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FIGURE 1 Design of the PREDIMED (Prevencion con Dieta
Mediterranea) study. CVD, cardiovascular disease; EVOO, extra-
virgin olive oil; MeDiet, Mediterranean diet.
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Directassociations with CVD remaining after
correction for multiple testing




Inverse associationsvith CVD remaining
aftercorrectionfor multiple testing




score= lipid level * # carbon atoms * (# double bonds + 1

Lysophosphatidylethanolamines 2 47 (1_44 - 4_25) 004
Phosphatidylethanolamines 1.60 (0.97 - 2.63 .039
Diacylglycerols 1.58 (0.95 - 2.63) .010
Cholesterol esters 0.40 (0.23 -0.70 .002




1-year change in lipid signal

- MeDiet+EVOO vs control
p=0.017 (95%CI 0.010,0.024; p<0.001)
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Changes In total lipidome by
dietary intervention

MedDiet + EVOQO vs. control ~+ nS

MedDiet + nuts vs. control ns ns
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Plasma Arginine/Asymmetric Dimethylarginine
Ratio and Incidence of Cardiovascular Events:
A Case-Cohort Study

Edward Yu,' Miguel Ruiz-Canela,?® Frank B. Hu,'*> Clary B. Clish,®

Dolores Corella,®’ Jordi Salas-Salvadé,3® Adela Hruby,® Montserrat Fit6,31°

Liming Liang,"! Estefania Toledo,?3 Emilio Ros,'? Ramén Estruch,®!3
Enriqgue Gémez-Gracia,*'? Jose Lapetra,®'® Fernando Aros,>1®

Dora Romaguera,3'17'18 Lluis Serra-r\/lajem,3'19 Marta Guasch-Ferré,’
Dong D. Wang,! and Miguel A. Martinez-Gonzalez*3

J Clin Endocrinol Metab. 2017 Mar 2. doi: 10.1210/jc.2016-3569. [Epub ahead of
print]
PMID: 28323949
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Emerging TRP-KYN pathway




Increases in Plasma Tryptophan Are Inversely

Associated with Incident Cardiovascular
Disease in the Prevencion con Dieta
Mediterranea (PREDIMED) Study'3

Edward Yu,* Miguel Ruiz-Canela,”® Marta Guasch-Ferrg,*®° Yan Zheng,* Estefania Toledo,””

Clary B Clish,™ Jordi Salas-Salvadé,”'° Liming Liang,” Dong D Wang,* Dolores Corella,>!?

Montse Fitd,”!3 Enrique Gémez-Gracia, ' José Lapetra,g’“ Ramén Estruch,’*¢ Emilio Ros,
Montserrat Cofan,”'” Fernando Ards,”'® Dora Romaguera,”'® Lluis Serra-Majem,®*° Jose V Sorli,>'?

Frank B Hu,*%?! and Miguel A Martinez-Gonzalez*"~*
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FIGURE 1 Multivariate adjusted HRs (95% Cls) of composite CVD
by Qs of baseline kynurenine risk score stratified by intervention group
(Mediterranean interventions combined compared with the control
group) among participants with available data for all 5 metabolites
under study (n = 896). MedDiet, Mediterranean diet; Q, quartile.
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Guasch - Ferre, et al. Gut microbiota related plasma metabolites and risk of
cardiovascular disease in the PREDIMED  Study (submitted )

TMAO, betaine , choline , phosphocholine
alphaglycerophosphocholine , proline ',
hydroxyproline , and allantoin

a) Metabolite scor b) Betaine choline ratio
4,0 1,6
P trend < 0.001 P trend = 0.04
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Adjusted tor age, sex, body mass index, family history of premature heart disease, smoking,
physical activity,hypertension, dyslipidemia, and diabetes, and stratified by intervention group



Metabolomics <

Prediined
“" Prevencidn con Dieta Mediterrdnea

N—

CVD

(2013-2017) 3

12D

BCAA
GIn/Glu

Carnitines

e Ceramides

o Targeted lipids

Lipidomics ... << e« PCA

Urea cycle
Trp/ Kynur .
Gut-microbiota
Others

MedDiet Footprints

<

(2014 -2018)

e Syst. Review
e BCAA

e Pending / Other

« Pathways - Networks

* Non- targeted

e RCT intervention
e P14
e EVOO /Nuts



Metabolomics <
Prediined

CVD
(2013 -2017)

<

« BCAA e
e GIn/Glu « Ceramides
« Carnitines o Targeted lipids
e Lipidomics ... =< <+ PCA
» Urea cycle « Pathways - Networks
o Trp/Kynur . * Non- targeted
—

e Gut-microbiota
e Others

+ RCT intervention

MedDiet Footprints « P14
« EVOO [/ Nuts

T2D
(2014 -2018)

N—

<

» Syst. Review
« BCAA

 Pending / Other

—



MetabolomicfootprintsMedDiet

e RCT: @{d\o?

I l ~

. L | l
— MeDiet+EVOO vs. Controt discrimination .é s %
— MeDiet+nuts vs. Controt discrimination Memj}a‘,oo ikl Eomesi el

« l4-itemscreeneassessingdherence

— Baseline
— Repeatedneasurements-y

 Food Frequencyquestionnaire§0, 1-y)

tyl today

— EV O O Gutdelines for Adlt popuiat
— Nuts




Metabolomics <

Prediined
“" Prevencidn con Dieta Mediterrdnea

N—

CVD

(2013-2017) 3

12D

BCAA
GIn/Glu

Carnitines

e Ceramides

o Targeted lipids

Lipidomics ... << e« PCA

Urea cycle
Trp/ Kynur .
Gut-microbiota
Others

MedDiet Footprints

<

(2014 -2018)

e Syst. Review
e BCAA

e Pending / Other

« Pathways - Networks

* Non- targeted

e RCT intervention
e P14
e EVOO /Nuts



Metabolomics <
Prediined

CVD
(2013 -2017)

<

BCAA
GIn/ Glu

Carnitines

e Ceramides

o Targeted lipids

Lipidomics ... =< <« PCA

Urea cycle

Trp / Kynur .
Gut-microbiota
Others

MedDiet Footprints

12D

(2014 - 2018)

—

» Syst. Review
« BCAA

 Pending / Other

« Pathways - Networks

* Non- targeted

* RCT intervention
e P14
e EVOO /Nuts



Dietary interventions, metabolites and risk of T2D
NIH/NIDDK  -RO01DK 102896 Sep 1, 2014 — Ago 31, 2018
Case-cohort study

« Baseline metabolites & metabolite 1-y change AT2DM
« MeDiet AEChanges in metabolites /A& BT2DM




T2D grant : Specific aims
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Diabetes Care 2016:39:833 -46
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Plasma amino - acids, their changes after a Mediterranean diet intervention
and risk of type 2 diabetes: The randomized PREDIMED Trial
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Plasma amino - acids, their changes after a Mediterranean diet intervention
and risk of type 2 diabetes: The randomized PREDIMED Trial

Working report
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GIn' Glumechanisms

GIn and Glu are transformed into each other as part of
numerous physiological processes. Cycling between GIn and
Glu is regulated by the activity of glutamine synthetase and

glutaminase , enzymes that have wide tissue distribuion

The proposed mechanisms underlying the beneficial effects
of GIn include a wide range of metabolic pathways , such as
stimulation of insulin secretion via enhancing release of
glucagon -like peptide 1 and improvement in insulin
sensitivity .

Furthermore , GIn has a regulatory capacity in immune cell

modulation and has antiobesity and antidiabetic effects .



Acylcarnitinemechanisms

e meateaterstend to haveincreasedcconcentrationof
acylcarnitinesand other metabolites

« Variousshort andlong-chainacylcarnitinegpossess
atrimethylaminemolety, andconsequentlythey are
likelyto beinvolvedin gut microbe-dependent
pathwaysthat contribute to the formation of
trimethylamineandtrimethylamineN-oxide, which
may increaserisk of atherosclerosisaind
consequenthof CVD

 acylcarnitineconcentrationshavebeenassociated
with increasedisksof insulinresistanceandtype 2
diabetes




Acylcarnitinemechanismsg2)

 Theaccumulationof acylcarnitinesnaybe indicativeof
iInefficientb oxidationandaltered mitochondrial

metabolism

— Acylcarnitinesare derivedfrom both fatty acidand amincacid
betaoxidation

— Themainfunctionof L-carnitineisto transportfatty acidsfrom the cytosol
to the mitochondrialmatrix where beta oxidationtakesplace;this process
resultsin the esterificationof L-carnitineto form acylcarnitinederivatives

 Advancedageleads toanimpairedflux of
carnitinesthroughthe mitochondrialpathway

therebyreflectingmitochondrialdysfunction
— anincreasednitochondrialproductionof reactiveoxygen
speciedhat enhancessasculannflammationandcontributes
to alterationsin the compositionof plaque and tats rupture



Ceramidanechanisms

precursorsof complexsphingolipids

aberrantaccumulationof ceramidesnaylead tothe
activationof severalsignalingand putative targetsthat
iImpairnormalcellularfunction, includinginsulinaction
excesgle novoceramidebiosynthesiss linkedto
cellularstressstimuli, especiallyto the exposureto

saturatedfree fatty acids(FFA$

Ceramidedfhavebeenproposedasanintermediatelink
betweenovernutrition andcertainunderlying

abnormalitiesdrivingcardiometabolia

ISeasaisk

Includinginsulinresistanceandlow-gradeinflammation



Ceramideamechanismg2)

» Earlierstudiesusingculturedcellsand animaimodels
suggestedhat endogenouseramidesantagonized

iInsulinstimulatedglucoseuptakeandanabolismby
blockingactivationof Akt/PKE aserind threonine
kinasethat is obligatefor insulinand growth factor
activationof anabolismandcell survival

 humanstudieshaveobservedpositivecorrelations
betweenplasmaceramideconcentrationsandinflam-
matory makers(eg, interleukin-6 and tumor necrosis
factor- r), suggesting relationshipbetweenexcess
ceramidesandinflammation



Ceramidanechanismg3)

« pharmacologicainhibition of ceramide
biosynthesigpreventsatherogenesis

o Ceramidesandother sphingolipidanay
contributeto plagueerosionandtherefore
Inducethrombosis

* Thesestudieson plagueformation alsofound
that inhibition of ceramidebiosynthesiauseda
reductionof circulatingtotal cholesteroland LDL



Lipidomemechanisms

 Thedetrimental effect of saturationin
triacylglycerolsmaybe attributable to the higher
atherogenigootential of saturatedfats

* cholesterol esters, with longer and more

unsaturated acyl chains associated with lower
the risk of CVD Is consistent with a lower
diabetes risk observed by Rhee et al., although
the association they observed disappeared after
multivariable adjustmeni Clininvest
2011;121:14021




Lipidomemechanismg2)

* Phosphatidylcholines are membrane lipids that are the
most abundant lipids in mammal plasmmeembranesif
phosphatidylcholines with shorter chains and more
highly saturated acyl chains are available, this could
confer less fluidity to the cell membranes

* long-chain fatty acids, with many carbon atoms and
many double bonds (i.e. lorgthain PUFA), mainly
omega3 PUFAS, are associated with reduced
triglyceride levels, reduced myocardial oxygen demands
and beneficial changes in endotheli@hction, together
with reducedheartrate (andlower heartrate
variability) anddecreasedlood pressure



Lipidomemechanismg3)

« SFA witha lower number of carbon atoms (16:0) are known
to exert more detrimental effects on lipids and
cardiovascular disease than those with a higher number of
carbon atoms (18.0¥¢pnget al, BMJ 206;355:15796).

 LongchainPUFA are also precursors to bioactive lipid
metabolites, including specialized presolving
mediatorsand cytochrome P45@Qeneratedmonoepoxides
(Arnold et alPharmacoRep 2010;62:53@erhan Am J
Pathol2010;177:157%

e hydroxyphosphatidylcholinesanbe formedasadducts
underconditionsof oxidativestress and/onnflammation
and maybe componentsof oxidizedLDL thusincreasinghe
riskof CVD




Ureacyclemechanisms

 TheFraminghanOffspringcohortreporteda significantly
lower risk of CVVDassociatedvith the arginindADMA ratio

* A metaanalysif 22 prospectivecohort studieswith a
meanfollow-up time of 7.1yearsreportedarobust
associatiorbetweenADMAconcentrationsand higherrisk
of subsequentCVDevents(Willeit et al,J Am HearAssoc
2015;4:e001833)

e High ADMA in concert with low NO has been reported to
propagate a variety of harmful detrimental processes
biologically related tatherosclerosis:freaadical
generation, smooth cell proliferation, systemic
Inflammation, and endothelial dysfunction




Ureacyclemechanismg2)

Arginine(andonly L-argining isthe requiredsubstrate
for all isoformsof the enzymeNOS to produc&lO

NOis acknowledgeds apowerful short-life vasodilator
with animportant defensiverole againstischemic
diseaseghroughendothelialsmoothmusclerelaxation

Inhibition of arginase acompetitiveinhibitor of argt
nine, improvesvasculainntegrity, andprotectsagainst
Ischemiainducedinjury



TRP/KYNhechanisms

Indoleamine2,3-dioxygenaselDO, anenzyme
catalyzinghe rate-limiting stepin the kynurenine
pathwayof tryptophan degradationis stronglyinduced
by inflammationin severalissues includingthe artery
wall

IFNgammaplaysa central role irthe activationof IDO
andsubsequendegradationof tryptophan

however activationof the kynureninepathwayhasalso
beenshownto haveanti-inflammatoryeffects

activationof the tryptophankynureninepathwaymay
be acompensatorynechanisnto, ratherthan a cause
of, Inflammationand cardiovasculatysfunction



TRP/KYMechanismg2)

Treatmentof humanperipheralblood mononuclearcellsand
monocytederivedmacrophagesvith IFNg attenuatedthe
extentof LDLoxidation andtryptophandegradationin
concertwith 3-HAAformation wasinstrumental inthis
Inhibitory effect.

3-HAAhasalsobeenindependentlyidentified ashaving
antiatherogenigropertiesby regulatinglipid me- tabolism
andinflammation

Otherexperimentalstudiessuggest beneficiakffect of IDO
onthe vasculature

IDOdeficientmicefed highfat diets showedmarked
Increasesn F4/80 and TNRRNAconcentrations aswell as
greaterhepaticinflammationcomparedwith control mice



Gutmicrobiotarelated metabolites



Gutmicrobiotarelated metabolites(2)

« Alterations in the gut microbiome have been
previously related to multifactorial diseases such
as obesity, T2D and CVD, probably through
several mechanisms including
« modulation of host energy metabolism
e gut epithelial permeability
e gut peptide hormone secretion
e and increasing metabolic endotoxemia and
iInflammatory  status.
 However , the association between plasma gut
microbiota related metabolites, identified using
novel high -throughput metabolomics techniques,
and the incidence of CVD in a population -based
level have only recently been reported.



Gutmicrobiotarelated metabolites(3)

e dietary phosphatidylcholine/choline can be
converted by the intestinal microbiota into
trimethylamine and subsequently converted into
TMAOQO by hepatic flavin -containing
monooxigenases and TMAO has been linked with
CVD pathogenesis

e In vivo and in vitro studies suggestthat choline
metabolites may increase the risk of
atherosclerosis and coronary heart disease

e The ability of oral broad -spectrum antibiotics to
temporarily suppress the production of TMAO
suggests that intestinal microorganisms may play
an important role in the production of TMAO from
phosphatidylcholine in humans



