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Problem Statement

| Too many chemicals to test with standar
| animal-based methods i
—Cost, time, animal welfare
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Need for better mechanistic data
- Determine human relevance
| What is the Mechanism of Action? |
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Tiered Hazard Evaluation Approach

Tier 1 \

Chemical Structure Broad Coverage, Multiple cell types
and Properties High Content Assay(s) +/- metaboliccompetence
l v
Mo Defined Biological Defined Biological Target
Target or Pathway or Pathway
+ Tier 2
SIITITLNT ‘ Orthogonal confirmation
Assays
: 1 1 Tier 3 :
Existing ACQP No ACP
in Vitro i Organotypic Assaysand Identify Likely Tissue,
Assays for other KEs Microphysiological Organ, or Organism Effect
and Systems Modeling { Systems ) and Susceptible Populations

v ' '

Estimate Point-of-Departure
Based on Biological Pathway or
Cellular Phenotype Perturbation

Estimate Point-of-Departure
Based on AQOP

Estimate Point-of-Departure
Based on Likely Tissue- or

Organ-level Effect without AOP The NexGen Blueprint of CompTox at

USEPA Tox. Sci. 2019; 169(2):317-322
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Standardized Expansion Protocol

Dispensing Test
Chemicals

LabCyte Echo® 550

Liquid Handler

Day In Vitro

MC = Media Change
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Track 1: Targeted RNA-Seq

Generating Cell
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High Content Screening System
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e HTTr Datasets
Dataset MCF?7 Pilot MCF7 Screen | HepaRG Screen | U20S Screen
Tissue Breast Breast Liver Bone
Chemicals 44 1593 [3] 1323 1324
Samples [1] 350 12959 10825 10766
Genes [2] 10149 9137 12116 11815
Notes:

[1] Includes 8 concentrations / chemical and replicates, but not reference

chemicals

[2] There may be more than one probe per gene. At least 95% of samples
must have at least 5 counts for probe to be included
[3] After samples from bad plate groups were removed
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Treatment Randomization & Quality Control
Samples

Treatment Randomization:

QC Samples:

Each test plate uniquely randomized with respect to treatment.
Quality Control samples included on each plate

Evaluate technical
reproducibility in diverse
purified RNAs

Evaluate technical
reproducibility in MCF7
cell lysates

- Test Chemicals
UHRR (Us) [T untreated
UHRR (Us) [ pMs0 (vehicle control)
HBRR (Us) [l CMAP Reference
HBRR (Us) [ HCl No Label Controls
Bulk Lysate (DMSD) [ HC! Pos. & Neg. Controls

Bulk Lysate (DMSQ)
Bulk Lysate (TSA)
Bulk Lysate (TSA)

Lysis Buffer (Us)
Lysis Buffer (Us)

No Template Control

Vendor Supplied Process
Controls /
QcC Samples

UHRR (Them)
UHRR (Them)
HBRR (Them)
HBRR (Them)
Lysis Buffer (Them)
Lysis Buffer (Them)

UHRR = Universal Human Reference RNA

HBRR = Human Brain Reference RNA

HCI
Labeling

==

Apoptosis & Cell
Viability
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Experimental Lab

Sample Key

|

httr_well_trt

(Ship Samples)
______________________ »

HISAT2 &
Samtools

Study-specific
contrasts of
interest

A 4

httr_trt_grp_cmp

BioSpyder
Probe
Fastq Data Manifest
httr_raw httr_probe

A 4

A 4

httr_counts

\ 4

httr_counts_qc

A\ 4

A 4

httr_well

v

;

DESeq2 — | httr_deg

Scheduled backups
Recovery plan
Rapid export
Open-source tech

L. Everett
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- Alignment Pipeline — using HISAT2, comparable to
STAR
—Now trims 51bp reads prior to alignment
—Allowed soft-clipping with per base penalty

- Probe Homology can be an issue

—Mapped homology within probe manifest (some probes have
49bp overlap)

—>95% of reads map uniquely to one probe with current
parameters

—HISAT2 was better at resolving unique matches for homologous
probes

—Multi-mapping probes discarded for final counts

L. Everett
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Test Samples:

® 8 Concentrations
® 14 Log,, Spacing
® Triplicate Plates

Ref Chemicals:

¥ Untreated

"pMSO
Genistein

¥ Sirolimus

® Tricostatin A

Chemical Dose Plate

Cryopreserved

Cell Stocks

J

13-day Cell Expansion

& Plating

QC Samples:

" UHRR
HBRR
BL DMSO
BL TSA

¥ Lysis Buffer

Treatments
Randomized to
Test Plate

Raw Data Processing

Single Chemical

Analysis

Raw
Reads
(FASTQ)

Probe

Manifest

__Probes

U

Veh Incr

HTTr Overall Process

Alignment
(HISAT2)

Count matrix

Samiles

Probes

E&D)]
Database Layer

Signature Conc-
Response

Signature
PODs




<EPA Differential Gene Expression

tdStt
ron

Eg o etaIPotecto AnaIySIS

- Most recent version of DESeq2 (v1.24.0)

—Evaluated questions about choice of plate effect and
shrinkage using reference chemicals

—Newer shrinkage methods (Ashr, Apeglm) results less reliable

- Analyze one chemical at a time with matched DMSO
controls

- DEG analysis by four DESeg2 options:-
1. Plate effect - , Shrinkage -
2. Plate effect -, Shrinkage +
3. Plate effect + , Shrinkage -
4. Plate effect + , Shrinkage + (Recommended)
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- Understanding the results of changes in expression of 10,000-20,000
genes is hard

- Group genes into gene sets (“Signatures”)
- Examples of signature types
— Genes that are perturbed in diseased tissue vs. health tissue
— Genes perturbed in individuals with congenital diseases vs. those without
— Genes perturbed by drugs or other chemicals
— Genes perturbed by gene knockdowns / knockouts

- Example use

— If a chemical perturbs the genes upregulated in a cancer type, the chemical is
a candidate carcinogen (or candidate anti-cancer drug)

- Each signature has a hand-annotated “super target” class to help with
annotation

- ~10,000 signatures
- ~1000 super targets



S
N7

PA

Signature Scoring

ironmental Protection
gency

25T

>mc

- Start with matrix of samples x genes with 12fc from DESeq2

- For each concentration of each sample, calculate score for
each signature using
—GSEA (ssGSEA)
—FC (mean(l2fc|in signature) — mean(l2fc|out of signature))

- Distribution of signature scores are zero centered

- For bidirectional signatures collapse score to that of parent
—Score(chemical, concentration, parent)=score(up) — score(down)
—Retains directionality

- For unidirectional signatures, parent score=signature score

11
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- At what concentration does the chemical cause an effect?

- “Point of Departure”
—AC50: concentration at 50% of effect

—Benchmark Dose/Concentration: concentration where signal
exceeds noise

« Measure this in vitro

- Can also predict in vivo dose where effect happens using
toxicokinetics
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Concentration-response modeling
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- Use variant of ToxCast tcpl concentration-response fitting
method
- Expanded to include all models used in BMDEXxpress
—cnst, hill, gnls, poly1, poly2, pow, exp2, exp3, exp4, expd
—Fitting in both up and down directions
—Model with lowest AIC is selected
- Produces a continuous hit call value

- Implemented in R package tcplFit2
— https://github.com/USEPA/CompTox-ToxCast-tcplFit2

- Create null distribution of 1000 randomly select “chemicals”
created by permuting columns of sample x gene matrix

- Real chemical response has to exceed 95% CI of the null
distribution

13


https://gcc02.safelinks.protection.outlook.com/?url=https%3A%2F%2Fgithub.com%2FUSEPA%2FCompTox-ToxCast-tcplFit2&data=04%7C01%7CJudson.Richard%40epa.gov%7C3f3a07f7e8474af3a09008d8f5e869f2%7C88b378b367484867acf976aacbeca6a7%7C0%7C0%7C637529725844663266%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C1000&sdata=C8sZDDYFCKaJ46T7Wsh5%2Bnwo6jmAhv0EODX1FKUhkKU%3D&reserved=0
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all-trans-Retinoic acid
CMAP tretinoin 1.34e—-05 100 2515 100

o
— 7 AC50 BMD Top T/C Hitcal . .
s 11 084 1z Confidence Interval (Cl) around points from
© | the fitting error term
o
[1H]
° 5 — tﬁiz . | |
g © l I l —— Outer gray band is 95% CI of null dist.
Inner lines are benchmark response
o
‘? | target class: RAR . . o
size: 72 Green vertical band is BMD and 95% CI
o method: expd DTXSID7021239
— - cutoff: 0.07 TPOOO1719112
|

| I I | | |
1e-03 1e-02 1e-01 1e+00 1e+01 1e+02

conc (UuM)
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Dexamethasone sodium phosphate
CMAP clobetasol 8.6e-06 100 7162 100
o
— AC50 BMD To TIC Hitcall
022 021 0.12 1.8 1
v |
o
o e
s © — =
(}J’ © >
1
Cf target class: PLA
size: 65
o method: exp5 DTXSID3047429
— - cuteff:0.07 TPO001719D21
|
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conc (UM)

all-trans—Retinoic acid
CMARP tretinoin 1.34e-05 100 2515 100
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— | AC50 BMD Tog TIC Hitcall
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o method: expd DTXSID7021239
— - cutoff: 0.07 TP0OO01719112
I

I T T T T I
1e-03 1e-02 1e-01 1e+00 1e+01 1e+02

conc (uM)

Score

Score

1.0

0.5

0.0

-0.5

-1.0

1.0

0.5

0.0

-0.5

-1.0

More activity that just Estrogen

Digitoxin
CMAP digoxigenin 1.02e—05 100 3211 100

AC50 BMD To T/C iicaﬂ_ 1 J_
026 007 1. 1

target class: ATPase Inhibitor

size: 82
method: hill

DTXSID0022933
cutoff: 0.068 TP0001962001

1e-03 1e-02 1e-01 1e+00 1e+01 1e+02

conc (uM)

Fulvestrant
DUTERTRE_ESTRADIOL_RESPONSE_6HR

AC30_ BMD To T/IC Hitcall
0.0015 1.7e-06-0.34 538 1
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target class: Estrogen

size: 184
method: hill

DTXSID4022369
cutoff: 0.059 TPO001719K13

1e-03 1e-02 1e-01 1e+00 1e+01 1e+02

conc (uM)
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Gene-level to signature score
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Ranking Chemicals by potency
And
Comparing Technologies

Black: lowest 5%-ile signature
Red: ToxCast 5% POD
Yellow: BMD Express

Green: ToxCast ER Model

Data from MCF7 Pilot

DMEM_6hr_pilot_normal_pe_1: mygsea
pilot_large_all_100CMAP

A Sth Signature ¢ ToxCast o BMDExpress a4 ER agonist w ER antagonist

PFOA * ——
Lactofen & T —
Cyproconazole & ——
Lovastatin L] _9_
Amiodarone hydrochloride
Simazine §——
Maneb e — 47
Propiconazole p
Nilutamide o AT—
Fenofibrate —
Vinclozolin ¢ —A
Butafenacil ® ——
Bifenthrin . —F—
Prochloraz & —— 5
Clofibrate * ——
Troglitazone ——
PFOS —Ay— o
Fomesafen —
Cyanazine o —
Simvastatin e
Cypermethrin -4
Reserpine ——
Trifloxystrobin —— )
Farglitazar —- o
Flutamide —h—
3,5, 3'-Triiodothyronine & O —
Cyproterone acetate —y— o)
Pyraclostrobin —_—h— &
Cladribine Iy —h— &
Atrazine —— &
Bisphenal A —a— A &
4-Cumylphenal —_—a— s A o
Imazalil —h &
4-Nonylphenol, branched —a— A o
Clomiphene citrate (1:1) 5 o
Bisphenol B —— o
Ziram —h—, )
Rotenone ¢ o
Thiram —— o
Tetrac —h— &
4-Hydroxytamoxifen — &
Fenpyroximate (ZE) ¢ — o
Cycloheximide —h—
Fulvestrant & — e v

black,red blue: ToxCast POD =,in,> Pathway POD range

I [ I [
1e-04 1e-02 T1e+00 1e+02

log(BMD uM)




wae  Predicting Effect

- What signatures or pathways are activated?
- Are they target-specific?

- Are they related to generalized cell stress?
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Use class and known targets |

Super targets

Boxplot shows range
of BMD values for
signatures for the
super targets

Red indicates that
the super target is a
target of the
chemical

Super Target Summary Plot

Chemical name,

all-trans-Retinoic acid
MCF7 : DTXSID7021239
TP0001719112

DTXSID and sample ID

Pharmaceutical

-

ToxCast Other —

ToxCast ATG —

ToxCast BSK —

ToxCast Cytotox —|

Stress (6,0) —|
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- Activity can be specific or non-specific

- Specific
—Chemical interacts with a target that causes genes to be up or
down-regulated
—Examples are nuclear receptors (ER, AR, RAR)
- Non-specific
—Chemical causes some kind of general stress
—Disrupts cell membranes, oxidative stress, apoptosis
—Cell responds by turning on generalized stress response pathways
—Large number of genes are mis-regulated
—“Burst” of activity across the genome



EPA Specific vs. Non-specific
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- Need to screen thousands of chemicals for potency and
mechanism of action

- We can now do this with HTPP, HTTr and HTS

- Application areas in current use
— Prioritizing chemicals for further investigation
— Clustering chemicals by activity profile
—ldentifying areas of concern for emerging contaminants
— Estimating safe exposure levels for chemicals

—Animal-free evaluation of chemical safety for cosmetics
ingredients (with Unilever)
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