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Genes, Proteins, and Metabolites

Proteins
 Proteins are made of
DNA sequences of amino acids; the

sequence defined by the gene.

DNA contains genetic instructions:
* Proteins are the enzymes that

) makle i:oc;ponentsf (t)rfm cells . catalyze or accelerate
regulate the use of these components o % o J e
metabolism
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Metabolites

Metabolites are intermediates
and products of metabolism.

Catabolism: the processes to
breaks down large
molecules.

Anabolism: the process to use
catabolism energy to
synthesize molecules






Biochemicals are in our Cells, Tissues, and Biological Fluids
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Comparing States of Health

The NEEDS

More sensitive and
early markers for
disease detection
and staging

Markers to monitor
treatment for
efficacy
adverse response
relapse
transplantation

Determining the
relationship of
exposure to
health outcomes

Mechanistic
insights from _
pathway analysis




Comparing States of Health

Biomarkers
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Metabolomics

Metabolomics involves the analysis of the low molecular weight
complement of cells, tissues, or biological fluids.

Metabolomics makes it feasible to uniquely profile the biochemistry of
an individual or system.

— Metabonomics is used to determine the pattern of changes (and
related metabolites) arising from disease, dysfunction, disorder, or
from the therapeutic or adverse effects of xenobiotics

This leading-edge method has come to the fore to reveal biomarkers
for the early detection and diagnosis of disease, to monitor therapeutic
treatments, and to provide insights into biological mechanisms.



What we do

/
—  Quality control

Reproducibility

Calibration for sample preparation




Metabotype (1000s of signals)

Studies have shown
metabolomics signatures (the
metabotype) to correlate with
gender, race, age, ethnicity,
drugs, chemicals, stress,
weight status, mental health
status, blood pressure, many
disease states, behaviors,
nutrition, gut microbiome....

Johnson CH, et al. 2012.

Annu. Rev. Pharmacol. Toxicol. 52:37-56



Early Serum Markers of 3™ Trimester Placental Abruption

= Placental abruption (PA) is an ischemic = Samples from the Abruption Study (Swedish
placental disorder that results from premature Medical Center, WA)
Separation of the p|acenta before de”very and — Serum collected at the time of recruitment
occurs in 1% of all pregnancies. It is (approximately 16 weeks gestation)
associated with preterm delivery, fetal death, - Cases were identified that had at least two

maternal hemorrhagic shock, and renal failure. of the three clinical criteria:
= Vaginal bleeding at 220 weeks in

- Difficult to diagnose gestation accompanied and either non-
— Not a universally accepted definition reassuring fetal status or uterine
- PAin the study samples was based on tenderness/hypertonic uterus (without
medical record review another identified cause)

_ = At delivery, the placenta showed
- Most common symptoms are vaginal evidence of tightly adherent clot and/or

bleeding and complaints of abdominal pain retroplacental bleeding

and uterine contractions. = Sonographically diagnosed abruption
= Goal of this study was to determine

biomarkers from the 2" trimester serum that %
predicts PA in the 3 trimester P A
) L f

Collaboration with Michelle Williams and Bizu Gelaye (Harvard University



Only Nine Metabolites were Associated with PA

Classification
Acylcarnitines

Amino Acids
Biogenic Amines
Custom Ratios

Glycerophospholipids

Metabolite
Abbreviation

C16-OH
Arg
Histamine
C12/C12:1

PC aa C36:0
PC aa C38:0
PC aa C40:1
PC ae C38:1
lysoPC a C18:1

Metabolite
Hydroxyhexadecanoyl-L-carnitine

Arginine
Histamine

Dodecanoyl-L-carnitine/Dodecenoyl-L-carnitine

Phosphatidylcholine diacyl C 36:0
Phosphatidylcholine diacyl C 38:0
Phosphatidylcholine diacyl C 40:1
Phosphatidylcholine acyl-alkyl C 38:1

lysoPhosphatidylcholine acyl C18:1

p-value
0.021

0.029
0.034
0.045

0.040
0.048
0.038
0.021
0.040



Metabolites predicted PA better than traditional clinical measures

Area Under the Model AUC Bayes
ROC Curve Compared to VB Information
(95% Cl) Model AUC Error Rate Brier Score R2 Criteria (BIC)
Model
Vaginal Bleeding Only 0.63 (0.55, 0.71) - 0.37 0.23 0.10 135.0
Metabolites Only 0.68 (0.58, 0.79) p=0.48 0.37 0.22 0.10 139.3
Vaginal Bleeding + Metabolites  0.76 (0.66, 0.85) p=0.003 0.29 0.20 0.19 133.1

Predicted Probabilities for PA=Abruption
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Gelaye et al., 2016. Maternal Early Pregnancy Serum Metabolomics Profile and Abnormal Vaginal Bleeding as Predictors of Placental Abruption: PlosOne 11(6).



Pathways and Intervention

The probability of PA was increased with an increase in acylcarnitines and a decrease in phosphatidylcholine
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Larger cohort study currently being analyzed: ~230 samples


http://www.prnewswire.com/news/the+choline+information+council

Metabolomics and Autism
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Biochemicals are in our Cells, Tissues, and Biological Fluids
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Environmental Chemicals and our Health

» Particulate matter mass » Flame retardants
= Volatile organic compounds = Metabolites ~f ™~ EXpOSUTG
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in utero Exposure to Chemicals and Health Outcomes

Phthalates, ubiquitous in the envir== ent, have been characterized as
endocrine disruptors.

. Pregnant ra* G\“""‘e \Js an qide kqumo\a Lmlng qec*\"; 8-21 )Z control,
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. Nico

JArsen n\C
= Urine was col. \,bted from dams gd 18 an **%, 21, and from pups after
weaning but before puberty (pnd 26) and organ tlssues were collected at

StUdy te rm|nat|0n s /l Differences (control vs BBP dose groups) were noted in

levels of metabolites in the brain (male and female pups,
not dams), testes, and uterus (dam but not pup).
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Dams that received the high
dose, the low dose, or the
vehicle at 21 days past
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’ Urine from pups, on pnd 26, were
distinguished by the dose the dam _
received during gestation. Testes Male pup brain

Sumner et al., 2009. Metabolomics in the assessment of chemical-induced reproductive and developmental outcomes using non-invasive biological fluids: application to the
study of butylbenzyl phthalate. Journal of Applied Toxicology and Banerjee et al., 2012. Metabolomics of brain and reproductive organs: characterizing the impact of gestational
exposure to butylbenzyl phthalate on dams and resultant offspring Metabolomics



Birth and Early Childhood Outcomes Frederica Perera

Columbia University

= The Columbia Center for Children’s Environmental Heath (CCCEH) is evaluating the effects
of environmental exposures on women and newborns in inner-city communities in New
York.

= Prospective birth cohort of nonsmoking African-American and Dominican women
- Studies have found that environmental exposures during pregnancy adversely affect fetal
development, childhood respiratory health, and the neurodevelopment of children.
= Polycyclic aromatic hydrocarbons (PAHs), are known to have endocrine disruption potential,
and were the major pollutant studied.

= Metabolomics in exposure sciences has largely focused on comparing biochemical profiles
of biological specimens in studies designed to reveal biomarkers that differentiate groups
based on well-defined exposure characteristics.

= The use of metabolomics in health research has focused on comparing the profiles between
and among study groups with well-defined health outcomes.

= We used Structural equation modeling (SEM) to conduct pathway analysis between
environmental exposures, the metabotype of cord blood, and birth and early developmental
health outcomes.



Pathway Analysis of PAH Exposure to the Birth Metabolome and

Birthweight
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Kidney Disease

Pediatric Glomerular Neonatal Acute Kidney Injury

Disease .
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When your child needs a hospital, everything matters:*
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Maternal and Child Health

Arsenic, in £3 Pregnancy
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Community Science
e —

» Twenty-three adult male and female participants were recruited
that fell within three groups.
* no deodorant or no antiperspirant
» used antiperspirant
» used deodorant

Julie Horvath, Ph.[_).
NG Museum of Sciences « Day 1: Sweat collected from participants

« Days 2-4: Participants used no products and wore t-shirt
ul provided by museum.
] « Day 4: Sweat collected from participants

I
’ 'DEO/ANTIPERS DAY 1

 GCTOF-MS broad spectrum metabolomics differentiated the
biochemical profiles of sweat in the different phenotypic groups.

« The microbial diversity and the metabolite profiles of individuals
are being accessed.
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Metabolomics on the North Carolina Research Campus




