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Metabolomics: the most direct functional readout of cellular activity

and physiological status

—

Metabolomics

{ Metabolomic profiling

Lipids

4 Lipidomics

1 = Mass spectrometn

Proteomic profiling

Amino acids

Mass spectroscopy

Metabolomics

Measurement of small molecules

Chemical fingerprint of cellular activity

* Transient, snapshot

Analytical platforms:
* Mass spectrometry

* NMR spectroscopy

Emory Clinical Biomarkers Laboratory (Dr. Dean
Jones) High Resolution Mass Spectrometry
coupled with Liquid/Gas Chromatography

The pyramid of life

— Metabolomics

micals

=3 Proteomics

=) GEenomics




Biospecimen

Saliva

Exhaled breath
Condensate
Plasma

Serum

Urine

Dried blood spots
Fecal samples
Tissue samples

Metabolomic Workflow:
Wet-lab pipeline
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Metabolomic Workflow:
Data analysis pipeline
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DRIVE Study Results- Traffic Exposure Assessment
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DRIVE Study Results- Pathway associated with TRAPs
of  HILIC Plasma HILIC Saliva

KEGG Pathways Total of overlapping BC Cco NO NO, NO, PM, 5 BC Cco NO NO, NO, PM, <
metabolites features In Out In Out In Out In Out In Out In Out In Out In Out In Out In Out In Out In Out

Leukotriene metabolism 52
Vitamin E metabolism 33
| Cytochrome P450 metabolism 44 |
Urea cycle/amino group metabolism 39
Glycine, serine, alanine and threonine metabolism 51
Methionine and cysteine metabolism 45
Purine metabolism 50
Glycosphingolipid biosynthesis - ganglioseries 15
Porphyrin metabolism 28
Vitamin A (retinol) metabolism 25
Aspartate and asparagine metabolism 61
Butanoate metabolism 27
Vitamin B1 (thiamin) metabolism 10
Alanine and aspartate metabolism 21
Bile acid biosynthesis 57

Prostaglandin formation- dihomo gama-linoleic acid 6
Glutathione metabolism 12
Starch and sucrose metabolism 14

Arginine and proline metabolism 35
Phytanic acid peroxisomal oxidation 13
Tyrosine metabolism 89

Pyrimidine metabolism 49
Glycosphingolipid metabolism 35
Vitamin B9 (folate) metabolism 15

_— ___________________________________________________________
P-Walue: 0 0,05 o1 0.15 0.20 1
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DRIVE Study Results- Chemical Identification

Oxidative Stress and Inflammation
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ACE-2 Study: TRAP concentrations by exposure scenarios
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ACE-2 Study: Pathway Analysis Results

Of all the pathways that are associated with at
least 20% of the TRAP indicators

Androgen and estrogen
biosynthesis

Ascorbate (Vitamin C)
and aldarate metabolism

* 9 shared by both subgroups, including

Biopterin metbolism leukotriene, cytochrome P450, and vitamin E

De novo

sy st blosymihess  Unique top pathways among the asthmatic
participants highly related to acute pulmonary
inflammation, including the arginine and

proline, methionine, as well as the tyrosine

Drug metabolism
- other enzymes

Glycosphingolipid
biosynthesis

Linoleate metabolism

Selenoamino acid
metabolism

* 15 pathways associated with differential
metabolic responses to TRAP, modified by
asthmatic status

Sialic acid metabolism

I Shared by Both
[l Asthmatic Unique

- Healthy Unique
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Arginine (Post — Pre Intensities)

ACE-2 Plasma Arginine

Asthma

Non-asthma

Ton®

Lo Hi Lo

Pollutant concentration*

« Within subject differences in post-
pre arginine intensities

* By asthma status

« Blue lines = lower relative arginine
concentrations following higher
TRAP exposures

In this study:

 Significantly associated with TRAP
* Indicator of effect modification

* Vanadium used as surrogate of TRAP exposures
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Traffic Exposure, Maternal Metabolome and Birth Outcomes (TEMMBO) study ‘

Overarching Aim: to apply an advanced untargeted metabolomics workflow to investigate
associations between air pollution levels, perturbations in maternal metabolome and adverse birth

outcomes in th Atlanta ECHO cohort of 320 African American mother and newborns.

-
Q

Characterize air pollution exposure among African American
pregnant people in Atlanta, USA.

RS\ o Q0 %411%
X o )
R0 e 00 LX)

Investigate the association between air pollution levels and
perturbations in maternal metabolome by using a non-targeted
metabolomics approach.

|
|dentify the potential biological pathways for adverse pregnancy m)

and birth outcomes.
Anne Dunlop, MD, MPH

NIEHS
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Data and text mining
Metapone: a Bioconductor package for joint pathway
testing for untargeted metabolomics data

Leqi Tian ® 2, Zhenjiang Li®, Guoxuan Ma?*, Xiaoyue Zhang?®, Ziyin Tang®,

G al a C‘to sem eta bo | | SM Siheng Wang?, Jian Kang*, Donghai Liang®* and Tianwei Yu'2%*

Glycine, serine, alanine and threonine metabolism

1 week

ABC transporters Early-term

Biosynthesis of antibiotics
1 year

Glycine and serine metabolism . Preterm

Vitamin B9 (folate) metabolism

Exposure Biological pathway Outcome

Pathway enrichment analysis (via metapone)

Zhenjiang Li, MSPH
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Early Life: Gut Microbiota, Infant Growth, and Childhood Obesity
in the Southern California Mother’s Milk Study

Tanya Alderete, PhD __

CU Boulder Pregnancy 1 month 6 months 12 months 18 months 24 months

Infant and Maternal
Stool Collection

H:[ Subset of Infants with 16S rRNA
_‘

Health Effects Institute — PI: Alderete, CU Boulder; Mentor: Sarnat, Co-I: Liang
Mother’s Milk Study PI: Goran, CHLA/USC




Preliminary Analysis: Is Air pollution Exposure
Associated with the Infant Fecal Metabolome?

 Infants with metabolite data in first 2 years (n=124)

« Aim: Explore the the associations between ambient air pollution
exposure with fecal metabolites

99% of the global
population is exposed to
polluted air’

Air pollution exposure
increases risk of preterm birth,
low birthweight, and stillbirth®

Exposures during pregnancy can
negatively impact the health impact
on the developing fetus, which can

have long-lasting healh impacts?

Air pollutants are linked
with an increase in gut
bacteria associated with

Air pollutants are inhaled and
are removed from the lungs to
the gastrointestinal tract*

inflammation® N
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Gut bacteria are invovled in

nutrient absorption, immune

resonse, and microbial-host
metabolite exchange®?

Air pollutants are associated with
metabolites invovled in
inflammation and oxidative stress,
which can lead to disease risk®'®

1. https://www.who.int/health-topics/air-pollution#tab=tab_1
2. https://doi.org/10.1016/j.envpol.2017.03.055
3. https://doi.org/10.1001/jamanetworkopen.2020.8243

5. https://doi.org/10.1080/19490976.2022.2105096
6. https://doi.org/10.1177/0884533611436116
7. https://doi.org/10.3390/ijerph17207618

4. https://doi.org/https://doi.org/10.1016/j.freeradbiomed.2019.12.044 8. https://doi.org/10.1038/s41467-019-12476-z

9. https://doi.org/10.1016/j.envint.2021.106666
10. https://doi.org/10.1038/s41591-022-01688-4

Tanya Alderete, PhD
CU Boulder

Ellie Holzhausen, PhD
CU Boulder
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Prenatal Air Pollution Exposure is Associated Metabolites Belonging to
Amino Acid, Bile Acid, Carbohydrate, and Lipid Metabolism Pathways at 1-Month

PM,, PM, s NO,

— 3-METHOXY-4-HYDROXYMANDELATE/VANILLYMANDELATE
ALPHA-AMINOADIPATE/N-METHYL-L-GLUTAMATE

ASPARAGINE - . . .

BETA-ALANINE/SARCQSINE/D-ALANINE - . ‘ | Estimated Association |
D-ASPARTATE
L-CYSTATHIONINE + ® 0.2
L-DOPA - .

L-GLUTAMIC ACID/N-METHYL-D-ASPARTIC ACID - . . 0.4
L-GLUTAMINE -
s (-HIST/DINE/HISTIDINE - .
. . . L-ISOLEUCINE 0.6
Amino Acid Metabolism L-ISOLEUCINE/NORLEUCINE -
PHENYLALANINE -
L-TRYPTOPHAN - . 038
L-TYROSINE -
L-VALINE/5-AMINQPENTANOATE -
METHIONINE -
m—) VETHYL VANILLATE/HOMOVANILLATE - 1.0
METHYLHISTAMINE -
N-ALPHA-ACETYL-L-ASPARAGINE -
N-AMIDING-L-ASPARTATE/GUANIDINOSUCCINATE -
PHENYLALANINE -

PROLINE
PROPIONYLCARNITINE -

BT Prpr < 0.2

Bile Acid Metabolism DESMOSTEROL R d I — P < o 05
- e edline = Fepg < U.

GLUCONIC ACID 4

Carbohydrate Metabolism SuEEEsTe! @) : o
PYRUVATE +
2

DECANOYLCARNITINE
HEXANOYLCARNITINE

Lipid Metabolism ‘pHsspHocoHLoEmE: .

—)

® Markers of oxidative

stress and systemic
inflammation

SPHINGOSINE -
4-,2-AMINOBUTANOATE/2-AMINO-2-METHYLPROPANOATE -
4-HYDROXY-L-PHENYLGLYCINE/PYRIDOXAL -

ADENINE 4

ADENOSINE 5'-TRIPHOSPHATE -
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CAFFEINE 4

GLYCERALDEHYDE 3-PHOSPHATE DIETHYL ACETAL A

GUANOSINE -

Other HYDROCINNAMIC ACID .
INDOLE-3-ACETIC ACID -

MELANIN
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PHELYL ACETATE 4
SEROTONIN/COTININE

TARTARIC ACID 4
THYMIDINE
TRANS-CINNAMALDEHYDE +

TRANS-CINNAMATE/CINNAMIC ACID
URACIL A

‘ Metabolites have also been
. ‘ linked with gut bacterial function

4 6 2 4 6
-log(prsr)
Preliminary / Unpublished Data
—log,(metabolite intensity; o) = air pollutant, .g,anc, + infant sex + SES + season + breastfeedings; o
Effect estimates scaled to 1-SD in exposures (PM,,=4.0 ug/m3, PM, ;=1.2 ug/m3, NO,=2.5 ppb, n=124). 39
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What Have we Learned and Future Directions

Metabolomics as a sensitive platform linking air pollution exposure to internal dose and
biological responses

Air pollution exposures may induce perturbations in pathways and metabolites, which may in
turn increase risk of adverse health outcomes

The exact mechanisms by which air pollution exposures impact human health remain
uncertain — application of multi-omics is critical

Validation of these findings via hypothesis-driven protocols
Technical advances needed in metabolic annotation and quantification
Integration of multi-omics data for comprehensive examination on molecular network

Future development of sensitive biomarkers in assessing community exposures 34
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