Butyrate Chiromatin remodeling
* Isothiocyanates
* Folate and choline
* Retinoic acid
* Protein restriction
* Non-coding RNAs
* Zinc
* Vitamine D

DNA methytation

Cell 2013 153, 1194-1217
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Understanding Satiety, what is its role?

1. Better use of nutrients
* Regulation of motility
* Regulation of secretion
* Restriction of the amount of nutrients that reach the gastrointestinal tract
(GIT), thus enhancing absorption
* Avoidance of overconsumption adverse effects

* Avoidance of high blood glucose levels
(glycemic-hypothalamus control)

» Avoidance of overstorage of nutrients (adipose tissue control, leptin,
adiponectin)

* Insulin-resistance

» Adypocite hypertrophy




REGULATION OF ENERGY INTAKE AND THE BODY WEIGHT: THE GLUCOSTATIC THEORY AND THE LIPOSTATIC

HYPOTHESIS
Jean Mayer, 1955

Glucostatic Theory of Hunger
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Satiation: processes that prompt the termination of food intake

Satiety: postprandial processes that affect the time of appearance of hunger or the start of a new phase
of food intake
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2. Monogenic variations related to satiety and intake control




Rare genetic forms of obesity: Clinical approach and current treatments in 2016
(Huvenne et al, 2016)
Obes Facts 2016;9:158-176

Gene

Leptin

LEPR

POMC

PCSK1

SiM1

NTRK2

Mutation type
Homozygous mutation

Homozygous mutation

Homozygous or compound
heterozygous
Homozygous or compound
heterozygous

Translocation between car
1p22.1 and 6q16.2 in the
SIM1 gene

De novo heterozygous
mutation

Prevalence

Diagnosed in fewer than 100 patients

worldwide

Obesity

Severe, from the first days of
life

2-3% of patients with severe early-onset Severe, from the first days of

obesity

Diagnosed in fewer than 10 patients
worldwide

Diagnosed in fewer than 20 patients
worldwide

Diagnosed in fewer than 50 patients
worldwide

Diagnosed in fewer than 10 patients
worldwide

life

Severe, from the first months
of life

Severe obesity occurring in
childhood

Severe obesity occurring in
childhood

Severe obesity from the first
months of life




Congenital leptin deficiency is associated with severe early-onset

obesity in humans

(Montague et al, 1997) % )
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Effect of deficiencies in Satiety Mechanisms on energy intake
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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 et al, 1998)
J Clin Endocrinol Metab 83:1706-1712
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Association between variants of the Leptin Receptor Gene (LEPR) and K10 °,:mm

overweight: A systematic review and meta-analysis a
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Physiology of Melanocortin-4 Receptor (MC4R)
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Melanocortin-4 receptor (MC4R) gene variants




Luciferase Activity (times base-line level)
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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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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 1992990
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3. Variations in taste and food intake




Relationship between Satiety Mechanisms and taste sensitivity

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 883+ 1.00 1140 =1.00 <0.001

Male subjects 3.47 + 0.66 551 = 1.16 <0.001
Taste recognition

thresholds (mmol/l)

Sucrose 23025 382 4.0 <0.001

Glucose 9563 + 7.7 156.9 = 20.0 <0.001

Saccharin 0.087 £ 0.011 0.15 = 0.03 <0.05

NaCl 248 + 2.7 248 £ 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 42 * 0.6 53*08 NS




Genetic variation in gene TASZR3
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Implications for food choice
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Implications for young women
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Implications for teenagers
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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 index
(Stewart et al, 2011)
Clinical Nutrition 30 (2011) 838-844

Nutrient/Food Hyposensitive Hypersensitive
(n=38) (n=13)
Energy (kJ) 9355 + 540 7188 + 791
Fats (g) 76+4 62+5
Whole dairy products 542 + 64 396 + 63
(g/day)
Meat (g/day) 229 + 36 96 + 30
Eggs (g/day) 53+ 15 . 16+ 6
|
vV

Hyposensitive Hypersensitive

Women Men Women Men
BMI 218+06 239+13 20406 223:07

Detection threshoid (mmol/L) >

Sensory detection threshold

15+

104

BMI (kg/m?)

20 22 24 26 28 30 32 34




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).
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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
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Genetic variation in TAS1TR2 (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
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Allelic polymorphism within the TAS1R3 promoter is associated with human taste sensitivity to sucrose

(Fushan et al, 2009)
Curr Biol 19:1288-1293
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Role of Sweet Taste in Satiation and Satiety

A Low Carbohydrate B High Carbohydrate
Gut Lumen (—E—nterTyth Blood Gut Lumen Enterocyte Blood




The functional involverment 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)

B
(Steinertet al, 2011)
Clin Nutr 30:524-532 g
>
£
S
2
w
ks
2
A —
0 30 60 90 120
A 4
——gluc C 1-
3 —o—gluc + 450 ppm lact
@ 045 " T
< 2 ) 1/1/1
S 1
§ E Sy
3 S 5
g 91 5 34
£
-1 T ™ T T T -4
© 3 e 90 120 0 3 6 90 120

time (min)




Association between olfactory receptor genes, eating behavior traits and adiposity: Results from the Quebec Family Study.
(Choquette et al, 2012)

Physiology & Behavior 105:772-776
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4. Polymorphisms related to satiety gut hormones




Physiology of gastrointestinal satiety hormones

There is a high interest in the functioning and
regulation of gastrointestinal or gut hormones

Esophagus
1. Short-term actions
2. High effect on satiety signals
gm:d‘ 3. They do not induce resistance
4. Largest endocrine organ (more than 20

tn
E?P. NMB hormones)

Small intestine




Ghrelin modulates brain activity in areas that control appetitive behavior

(Malik et al, 2008)
Cell Metabolism 7:400-409
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Ghrelin Receptor Gene: |dentification 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

S UTR Fxon 1 intron Exon2 MUTR
(796bp) (2.2kb) (305bp)
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D E— <« >
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STibp
Sequence variants 11 It 11
12 4 50 7

Genotype frequencies
™ 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)
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Physiology of Incretins
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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.
(Qietal, 2012)
Am J Clin Nutr 95:506-513
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5. Genome-wide association studies and identification of possible pathways

involved




Satiety mechanism in genefic risk of obesity

(Llewellyn 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 BMI in a random
effects meta-analysis of 218,166 adults.

Kilpolainen TO, Qi L, Brage S, Sharp SJ, Sonestedt E, ot & (2011) Physical
Actvity Ationuates the Influence of FTO Vanants on Obesity Reak: A Meta-
Analysis of 218,166 Adulls and 15,268 Children. PLoS Med 8{11): 1001116
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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

CITT mAX
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6. Recommendations for Nutritional Treatments.




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

Hypotehsis: An individual will continue eating until he takes in his/her protein
needs. Consequently, low-protein diets can lead to a high carbohydrate and fat
intake.

~
g -
o @ -
‘ - Increased
Increased protein intake satiation
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Trends in carbohydrate, fat and protein intakes and association with energy intake in normal-weight, over-weight and obese

individuals: 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 diet

(Blair et al, 2015)
Horm Metab Res, 47:184-193
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Trends in functional food against obesity: functional ingredients,
technologically modified foods and complete diets a(Serrano et al,

2008)

Revista de Espariola de Nutricion Comunitaria 14 (3): 193-200. July 2008

Reduction in food energy density -Reducing fat content
-Replacing simple sugars with sweeteners with no caloric value
~Increasing fiber content
-Increasing water content

B. Technological-sensory modification ~Texture modification

~Reducing density (increase in air content)

C. Modification of the content of macronutrients in order to
cause satiety

-Increasing protein content

D. Medification of the food glycemic index

~Adding fibers or ingredients that slow the absorption of

carbohydrates in the small intestine

E. Inclusion of functional ingredients

uppressing appetite (blocking orexigenic signals or increasing
norexigenic signals)
Restricting nutrient bioavailability, using digestive enzymes
nhibitors.
-Stimulating energy expenditure (thermogenesis)
-Modifications in the colonic microbiota composition

F. Complete diets

-Preparation of foods/dishes nutritionally balanced and complete
t can substitute some meal times and that combine several
nctional ingredients which provide a better energy and nutrient
ntake control as well as metabolic expenditure.
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7. Conclusions




Conclusions
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Paradoxically, the appetite of obese people who follow a low-calorie diet usually
decreases.
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Associations between maternal peak bone mass and bone mass in prepuberal male and female children
(Jones & Nguyen, 2000)
J Bone Miner Res 15.:1998-2004

p<0.0001 p<0.0001 p=0.012
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Genes associated to changes in bone mass

Gene Protein
Calciotropic hormones and receptors VDR vitamin D receptor (VDR)
ER-a Estrogen receptor alpha
ER-B Estrogen receptor beta
CcT Calcitonin
CTR Calcitonin receptor
PTH Parathormone / parathyroid hormone
PTHR1  Parathyroid hormone 1
CYP19  Aromatase
GCCR  Glucocorticoid receptor
CaSR Calcium-sensing receptor
AR Androgen receptor
Cytokines and growth factors TGF-81  Transforming growth factor beta 1
IL-6 Interleukin 6
IGF-1 Insulin-like growth factor 1
IL-Tra Interleukin-1 receptor antagonist
OPG Osteoprotegerin
TNF-a Tumor necrosis factor-a
TNFR2  Tumor necrosis factor receptor 2
Proteinas de la matriz 6sea COLIAT alpha-1 type | collagen
COLIA2 alpha-2 collagen type |
BGP Osteocalcin
MGP Matrix gla protein
AHSG alpha-2-HS-glycoprotein
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2. Vitamin D receptor (VDR) gene polymorphisms
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The association between vitamin D receptor gene polymporphism and bone mineral density at the spine, hip and whole-
body in premenopausal women.

(Salomone et al, 1996)

Osteoporosis International, 6:63-68
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Influence of vitamin D receptor genotype on bone mineral density in postmenopausal women: a twin study in Britain
(Spector et al, 1995)
BMJ 310:1357-1360
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Meta-analysis of molecular association studies: vitamin D receptor gene polymorphism and BMD as a case study
(Thakkinstian et al, 2004)
J Bone Miner Res 19:419-428
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An assessment of genetic markers as predictors of bone turnover in healthy adults

(Sheehan et al, 2001)
J Endocrinol Invest 24:236-245
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Vitamin D receptor gene Fok1 polymorphism predicts calcium absorption and bone mineral density in children
(Ames et al, 1999)

J Bone Miner Res 14;740-746

Absorcion calcio (mg/dia)




Calcium absorption on high and low calcium intakes in relation to vitamin D receptor genotype
(Dawson-Hughes et al, 1995)
J Clin Endocrinol Metab 80:3657-3661
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The Bsml vitamin D receptor restriction fragment length polymorphism (bb) influences the effect of calcium intake on bone
mineral density
(Kiel et al, 1997)

J Bone Miner Res, 12:1049-1057
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Vitamin D receptor Bsml polymorphism modulates soy intake and 25-hydroxy vitamin D supplementation benefits in
cardiovascular disease risk factors profile.

(Serrano et al, 2013)
Genes & Nutrition 8:561-569
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Vitamin D receptor Bsml polymorphism modulates soy intake and 25-hydroxy vitamin D supplementation benefits in
cardiovascular disease risk factors profile.

(Serrano et al, 2013)
Genes & Nutrition 8:561-569
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The effect of vitamin D supplementation on the bone mineral density of the femoral neck is associated with vitamin D
receptor genotype

(Graafmans et al, 1997)
J Bone Miner Res 12:1241-1245
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The role of vitamin D receptor gene polymorphisms in the bone mineral density of Greek postmenopausal women with low
calcium intake

(Stathopoulou et al, 2011)
J Nutr Biochem, 22:752-757
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3. Collagen type | alpha 1 (COL1A1) polymorphisms
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A COL1A1 Sp1 binding site polymorphism predispose to osteoporotic fracture by affecting bone density and quality.
(Mann et al, 2001)
J Clin Invest 107:899-907.
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Comparison: 02 Fracture and Genotype

Outcome: 02 Fracture SS vsss
Cases Controls OR Weight OR

Study nN nN (95%C! Fixed) % (95%Cl Fixed)
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Altered mineralization of human osteoarthritic osteoblast is attributable to abnormal type | collagen production
(Couchourel et al, 2009)
Arthritis & Rheumatism, 60:1438-1450
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Genetic control of bone density and turnover: role of the collagen 1a1, estrogen receptor, and vitamin D receptor genes

(Brown et al, 2001)
J Bone Miner Res 16:758-764
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= W

<20

T T " 311 T 1 T Tt "
n | 21 42 3 22 37 7 21 32
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4, Estrogen receptor gene polymorphisms




Role of estrogens in bone formation

=1
Haematopoietic




Estrogen Receptor Alpha (£SR1 / chr. 6q25.1)

Promoter Exon 1 Exon 2 Exon 8
v
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| | I | | | | | |33
I I'l I I I I Il

§ L
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Y Y




Association between estrogen receptor alpha gene (ESR1) Pvull (C/T) and Xbal (A/G) polymorphism and hip fracture risk:
Evidece from a meta-analysis

(Tang et al, 2013)
Plos One 8:€82806
Xbal G Allele vrs A

Study ID A OR (95% CI) Weight %
Asian E
Wang et al (2012) —_— 079(053, 119 955
Subloal (I=squared = %, p= ) <>>:> 0.79(053 119) 955
Caucasian E
Lian et al (2007) % 112(098.127) 760
Dincel et al (2008) : > 1.92(0.73,504) 108

Aerssens et al (2000) o
Subtotal (I-squared = 0.0%, p = 0.548)

112(0.82,153)  13.34
113(1.00,1.27}  90.45

Overall (I-squared = 22 4%, p = 0.276) 1.09 (0.98, 1.23) 100.00

.-.-@;..-O-T

T
0.198

-

5.04




Association between estrogen receptor alpha gene (ESR1) Pwull (C/T) and Xbal (A/G) polymorphism and hip fracture risk:
Evidece from a meta-analysis

(Tang et al, 2013)
Plos One 8:e82806

Pwull
Alelo Twrs C

Study ID

Asian

Wei et al (2012)

Wang et al (2012)

Subtotal (I-squared = 76.6%, p = 0.039)

Caucasian

Valero et al (2008)

Massart et al-a (2009)

Massart et al-b (2009)

Lian et al (2007)

Kjaergaard et al-a (2007)

Kjaergaard et al-b (2007)

Dincel et al (2008)

Aerssens et al (2000)

Subtotal (I-squared = 0.0%, p = 0.891)

Overall (I-squared = 0.0%, p = 0.578)

OR (95% ClI)

0.90 (0.58. 1.40)
1.66 (1.15, 2.39)
1.29 (0.97. 1.71)

1.15(0.85, 1.39)
1.25(0.92, 1.70)
1.39 (0.93, 2.07)
1.19(1.05, 1.34)
1.09 (0.88, 1.35)
1.34 (0.99. 1.80)

1.50 (0.61, 3.68)
1.06 (0.78, 1.43)
1.18 (1.09, 1.28)

1.19(1.10, 1.28)

Weight %

3.57
376
733

16.40
6.21
355
38.34
13.92
6.53
0.66
7.06
92.67

0272

3.68




Alterations in bone turnover by isoflavone aglycone supplementation in relation to estrogen receptor a polymorphism.
(Katsuyama et al, 2010)
Molecular medicine reports: 3:531-535.

30 mg/day isoflavones supplement
during 3 months

115

D d A

95 4

A

% change

Xbal

9%
placebo group 1A group XX Xx XX

w




Association of estrogen receptor-a gene Pvull polymorphisms with the effect of calcium supplementation on skeletal

development in chinese pubertal girls

(Yang et al, 2009)

Biomed Environ Sci 22:480-487 .

Cambio en densidad 6sea

0.20+

0.154

0.104

0.054

0.00-

Placebo

Twelve-month daily supplement of 250 mg calcium
carbonate and 60 IU vitamin D

0.15+

Supplement

Cambio en densidad 6sea

PP




Nutrigenomics and Osteoporosis

Index

5. Lipid metabolism and osteoporosis




Does serum cholesterol contribute to vertebral bone loss in postmenopausal women?

(Tanko et al, 2003)
Bone 32:8-14

Total Cholesterol
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Does serum cholesterol contribute to vertebral bone loss in postmenopausal women?

(Tanko et al, 2003)
Bone 32:8-14

Eight years of follow-up...
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HDL cholesterol and bone mineral density: Is there a genetic link?

(Ackert-Bicknell, 2012)
Bone 50:525-533

Gene Name

ABCG8 ATP-binding cassette, sub-family G,
member 8

APOE Apolipoprotein E

ESR1 Estrogen receptor 1 (alpha)

GHRH Growth hormone releasing hormone

IL6 Interleukin 6

MTHFR 5,10 methylenetetrahydrofolate
reductase

PON1 Paraoxonase 1

PPARG Peroxisome proliferator activated

TNF

receptor gamma
Tumor necrosis factor

CETP
ﬁ

E,-ester

CeresterD
/LCA T

E,

CEresterD




LDL Receptor-Related Protein 5 (LRP5) affects bone accrual and eye development
(Gong et al, 2001)

Cell 107:513-523
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Genetics of osteoporosis

(Urano & Inoue, 2014)
Biochem Biophys Res Comm 452:287-293

(A) @ — (B) (&) ¥ - Inactive mutation
@ @ 2 : Active mutation
1
..WNT
LRPS rizzled LRP5 LRP5 Frizzled

¥

Low bone mass
4 Bone formation (osteoporosis-pseudoglioma high bone mass
* Bone resorption syndrome patients) (high bone mass traits)
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7. B vitamins, oxidative stress and osteoporosis




The NEW ENGLAND
JOURNAL of MEDICINE

ESTARLIANED 6% 102 MAY 13,2004 VOL A% MO, 20

Homocysteine Levels and the Risk of Osteoporotic Fracture

f, M.Se. Saskis M.F. Pluign, PhD

PG M deGroot

van Leeuwen, PhC

0. Huibert A D Pals. M.D.. D

Table 4. Relative Risks and Population Attributable Risks for Independent
Risk Factors for Incident Fracture.*

Relative Risk Population Attributable

A Rotterdam Study, Cohort 1

40-
RR, 2.0 (95% CI1, 1.2-3.2)
P=0.004

Highest quartile

304

10

Cumulative Incidence of Fracture (%)
8
1

Lower quartiles

T T T

T
0 2

T
4 6 8 10

Factor (95% C1) Risk (95% C1)
%

Age >75 yr 2.3(1.7-3.1) 31 (25-48)
BMD, lowest quartile 1.6 (1.1-2.3) 13 (2-25)
Current smoker 1.6 (1.1-2.3) 10 (4-23)
Fallin previous year{ 1.9(1.2-2.7) 20 (10-35)
Dementia and cognitive impairment| 2.5 (1.5-4.1) 15 (7-30)
Homocysteine level, highest quartile 1.9 (1.4-2.6) 19 (10-29)

Follow-up (yr)

12




Homocysteine Enhances Bone Resorption by Stimulation of Osteoclast

Formation and Activity Through Increased Intracellular

ROS Generation

Jung-Min Koh,"* Young-Sun Lee,™" Yang Soon Kim,” Duk Jac Kim.' Hong-Hee Kim,*

and Ghi Su Kim'
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A candidate genetic risk factor for vascular disease: a common mutation in methylenetetrahydrofolate reductase

(Frosst et al, 1995)
Nat Genet 10:111-113

Table 1 Correlation between MTHFR genotype and enzyme
activity, thermolability and plasma homocysteine level

Genotype
-~ +/= +/+

n=19 n=9 n=12
Specific activity*® 22.94+1.7 15.0+0.8 8.9:0.6
(nmol CH,0/mg protein/hr) (11.8-33.8) (10.2-18.8) (2.6-10.2)
Residual activity 66.8+1.5 56.2£2.8 21.8:2.8
after heating®® (%) (65-76) (41-67) (10-35)
Plasma homocysteine** 12.6£1.1 13.8£1.0 22429
(uM)(after fasting) (7-21) (8.6-20) (0.6-42)
Plasma homocysteine*c 41.3+5.0¢ 41+2.8 72.61£11.7°

(uM)(post-methionine load) (20.9-110) (29.1-54) {24.4-159)




B vitamins and osteoporosis
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Insights into the programming of bone development from the Avon Longitudinal Study of Parents and Children (ALSPAC)
(Steer & Tobias, 2011)
Am J Clin Nutr 94(6 Suppl): 18615-18645
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Mean (95% CI) spine bone mineral density (EMD) for mother-child combinations of
MTHFR C6T7T genotype adjusted for child age, height, and weight for boys and girls
separately (n = 1015 and 997, respactively).




Methylenetetrahydrofolate reductase polymorphism interacts with riboflavin intake to influence bone mineral density

(McDonald et al, 2004)

Bone 35:957-964
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Marked decreased in plasma antioxidants in aged osteoporotic women: results of a cross-sectional study

(Maggio et al, 2003)
J Clin Endocrinol Metab 88:1523-1527

Osteoporotics Controls
Plasma vitamin C ( mmol/iter) 30+3,7 55,5+ 131
Plasma vitamin E ( mmol/liter) 46,7 +5 62,8 + 8,76
Plasma SOD (U/ml) 2422+38 31,38+ 311
MDA (malondialdehyde) 1,13+0,54 0,77 + 0,35
(mmolfiter)
NO (Nitric oxide) (mmol Hb) 0,3310,24 0,21+0,13

Role of antioxidant systems, lipid peroxidation, and nitric oxide in postmenopausal osteoporosis
(Ozgocmen et al, 2006)
Mol Cell Biochem 295:45-52




Antioxidant enzymes GSR, SOD1, SOD2, and CAT gene variants and bone mineral density values in postmenopausal
women: a genetic association analysis

(Jurkovic et al, 2012)
Menopause 19:368-376

1.2+

1.0+

228

BMD

0.8+ GSR rs2978663

0.6+

Femur head Hip Low-back




Conclusions

1. Osteoporosis heritability is evident from a very early age.

2. Inthe case of risk alleles, the best treatment seems to be
calcium and vitamin D supplementation.

3. Some other compounds such as soy isoflavones could
contribute to increase vitamin D levels.

4. There are other associated factors such as the lipid
metabolism and antioxidative status, which may influence
the development of osteoporosis.
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What is metabolic syndrome?

pro-inflammatory
and prothrombotic
state

rilofia

Table 3. Diagy dng to WHO (1999)
Presence of diabeles mefitus, disturbed

glucose,
impaired glucese tolerance (glucoso uptake < 25% aftor
hypennsulinemic-cugiycemc clamp, as well as 2 or more

of the foliowing factors:
Mass Index » 30 and/or waste-to-hip ratio » 0.9
(men) ce > 0,85 (women)

Trnglycendes 2 150 mg/di and/or cHDL < 35 mg/di (men)

of < 30 mg/dl (women
Biood pressuce 2 140090 mmiHg
Microalbuminunia 2 20 pg'min or albumin / creatinine 2

30 my'g
cHDL: High Density Lipoprotein Choesterol, WHO: World

Health Organwation

Tablo 4. Diagnostic critena according to emir (1999)
Pr of insulin ros: (basal > 75 p i), in

non-diabetic popufation, 35 well s 2 or more of the
followng factors Warst circumieronce 2 94 cm (men) or
2 80 cm (women)

Trglycerdes 2 175 mg/dl or ¢HOL < &0 mg/d! or specific
treatment

Blood prossure 2 140/90 mmHg o specilic treatment
Basal blocd gucose 2 110 mg/dl (no diabetes)
¢HDL: Hgh Density Lgoprotoin Choesterdt; EGIR:
Eurcpean Group of Insubn Resstance.

Table 5. Diagnostic critena according to ATPIIL(2001)

Presence of 3 or more of the foliowing factors.
Wasst orcumicrence > 102 cm (men) o ~ 88 cm
{women)

Trglycerdes 2 150 mg/d

cHOL < 40 mg/dl (women) or < 50 mg/dl (women)
Biood pressure 2 130085 mmHg

Basa blood glucose 2 110 mg/'dl

ATPIIL: Adult Treatment Panel; cHDL: High Densty
Lipoprotein Choesterol,

Table 6. Diagr
Medical history

Cads 1o o di
cé

polycystic ovary, nen-alcoholi: fatty fver o
Famiy history of type 2 dabetes, hypertonsion of
cardovascular disoase
History of @ | disd o glucidic -
Non-Caucasian race

Sedentary lifestyle

Age ~ 40 yoars old

Altored paramators:

Body masss indox 2 25 and Jor waist > 102 em (men)
or B8 cm{women)

Tnglycendes > 150 mg'dl

cMDL < 40 mg/dl (men) or 50 mg/dil (women)

Blood pressure » 120/85 mmig
Basal blood glucose: 110-125mg/dl or glucese 2
heurs after oral glucose overioad: 140-200 mg'dl
(dabetes s oxcluded)

AACE: Amencan Association of Clinical
Endocnnologists, cHOL: High Density Lipoprolein
Cholesterol.

Table 7. Diagnostic critenia according to IDF

Abdominal obesity (wasst crcumfcrence = 94 cm for
European men and 2 80 em for European women)®
Two or more of the foliowng factors must also be

fulfiled:
Toghycendes 2150 mg/dl or spochic treatment of this
ipid alteraton

cHDL < 40 mg/dl (men) or < 50 mg/dl (women) or
specific ireatment of this lipid alteration
Sysiclic biood pressure 2 130 mmHg or dastole
bicod pressure 2 85 mmMg o treatment of provicusly
dugnosed hypertension
Basal blood pressure 2 100 mg'dl or provicusly
disgnosed type 2 dabetes
cHOL: High Densay Lipoproten Chalestercl, IDF

! Diabetes F

*Cut-off values for warst circumforence vary

depending Lo the ethnic group taking mto
congdoration




What is metabolic syndrome?




Effect of Dietary Bioactive Compounds on Mitochondrial and Metabolic Flexibility
(Serrano et al, 2016)

Diseases 4,14

Disease condition
Clinically observed)

. Disease condition
1/' "\SWU observed)

Check-point :
(Metaboiic nflextity) Sbeinica) concition

\\ »
_,/ Healthy condition

[ ——
. Homeostatic regulation

Insulin resistance

Insulin resistance

Energy intake
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2. Polymorphisms related to metabolic syndrome.




An adoption study of human obesity
(Stunkard et al, 1986)

N Engl J Med 314:193-198

274 Biological Parents

n
[8,]
—l

244

Body Mass Index of Parents

21 T T v T

Adoptive Parents

1 i} o bar4

Thin Medicn Overweight Obese
Adoptee Weight Class

r T T T

1 o m JAvs
Thin Medion Overweight Obese

Adoptee Weight Class




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 loci for type 2 diabetes

(Sladek et al, 2007)
Nature 445:881-885
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TCF7L2 Transcription factor 7 like 2
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Gene-Diet interaction
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Hyperglycemia
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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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Insulin sensitivity index

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
B
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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
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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
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3. Approach of nutritional treatments based on genetic polymorphisms




General treatment objectives
Nutrition objectives

Anthropometric

1. Gradual and prolonged weight loss. A feasible weight loss objective could include
reducing the total caloric intake by 100 kcal/day.

2. Improving waist-to-hip ratio.

3. Reducing body fat percentage (effects of fat atrophy)

Blood biochemistry
4. Improving total cholesterol levels, cholesterol/HDL ratio, triglyceride/HDL ratio and
total cholesterol/HDL ratio; reducing triglyceride levels.

5. Lowering glucose and preprandial insulin levels to normal (improving insulin
sensitivity).

6. Reducing inflammatory markers.

7. Reducing high blood pressure.

Lifestyle
8. Encouraging an increase in physical activity.

T de LOL paguenas S0
« dunsss




Objectives of nutritional treatments

Carbohydrate % Fat % dally Protein % Saturated Monounsatu  Poliunsaturated  Cholesterol Sodium
daily energy ENerEy daily energy  Fat % daily rated Fat % Fat % daily mg/day mgday
ENETEY daily energy ENErgy
Unated States Department o 558 O 1 <1 <300 0-30 <2300
Agriculture
American Heart Association 50-60 25-3% 15 <7 <300 25 <2400
National Colesteral Edutation S0-60 25-35 15 <10 20 10 <300 20-30 <2400

Program Paso |

Dietary Approaches to Stop 50-80 25-35 15 L) 20-30 =1500
Hipemension

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

Amierican Digtdtic Assockation 55-B5 20-30 15 =10 <300

Digta Mediterrinea 55 30 15 <10 15 5 200 10

1. Reducing fat intake

2. Saturated fats must not provide more than 7% of energy
3. Increasing monounsaturated fats intake

4. Simple sugars intake




Initial considerations....

Personal privacy
considerations

Benefits of
personalized
treatment

Harsh
réCommendations

lneffectiveness of

recommendations

Treatment
regimens




Energy distribution
1.Fats

Nutritional 2.Simple sugars, etc
adequacy

Dietary
assessment

Food groups o
;'g“{e's"y Polymorphisms associated
3:oi§unt§e with gene-nutrient interaction

Evidence-based
recommendations




Protocol recommendation for personalized treatment

Genome with differential variations in Gmm ]
treatment response varaliong
|
Reducing saturated fat intake as Secondary treatment

therapeutic alternative objective




Improved weight management using genetic information to personalize a calorie controlled diet

(Arkadianos et al, 2007)

Nutrition Journal 6:29
Variations in MTHFR, MTRR, MTR, CBS
800 ug folic acid, 15 mg vitamin B6, 20 ug vitamin B12
Gene Gene symbol  Polymorphism supplementation

Variations in GSTMI, GSSTI, GSTPI

m can o :%c, Imsoc Regular servings of cruciferous vegetables (5 times a
Cystathionino-beta-synthase cBS 6HNOT i i
Cholesteryl ester transfer protein CETP 279G>A week) and garlic (daily).
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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.

MNon tested group MNutrigenetic group P<*
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rs780094 GCKR

rs7903146 TCF7L2 Reducing saturated fat

rs9939609 FTO B gl
rs4766587 ACC2
rs670 APOA1
rs512535 APOB
rs9997745 ACSL1
rs3790433 LEPR

Increasmg omega-3 fatty
rs1143643 IL-1 acids intake (500-1000
rs11569562 C: mg/day)
increqsing oo rs266729 AIPOQ

unsaturated fatty acids
intake (1015 % energy) ]| 510920533 ADIPOQR
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4. Nutriepigenetics and insulin resistance




Classic examples of Epigenetics
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Classic examples of Epigenetics
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Epigenetic modifications and human disease
(Portela & Estelfer, 2010)

Nat Biotechnol 28:1057-1088
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The thrifty genotype hypothesis

Arya \L Sharma

The thrifty-genotype hypothesis and its implications
for the study of complex genetic disorders in man

I Mol Med (1038) 74 562571
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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 dimethyiation: 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 intake 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)
Diabetes 58:1509-1517.
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Effects of epigallocatechin gallate on regulatory T cell number and function in obese v lean volunteers
(Yun et al, 2010)
BrJ Nutr 103:1771-1777
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Weight loss after gastric bypass surgery in human obesity remodels promoter methylation.
(Barres et al, 2013)
Cell Rep, 3:1020-1027
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Conclusions

1. There is some evidence that various genetic polymorphisms might
influence the development of metabolic symbol.

2. Lifestyle interventions could reduce the risk of developing insulin
resistance in individuals with genetic risk.

3. There is evidence that some nutritional treatments based on genetic
information have been successful.

4. ltis highly recommended that personalized treatments rely on
nutritional recommendations based on evidence.

5. Epigenetic modifications play an important role in the development of
insulin resistance. Fortunately, many of them are reversible.
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Genome-wide Function

Stool screening Effect
culture 16S rRNA Modulation




METAGENOMICS: Science that studies all the genetic material of a microbial community

without the need to isolate and cultivate microorganisms in a laboratory.

« Whois there?

What are they doing?
= -

There has been a major boom in recent years:
« Massive sequencing techniques

« Development of biocomputing tools for the analysis of large amounts of information




METAGENOMICS: Science that studies all the genetic material of a microbial community

without the need to isolate and cultivate microorganisms in a laboratory.
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There has been a major boom in recent years:
« Massive sequencing techniques
» Development of biocomputing tools for the analysis of large amounts of information
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TERMS: MICROBIOTA AND MICROBIOME

Microbiota

Whole of all the microorganisms that make up a community.

Microbiome

Whole of the genomes and genes of all the microbes that make up a community.
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HUMAN MICROBIOTA COMPOSITION IN DIFFERENT PARTS OF THE
BODY

Marsiand and Golwitzer, Nature Reviews. 2014, 14:827-835




GUT MICROBIOTA: “THE GREAT FORGOTTEN ORGAN"

~ 10"3-10" microbes (1-1.5 kg)

> 1000 species

> 7000 strains




HOW DIVERSE IS MICROBIOTA IN AN ADULT?
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Americans have 15 to 25 percent less microbial diversity than Amerindians and Malawians.
(An OTU is an Operational Taxonomic Unit, a species of bacteria in this context.)
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EACH INDIVIDUAL'S MICROBIOME IS UNIQUE

“MICROBIAL FOOTPRINT"




PHYLOGENETIC PROFILE OF HUMAN GUT MICROBIOME
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ENTEROTYPES OF THE HUMAN GUT MICROBIOME
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DIFFERENT MICROBIAL COMPOSITIONS CAN PLAY THE SAME ROLE
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DEVELOPMENT OF THE HUMAN GUT MICROBIOTA

Bacteroidaceae
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FACTORS AFFECTING THE ESTABLISHMENT OF MICROBIOTA
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MICROBIOTA STABILITY THROUGHOUT LIFESPAN

Birth Puberty Middie-age Old-age Centenarians

Microbiota
colonization/ Microbiota st Severe changes
development

¥ ! ! 17]

Antibiotics Nutrition Probiotic/prebiotics Environmental/genetic factors

1 Factors affecting gut microbiota ‘




MAIN FACTORS AFFECTING THE STABILITY OF GUT MICROBIOTA




THE DIET AS THE MAIN GUT MICROBIOTA MODULATION FACTOR

Proportion
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A SPECIFIC DIET DETERMINES A SPECIFIC TYPE OF MICROBES

™ Prevotella 2 Alsts
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De Filippo ot al. PNAS 2010, 17 (33). 1469113696




ANTIBIOTICS CAN MODULATE GUT MICROBIOTA BUT THEY DO
SO IN A SELECTIVE MANNER!!!

Preidis and Versalove. Gaslroenterology 2009, 136(6):2015-2031




THE EFFECT OF AN ANTIBIOTIC DEPENDS ON THE INDIVIDUAL
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GUT MICROBIOTA FUNCTIONS

— Pathoger: Inhibition Development and modulation
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MICROBIOTA MODULATES THE HOST PHYSIOLOGY

Behaviour
Synaptic connectivity |}
Anxiety t
Pain perception t
Metabolism
Energy expenditure |
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Sommer and Backhed. Nature Roviews, 2013, dox 10.1038/nrmicro2974




GUT MICROBIOTA HOMEOSTASIS, KEY TO MAINTAIN A HEALTHY

PHYSIOLOGICAL STATE
Host genetic factors mh&-}
“NOD2 -ITLN1  -IRGM + Antibiotic
«XBP1 -+ HNF4 - ECM1 * Diet
<DMBT! -ATG16L1 -DLGS - Hyglena
v
| Altered microblota/dysbiosis |
[ O )
bacteria % % ' . \ '
vV £ :
Lumen & bactorie \ Defensins ‘ .%'\ e
IgA, 1gG
0 2 \ ANy | XN |
Mucus —— i -

Sy

—3 AN TS




STUDY MODELS ON THE INFLUENCE OF THE GUT MICROBIOTA ON
THE HOST PHYSIOLOGY

Germ-free studies Probiotic studies

sii

Antibiotic studies

Infection studies

¥

Adaptado do Cryan and Dian, Nature Rowews 2012, 13:701-712

Faecal transplantation studies
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CONCLUSIONS AND COMMENTS

The human microbiota is made up of bacteria, fungi, archaea and viruses.

The human microbiome is approximately 150 times the human genome.

The establishment of the gut microbiota starts during birth and takes place over the first three years of life.

The composition of microbiota is unique in each individual, aithough they can play similar roles.

The composition of microbiota can be classified in three enterotypes according to the abundance of three genera of
bacteria: bacteroides, prevotella and ruminococcus.

Microbiota plays an important role in the host physiology

The composition of microbiota can be altered by different factors: exposure to antibiotics, diet, age and host

physiology (genetic background).




Microbiota and metabolic syndrome
- Obesity and insulin resistance -

Index

1.

2.

Gut microbiota as a key factor in the start and development of metabolic syndrome

Short-chain fatty acids and metabolic syndrome

. Understanding the concept of microbiota-host symbiosis

. Gut-liver axis and non-alcoholic fatty liver disease (NAFLD)
. Gut microflora modulation as a therapeutic target

. Effect of probiotics on glycemic control

. Effect of artificial sweeteners, colonic microbiota and metabolic syndrome




Mechanisms underlying the resistance to diet-induced obesity in germ-free mice
(Backhed et al, 2007)
PNAS 105:2117-2122
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Colonic fermentation

Indigestible portion + bacterial flora = Gases (CO,, H,, methane)
+ Biomass
+ Short-chain fatty acids (acetic acid, propionic acid, butyric acid)
+ Organic acids (lactic acid, succinic acid, pyretic acid)
+ Other fermentation products (toxic substances, ammonia, amines,
nitrosamines), antioxidants, etc.
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Microbiota and SCFA in lean and overweight healthy subjects

(Schwiertz et al, 2009)
Obesity 18:190-195.

Table 2 Mean SCFA (mmol/l) concentration and gross energy content (kJ/g) in dry feces of volunteers with different BMI

lso-butyrate  Butyrate Iso-valerate Valerate Total SCFA  Energy

BMI Category n Acetate  Propionate
18.5-24.9 Normal 30 505+126 136%52

25-30 Overweight 35 560+182 18379
»30 Obesity 33 5081183 103:i87

1.8£09 141786 27121 19407 8464229 217413
16£08 185£101 2317 2014 88.7£33.9 2161186
1.711.2 181100 28120 23111 10391343 216116

“Significant increase in compartson 1o lean volunteers (P < 0,08).




An obesity-associated gut microbiome with increased capacity for energy harvest

(Turnbaugh et al, 2006)
Nature 444:1027-1031
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Transfer of intestinal microbiota from lean donors increases insulin sensitivity in individuals with metabolic syndrome

(Vrieze et al, 2012)

Gastroenterology 143:913

Allogenic gut
microbiota
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+ Small intestinal biopsies
+ Fecal gut microtiota composition Autologous gut
microbiota
infusion (n=9)

Randomisation

« Hyperinsulinemic clamp
» Small intestinal biopsies
« Fecal gut microbiota composition

Baseline

6 weeks

Supplementary Figure 1. Overview of study scheme.
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Obesity alters gut microbial ecology.
(Ley et al, 2005)

Proc Natl Acad Sci U S A. 102:11070-5.
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Microbial ecology: Human gut microbes associated with obesity

(Ley et al, 2006)
Nature 444:1022-1023
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The relationship between gut microbiota and weight gain in humans
(Angelakis et al, 2012)
Fut Microbiol 7:91-109.

Groupby  Study (year) Subgroup within study Sample size SDM and 95% Ci
hyla
B Owi/obese Control

Ley ot al. (2006) 16S clonal sequencing 12 2 —
Tumbaugh etal. (2009) V2pyrosequencing Africanancesty 62 8 ———t
Tumbaugh et al. (2009) V2 pyrosaquencing European ancestry 42 26 —f—
Znang et . (2009) Pyrosequencing 3 3

Baderoldetes relative count (% of total sequences)
Collado et al. (2008) FCM-FISH 18 36 l ===
Armougom et a. (2009) qPCR 20 20
Schwiertz etal. (2010) gPCR 33 30 =
Million ef al. (2011) gPCR 53 39 —O—
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The relationship between gut microbiota and weight gain in humans

(Angelakis et al, 2012)
Fut Microbiol 7:91-109.

Group by Study (year)
genus

Collado et al. (2008)
Kalliomaki et al. (2008)
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Zuo et al. (2011)
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Structure, function and diversity of the healthy human microbiome
The human microbiome project consortium, 2012
Nature 486, 207-214.
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The abundance and variety of carbohydrate-active enzymes in the human gut microbiota
(El Kaoutari et al, 2013)
Nature reviews Microbiology 11:497
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Linking long-term dietary patterns with gut microbial enterotypes

(Wu et al, 2011)
Science 334:105-8.
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2. Short-chain fatty acids and metabolic syndrome




Effect of short-chain fatty acids on insulin sensitivity
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Butyrate and Propionate Protect against Diet-Induced Obesity and Regulate Gut Hormones via Free Fatty Acid Receptor 3-
Independent Mechanisms

(Linetal 2012)
PLoS ONE 7:€35240
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Effects of short chain fatty acid producing bacteria on epigenetic regulation of FFAR3 in type 2 diabetes and obesity
(Remely et al, 2014)

Gene 537:85-92
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3. Understanding the concept of microbiota-host symbiosis




Understanding the concept of microbiota-host symbiosis




Nod2 is essential for temporal development of intestinal microbial communities

(Rehman et al, 2011)
Gut 60:1354-1362




Nod2 is essential for temporal development of intestinal microbial communities

(Rehman et al, 2011)
Gut 60:1354-1362
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Nod2 is essential for temporal development of intestinal microbial communities

(Rehman et al, 2011)
Gut 60:1354-1362
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Transient inability to manage proteobacteria promotes chronic gut inflammation in TLR5-deficient mice.

(Carvalho et al, 2012)
Cell Host Microbe 12:139-152
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Metabolic syndrome and altered gut microbiota in mice lacking Tolk-like Receptor 5
(Vijay-Kumar et al, 2010)
Science 328,228
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Metabolic syndrome and altered gut microbiota in mice lacking Toll-like Receptor 5

(Vijay-Kumar et al, 2010)

Science 328228
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Richness of human gut microbiome correlates with

metabolic markers

(Le Chatelier et al, 2013)

Nature 500:541.
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4. Gut-liver axis and non-alcoholic fatty liver disease (NAFLD)




Gut-liver axis and non-alcoholic fatty liver disease (NAFLD)

Diet (e.g. Fat and Fructose)




A model of metabolic syndrome and related diseases with

intestinal endotoxemia in rats fed a high fat and high sucrose

diet.

(Zhou et al, 2014)

PLoS One, 9:€115148
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5. Gut microflora modulation as a therapeutic target
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Alternating or continuous exposure to cafeteria diet leads to
similar shifts in gut microbiota compared to chow diet

(Kaakoush et al, 2016)
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Alternating or continuous exposure to cafeteria diet leads to similar shifts in gut microbiota compared to chow diet

(Kaakoush et al, 2016)
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6. Effect of probiotics on glycemic control
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6. Effect of probiotics on glycemic control




Effect of Probiotic Lactobacillus salivarius UBL S22 and Prebiotic Fructo-oligosaccharide on
Serum Lipids, Inflammatory Markers, Insulin Sensitivity, and Gut Bacteria in Healthy Young

Volunteers: A Randomized Controlled Single-Blind Pilot Study
(Rajkumar et al, 2015)

J Cardiovasc Pharmacol Ther 20:289-98 (Placebo) gelatine

(Probiotic) 2x10° CFUs L .salivarius
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Effect of multispecies probiotic suppiements on metabolic profiles, hs-CRP, and oxidative stress in patients with type 2

diabetes
(Asemi et al, 2013)
Ann Nutr Metab 63:1-9

1. Lactobacillus acidophilus (2 x 10(9) CFU),

2. L.casei (7 x 10(9) CFU),

3. L. rhamnosus (1.5 x 10(9) CFU),

4. L. bulgaricus (2 x 10(8) CFU),

5.  Bifidobacterium breve (2 x 10(10) CFU),

6. B.longum (7 x 10(9) CFU),

7.  Streptococcus thermophilus (1.5 x 10(9) CFU)

Placebo (n =27) Probiotic supplement (n = 27) pb
week 0 week 8 change p* week 0 week 8 change p*

FPG, mg/dl 134.549.6 1633212 28.848.5 0002 14384107 145.449.5 1.6+6 0.80 0.1
HbAl, % 635203 6.53£0.28 0.18£0.31 035 7.7120.37 7.4120.41 -03£037 042 032
Insulin, ulU/ml 5.82+1 9.9341.51 411091  <0.0001 5.740.8 7.74+1.11 2041082 002 0.09
HOMA-IR 2.0320.44 4.41£0.88 238+0.65  0.001 1.98£0.33 2.76:0.44 078:031 002 003
Total cholesterol, mg/dl  164.6+10.1 177.846.6 13,2489 0.15 171.3£9.4 176.247.4 49469 048 046
Triglycerides, mg/dl 134117 150.2+11.6 1624115 017 150.5415.2 160.3+13.7 0.8£105 093 033
LDL-C, mg/dl 84.2175 102.8+5.9 18.6:6.6 0.009 83.4%6.3 97.4+6.4 14+4.6 0.006 0.56
HDL-C, mg/dl 53.6+2.8 449417 -8.7422 0.001 56+3 46.8+2 -92#23  <0.0001 0.83
Total:HDL-C ratio 3.1£0.2 4402 0.9:0.15  <0.0001 3+0.1 3.8402 08+0.1  <0.0001 0.30
Hs-CRP, ng/ml 2,107.75£361.79 2,986.47£652.09 878.72+586.44 0.4 27934246172 2015.85+380.16 -777.57+441.7 009 002
TAC, mmol/l 870.06+30.75 95542806  84.94424.32 0002  925.3+41.59 1,005.2744049 79974418 006 091
GSH, pmoV/l 750.5460.72  717.04440.06 -3346£69.54 053 8329646895 1,073.5046576  240.63+101.29 002  0.03
Uric acid, mg/dl 4732027 4.88+0.24 0154021 047 4712027 5.51+0.28 0.8£027 0008 0.07




Effect of Probiotic (VSL#3) and Omega-3 on Lipid Profile, Insulin
Sensitivity, Inflammatory Markers, and Gut Colonization in Overweight
Adults: A Randomized, Controlled Trial

(Rajkumar et al, 2014)
Mediators of Inflammation, 2014:348959

VSLA3 (mamufaciured in India by Sun Pharmaceutcal Ind. Lid ) i 3 freeze-dried pharmaceutical

probiote preparation contaming 112.5 » 100 CFU/capsule of throe strans of bifidobactena
(Bifigob longurm, Bl infantss, and Biidobacienum breve), four strains of
lactobacill (Lactabaciius acxdophvivs, L P ; 33 dokt Jor subsp
buig and{ Dacilus ply ), and one strain of Streplococeus salvanus subsp.
thormophaius
Placebo Problotic Omega-3 Problotic + omegi-3
Pr Postircatment  Pret L Post t P P Pret P
Fasting blood glacose (mg/dL) 8930+ 13 0192 ¢ 118" 88 + 1.0 7938 + 1.05™ 8760+ 1.4 819341217 8670 + 215 74.46 4 1188
Cholesterol (mg/dl) 19780 11392 19791 + 1393 16510 £ 576 156,06 ¢ 585 16550 + 973 161.06 1 974" 21510 + 786 204 46 4 773%
Triglyceride (mg/dL) 1284226 128,854 277 14070 £ 176 13303 217239 105902653  10262£644" 15000 =849 13874 £ 535"
LDL (mg/dL) 13630 £ 14.19 136.67 4 14.2° 10280 & 491 94.50 £ 431" 106,10 £ 10.1 99.87 4 10.08"" 15030 £ 8.41 134.58 + 793"
HDL (mg/dl) 3590+ 285 3546 4 285 29.60 = 112 1493+ 108" 3520 4 .65 406641627 3480 +2.23 2054+ 189"
VLDL (mg/dl) 2560+ 545 2577 £ 554" 3260+ 438 26624 347° 2110 +1.3 2051 + 128" 3000 £ 169 2774+ 167"
Atherogenic factor 19680+ 1392 19691 13,93 16410+ 576 155,75 4 58* 16450973 160.06+ 974 21410 = 786 20546 £ 773"
Insulin level (uU/mL) 1790 + 0.52 18.26 £ 0.43* 18.40 £ 0.27 1759 = 0.28" 1850+0.23 1784 £ 022" 18.00=0.3 16752025
Insulin resistance 390+ 01 4150027 4.00 +0.03 344 3004 400 4 0,08 3.69 + 0.07° 380 + 0.08 307 4 0.047¢
CRP (mg/L) 530 4 058 535 4 058" 5,60 + 0.52 4.36 4 049" 5.60 4 0,74 5.26 4 072" 6.20 4 0.4 4224 041"
Placebo Probiotic Omega-3 Pm+Omega-3
" - Pretr t Pasttreatmer Pret : Pasttreatm _Pretreatment Post < Pre en Postrreatment
Total bacteria 774202 771 2018 877 £ 0.09 9134 018" 772019 7762016 8532009 93520127
Total anaerobes 9322017 927 + 042 9.66 + 0.06 10.71 + 007" 944 £ 018 9.54 40,09 9.61 0.1 10.86 £ 0,03"*"
Lactobacillus 687 +042 686 4 004" 677 £ 01 7954 003" 6764026 68+ 002" 6,76 4012 796 « 0.12°""
Bifidobacteria 8894017 68 + 014" 871400 993 =001"" 871+ 0,08 8754017 R714008 9g+00""
Streptococcus 281=021 280 + 031" 266=01 896 =016"" 2674019 2892029 267 =011 899 +0.13""
Coliform 6824019 6.53 003" 659=01 635202 6542013 6442002 699=0M 658+ 001"
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Effect of probiotics on glycemic control: a systematic review and meta-analysis of randomized, controlled trials.

(Ruan et al, 2015)
PlosOne 10:e0132121
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Probiotic intervention has strain-specific anti-inflammatory effects in healthy adults
(Kekkonen et al, 2008)
World J Gastroenterol. 14:2029-36
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Cross-talk between Akkermansia muciniphifa and intestinal epithelium controls diet-induced obesity

(Everard et al, 2013)
PNAS 111:9066-9071

Akkermansia muciniphila

(Log o bacteria/g of cecal content)
~N @
4 A

Akkermansia muciniphila
(Log s, bacteria/g of cecal content)

Plasma Glucose (mg/dl)

N
=}

=
12 . § b
114
10+ B 1S
9‘ g — a
| 1.0
= -
61 . 0.5
N 0@ A @& @
609 609 3 Q¢ j{( Q¢
i— $0000
B8 ool Wal
500+ «§ o§ §'§ 20600
400+ =
3004 SIS
‘\:;*r

200+
100

- CT - HF
- HF-Akk = HF-K-Akk

0
-30

0 30 60 90 120




"HF-K-AKkk

L] ~ - o

(wrl) ssauxoy; snanw a «x\k V%

0w W o N - O

(luw/n3) sd1 wuog




Microbiota and metabolic syndrome
- Obesity and insulin resistance -

Index

7. Effect of artificial sweeteners, colonic microbiota and metabolic syndrome




Consumption of artificially and sugar-sweetened beverages and incident
type 2 diabetes in the Etude Epidemiologique aupres des femmes de la
Mutuelle Generale de I'Education Nationale-European Prospective

Investigation into Cancer and Nutrition cohort
(Fagherazzi et al, 2013)

Am J Clin Nutr 97:517-523
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Aspartame intake is associated with greater glucose intolerance in individuals with obesity

(Kuk & Brown, 2016)
Appl Physiol Nutr Metab 41:795-798
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Interactive effects of neonatal exposure to monosodium glutamate and aspartame on glucose homeostasis
(Collison et al, 2012)
Nutr Metab 9:58
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Low-Dose Aspartame Consumption Differentially Affects Gut Microbiota-Host

Metabolic Interactions in the Diet-Induced Obese Rat
(Palmnas et al, 2014)
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Low-Dose Aspartame Consumption Differentially Affects Gut Microbiota-Host Metabolic Interactions in the Diet-induced
Obese Rat

(Palmnas et al, 2014)
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Low calorie sweeteners and gut microbiota
(Daly et al, 2016)
Physiology and behavior.
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Artificial sweeteners induce glucose intolerance by altering the gut microbiota

(Suez et al, 2014)
Nature 514, 181-186
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Glycaemic response
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Low calorie sweeteners and gut microbiota

(Daly et al, 2016)

Physiology and behavior.
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Conclusions

1. Colonic microbiota has undoubtedly a role in the development

of metabolic syndrome:
1. Use of the energy derived from the indigestible portion
2. Subacute chronic inflammation

» There is not enough evidence that links a specific enterotype
with the development of metabolic syndrome. Variability seems
to be more important.

» There is evidence that some nutritional treatments (i.e.
probiotics) may improve metabolic syndrome.




MICROBIOTA AND CARDIOVASCULAR
DISEASES (CVD)

1. Introduction. Is there a link between microbiota and CVD?

2. Oral microbiota and CVD
*  Periodontitis , what does it consist of?
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*  Causal link: periodontal infection and CVD

*  Presence of periodontal pathogens in atheromatous plaque
*  Oral microbiota and CVD risk factors

*  Molecular mechanism: periodontitis and CVD

3. Gut Microbiota and CV
* Evidence in animal models
*  Trimethylamine N-oxide (TMAO) : proaterogenic metabolite dependent on the gut microbiota
* Transmission of Atherosclerosis Susceptibility through fecal transplant

*  Molecular mechanism
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MICROBIOTA AND CARDIOVASCULAR
DISEASES (CVD)

2. Oral microbiota and CVD

Periodontitis , what does it consist of?

Epidemiological evidence

Causal link: periodontal infection and CVD

Presence of periodontal pathogens in atheromatous plaque
Oral microbiota and CVD risk factors

Molecular mechanism: periodontitis and CVD
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Dental Disease and Risk of Cardiovascular Disease and Mortality
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Intensive periodontitis treatment improves endothelial function

Table 2. Periodontal Disease at Baseline and 2 Months and 6 Months after Periodontal Therapy.*

Variable Control-Treatment Group Intensive-Treatment Group
Baseline 2 Months 6 Months Baseline 2 Months & Months

Total no. of teeth 2743 2743 2713 2713 25:4¢4 25:41%

No. of fesions (periodontal packets) 84226 81:27 8031 82227 204154 1421274

Sites with detectable plaque (%)§ 63:21 42422¢ 474229 66220 154104 254181

Sites with gingival bleeding (%) 68417 63:19) 65+20] 66218 24:137% 261671

* Plus-minus values are means +SD.
1 P<0.001 for the comparison with baseline.
£ P<0.001 for the comparison with the standard group.

ntensie-treatment group
.

Control-treatment group

Flow-Mediated Dilatation (%)
-~ -

Baseline Day 1 Day 2 1Mo 2 Mo 6 Mo
Study Period

Tonetti et al. N.Engl.J Med 2007- 356.011-920




Porphyromonas gingivalis infection speeds up the progression of Aterosclerosis in the
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Porphyromonas gingivalis per se causes an aterosclerosis lesion similar to that induced
by a high-fat diet
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Periodontal bacteria detection in the atheromatous plaque of the carotid artery through
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Nested polymerase chain reaction (Nested PCR)

P.g Porphyromonas gingivalis
A.a Aggregatibacter actinomycetemcomitans
T.f Tannerella forythia
E.c Ekienella corrodens
F.n Fusobacterium nucleatum
Campviel

Figuero et al J Penodontol 2011, 82(10).1469-1477




Correlation between bacteria abundance in the oral microbiota and cardiovascular risk

factors
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Differential periodontal microbiota in en symptomatic atherosclerosis patients

Relative abundance
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Correlation between oral microbial taxa at genus level and cardiovascular risk facrors.

uCRP Cholesterol HDL DL Triglycerides ApoAl ApoB
Locmbacills NS NS NS NS NS NS P = 0.038. 1 =006
Copnocymphaga NS P« 0016, « 008 NS P w0036 « 0068 NS NS NS
Catonella NS NS P=0020.¢° = 0083 NS NS P=0021,¢° = 0082 NS
NS NS NS NS NS

Parvimonmas P w0015 « 0065 NS

Fak ol al. Atherosclerosis 243 (2015). 573-578




MECHANISM: PERIODONTITIS AND CARDIOVASCULAR DISEASE
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MICROBIOTA AND CARDIOVASCULAR
DISEASES (CVD)

3. Gut Microbiota and CV
* Evidence in animal models
*  Trimethylamine N-oxide (TMAO) : proaterogenic metabolite dependent on the gut microbiota
*  Transmission of Atherosclerosis Susceptibility through fecal transplant

*  Molecular mechanism




Gut microbiota increases aortic lesion induced by choline
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Gut microbiota acts on the homeostasis of plasma cholesterol levels
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Trimethylamine N-oxide (TMAQO)
Proaterogenic metabolite dependent on the gut microbiota
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Correlation between TMAO plasma levels and atherosclerotic lesion degree and

cardiovascular disease
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Importance of the microbiota composition in the TMAO metabolism
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Transmission of Atherosclerosis Susceptibility through Microbial Transplant
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Transmission of Atherosclerosis Susceptibility through Microbial Transplant
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TMAQO reduces total cholesterol absorption associated with a reduction in the bile acid

pool and an inhibition on cholesterol reverse transport
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TMAO PRO-ATHEROSCLEROTIC MECHANISM

Koeth et o Naturo Medicine 2013, 19(5).576-587




TMAO PRO-TROMBOTIC MECHANISM
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TMAO increases platelet hyperreactivity and trombosis risk
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TMAO increases platelet hyperreactivity and trombosis risk
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Probictes Antimicrob Protoins. 2016 Jun 8(2)61-72, do: 10.1007/512602-016-0214-1

Lactobacillus acidophilus Increases the Anti-apoptotic Micro RNA-21 and Decreases the Pro-inflammatory
Micro RNA-155 in the LPS-Treated Human Endothelial Cells.

Kalani M2, Hodiall H*, Sajedi Khanian M?, Doroudchi #4°

Banel Moiohes 2016 Jun, 7(3) 443-51 doi 10 3920/BM2015 0146 Epub 2016 Feb 3
Lactobacillus plantarum CUL66 can impact cholesterol homeostasis in Caco-2 enterocytes.
Michasl DR, Moss JW?, Calvente DL, Garalova I, Plummer SF', Ramj DPZ,

Probiobics Antimerob Proteins 2011 Doc,3(3-4) 164-203. dot 10.1007/512602-011-0086-3

Lactobacillus rhamnosus BFE 5264 and Lactobacillus plantarum NR74 Promote Cholesterol Excretion Through
the Up-Regulation of ABCG5/8 in Caco-2 Cells.

Yoon HS', Ju JH, Kim H', Lee J'. Park HJ', JLY', Stin HK', Do MS", Lee AP, Holzapel W*.




Anti-atherosclerotic effect of fermented traditional cheese whey on atherosclerotic rabbits
and identification of probiotics

Group TC TG ADLC  LDLC
Normal coatrol 4752200 0534016 1032022 0182003
Atherogenic gronp 2279213 320=132° 2202098 188832

S Sunvaststin (20 mg'kg) 1755=16** 086=022* 15520.33- T23=287°

TECW (25 mg kg 674=34%  1A9=073%% 216=069 5.52=176*
TECW (20 3 13.20=328°% 0502030°" 233=0.48 67228

* P 20,08 v, Noanal control

Group CRP (mg/L) Body weight (kg) ICAM-1 (uig/l) VCAM-1 (ng/Ly
Normal control 0982003  321£037 2891600 1690:6.03
Atherogenicgronp 150329.12° 3.0320.63 118:50230.12" 51232900

m— Simvastatin (20 mpkgt 3.43 20.50%% 2.9020.15 6365228 98% 4114781
TFCW QS mekg)  3332080%* 2355030 756022840 41.124890%
IFCW (50 mg 1342050 3035030 42352 1780% 417512330

* 70,08 vs Normal control

Nabi et al. BMC Complement Aiern Med 2016, 16(1),200 -L lacte




Probiotic Soy Product Supplemented with
Isoflavones Improves the Lipid Profile of Moderately
Hypercholesterolemic Men: A Randomized
Controlled Trial
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Probiotic Soy Product Supplemented with

Isoflavones Improves the Lipid Profile of Moderately

Hypercholesterolemic Men: A Randomized

Controlled Trial
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Cardiovascular benefits of probiotics: a review of
experimental and clinical studies

Ram Mohan Thushara, Surendiran Gangadaran, Zahra Solati and
Mohammed H Moghadasian®
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Tushara ¢t . Food and Function, 2016, 7:632




CONCLUSIONS AND COMMENTS

Microbiota plays an important role in the susceptibility and development of CVD.

* Oral infections, such as periodontitis, are related with a greater progression of the atherogenic damage in susceptible
individuals.

* The composition of gut microbiota is a most relevant factor in the development of diet-induced CVD.

* Some association studies demonstrate that the presence of certain microorganisms in the oral microbiota or the gut
microbiota can predict the risk of developing CVD.

* An adequate periodontal treatment in susceptible individuals, as well as the modulation of gut microbiota by means

of prebiotics and/or probiotics may be a suitable strategy to decrease CDV risk.

The studies carried out to date are scarce, and many of them have been carried out on animal models. Therefore, a
greater amount of data is needed in order to be able to make these observations general before offering therapeutic

strategies based on the modulation of microbiota.




MICROBIOTA AND NERVOUS SYSTEM DISEASES

1. Introduction

2. “Microbiota-gut-brain” axis: role of the microbiota in the develop and physiology of the nervous system
« "Microbiota-gut-brain” axis
Skgnailing pathways
Concept of leaky gut and role in neurological disorders
+  Study models: importance of axenic mice for the understanding of the molecular mechanisms associated
*  Temporal nervous system “windows of vulnerability” to the action of microblota
*  Importance of maternal microbiota during pre-natal period and early post-natal life

3. Microbiota and Neurodevelop tal Disorders
*  Autism spectrum disorder
4. Microbiota and Mental Disorders
+  Schizophrenia
. Depression
5. Microbiota and Neurodegenerative Disorders
*  Chronic inflammation associated to aging and instability of the microblota
*  Alzheimer’s Disease (AD)
. Parkinson’s Disease (PD)
+  Amyotrophic Lateral Sclerosis (ALS)
+ Multiple Sclerosis (MS)

6. Gut microbiota modulation as a therapeutic strategy in Nervous System Di: use of prebiotics and/or probiotics




MICROBIOTA AND NERVOUS SYSTEM DISEASES

1. Introduction
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MENTAL DISORDERS

A SIDE EFECT OF ANTIBIOTICS
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MICROBIOTA AND NERVOUS SYSTEM DISEASES

2. “Microbiota-gut-brain” axis: role of the microbiota in the develop and physiology of the nervous system
« “Microbiota-gut-brain” axis
+  Signalling pathways
*  Concept of leaky gut and role in neurological disorders
«  Study models: importance of axenic mice for the understanding of the molecul hand jated
«  Temporal nervous system “windows of vulnerability™ to the action of microbiota
«  Impor of | microbiota during p tal period and early post-natal life




GASTROINTESTINAL AND MENTAL DISORDERS CO-MORBILITY
IS THERE A BIDIRECTIONAL COMMUNICATION SYSTEM?




“MICROBIOTA-GUT-BRAIN" AXIS: ROLE OF THE MICROBIOTA IN THE DEVELOPMENT

AND PHYSIOLOGY OF THE NERVOUS SYSTEM

“Complex bidirectional communication network which incorporates and links microbiota and
intestinal tract signals with cognitive and emotional brain centers through the involvement of the
central nervous system, the autonomic nervous system (sympathetic and parasympathetic), the

enteric nervous system, the neuroendocrine system and the neuroimmune system”.

"MICROBIOTA-GUT-BRAIN" AXIS




Signalling PATHWAYS OF THE “MICROBIOTA-GUT-BRAIN"™ AXIS

(Microbial metabolites

+ Short-chain fatty acids (SCFAs)

.

* Neurotransmitters (GABA, serotonine)
+ Neural Pathway: vagus nerve and enteric system
* Inmune Pathway (cytokines)

« Endocrine Pathway (cortisol)

Qyptophan Metabolism

Rogers et al. Molecular Psychiatry, 2016: Vol 21, 738-748
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Behaviour
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communication
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Brain function
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communication
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CONCEPT OF “LEAKY GUT"

ALTERATION OF THE NERVOUS SYSTEM
-Behavioural disorder
-Cognitive disorder
-Stress
-Visceral pain

HEALTHY NERVOUS SYSTEM

GUT EUBIOSIS

GUT DYSBIOSIS
NORMAL BOWEL FUNCTION BOWEL DYSFUNCTION
Icm:?.:“ O s & accs N wewotransmior (O citokinas I
Key: Pathobiont Symbiont AGCCs Neurotransmitter  Cytokines

Adapied from Borre et al. Trends in Molecular Medicine, Sopt 2014: Vielv 20, No, 9




ognitive Dysfunctio

Kelly et al. Fronticrs n celular Newroscience. Oct 2015, Vel 9,




STUDY MODELS ON THE ROLE OF MICROBIOTA IN THE DEVELOPMENT AND

MODULATION OF THE NERVOS SYSTEM

Microbiota-gut-brain axis

Germ-free studies Probiotic studies
X =
- -
(2*)@
> Fig
—"

Antibiotic studies

Infection studies

1t

Cryan and Dian, Nature Roviews 2012, 13,701.712

Faecal tranzplantation studies
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MICROBIOTA: DEVELOPMENT AND PHYSIOLOGY OF THE NERVOUS SYSTEM

TRENDS i Mowcatar Moscne

Adaptado de Borre ot al. Trends in Molecular Medicne, Sept 2014: Vol 20, No. 9




MATERNAL MICROBIOTA, KEY ELEMENT DURING PRE-NATAL PERIOD

Stress

Malnutrition

Genes
Antibiotics

Infection

Anxety
Autism
Hyperactivity
Depression

Schzophremia

Adaptado de O'Mahoni et al, Neuroscicnee 2015, docarg/10, 10164 neurcseonce, 2015 09 068




Effects of prenatal maternal stress on serotonin and fetal development

Joey St-Pierre *, Laetitia Laurent ', Suzanne King *, Cathy Vaillancourt **

I Nourgec, 2010 Mar 10.30(10) 382630 dol 10 1523 UNEURDSCI 556000 2010

Chronlc consumption of a high-fat diet during pregnancy causes perturbations In the serotonergic system and
Increased anxiety-like behavior in nonhuman primate offspring.

Sulltyian €L, Grayuon 8, Takabashl D Roberson N Maiue A, Bethea CL, Smeh MS, Colonian K, Grave KL

Behey Braun Bes. 2013 Fed 1,238:195-9, doc 10,1015 o 2012.10.0268. Epud 2012001 22

Maternal diet rich In omega-6 polyunsaturated fatty acids during gestation and lactation produces autistic-like
sociability deficits in aduit offspring.

o Bohe 2015 Nov, 78 15361 dor 10 10101 yhoeh 2044 04 008 Egut 2015 Apr 24

Maternal high-fat diet programming of the neuroendocrine system and behavlor.
Sifivan EL', Riper K2, Lockard R?, Valleay JG*.

) Auesem Doy Disced. 2010 Dac 40(12) 142330 dal 10 1007/210803.010-1006-

Maternal infection requiring hospitalization during pregnancy and autism spectrum disorders.

Prog Neurcosyehopharmacol Diol Peychioty. 2016 Jun 21.71.78-02. 0ol 1010181 papte.2016.08.010. [Epub ahead of pring]

Maternal gut and fetal brain connection: Increased anxiety and reduced social Interactions in Wistar rat
offspring following peri-conceptional antibiotic exposure.

Degcoole 3, Hunting D, Baccarein A8’ Taxser L',




Behavioural disorders associated to changes in the maternal microbiota induced by the administration

non-absorbable antibiotics during the gestation period
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Behavioural disorders associated to changes in the maternal microbiota induced by the administration

non-absorbable antibiotics during the gestation period
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MICROBIOTA AND NERVOUS SYSTEM DISEASES

3. Microbiota and Neurodevelopmental Disorders
Autism spectrum disorder




AUTISM SPECTRUM DISORDER

MICROBIOTA AND NEURODELOPMENTAL DISORDERS

Neurobiological disorder whose main manifestations are a great inability to interact and communicate as well as

restrictive and repetitive behaviour patterns.

2. Unknown eticlogy: genetics, gene-environment interaction.

. Gastrointestinal disorders are a common symptom in this type of disorder.




Reduced incidence of Prevotella and other fermenters in intestinal microflora

of autistic children.
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Faecal Microbiota and Metabolome in children with Autism Disorder (AD) and Fecal y

Metaboloma de nifos con Autismo (AD) and Pervasive Developmental Disorder Not Otherwise
Specified (PDD-NOS)
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MICROBIOTA AND NERVOUS SYSTEM DISEASES

4. Microbiota and Mental Disorders
*  Schizophrenia
. Depression




MICROBIOTA AND MENTAL DISORDERS

SCHIZOPHRENIA DEPRESSION

* Altered mood
» Associated to anxiety disorders.

« Distortion of reality perception
+ Etiology: genetics, social factors (stress),

drugs, prenatal environment disruption. » Influence of genetic, biological and

psychosocial factors.




MICROBIOTA AND SCHIZOPHRENIA

Composition, taxonomy and functional diversity of the oropharyngeal microbiome in
individuals with schizophrenia and controls
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* Increase in Firmicutes

* Reduction in Bacteroidetes

Green: Actinobactena, Orange: Bacteroidetes. Blue: Firmicutes. light green:
Protecbacteria
Castro-Nallar et al. 2015, Peer J, DOI 10.7717/poen 1140




Oropharynx microbiome in schizophrenic patients: Increase in lactic acid producing

Nasop;namx T
Tongue -
Oropharynx

species such as Lactobacillus y Bifidobacterium

Castro-Nalar et al. 2015, Peer J, DOI 10.77 17/poer. 1140

Effectsize  Effectsize  pvalue Phylum Genus Species

(log2fold  standard  (BH

change) error adjusted)
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+ Increase in Metabolic Pathways involved in the Transport of Metabolites and Amino Acid Metabolism
+ Reduction in Lipid and Carbohydrate Pathways
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Transferring the blues: Depression-associated gut microbiota induces

neurobehavioural changes in the rat
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Lower abundance and diversity of microorganisms in the fecal microbiota of patients

with depression
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Inflammatory and stress response phenotype alteration in individuals with

depressive disorder
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Recolonized mice show an altered microbiota composition after fecal

Ll

Kelly ot al. Journal of Psychiatnc Research, 2016, Vol 82 105-118
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Depression phenotype acquisition after fecal transplant
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MICROBIOTA AND NERVOUS SYSTEM DISEASES

5. Microbiota and Neurodegenerative Disorders
«  Chronk inflammation associated to aging and instability of the microblota
+  Alzheimer’s Disease [AD)
*  Parkinson’s Disease (PD)
+  Amyotrophic Lateral Sclerosis (ALS)
«  Multiple Sclerosis (MS)




MICROBIOTA AND NEURODEGENERATIVE DISEASES
Alzheimer's

Multiple
Sclerosis




Degenerative Disorders

“Chronic Inflammation and Instability of the Microbiota”

Inflammation (TNF-a)

Innate Immune Response

A i\\__lx\ In Ia I~e\i

|

[

st 7T s




Brain Alrophy in Advanced Alzheimer's Disease

MICROBIOTA A LZHEIMER'S DISEASE

Neurodegenerative disorder characterized by cognitive impairment and
behavior disorders (short-term memory loss)
Anatomically, neurofibrillary structures appear by the aggregation of
beta amyloid peptide or Tau (senile plaques)
Unkonw etiology, although it is believed to be a prion process.
Cholinergic hypothesis
Beta amyloid and Tau hypothesis
o Metabolic disorder hypothesis: hyperglycemia and insulin
resistance

There are inherited forms: mutations (APP, Presenilin 1, 2)




Antibiotic-induced perturbations in gut microbial diversity
influences neuro-inflammation and amyloidosis in a murine

model of Alzheimer’s disease

Microbial composition
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Relative abundance (%)
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Minter ot al. Scentific Reports, 2016. Jul 21.6:30028 doc 10.1038/srcp30028
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Microbiota perturbation is related to a smaller infiltration of microglia and astrocytes in

the amyloid plaque

Plaque-localised microglia
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Serum IgG Antibody Levels to Periodontal
Microbiota Are Associated with Incident
Alzheimer Disease

( High anti-A. naeslundii titer (>640 ng/ml) was associated with increased risk of\

Alzheimer’s Disease (HR=2,0, 95%:1,1-3,8)

+ High anti-E. nodatum IgG (>1755 ng/ml) was associated with lower risk of

leheimer's Disease (HR=0,5, 95%CI:0,2-0,9) j

Nobie et al. PLoS One, 2014, Dec 18;% 12):e114959. doc 10.137 1/jcumal pone 0114950




Link between Oral Microbiome, Aging and Alzheimer's

Shoemark and Allen. Journal of Alchamer's Drsease, 2015, 43.725-738
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MICROBIOTA AND PARKINSON'S DISEASE

+ Neurodegenerative disorder characterized by the progressive loss of

dopaminergic neurons in the substantia nigra (SN).

+ Characteristic appearance of a-synuclein aggregates in the so-called
Lewy bodies.

« Affected individuals show cognitive, emoctional and autonomous
disorders. The most common symptoms are resting tremor, muscular
hypertonia, loss of postural reflexes and segmental cephalic tremor,
among others.

» Unknown etiology, possibly multifactorial.




Colonic bacterial compaosition in Parkinson's Disease
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Reduction in butyrate producing bacteria present in the feces and increase of pro-

inflammatory bacteria in the colonic mucosa.

Keshavaraan o al. Movement Dresonder, 2015, 30010; 1351-1360




Number of KOs significantly more abundant in HC or
PD
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Reduction in genes involved in the metabolism and increase in genes related to

polysaccharide synthesis and bacterial secretion
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Relationship of gut microbiota and the clinic phenotype in Parkinson’s

Family Control vs. PD
Prevotellace a2 1.490
[1.005-1.9786],
36,179, <0.001
Lactobacllaceas -5.09%6
[~6.180 - ~4000},
83.151, <0.001
Vermucomicrobiaceae 1126
[~1784 - -0.468)
11254, 0.001
Bradyrhizobiaceae 2.368
[~3.069 - -1.666),
43.748, <0.001
Clostridigles Incertae 144
Sedis N [0.613-2.269),
11628, 0.001
Ruminococcaceae 52.526

(~317.204-212.151),

0.151, 0.697

Scherpagan ot al. Movemoent Drsorder, 2015. 30(3): 350-358
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MICROBIOTA AND AMYOTROPHIC Lateral Sclerosis (ALS)

Nerve Cells
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Normal ALS
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Neurodegenerative disorder charactenzed by the progressive loss of motor neurons
in the cortex, brainstem and spinal cord
Affected individuals suffer from a progressive atrophy and weakness of skeletal,
spinal and bulbar muscles, which eventually leads to death
There are vanants: Existen vanantes: juvenie and infantile spinat muscular atrophy,
primary Lateral Sclerosis, spinal and butbar muscular atrophy
Unknown etiology, possibly MULTIFACTORIAL

o Familiar (5-10%): SOD, TARDBP, C2orf72

> Sporadic (90-95%)




Hypothesis: A motor neuron toxin produced by
a clostridial species residing in gut causes ALS

W.T. Longstreth Jr.®%<" J.S. Meschke, S.K. Davidson®, L.M. Smoot®,
J.C. Smoot®, T.D. Koepsel[><"
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Hypothesis: Gut as source of motor neuron toxin
in the development of ALS

Presynaptic
neuron

Postsynaptic
neuron

Excitotoxicity

Kancko and Hachiya. Mod Hypotheses 2006, 66(2)438-9




Circulating endotoxemia and immune system activation in sporadic ALS

p <0.05
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Leaky gut and microbiome alteration in a Amyotrophic Lateral Sclerosis model
(SODGQBA)
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MICROBIOTA AND MULTIPLE SCLEROSIS

Normal Multiple Sclerosis + Chronic Central Nervous System Disease of an autoimmune nature, which affects the
; o brain's myeline and the spinal cord.
: v ¢ + Coordination and balance problems, muscular weakness, vision disturbances,
-2 & o B difficulty in thinking and memorizing, itching sensation, numbness. ..
3 * Unknown etiology

| e e et
\ o  Genetic factors: 200 genes identified
*
NG o  Environmental factors: smoking, lack of vitamin D




Human gut microbiota alterations in Multiple Sclerosis
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Correlation of differential fecal microbiota in patients with Multiple Sclerosis and its

inflammatory phenotype
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Human fecal microbiota differences in Multiple Sclerosis
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MICROBIOTA AND NERVOUS SYSTEM DISEASES

Di

'

6. Gut microbiota modulation as a therapeutic strategy in Nervous Sy

use of prebiotics and/or probiotics




GUT MICROBIOTA MODULATION AS A THERAPEUTIC STRATEGY IN NERVOUS
SYSTEM DISEASES




Maternal diet-induced social and synaptic deficits can be reversed by means

of microbial reconstruction
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Table 1. Species Whose Abundance Is Reduced in the Gut Microbiota of MHFD Offspring

Species of Interest MRD Representation MHFD Representation
w—  Lactobacilus reuter 74930 0879 + 021
Parabacteroides distasonis 0.00709 + 0.0055 0.00126 + 0.0011
Helicobacter hepaticus 735:24 258:13
Bacteroides uniformis 549222 2,07 078
Olsanella unclassified 0.230 = 0.064 0.121 £ 0.031
Collinsalia unclassified 0.0866 = 0.031 0.0494 + 0.016
Bifidobacterium pseuddolongum 194:33 113+24
Lactobaciius johnsonii 245:862 171:52

Bulfington of al. Col 2016 Jun16: 165(7) 1762-75




Improvement of intestinal constipation in patients with Parkinson’s Disease using a

combination of a blend of probiotics and fiber

Complets bowel movements during the study

Baseline Treatment pedod

3.8
36+
344
3.2
3.0
2.8+
28
244
224
2.0
18

Complete bowel movements (n)

16

= Expermental
© Placebo

Banchesa el 3l Neurology, 2016, 87
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Galactooligosaccharide improves survival and alleviates motor neuron death in

SOD1G93A mouse model of amyotrophic lateral disease (ALS)
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Mixture of Lactobacillus strains improves Autoimmune Encephalomyelitis
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GENERAL CONCLUSIONS

The composition of gut microbiota can affect the development and physiology of the Nervous
System through the “microbiota-gut-brain” axis.

The Nervous System “window of vulnerability” to the action of the microbiota takes place during all
the lifespan.

Neurodevelopmental disorders and mental disorders can be related to alterations in the maternal
gut microbiota and early factors affecting the colonization process.

Neurodegenerative disorders present a chronic inflammation that can be related to the alteration of
the gut microbiota or the oral microbiota.

The reconstitution of the gut microbiota balance by means of probiotics appears as a powerful

therapeutic strategy against neurological diseases.




Supplementation with Probiotics as a therapeutic strategy in infantile Autism

Study design and
Authorlyear Study group level of evidence Clinical outcomes Resdts Comments
Kaluana-Casplinsia Pationts: children with autism  Cohort study Level of concentration  Improvoment in abilty 1 Risk of selection and
ard Blasxenk 2012°  (n=23). Interveation: oral Level 3 and ability to carry concentiate and carry out erders  perfanrance bias was
supplamentation of out order on probiotic therapy but no bigh
Lactodacilius ackicohllus strain difference in behavioural
twice daly for 2 months. respenses o other people’s
Controks: self, before the omno
treatmer
ATIMS € 3 211 Patients on problotics (n=19)  Case—control study 1. Outcome- to assess  ATEC scores were not provided — The type of probiotic
v no probiotics (n=38) n a Level 4 the saverity of for probiotic of the controd arm  cegenism, dose, duration
subgroup of patients with ASD gastrointestnal of supplementation is
Intenvention: ene symptoms in ASD. pot provided
2. Autism symptoms
assessed with the
ATEC
Patocho etal 2010  n=62 Intarventon: Double-bind Behaviour scores were  Scores for disruptive angsodial Low risk for selection
Lactodacilus plantarum WCSF1  placebo-controlied, assessed using a behaour, anxety problems and  and performance bias in
for 12 weeks crossover design quessomnaice communication dsturbances view of biinding.
Level 2 were higher in the plcabo Very high dropout rates
goup
Tomova et of 2015° n=10 Cohort study Severity evaluated CARS and behavicur not studied  Risk of selection bias
Controls: 9 dblings of avtism ~ Level 3 using CARS after prebictic supplementation  high

and 10 unrdated conroks,
Swpisments: combinaticn af
Lactobacilus, Bifiaobxctes, and

Seepiococ, three times & day
for 4 monthe

ASD, autism specum diorder; ATEC, Ausam Treatraent Evaluation Chedkdist CARS, Childhood Autism Rating Scale.

Sanwasys ot @ 2015, Arch Dis Chicld , 100(5)




Treated mice present a smaller plaque size, associated to higher levels of soluble beta

amyloid
Plaque size
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Control dam AB-treated dam

Groups of offspnng
-Control
fostered by and boen from Control dam
J— -FMAB TMControl
fosterod by AB-treated dam and bom from Control dam
-FMControl TMAB:
fostered by Control dam and born from AB-troated dam

A

The pups were exchanged at P1.
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