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b. Cardiopulmonary disease
c. Developmental disorders
d. Reproductive disorders

The NIEHS Toxicant Exposures ana RESPONSES
by Genomic and Epigenomic Regulators of
Transeription (TARGET) Program established
ln 2012 with the goal to nerease our
wnderstanding of how exposures affect and
Lnteract with functional and regulatory
processes that cause persistent epigenttic
alterations.

In 2016, TARGET Ul established a mouse
consortinm focusing on survogate (e.9. blood,
skin) and target (e.q. Liver, brain) tissue
analyses of eplgenomic signatures across the
Life course after developmental exposure to
enwironmental toxiteants.
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PRIVERS FOR TaRGET I INITIATIVA

* Blomarkers v human population-based studies arve Limited to easLLg obtatnable tissues (hatv, blood, and
saliva).

* It ls currently unknown Uf eplgenctic alterations tnduced in disense-relevant, but often tnaccessible target
tissues will be veflected n corvelative changes tn surrogate tissues.

* Also wunkimnowin Ls whether toxicant-induced changes tn the epigenome persist in target or swrrogate tissues
after exposure cessatlon and/or change over the Life-course.

s Finally, it is incrensingly evident that the effects of exposures arve highly sex specific and influenced by

LUL-defined inter-tndividual differences, adding another Layer of complexity to the tnterpretation of
population-based studies

To fill these knowledge gaps, the NIEHS TARGET [l Consortium Ls tnvestigating the conservation of
toxicant-induced eploenomic changes across tissues and time, in both males and females, tn response to a
variety of developmental environmental exposures



Organizational Structure TARGET (I Consortivm

e Consortium made up of 7 institutions profiling epigenomic response to 8 toxicants

e Data Coordinating Center (DCC) to which all transcriptomic, epigenomic and meta-data are
uploaded into a database for analysis by the DCC, Consortium members, and ultimately non-

consortium researchers
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Organizational Structure TARGET (I Consortivm

e Consortium made up of 7 institutions profiling epigenomic response to 8 toxicants

e Data Coordinating Center to which all transcriptomic, epigenomic and meta-data are uploaded
into a database for analysis by the DCC, Consortium members, and ultimately non-consortium
researchers

e T2C Wiki developed for distribution of consortium information

e Working groups with regularly scheduled meetings established for:
- T2C Steering Committee made up of UO1 Pls and NIEHS Program Staff
- T2C Bioinformatics group led by DCC with broad consortium participation
- T2C Methods Development led by U. Mich team (Dolinoy) with broad consortium
participation
- T2C Manuscript publication guidelines led by NC State team (Aylor) with broad
consortium participation
- Scientific Advisory Board formed and convened

e Annual “all hands” meetings held until COVID pandemic, transitioned to virtual format (not
optimal)

e Developing a T2C consortium “package” of manuscripts to be published concurrently in 2022



APPROACHES EXPOSURE

RUESTIONS

Adoption of T2C Consortium-wide Exposure Paradigm and Profiling
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* Which epigenetic alterations persist and * what genes and pathways

what s the lmpact of reprogramming on drive pathogenesis
the transcriptome? downstream of epigenomic
reprogramming?

* Can we tdentify corvelative exposure/risk
stgnatures bn surrogate tissues?

* Use of standardized mouse exposure
paradigm across the consortivum
allowed for consisteney and the use of
controlled exposures.

* Use of same thmepoints (2 weeks, 5
and 10 months) allowed for
COMPAYLSON ALYDSS EXPOSUIES AN
consortium sites

» Developed and deployed standardized
and coordinated methoolological
approaches for comparison across
exposures and consortium sites

. Devetoped and shaved detalled
standardized metadata schema via
the DCC



Data Coordinating Center Research Activities

Data curation of over 2100 TARGET Il omlcs datasets.
*  Owles data processing, formatting, and management

*  Transparent datna sharing through research communtty
*  TORGET Data Portal (nttps://dec.targeteplgenomics.org/)
*  AWS open data (nttps://registry.opendata.aws/targetenigenomics/)

Development of biolnformatics tools/pipelines for omics data RC and processing.
*  Cownstruction of version-controlleo omics data QC pipeline
*  Development of novel biolnformatics tools to facilitate RC processing

*  AIAP: ATAC-seq Integrative Analysis Package (ttps://dotl.org/10.1016/].0pb.2020.06.025)
*  BeCorrect: Crentes batch corvected visunlization file (htips://dol.ovg/10.1028/541598-020-66998-4)

Development of novel statistical and biolnformatic methods to analyze omics data.
*  Modified TMM normalization wmethod to enable consortivum-wide data normalization
*  Novel statistical framework to analyze Waes data with large veplicates

Ientification of stgnatures for specific toxicant exposures.
*  Discovering eplgenomic stgnatures corvesponding to distinct toxicant exposures
*  exploring the commonality of toxicant exposures at pathway Level

*  Detecting the cross-talk between transcriptome, epigenome landseape and Long-term eplgenetic memory
*  Understanding the common stonatures between target and survogate tissue as a function of exposure

creation of database of eploenomic signatures corvesponding to toxicant exposures.


https://dcc.targetepigenomics.org/
https://registry.opendata.aws/targetepigenomics/
https://doi.org/10.1016/j.gpb.2020.06.025
https://doi.org/10.1038/s41598-020-66998-4

Examples: Data Coordinating Center Activities
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TARGET | and Il Consortium Learnings: Consortium
Effectiveness

* Harmonizing technologies across multiple sites/Labs/investigators Ls thime-consuming and challenging. While we started out
using this model (L.e. ATAC-seq), it was replaced by establishing expertise at a single-sight to generate data consortivum-wide
(Waes, ChiP-seq)

- Expectations and thwmelines must be clear, wmilestones agreed upon and investigators held accountable. This bincludes an
understanding that U-type Programs are about data generated and differ from R-type grants.

* Would recomumend considering an tnitial funding perlod for participants to help the consortivum “gel”, provide opportunity to
demonstrate responsiveness, and if necessary, veshuffle the deck to enhance productivity) prior to major investment in resources,

* DCC absolutely essemtial (and ours was great) but cannot replace on-site interactive blolnformatics expertise to generate
site/study-specific insights that can benefit the whole consortium. Also, the DCC needs to be sustainable beyond the Last upload of

consortiume data {0\/ updates, ma wuscn/upt pr@pamtiow, commuw’u’cg use ete.

* Extensive tissue banking made it possible to add other consortivum-wide analyses (e.9. ChiP-seq) and respond to other
stakeholders (e.0. addeot cortex at NIA request) after the studies weve tnitiated/concluded

« The concept Ls alwauys stmapler thaw the actual veseavch- The short duration and budaget for T2C was wnrealistie.
P Y P 9



TaRGET L and Il Consortium Learnings: Eplgenome
X Environment tnteractions
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CHALLENGE OF QUANTITY VS QUALITY

Flrst and wost obvious: Sample size vs profiling depth/comprehensiveness
- Expense of Next-gen profiling vs sameple size? Typieal budget for comprehensive epigenomic profiling
(RNA-seq, ATAC-stq, ChiP-seq, WGBS) ~$5000/sample (within order of magnitude)
For 2 sexes x 2 arms (exposure + vehicle) x 2 tissues (target + survogate)
N=10 $400,000 N=5$200,000 ¢tc,

EquaLLg bmportant but Less obvious considerations:

* Number of orthologous approaches vs comprehensiveness of epigenomic profiling? Using epigenomic
profiling, orthologous technioues did not produce redundant tnformation e.g. Little overlap between
RNA-seq, ATAC-seq, and ChiP-seq signatures. ATAC-seq was least informative.

* Coverage Vs granularity? Wihole tissue RNA-seq vs sScRMNA-seq, Whole tissue ChiP-seq vs Cut-and-
Tag, WGBS vs RRBS tte.

* Pooling of antmals vs individual measurements? Inter-individual variation bn response seen even
when using genetically tdentical inbred C5FBL/E mice. Sample availability (and tn some cases
profillng approach) can become Limiting when analyses done at the Level of the individual animals (e.g.

blooo from = week olol wmice). However, pooling can mask effects if there are “responders” and “non-
rESPONOIErS” Ln EXPOSUIE YIS



Awatgsis of individual Anilmals ldewtiﬁes valotgpes
Associated with Risk
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Transcriptional profiles of Livers from
TBT-exposed mice that do not develop
tumors are virtually tdentical to
vehicle-exposed antmals by RNA-seq
(only 144 DEGS)

Livers from mice without tumors have
very few DEGs bn common with UL
Liver or tumors (97 DEGS)

Transcriptional profiles from
wninvolveo Livers (UL) of TBT-exposed
mice with tumors sharve most of thetr
diﬁeremmtg expressed genes (2863
DEGS) with tumors (T)



Distinet Epigenetic Endotypes Linked to Development of
TBT-nduced Liver Tumors

No tumors Animals with tumors
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TBT-induced Reprogramming and High-risk Endotype
Precedes Tumor Development

e When combined, 5 month livers of TBT-exposed mice display very few
DEGs (227 DEGs) vs vehicle. However hierarchical clustering identified
2 endotypes in 5 month old male livers that differed from each other
by > 4000 DEGs and from normal age-matched liver by >1400 DEGs
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TBT-induced Reprogramming and High-risk Endotype
precedles Tumor Development

e When combined, 5 month livers of TBT-exposed mice display very few
DEGs (227 DEGs) vs vehicle. However hierarchical clustering identified
2 endotypes in 5 month old male livers that differed from normal age-
matched liver by >1000 DEGs

e PCA analysis also separated 5mo TBT liver into 2 endotypes
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TBT-induced Reprogramming and High-risk Endotype
Precedes Tumor Development

e When combined, 5 month livers of TBT-exposed mice display very few
DEGs (227 DEGs) vs vehicle. However hierarchical clustering identified
2 endotypes in 5 month old male livers that differed from normal age-

matched liver by >1000 DEGs

e PCA analysis also separated 5mo TBT liver into 2 endotypes
e Endotype #1 clusters with the 10 mo “high-risk” TBT endotypes
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Heterogeneity Can Obscure TBT-nduced Reprogramming
and High-risk Endotype

Male liver: 5mo TBT over VEH
All mice combined
(high risk & low risk)

chr® chrio chriy

o (,:;iﬂ 0 CD gy o,
. <SS \h}ﬂ} N r!////, Ly, | o,
o \\\ ol /f //f,
)\ 5% e

8%
' \\&\\\\\\\ \ \H Ik f” ﬂ/ /iy 7 W/:// ) /{4/%%2
g T ~ b % %
’ i; Q < -
“h: 3\ ~D —— ) Z,{% ..-%%
2 ﬁf % Log2FC = —
° St == i a 3
— £ —— 2
Q)Q /\‘bo &Q\ Q()b Q‘;b
Q§?fo an ™ b&é\ Q){(\

Male liver: Smo TBT over VEH

High risk: ~ Low risk:
4M5T, 15M5T 5M5T, 6M5T, 16M5T
s fo 1) | R [I:é:";u:] chya
PN L7t
S ) 3 il i HI” f/j g
N N o7 NN
N\ Ly ", %

%;% i% S \ \\\\\&\\%w L oy // yj /‘% >
§’§ § .&f%\&\%‘\ ’ L %0
N S 2 e 42 v z =

3§§?““§ @% Log2FC - =" @@
= e = =
. .-f%. i ; = | RNA-seq e i =
) E; — % [ ] H3K27ac e =
SR i =5 [ ] H3K4mel = o el g €
R f.% =z [ ] H3K4me3 = %;Cﬁ
- é"i;’ 5’ {: ?} i F =
r%f Z %, i Ul . ~7,
a% % Jg” /gi/ .- N = “\&c't
%4 Z, / %6 %g/w 1] : \\ Nad ]
&% &l /4,//%‘/ e B3 \\0. A
% %%;f%% V4 T \ \\i\&,& R
W ’WM | NS, ¢
R AT e
2 (:?fyc%x’ /,fx,rfém l"_l};l‘iﬂ’%‘,“’ o
Mg 2 MO e O e gu®



Awnchoring and Stratifying with
Transcriptomics and Phenotyping

Flrst and most obvious: interpreting eplgenomic data with transcriptomic data

» Altered patterns of gene expression as a downstream response to eplgenomic reprogramming can atd in

interpretation of eplogenomic data and provide tnsights into mechanisms of adverse effects/health
outcomes

Bqually bmportant but Less obvious considerations:

* Exploratory experiments to determine “value” of tn-depth (expensive) eplgenomic profiling tn specific
tissues/cells Across different exposure paradigms, velevant tissue(cell) targets for an exposure to produce
an effect may not be lknown-how ma ny to proﬁL@ (see previous cost awatgsls).

similarly, when calibrating across different exposures and consortium sites, cholee of a stngle target
(L.e Liver for TARGET 1) while providing methodological consistency, may only be informative for a few
exposures (L.e. all exposures do not Limpact all tissues/cells eqmttg-some not al all).

- Over-dependence on Transcriptional profiling can miss important “silent reprogramming” useful as
both a blomarker and determinant of later-life effects



Metabolic Dysfunction Caused by Bplgenomic Reprogramming Revealed by
Later Life Dietary Challenge
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Trevino et al Nature Communications 2020
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Metabolic Dysfunction Caused by Epigenomic
Reprogramming Revealed by Later Life Dietary Challenge
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Importance of Longitudinal Analyses: Eplgenomic Plasticity
of Aging Ls Vulnerable to Environmental Exposures

* It Ls now well appreciated changes bn the eplgenome occur during the aging process. What is less well-understood
Ls whether/how these alterations drive age-associated disenses ov create vulnerabilities to environmental exposures.

* BY capturing both normal and toxicant-induced epigenomic changes across the Lite-course, we have found the
plasticity inherent to normal epigenomic aging creates a vulnerability to multiple environmental exposures

* Examples include both acceleration and attenuation of eplgenomic aging by early-life exposures

* v the case of toxicant-induced attenuation of age-associateo changes tn the Liver eplgenome (“anti-aging”
stonature) Linked to development of fatty Liver and tuwmors, these age-asscoctated alterations are able to
accurately stratify huwman patient populations by disease (HCC) and severity (NAFLD/NASH)



Eplgenomic Plasticity of Aging is vulnerable to
Environmental Exposures
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Eplgenomic Plasticity of Aging is vulnerable to
Environmental Exposures
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Eplgenomic Plasticity of Aging is vulnerable to
Environmental Exposures
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Toxteant-induced Stgnatures Corvelate with Altered Gene
Expression n Human Liver Disease
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TaRGET L and Il Consortium Learnings: Eplgenome
X Environment tnteractions
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by Early Life programmers revealed by second
Environmental Changes in Physiology that €nvironmental exposure
Exposures is Increase Disease Risk

”Pre-screen” (Phenotype,

Transcriptional Profiling
etc.) to Prioritize
Epigenomic Profiling for
Cost Effectiveness

Persistent v

Exposures during “first 100 days” (pre-
conception through weaning) cause alterations
in the eplgenome that persist across the Life-
course

Eplogenomie plasticity associated with normal
aging Ls vulnerable to reprogramming and
translates to human disense settings

Data obtained with different eplgenomic
profiling approaches provide distinct
tnformation

Heterogenelty bn response can be a significant
confounder even tn genetically homogeneous
models

Eplgenomic reprogramming while persistent,
may wot cause a change Ln gene expression
until triggered by Later Life environmental
stressors
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