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Research Focus: Using Placental omics data to link the

Prenatal Environment and Infant Health

* Maternal Factors

* Environmental
Exposures

» Genetics

Challenging to gain
Molecular insight Delivery: Access to

functional tissues
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Placental Omics Data: A reflection of molecular processes essential to

placental function
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Placental microRNAs are important post transcriptional

regulators and signaling molecules

1. microRNAs: Post transcriptional repression of specific gene targets

: miRNA TTTTTTTTT
CTImT rrreeer T pAAN® . vensitions
' — repression
2. The placenta produces mRNA degradation

)

unique microRNAs

Mouillet et al, American Journal of Obstetrics and Gynecology 2015




Placental microRNAs are important post transcriptional

regulators and signaling molecules

3. C14 and C19 Placental microRNAs are released into maternal and fetal
circulation and act as signaling molecules

Mouillet et al, American Journal of Obstetrics and Gynecology 2015



Summary of Placental ‘'Omics Studies 2015-2021
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Addressing Research Gaps
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Preterm Birth: A Major Healthcare Challenge for Infants

and Families

PTB is the leading cause of infant mortality:
35.8% of infant deaths are related to prematurity’

Long term morbidity: developmental delays,
vision problems, feeding difficulties, cerebral palsy

Preterm Infants Require intensive acute and

long term care:

« Daily NICU Cost: 3,500$-20,00% 2

« Limited improvements in long term health
outcomes in last 2 decades?

Annual Societal Cost: $25.2 Billion Dollars
(United States)?



Research Gap: Understanding the Etiology of sPTB

B. Causes of Preterm Birth

Fetal
Malformation
9%

A. Preterm Rate in US (2022): 10.4%

10.5
10.4
10.2
101
Percentage 10
: 9.9

. of Live - -
Births Born

Preterm I 9.6 9.6 9.6 I

2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022

Spontaneous ll\,llulti-Fetall
Preterm Labor ’eﬂ‘;“‘:!l

25%

Medically Indicated

(Preeclampsia;
IUGR...)

20%

Unmet Clinical Needs: Enhanced Diagnostics; Better understanding of causes of

spontaneous preterm birth ; Better Prevention Strategies; equitable access to care




Causes & Risk factors for Spontaneous Preterm Labor

A. UNDERLYING MECHANISMS

Vascular
Disorders

Breakdown of
Maternal-Fetal
Interface

Maternal
Genetics

Medical

Conditions

Decline in Decidual
progesterone Senescence
Behavioral
and
sociodemographic
Factors
Cervical Infection

Environmental .
Exposures .

Insufficiency

Unknown Mechanisms

1. Zhang et al, NEJM, 2017 2. Nvais et al, Nature Genetics, 2023; 3. Liu et al, Nature Communications, 2019

B. RISK FACTORS

* Family History

* GWAS 1:N=43,568; 6 genetic loci (Not fetal)!

« GWAS 2: N=195,555; 7 loci (fetal and maternal)?
« GWAS 3: N=84,689: 1 locus?

* Previous History of sPTB
* Cervical Insufficiency

Lower Education
Geographic Location
Nutritional Deficiencies
Smoking, lllicit Drug use
Maternal Stress

Endocrine Disrupting Chemicals
Air Pollution

Adapted from: Roberto Romero et al. Preterm Labor: One Syndrome Many Causes. Science 2014 ; Sheikh et al, Spontaneous Preterm birth and SNPs: A recent Update, BMC Genomics, 2016



Phthalates are Ubiquitous Chemicals present in a variety of

consumer goods and products
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Prenatal Phthalate Exposure & Increased risk of sPTB

Original Investigation
July 11, 2022

Associations Between
Prenatal Urinary Biomarkers .
of Phthalate Exposure and
Preterm Birth

A Pooled Study of 16 US
Cohorts

Barrett M. Welch, PhD'; Alexander P. Keil, PhD?; Jessie P. Buckley, PhD?;
etal

% Author Affiliations | Article Information

JAMA Pediatr. Published online July 11, 2022.
doi:10.1001/jamapediatrics.2022.2252

6045 pregnant women across 16 US studies

Higher concentrations of most phthalate
metabolites were associated with slightly higher
odds of preterm birth

Reducing mixture of phthalate metabolite
levels by 50% could prevent preterm births by
12% on average



Potential Mechanisms
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Hypothesis
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The placenta is the molecular mediator between prenatal
phthalate exposure and spontaneous preterm birth




OVERVIEW OF ECHO PATHWAYS

ECHO PATHWAYS: A multi-site, multi-Pl consortium

B Sheela Sathyanarayana, MD, MPH
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Generating multi-omic data with the UW EDGE center

INTERDISCIPLINARY CENTER FOR
EXPOSURES, DISEASES, GENOMICS
A AND ENVIRONMENT

Qiagen: AllPrep
1 DNA/RNA Micro Kit

- ECHO PATHWAYS (UH/UG30D023271)
Y MRNA (N=784 CANDLE; 465 GAPPS)
\ ! Sequenced 2016-2023

g m——> \|EHS ONES (R01ES033785)
microRNA (N=769 CANDLE)

Theo Bammler, PhD
Manager: Genomics, Bioinformatics & Biostatistics,
Microphysiological Systems Facility Core ‘ Sequenced 2022-2024




Transcriptomic Signatures of Prenatal Phthalate Exposure

Vol. 129, Ne.9 | Researc h
A Comprehensive Assessment of Associations between Prenatal
Phthalate Exposure and the Placental Transcriptomic Landscape

Alison G. Paquette, James MacDonald, Samantha Lapehn, Theo Bammler, Laken Kruger, Drew B. Day, Nathan D. Price, Christine Loftus,

Kurunthachalam Kannan, Carmen Marsit, W. Alex Mason, Nicole R. Bush, Kaja Z. LeWinn, Daniel A. Enquobahrie, ... See all authors

Published: 3 September 2021 | CID: 097003 | https://doi.org/10.1289/EHP8973

Prenatal Phthalate
Exposure




Analysis Strategy

Trimester 2 Trimester 3 Delivery
13-26 Weeks 26-38 Weeks Median 39.2 Weeks
Timepoint
Urine W& Urine Placenta

__ N=594 Samples || .. N=735Samples N=787 Samples

Molecular

22 urinary phthalate 22 ”””?%plr.‘ttha'ate 12K Genes and 1K IncRNAS
PR metabolites metabolites (RNA Sequencing)
Quantification (Mass Spec) (Mass Spec)

Precision Variables
Maternal Urinary Cotinine
RNA Sequencing Batch
Labor Type

Confounding Variables
« Maternal Education (SES)
* Maternal Race
+ Maternal Age

Statistical
Analysis

Fetal Sex

Paquette et al, EHP, 2021



Differentially Expressed Genes (DEGs) and microRNAS (DE miRNAS)

associated with Phthalate Metabolites

DE microRNA
Differentially Expressed Genes Paquette et al, EHP, 2021 rhicro S
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Differentially Expressed Genes (DEGs) and microRNAS (DE miRNAS)

associated with Phthalate Metabolites
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Differentially Expressed Genes (DEGs) and microRNAS (DE miRNAS)

associated with Phthalate Metabolites

Differentially Expressed Genes Paquette et al, EHP, 2021 DE microRNAs
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Differentially Expressed Genes (DEGs) and microRNAS (DE miRNAS)

associated with Phthalate Metabolites

Differentially Expressed Genes Paquette et al, EHP, 2021 DE microRNAs
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Biological Pathways Significantly Associated With Phthalate Metabolites

Whnt signaling pathway H
TGF-beta signaling pathway
Notch signaling pathway H
mTOR signaling pathway -
Hedgehog signaling pathway
FoxO signaling pathway H
AMPK signaling pathway
Fanconi anemia pathway - [ )
ORGANISMAL SYSTEM Vasopressin—regulated water reabsorption

Proximal tubule bicarbonate reclamation - [ )

PATHWAYS Neurotrophin signaling pathway -

» Endocrine Mineral absorption -
. Excretory Growth hormone synthesis, secretion and action -

f . Dopaminergic synapse A
* DlgeStIVG Cortisol synthesis and secretion
Cholinergic synapse H

STEROID BIOSYNTHESIS

METABOLIC PATHWAYS Starch and sucrose metabolism -
Sphingolipid signaling pathway H

Other types of O—glycan biosynthesis H
Lipoic acid metabolism —

Heparin Glycosaminoglycan biosynthesis H

FATTY ACID BIOSY *I’HESIS i

AD R N i

= )

Decreased Increased
expression expression

Longevity regulating pathway multiple species -
Longevity regulating pathway -

Self contained gene-set testing: FDR adjusted P<0.2 | MMP MéIOP} \MéIOP MEP}

2nd TrirYnester 3rd TrirYnester

Paquette et al, EHP, 2021




Placental Transcriptomic Signatures of spontaneous Preterm Birth

| Research Atticles  Publish  Topics  Multimedia ~ About  Contact

A Comprehensive Assessment of Associations between Prenatal .
'ORIGINAL RESEARCH | OBSTETRICS | V UE 1, P73.E1-73.E18, JANUARY 2023
Phthalate Exposure and the Placental Transcriptomic Landscape <& Dowrlosd Fil ssise
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bahrie, ... See all authors preterm birth

Alison G. Paquette, PhD 2 = « James MacDonald, MS » Theo Bammier, P! Michael Gravett, MD «
Daniel A. Enquobahrie, MD, PhD « Sheela Sathyanarayana, MD, MPH « Show il authors

* Published: July 19, 2022 * DOI: https://doi.org/10.1016/j.aj0g.2022.07.015 *

Spontaneous
Preterm Birth

>




Analysis Strategy

Complete Population: CANDLE Complete Population: GAPPS

Study Design: Prospective

Location: Memphis TN

Inclusion Criteria: I-

« Delivery at participating

cohort study, continuously P
recruiting (2006-2011) __/ A

v/
A

Y I:AIIHLEI. 1
Participant age 16-40 \\.__ff/

Study Design: Pregnancy

Biorepository (2007-present)

Location: Seattle and Yakima WA

Inclusion Criteria:

« Participant age of >18 or Medically
emancipated

+ Confirmed Pregnancy

Hospital N:433 de gapps
N:1503 Rl e

rEchugion Criteria Exclusion Criteria 1

« Multi-fetal Pregnancy 1 Inability to Consent |

: + Complications present at
1 enroliment

-
|
|
|
|

4

« >37 weeks or Active labor |
1 at time of recruitment

I Placental Samples Collected: 937

I I Placental Samples Collected: 295 I

I RNA Sequencing: 794

I I RNA Sequencing: 289 I

INDEPENDENT
VARIABLE:

sPTB

CONFOUNDING VARIABLES

Maternal Race
*Maternal Ethnicity
*Maternal Education

DEPENDENT VARIABLE:

A. Transcriptome!

~13K Genes

B. microRNAs

557 microRNAs

Study Population:

rStudy Exclusion Criteria:

1 Multi-Fetal Pregnancy

1 Induced Labor

1 Placental Abruption

[ Preeclampsia

[ Chorioamnionitis

|

- MissingData ______J

*Maternal Smoking status
*Maternal Alcohol consumption
*Maternal Income

*Maternal BMI

*Maternal Age

GAPPS Participants: 127 (14 Preterm / 113 Term

CANDLE Participants: 461 (34 Preterm / 427 Term)

*Delivery Method

)
Total Study Participants: 588 (48 Preterm / 540 Term) ¢ PPROM

1. Paquette et al, American Journal of Obstetrics and Gynecology 2022

PRECISION
VARIABLES

Fetal Sex

» Sequencing Batch
» Cohort

Study Site




-Log P Value

Paquette et al, American Journal of Obstetrics and Gynecology 2023

Differentially Expressed Genes (DEGs) and Pathways associated with

sPTB

961 Differentially Expressed Genes
Paquette et al, AJOG, 2023
FDR<0.05
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19 Differentially Expressed microRNAs associated with sPTB
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Pre and Post-transcriptional Regulation of Gene Expression

1.
2.

3.

4. TF predicts gene expression in an independent dataset Mt s e ones oo

RNA PROTEIN

CENTRAL is transcribed is translated @

DOGMA

A 4

Transcription Factor (TF) .!,
Transcriptional regulator

38,144 negative correlations

75,014 positive correlations

TF and target gene are expressed
Binding site for TF in promoter region of gene
. HOCOMOCO, JASPAR

SCIENCE ADVANCES | RESEARCH ARTICLE

DEVELOPMENTAL BIOLOGY

TF and target gene are correlated

. Nega tively correlated- repressor .:: t?ni::n;; f:::ltea transcriptional regulatory model of the E C H O O I F : 0 O 3 5
* Positively correlated -activator e T R s 2019-2021

Nicole Bush®, K?ll.l'li Cdlll rine J. Karr' Mmmmlhylnnnpwln
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TRN Web Tool: A resource for ECHO Investigators

1. Identify the TFs of a given target gene 2. Identify the target genes of a given TF 3. Perform TF Enrichment Analysis for a
list of target genes

Placental TRN
Placental TRN
Home Instructions  TRNTools =  Model Consiruction Information ~ FAQ  Acknowledgements Placental TRN
Home Instructions TRN Tools ~ Model Construction Information FAQ Acknowledgements

Home Instructions TRN Tools « Model Construction FAQ Ac
?yzne Selection: , o
/pe In a target gene or scrofl to .
find and select Transeription B . ‘rran%trlpllen Factor Selection: show 10 + entries
P Correlation Type in a TF or scroll to find and Upload Gene List
A1BG v Factor value value Show| 10 v entries
select Search results for target gene:
e ) Tl e AR - il 2mple-Datal Search results for transcription factor:
Fliter by: - i ) Target T p- Q- a Upload complete
g Correlation R’ i
O Correlation (] P-value z  FOXO1 0.400 1.21e-19  1.85e-19 Filter by: Gene value value Transcription Num significant Fisher ;;]h;r
O Q-value Factor Targets Genes Test
3 HIC 0.344 1.25e-14  1.48e-14 [ Correlation [] P-value 1 LNPEP 0783 125099 96597  0.870 Module Min: value
[ Q-value [ R?
- - 10
4 IKZF1 0.294 6.2%e-11 6.56e-11 2 MANTAZ 0.764 5.50e-92 2.44e-89 0773 1 BCL6B 21 6 0.0157 0.70
5 KLF12 0334 8.26e-14 9.4de-14 9 2 THAPS 754 20 0.0250 0.70
3 NIPALT 0743 1.18e-84  3.14e82 0753 Module Mioc
&
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5 4 ARIDSB 127 5 00614 073
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https://paquettelab.shinyapps.io/TRNAp

Pre and Post-transcriptional Regulation of Gene Expression

CENTRAL
DOGMA

is transcribed

RNA PROTEIN

1. microRNA and target gene are expressed
2.  microRNA binds to target gene
. Targetscan, mirDB
3. TF and target gene are negatively correlated

Placental microRNA Regulatory Network

563 miRNA

11,771 target genes

199,188 miRNA—-mRNA interactions (FDR<O. 05)
Shiny app: Coming soon!
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Placental microRNAs provide insight into Perturbed Pathways

o
hsa-miR-944
— o & Gene set over-
N 7 @ hsa:miR-542-3p representation analysis
= ; (FDR<0.1)
hsa-miR;32:3PJ_| ‘
} / \": B
dhsa-miR‘-vvzos-Sp
, X @
: il ) % \“ sPTB Genes
\“s"t- iR-205-3p _ @) Pathways ITarget Genes
y. - ® (] Th17 cell differentiation 0.0334 8/74
B cell receptor signaling pathway 0.0555 7/67
® @) Fc epsilon RI signaling pathway 0.0851 7/85
hsa-miR-187-3p b Hematopoietic cell lineage 0.0851 5/47

Natural killer cell mediated cytotoxicity 0.0851 6/73
Intestinal immune network for IgA production 0.0851 4/25
Fc gamma R-mediated phagocytosis 0.0851 5/51
Antigen processing and presentation 0.0851 5/46
TNF signaling pathway 0.0825 8/99

VEGEF signaling pathway 0.0851 5/48
cAMP signaling pathway 0.0851 8/125
Neuroactive ligand-receptor interaction 0.0851 7/99
Osteoclast differentiation 0.0851 8/111
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Integrating Signatures to Identify Shared

Mechanisms
Prenatal Phthalate Spontanegus
Exposure Preterm Birth
/. ] Placental
3 N Gene Expression
2/ = - Biological ™ >
€w — utero environm‘e'n; - Functionsgofthe
> @\' ~ oD Placenta
Meet in the Middle Strategy:
Genes and Genes and
Pathways Pathways
associated with associated with

phthalates sPTB




Meet in the Middle Results

1. Genes

Phthalate Genes sPTB Genes 2. microRNAs

LUC7L3; RAPGEF1; KIAA1522; FITMZ2

3. Pathways Phthalate miRNAS SPTB miRNAs

Phthalate pathways SPTB pathways




Prenatal Phthalate Exposure and sPTB: Overlapping Pathway Signatures

KEGG Pathways
Associated with Prenatal
Phthalate Exposure
(Paquette et al,
EHP, 2021)

KEGG Pathways
Associated with
Prematurity

19 KEGG Pathways

Phthalate Analysis sPTB Analysis
Trimester FDR

" . " FDR P
Metabolite ¢ 0ccied Adjustedp  Direction  Preterm Birth Group iy pp  Direction

MCIOP  Trimester2  0.125 Preterm vs. Term 3.01E-05
MCIOP  Trimester3  0.177 Early Preterm vs. Full 1.35E-03
Late Preterm vs. Full__Down 1.82E-03
Preterm vs. Term Up 6.51E-04
Early Preterm vs. Full 144E-04
0.160 Preterm vs. Term

Sphingolipid signaling
pathway
Steroid biosynthesis MMP

Trimester 2

0.160

METABOLISM

Other types of O-glycan MEP  Trimester 3

biosvnthesis Early Preterm vs. Full

MMP Trimester2  0.160

Notch signaling pathway

MCIOP  Trimester3  0.177

AMPK signaling pathway Late Preterm vs. Full__Down __431E-02
0.160 Preterm vs. Term
Early Preterm vs. Full
0.160 Preterm vs. Term
Early Preterm vs. Full
04177 Preterm vs. Term
Early Preterm vs. Full
0.160 Preterm vs. Term
Early Preterm vs. Full
Trimester 3 0.177 Preterm vs. Term
Trimester2  0.160
MCIOP  Trimester3  0.177

CELLULAR B Achorens junct
PROCESSES erens junction Mg:gg Trimester 3 25

Longevity regulating pathway eSS —GnE— -

MMP Trimester 2

SIGNAL
TRANSDUCTION

FoxO signaling pathway

MMP Trimester 2

Whnt signaling pathway

MCIOP  Trimester 3

mTOR signaling pathway

MMP Trimester 2

TGF-beta signaling pathway

. " MCIOP
Fanconi anemia pathway MMP

Preterm vs. Term Down 2.64E-02
Early Preterm vs. Full

Preterm vs. Term

Early Preterm vs. Full

Vasopressin-regulated water AL COREST Preterm vs. Term 4.04E-02

reabsorotion Late Preterm vs. Full 3.27E-02

5 L MCIOP _ Trimester2 _ 0.047 Up Preterm vs. Term Down  261E-02

Spaminereicisvnanse Late Preterm vs. Full__Down __3.40E-02

] MCIOP _ Trimester2 _ 0.125 Up Preterm vs. Term Down  223E-04

Crowiilomonsievnthes. Early Preterm vs. Full  Down  1.12E-04

ENDOCRINE secretion and action Late Preterm vs. Full__Down __8.68E-03
. . MMP__ Trimester2 0160 Down _|Preterm vs. Term Down  548E-04

SYSTEMS Cor=ols VI easland Early Pretermvs. Full  Down  1.90E-03
secretion Late Preterm vs. Full__Down _ 8.89E-03

o MMP_ Trimester2  0.160 Down _[Preterm vs. Term Down  3.01E-05

Nelouophinislapaiing Early Preterm vs. Full  Down  2.99E-04

pathway Late Preterm vs. Full_Down __ 1.72E-03

MMP  Trimester2  0.183 Down _[Preterm vs. Term Down  301E-05

Early Preterm vs. Full  Down 5.06E-05
Late Preterm vs. Full __Down 2.69E-03

holinergic synapse

Hormones Involved in Parturition
1 Steroid Biosynthesis

| Cortisol synthesis & secretion

Signaling for Placental Growth
& development

| TGF Beta Signaling
| Notch Signaling

Oxidative Stress
| FOXO1 Signaling




Key Take Aways

1. Developmental Origins of Health and Disease (DOHAD): The prenatal environment is
regulated by the p/acenta and shapes infant & childhood health outcomes

2. Prenatal phthalate exposure is associated with placental dysfunction and sPTB in
epidemiological studies

3. We have identified changes in placental gene and microRNA expression attributable to
phthalate exposure

4. We have identified a substantial number of transcriptomic differences related to sPTB. We
have used network tools to map these genes to selected TFs and microRNAs

5. We identified 19 pathways with shared transcriptional disruption related to prenatal phthalate
exposure & sPTB, including metabolic, immune signaling, and endocrine pathways




How can Placental Omics data inform regulatory decisions

and promote precision environmental health?

Novel insight into molecular
mechanlsms underlylng toxmlty
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