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Metabolites
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Methods to measure metabolomics

* Mass Spectometry (separation on mass)
* Nuclear Magnetic Resonance (separation on the capacities of
absorbsion and re-emission of electromagnetic radiation)
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Nightingale Health (formerly known as Brainshake)

BRAINSHAKE®

TRANSFORMING MEDICINE

https://nightingalehealth.com/science/biomarkers
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Nightingale Health (formerly known as Brainshake)
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Nightingale Health (formerly known as Brainshake) /

BRAINSHAKE
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Nightingale Health (formerly known as Brainshake) /

ONE BLOOD SAMPLE ONE TEST OVER 200 METABOLIC BIOMARKERS
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http://www.computationalmedicine.fi/platform#metabolites:glycolysis
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Nightingale Health (formerly known as Brainshake)
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228 METABOLIC MEASURES

Ketone bodies (mmol/l)

® Acetate
Acetoacetate
® 3-hydroxybutyrate

Glycolysis related
metabolites (mmol/l)

Glucose
Lactate
Pyruvate
Citrate
Glycerol

Inflammation (mmol/l)
* Glycoprotein acetyls

Fatty acids and saturation

* Total fattyacids
¢ Estimated degree of unsaturation

Fatty acids
(mmol/l and % of total FAs)

*o Omega-3 fatty acids )
eo Omega-6fattyacids——
*o Polyunsaturated fatty acids

eo Monounsaturated fatty acids; 16:1,18:1

eo Saturated fatty acids
*° Docosahexaenoicacid; 22:6
*0 Linoleicacid;18:2

https://nightingalehealth.com/science/biomarkers

Amino acids (mmol/l)

Alanine

Glutamine

Glycine

Histidine
Branched-chain amino acids
* |soleucine

® leucine

* Valine

Aromaticamino acids
e Phenylalanine
o Tyrosine

Cholesterol (mmol/l)

VLDL cholesterol
LDL cholesterol

HDL cholesterol
HDL, cholesterol
HDL; cholesterol
Cholesterol

Free cholesterol
Esterified cholesterol
Remnant cholesterol

mmol/l

25

Apolipoproteins (g/1)
e ApoA-l

ApoB
@ ApoB/ApoA-|

% of total FAs

BRAINSHAKE

Fluid balance
e Creatinine (mmol/l)
¢ Albumin (signal area)

/ CVover10%

CV below 5%

Glycerides &
phospholipids (mmol/l)

VLDL triglycerides

LDL triglycerides

HDL triglycerides

Triglycerides

Phosphoglycerides

Ratio of triglycerides to phosphoglycerides
Phosphatidylcholine and other cholines
Sphingomyelins

Total cholines

* ® ¢ O ® e & s @

Lipoprotein particle size (nm)

Mean diameter of VLDL particles
* Mean diameter of LDL particles
*  Mean diameter of HDL particles

14 LIPOPROTEIN SUBCLASSES

12 lipid measures for each subclass

oo Esterified cholesterol (mmol/l and % of total lipids)
*o Free cholesterol (mmol/l and % of total lipids)

oo Triglycerides (mmol/l and % of total lipids)

ec Phospholipids (mmol/l and % of total lipids

oo Total cholesterol (mmol/l and % of total lipids)

* Total lipids (mmol/l)

*  Particle concentration (umol/l)
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Metabolite Profiling and Cardiovascular Event Risk
A Prospective Study of 3 Population-Based Cohorts

Peter Wiirtz, PhD; Aki S. Havulinna, DScTech: Pasi Soininen, PhD; Tuulia Tynkkynen, PhD:
David Prieto-Merino, PhD: Therese Tillin, MBBS; Anahita Ghorbani, MD; Anna Artati, PhD;
Qin Wang, MSc; Mika Tiainen, PhD: Antti J. Kangas, MSc: Johannes Kettunen, PhD;
Jari Kaikkonen, MSc; Vera Mikkild, PhD; Antti Jula, MD, PhD; Mika Kiihénen, MD. Ph
Terho 1 ehtimiki MDD PhDD: Debhie A T awlor MDD PhDD* Tom R Gannt PhD-

METABOLISMCLINICALANDEXPERIMENTAL 65 (2016) 111-121

w\ Available online at www .sciencedirect.com W Ti
- "y Clinical and Experimental
nature . s
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www.metabolismjournal.com
ARTICLE
Received 3 Jun 2015 | Accepted 24 Feb 2016 | Published 23 Mar 2016 DOk 10.1038/ncomms1T122 OPEN

Abdominal obesity and circulating metabolites: W) o

Genome-wide study for circulating metabolites A twin study approach

identifies 62 loci and reveals novel systemic effects
of LPA

Leonie H. Bogl®*?, Sanna M. Kaye" ', Joel T. Rim&", Antti J. Kangas **, Pasi Soininen®:®,

Johannes Kettunen et al.* Antti Hakkarainen, Jesper Lundbom?, Nina Lundbom/, Alfredo Ortega-Alonso©,
Aila Rissanen® 9, Mika Ala-Korpela

dehi jaakko Kaprio® -2, Kirsi H. Pietildinen” ©*?




Metabolomics association with disease

Metabolic Signatures of Insulin Resistance in 7,098

Young Adults

Metabolomics

Peter Wiirtz,1'?? Ville-Petteri Miikinen,"** Pasi Soininen,'® Antti J. Kangas,! Taru Tukiainen,'?
Johannes Kettunen,>” Markku J. Savolainen,'® Tuija Tammelin,? Jorma S. Viikari,'°

Tapani Ronnemaa,'® Mika Kihonen,!! Terho Lehtimiki,'? Samuli Ripatti,>"'* Olli T. Raitakari,'*'"
Marjo-Riitta Jiirvelin,®'®'"'® and Mika Ala-Korpela®®®
Pathophysiology/Complications

ORIGINAL ARTICLE

Circulating Metaholite Predictors
of Glycemia in Middle-Aged Men

and Women

Peter Wortz, pup' 2

Mkt Tounen, msc'? )
ViLLe-PETTERE MAKINEY, Dsc'
ANt KANGAS, Mse

Past SoiNew, i’

Juna Savtevo, mp, pup”

Sirkka KENANEN-KIUKAANNIEMIE, MD, PHD

PEKKA MANTYSELKA, MD. I'IID\‘ o

Terno LEHTIMAKI, MD, u
MARKKU Laakso, Mp, pn'
ANt Juia, v, e’
Mika KAHONER, M. rp'*

OBJECTIVE —Metabolite predictors of deteriorating glucose tolerance may elucidate the
westigated associations of circulating metabolites from
high-throughput profiling with fasting and postload glycemia cross-sectionally and prospec-

pathogenesis of type 2 diabetes. We

tively on the population level

ype 2 diabetes is characterized by a

long progression period belore overt

disease onset (1,2). Metabalic per-
turbations characterizing and contribut-
ing to the disease development may be
observed already in the prediabetic state
(3.4). Knowledge on systemic metabolites
associated with deteriorating glucose tol-
erance may elucidate the pathogenesis of
diabetes and holds potential for preven-
tion. Comprehensive metabolic profiling
is therefore increasingly used to provide

Pathophysiology/Complications
ORIGINAL ARTICLE
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Branched-Chain and Aromatic Amino
Acids Are Predictors of Insulin Resistance

in Young Adults

Perer WiRTZ, PHD
Past SOININEN, PHD
Ant1 . Kangas, Msc®

Fapant RONNEMAA, MD, l’IIl)
Terno LenTiMAKL, MD, PHD’

12
23

Mika KAHONEN, MD, pup®

JOrMA S. VIIKARI, MD. pupt
Orr T. RAITAKARI,
Mika ALa-KoreeLa, pp>>

Furthermore, the circulating concentra-
tions of branched-chain amino acids (iso-
leucine, leucine, and valine) and aromatic
amino acids (phenylalanine and tyrosine)
were recently shown to be associated with
the risk of future hyperglycemia and overt
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OPEN a ACCESS Freely available online

Biomarker Profiling by Nuclear Magnetic Resonance
Spectroscopy for the Prediction of All-Cause Mortality:
An Observational Study of 17,345 Persons

Krista Fischer'®", Johannes Kettunen?3*?, Peter WiirtzZ*®", Toomas Haller', Aki S. Havulinna3,
Antti J. Kangas", Pasi Soininen®®, Ténu Esko'%7%%1° Mari-Liis Tammesoo', Reedik Méigi1, Steven Smit’,

Aarno Palotie?®'", Samuli Ripattiz'”, Veikko Salomaa®, Mika AIa-KorpeIa“’s'n’, Markus Perola™?',
1,139
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Liver

INTERNATIONAL

Liver International IS5N 1478-3223

Cell Systems NAFLD/NASH

Ketone body production is differentially altered in steatosis and
non-alcoholic steatohepatitis in obese humans

P P Ville T. Mannistd', Marko Si ' Jenni Hyysalo®, Pasi Soininen™®, Antti ). K *4 Dorota Kaminska®,
The Blomal_'ker GIYCA IS_ Associated . Ajl"u:m:la Ka.r:urﬂ“attaes. Saanr \.-?ene”sr'?'lr:;r;. F‘ir]':rnl(l.'a'kelag.c‘:.-’ajs Iéér?‘!i?.”]zﬁanna Arlala“-*.a;g?na Gg.rning‘f%aurzlr:una
Wlth Chronlc Inflammatlon and Predlcts Cledelrber_}_;'l,sjahanna Kuusisto', Markku Laakse', Hannele Yki-larvinen?, Mika AIa-KarpeIaa““m and Jussi
Long-Term Risk of Severe Infection Pinlajamaki™

Scott C. Ritchie,’? Peter Wiirtz,* Artika P. Nath,’. Gad Abraham,’? Aki S. Havulinna,>:° Liam G. Fearnley,-2
Antti-Pekka Sarin,® Antti J. Kangas,* Pasi Soininen,* Kristiina Aalto,? llkka Seppéla,? Emma Raitoharju,® Marko Salmi,>#
Mikael Maksimow,"# Satu Mannist6,® Mika Kahonen,'® Markus Juonala,’™-'? Samuli Ripatti,®'? Terho Lehtimaki,®

Sirpa Jalkanen,® Markus Perola,>® Olli Raitakari,’*'5 Veikko Salomaa,> Mika Ala-Korpela,*7-16:17,18

Johannes Kettunen,457:19.* and Michael Inouye!:2:3,19.*
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Overview of participating cohorts at BBMRI.nI/Omics

molgenis-biobank-plots-a

Filters

Data type
Transcriptome (RNAseq)
Methylome (Illumina 450K)

Genotypes (Imputed)
Metabolome (Brainshake)

Whole Genome
Sequencing (Illumina
HiSeq)

Whole bioodcell count

Sex

Male Female

Smoking data available

Yes No

Age
<20
20-30
30-40
40-50
50-60

60-70

Biobank

BBMRLnl
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BIOMARCS
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CHECK
CODAM

CSF

DMS
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FUNCTGENOMICS
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HELIUS

LL
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NTR
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STEMI_GIPS-III
TACTICS
TOMAAT
UCORBIO

o
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Number of Samples




Overlap Metabolome, Transcriptome, Methylome

Filters Number of Samples per Biobank

Data type

Transcriptome (RMAseq)

Methylome (Illumina 430K)

Genotypes (Imputed)

LL
Metabolome (Brainshake) Samples: 550
Whole Genome
Sequencing {llumina LL
Hiseq)

Whole bloodcell count

Sex LLS

Male Female

Biobark

Smoking data available
NTR

Yes No
Age

<20 RS

20-30
30-40 0 1,500 3.000 4,500 6.000
40-50

50-60 MNumber of Samples
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GWAS: Brainshake metabolomics

ARTICLES

nature
genetlcs

Genome-wide association study identifies multiple loci
influencing human serum metabolite levels

Johannes Kettunen»237, Taru Tukiainen!3-%37, Antti-Pekka Sarin!2, Alfredo Ortega-Alonso!®, Emmi Tikkanen!2,
Leo-Pekka Lyytikiiinen?, Antti ] Kangas®, Pasi Soininen>8, Peter Wiirtz!>3, Kaisa Silander'?, Danielle M Dick?,
Richard ] Rose®!%, Markku ] Savolainen! 2, Jorma Viikari!3, Mika Kihonen!4, Terho Lehtimiki?,
Kirsi H Pietiliinen’!5:16, Michael Inouye!?18, Mark I McCarthy!®20, Antti Jula2, Johan Eriksson2!-24,
. Olli T Raitakari?>?®, Veikko Salomaa?, Jaakko Kaprio®?7, Marjo-Riitta Jirvelin®»!223-30, T eena Peltonen®,
E Markus Perola>3!, Nelson B Freimer®?, Mika Ala-Korpela>®!!12, Aarno Palotie!**-3 & Samuli Ripatti®>3?

namre

COMMUNICATIONS

ARTICLE
Received 3 Jun 2015 | Accepted 24 Feb 2016 | Published 23 Mar 2016 DOk 10.1038/ncomms 11122 OPEN

Genome-wide study for circulating metabolites

identifies 62 loci and reveals novel systemic effects
of LPA

_ Johannes Kettunen et al ¥ -




GWAS: associating genetic loci

Lipoprotein metabolism
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* Introduction to analysis of tH-NMR based Metabolomics

e The additive information from other BBMRI omics data resources and how
that may contribute to the unravelling of the molecular pathways linking the
fluctuations in biomarker levels to the outcome

Mortality, Type 2 Diabetes € == e e e e e ————

Serum Triglycerides

Gene
Genetic loci expression

DNA
methylations
sites

Associated
Gene Network
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