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Metabolism of 1,3-butadiene,,
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BD induces strain-specific epigenetic effects
DNA Adducts
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* Indicates significantly different from controls, **
different between mixtures (p<0.05)
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BD induces strain-specific epigenetic effects
DNA hypo- methylatlon Histone modifications
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Epigenetics, Regulation and Transcription

DNA Bindin
. & Gene
Proteins o
Transcription
nucleosome I
Histone Tail
Modifications
MiRNAs '

Chromatin

Open Chromatin can identify:
Promoters
Enhancers

DNA Methylation  Silencers
Insulators
Locus control regions
Meiotic recombination hotspots




Epigenetics, Regulation and Transcription

DNA Binding

Proteins Gene

Transcription

nucleosome

Histone Tail
Modifications

miRNAs
miRNA-seq

llopen"
Chromatin

ATAC-seq
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1,3 Butadiene Exposure (TaRGET — NIEHS)

Strain Exposure Tissue Assays
C57BL/6 0 PPM 2 week Lung RNA
(sensitive) (clean air) exposure Liver MiRNA

CAST/EiU 625 PPM — Kidney  ATAC
(resistant) 1,3 Butadiene

Toxicant CAST specific Toxicant C57 specific No change Toxicant specific

open chromatin open chromatin in chromatin  closed chromatin
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1,3 Butadiene Exposure (TaRGET — NIEHS)
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1,3 Butadiene Exposure (TaRGET — NIEHS)

Strain Exposure Tissue Assays
C57BL/6 0 PPM 2 week Lung RNA
(sensitive) (clean air) exposure Liver MiRNA

CAST/EiU 625 PPM — Kidney  ATAC
(resistant) 1,3 Butadiene

Toxicant CAST specific Toxicant C57 specific No change Toxicant specific
open chromatin open chromatin in chromatin  closed chromatin
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BD exposure-induced changes in lung mRNAs

Log, Fold Change
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C57BL6 vs CAST mRNA changes
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Mitochondrial Translation
Mitochondrial Translation Initiation
Mitochondrial Translation Elongation

CS7 BL6 Toll-like Signaling

TRAF6-mediated Inudction of NFKB & MAPK upon TLR7,8, or 9 Activation
Activated TAK1 Mediates P38 MAPK Activation
TLR Cascades [TLR2, TLR3, TLR4, TLR1:TLR2, TLR6:TLR2, TLR7/8]

N\ e
G

SRP-dependent Co-translational Protein Targeting to Membrane

Translation '

DNA Damage Response

Regulation of Mitotic Cell Cycle
Regulation of Apoptosis

Mitochondrial Translation Termination

T-cell Signaling
TCR Signaling
CO-stimulation by the CD28 Family
PD-1 Signaling
o8’ PI3K Signaling
s K ‘ PIBK/AKT Activation
° ® PI3K Events in ERBB2 and ERBB4 Signaling

PI3K Cascade [FGFR1, FGFR2, FGFR3, FGFR4]

: * -

Stabilization of P53

P53-Independent DNA Damage Response ®
G1/S DNA Damage Checkpoints
DNA Replication

Interferon Signaling

. Cytokine Signaling in Immune System ®

)

Interferon y Signaling

Activation of the pre-Replicative Complex @
DNA Strand Elongation @ °

Activation of ATR in Response to Replication Stress @
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Nucleotide Excision Repair
Nucleotide Excision Repair

o 25 Transcription-coupled NER
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GSAA —> Pathway Analaysis

GPVI-mediated Activation Cascade

«7 Hemostasis
Intrinsic Pathway of Fibrin Clot Formation
Platelet Activation,Signaling, & Aggregation

Interferon Signaling
° ® A
[} °
°
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O .‘. Signal Transduction

L4 . G Beta:Gamma Signaling through PI3K Gamma
GPCR Downstream Signaling
[ ] . .

G Alpha (Q) Signaling Events
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Energy Metabolism
Respiratory Electron Transport (RET)
TCA Cycle & RET

Detoxification
Glutathione Conjugation
Phase Il Conjugation
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Regulation of IGF Activity by IGFBP

Smooth Muscle Contraction
Muscle Contraction

CAST

Intraflagellar Transport ¢ o,

Interleukin-1 Signaling ¢
Glycosphingolipid Metabolism @

Complement Cascade e o
Regulation of Complement Cascade

Pyrimidine Metabolism®  |ron Uptake & Transport ®

Energy Metabolism

Respiratory Electron Transport (RET) .
Pyruvate Metabolism & TCA Cycle .

TCA Cycle

Detoxification of Reactive Oxygen Species /.

Regulation of B-Cell Development

Regulation of rRNA Expression
NoRC Negatively Regulates rRNA Expression ‘. ®
Negative Epigenetic Regulation of rRNA Expression °
SIRT1 Negatively Regulates rRNA Expression
RNA Polymerase | Promoter Opening

Amino Acid Metabolism
Amino Acid Synthesis & Interconversion (Transamination)

Amino ACId & Derivative Metabolism
Metabolism of Polyamines

Steroid Hormones
Metabolism of Steroid Hormones & Vitamin D
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o Other Semaphorin Interactions

Hemostasis

Platelet Aggregation (Plug Formation)
Response to Elevated Platelet Cytosolic Ca2+
Intrinsic Pathway of Fibrin Clot Formation

° .Fatty Acyl-CoA Biosynthesis

G Lipid Metabolism

Lipoprotein Metabolism
°° Lipid & Lipoprotein Metabolism
® | Chylomicron-mediated Lipid Transport

® Retinoid Metabolism & Transport

o Porphyrin Metabolism

Bile Acid & Bile Salt Metabolism

oo } Bile Acid Metabolism
°
Synthesis of Bile Acids & Bile Salts

@ Arachidonic Acid Metabolism
[ ]

...‘/'< Phase 1 Metabolism

Phase 1 Functionalization of Compounds
Cytochrome P450 Arranged by Substrate Type
Xenobiotics

Biological Oxidations

Detoxification
Glutathione Conjugation

Neurotransmitter Release Cycle
Glutamate Neurotransmitter Release Cycle
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What is controlling this
differential expression?
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MiRNAs block translation of target mRNAs
or mark target mRNAs for degradation

pre-miRNA

mature miRNA
|

exact maqy ‘.—tial match
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mRNA degradation l | blocked translation
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BD exposure-induced changes in lung miRNAs

C57BL6 CAST
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Gene targets of miRNAs — C57BL6

E = .
Mir449c-50 mewzseors mIR 326 ® awzeome miR 150
mir-449a-5p CSTE — . cs7
C57BL/6J Lung: mRNA targets of miR-34/449 C57BL/6J Lung: mRNA targets of miR-326-3p C57BL/6J Lung: mRNA targets of miR-150-5p
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Gene targets of miRNAs — C57BL6
7 miR150

C57BL/6J Lung: mRNA targets of miR-150-5p
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Isolate nuclei

Assay for Regulatory
Transposase W
Accessible  nueosome @ o/ \../
Chromitin '

Add Tn5 transposase
/‘,./\\
amplify and sequence

¥

Buenrostro, et al. Nat Methods ATAC'Seq

Crawford Lab
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Treatment and strain-specific chromatin

5 kbt 1 mm9
chrs: 73,900,000 | 73,905,000 | 73,910,000 |
Ushbp1
o]
Nr2f6 memmm ] '
Control
N P IR -~ N TR - ol -
Butadiene
I
H3K4m3 __ L
50 kbt i mm9
chr8: 47,850,000 | 47,900,000 | 47,950,000 |
Irf2 » b Hh : ot

C57BL6 Control

CAST Control

Pol Il

H3K4m3

THE UNIVERSITY

of NORTH CAROLINA
at CHAPEL HILL



Chromatin Alterations on Exposure to BD

|dentify “peaks” |dentify significant

(F-seq)

/ changes (DESeq)

N

C5/BL6

CAST

Tile 300bp windows \ Merge nearby

across peaks windows
Windows Significant Mapped
Tested Windows Genes
325,103 2,610 3,274
326,645 0 0




Detoxification
Glutathione Conjugation

Biological Oxidations
5 7 B L Phase | Functionalization of Compounds

Retinoid Metabolism & Transport

Visual Phototransduction
Signaling by Retinoic Acid \

RA Biosynthesis Pathwa
\ y .o 4.\

PKA-mediated Phosphorylation of CREB L
PLC Beta Mediated Events S
Opioid Signaling ..
[ ]

GPVI-mediated Activation Cascade
Platelet Activation,Signaling, & Aggregation °
Thrombin Signaling through PARs

...

Sema3A PAK Dependent Axon Repulsion e

RHO GTPase Effectors

Signal Transduction
@ G Alpha (1213) Signaling Events

Signaling by RHO GTPases

Extracellular Matrix Organization

Assembly of Collagen Fibrils & Other Multimeric Structures
Degradation of the Extracellular Matrix
Collagen Biosynthesis & Modifying Enzymes

e Activation of Gene Expression by SREBF

e Regulation of Lipid Metabolism by PPARalpha

Meiosis
Meiotic Synapsis

Meiosis
/ Meiotic Recombination

Epigenetic Regulation of Expression
NoRC Negatively Regulates rRNA Expression
DNA Methylation

Epigenetic Regulation of Gene Expression

RNA Polymerase | Transcription

Epigenome Modifications
Chromatin Modifying Enzymes

& Histone Modification (HATs, HDACs, RMTs, HDMs, PKMTs)
& Senescence

e @ o
3 Senescence-associated Secretory Phenotype
, ) " EPH-EPHRIN mediated Repulsion of Cells  axgative Stress-induced Senescence
T-cell Slgnallng ® o Cellular Responses to Stress
TCR Signaling
CO-stimulation by the CD28 Family ° “ Y
PD-1 Signaling J< TGF-B Slgrnalln
Signaling by TGF-B Receptor Complex

Toll-like Signaling
TRAF6-mediated Inudction of NFKB & MAPK upon TLR7,8, or 9 Activation
o 25 TRAF6 mediated Induction of Pro-inflammatory Cytokines
TLR Cascades [TLR5,TLR 7/8, TLR9, TLR10]
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Transcriptional Activity of SMAD2/SMAD3:SMAD4 Heterotrimer
Downregulation of SMAD2/3:SMAD4 Transcriptional Activity

Adherens Junctions Interactions 0.1 0.075 0.05 0.025

Butadiene
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Detoxification
Glutathione Conjugation

Biological Oxidations
5 7 B L Phase | Functionalization of Compounds

Retinoid Metabolism & Transport

Visual Phototransduction
Signaling by Retinoic Acid \

RA Biosynthesis Pathway ..

Extracellular Matrix Organization

Assembly of Collagen Fibrils & Other Multimeric Structures
Degradation of the Extracellular Matrix
Collagen Biosynthesis & Modifying Enzymes

e Activation of Gene Expression by SREBF

e Regulation of Lipid Metabolism by PPARalpha

PKA-mediated Phosphorylation of CREB L
PLC Beta Mediated Events
Opioid Signaling )

Hemostasis

GPVI-mediated Activation Cascade
Platelet Activation,Signaling, & Aggregation °

Thrombin Signaling through PARs

Sema3A PAK Dependent Axon Repulsion e

Signal Transduction
@ G Alpha (1213) Signaling Events

Meiosis
Meiotic Synapsis

Meiosis
/ Meiotic Recombination

Epigenetic Regulation of Expression

‘ NoRC Negatively Regulates rRNA Expression
DNA Methylation

Epigenetic Regulation of Gene Expression

RNA Polymerase | Transcription

Epigenome Modifications
Chromatin Modifying Enzymes

& Histone Modification (HATs, HDACs, RMTs, HDMs, PKMTs)
& Senescence

Senescence-associated Secretory Phenotype
Oxidative Stress-induced Senescence

r ; X Y EPH-EPHRIN mediated Repulsion of Cells  Ceg|lular Senescence
T-cell Slgnallng ® o Cellular Responses to Stress
TCR Signaling
CO-stimulation by the CD28 Family . “ Y
L PD-1 Signaling TGF-B Slgrnalln
Signaling by TGF-B Receptor Complex
Transcriptional Activity of SMAD2/SMAD3:SMAD4 Heterotrimer
7 . B . Downregulation of SMAD2/3:SMAD4 Transcriptional Activity
Toll-like Signaling
TRAF6-mediated Inudction of NFKB & MAPK upon TLR7,8, or 9 Activation
o 25 TRAF6 mediated Induction of Pro-inflammatory Cytokines
L TLR Cascades [TLR5,TLR 7/8, TLR9, TLR10] Adherens Junctions Interactions 0.1 0.075 0.05 0.025
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What drives differences between C57BL6
and CAST in response to butadiene
exposure?
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Gene expression and chromatin landscape
differ at basal state

* MRNA expression:

Total Genes Differential
C57BL6 vs CAST 20868 10250
C57BL6 exposure 20868 4116

 Chromatin Accessibility:

Windows Significant Mapped
Tested Windows Genes
C57BL6 vs CAST 304,385 19,220 11,184

C57BL6 exposure 325,103 2,610 3,274




Mitochondrial Translation
Mitochondrial Translation Initiation
Mitochondrial Translation Elongation
Mitochondrial Translation Termination

T-cell Signaling

TCR Signaling

CO-stimulation by the CD28 Family
PD-1 Signaling

Energy Metabolism
Respiratory Electron Transport (RET)

TCA Cycle & RET °®

L]
.‘ o °
Regulation of KIT Signaling e
GPVI-mediated Activation Cascade @ Signal

[ ]
Transduction® *

Detoxification
Xenobiotics

Biological Oxidations
Phase Il Conjugation

®

RNA Pol | Transcription
RNA Polymerase | Transcription Termination
RNA Polymerase | Promoter Escape

RNA Pol Il Transcription
’ RNA Polymerase Il Transcription Initiation
RNA Polymerase Il Promoter Escape
mRNA Capping

CRMEs in Sema3A Signaling ® ¢ G-protein Beta:Gamma Signali
Semaphorin Interactions o P ; gnaiing ..
Other Semaghorin Intoractions ® @ . ) .RHO GTPase Cycle ' mRNA S I|C|ng
Interferon Signalin o Pre-mRNA Splicing

Interferon Gamma%ignaling

Amino Acid Synthesis & Interconversion (Transamination) e
Interferon Signaling e
[ ]

Amino Acid & Derivative Metabolism @)

0l
Sa'% X
DNA Damage Response .q
Regulation of Apoptosis
Stabilization of P53

P53-Independent DNA Damage Response

Regulation of APC/C Activators between G1/S and Early Anaphase
Cyclin A:CDK2-associated Events at S Phase Entry

Translation

Eukaryotic Translation Initiation
Eukaryotic Translation Elongation
Eukaryotic Translation Termination

o 25
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100
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. Cytokine Signaling in Immune System

mRNA Splicing
U12 Dependent Splicing

Meiosis
Meiotic Synapsis
.\(Meios.is e
. ' Meiotic Recombination

[ ]
%Epigenetic Regulation of Expression

\/< PRC2 Methylates Histones & DNA

RNA Polymerase | Promoter Opening

[}
Epigenome Modifications
Chromatin Modifying Enzymes
Histone Modification (HATs, HDACs, RMTs, HDMs, PKMTs)
Senescence

Packaging of Telomere Ends
DNA Damage, Telomere Stress Induced Senescence
Oxidative Stress Induced Senescence

0.1 0.075 0.05 0.025

CAST

< C57BL6 vs. CAST -~ wmm

Activated PKN1 Stimulates Transcription of AR Regulated Genes KLK2 & KLK3



Summary

Hemostasis** DNA Damage

Signal Transduction  Energy Metabolism

T-cell Signaling Detoxification**
Interferon Signaling Mitochondrial Translation

C57BL6 Control < » C57BL6 Butadiene
A

Y
CAST Control < > CAST Butadiene
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Summary

Hemostasis**

Signal Transduction
T-cell Signaling
Interferon Signaling

DNA Damage

Energy Metabolism
Detoxification**
Mitochondrial Translation

C57BL6 Control <
A

\4

» C57BL6 Butadiene

CAST Control <

Energy Metabolism
Hemostasis
Phase | Metabolism
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Summary

Hemostasis**

Signal Transduction
T-cell Signaling
Interferon Signaling

DNA Damage

Energy Metabolism
Detoxification**
Mitochondrial Translation

C57BL6 Control <

A Immune System (T-cell, Interferon Signaling)
Signal Transduction

Epigenetic Regulation of Expression
Epigenome Modifications

DNA Damage
Energy Metabolism
Detoxification

Y Mitochondrial Translation

» C57BL6 Butadiene

CAST Control <

Energy Metabolism
Hemostasis
Phase | Metabolism
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Epigenetic data in toxicology studies
enables

* Understanding better how expression
phenotypes arise in cells and tissues

* Understanding how basal epigenetic state
contributes to altered susceptibility

* |[nvestigations into how genetic variation
contributes to phenotype through effects on
epigenome
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