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High

throughput profiling (HTP) assays are

proposed as the first tier in a NAMs-based hazard
evaluation approach.

HTP Assay Criteria:

1.

3.
4.

Yield bioactivity profiles that can be used for
potency estimation, mechanistic prediction
and evaluation of chemical similarity.

. Compatible with multiple human-derived

culture models.
Concentration-response screening mode.
Cost-effective.

To date, EPA has identified and implemented two
HTP assays that meet this criteria.

e High-Throughput Transcriptomics [HTTr]
e High-Throughput Phenotypic Profiling [HTPP]

NAMs-Based Tiered Hazard Evaluation Approach
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The NexGen Blueprint of CompTox at US EPA
Thomas et al. (2019) DOI: 10.1093/toxsci/kfz058
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TempO-Seq Assay lllustration

/ Purified RNA or Lysates \
v

* The TempO-Seq human whole transcriptome assay 3/ _RNA o
measures the expression of greater than 20,000 +
transcripts_ Detector Oligo Annealing /
= o,
* Requires only picogram amounts of total RNA per sample. Excess Oligo Removal v
. . .r / PO,
* Compatible with purified RNA samples or cell lysates. 4
Detector Oligo Ligation
e Lysates are barcoded according to sample identity and / ¢
comblneq in a single library for sequencing using industry PCR with Tagged Primers .
standard instruments. Sample Tag 1
* Scalable, targeted assay: Sample Tag 2 o —
* 1) specifically measures transcripts of interest v
e 2)~50-bp reads for all targeted genes . .
) ] . Pool Library, Concentrate/Purify
« 3) requires less flow cell capacity than RNA-Seq Known, captured in probe
manifests and fastq files v
Sequence
Aligned to reference

transcriptome to generate counts /

Yeakley et al. (2017) DOI: 10.1371/journal.pone.0178302
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Dose Plate Assay Plate
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LabCyte® Echo 550
Acoustic Dispenser
\
t Y
l: = Test chemicals in 8-point dilution series No cells Cells

- = Vehicle controls (DMSO)

|:. = Reference RNAs

|:. = Reference Lysates
= Trichostatin A (cell type agonist reference chem) - - Bulk Lysates

.: = Reference chemicals in 7-point dilution series

- = Staurosporine (cell type agnostic cell viability control)

Used to track assay performance independent of
Used to track assay performance. Chemical treatments and responsivity of culture.

- = Reserved for sequencing vendor
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High-Throughput Transcriptomics Platform for  TOXICOLOGICAL SCIENCES, 2021, 1-22 MCF7

Screening Environmental Chemicals dot: 10,1092 toxscl/ifab00S

Advance Access Publication Date: 4 February 2021
Research Article

Joshua A. Harrill ®,! Logan J. Everett,” Derik E. Haggard @,""
Thomas Sheffield,*! Joseph L. Bundy,” Clinton M. Willis,**
Russell S. Thomas ®," Imran Shah @," and Richard S. Judson @'

Cell Type(s) 1 MCF7
Assay Formats: 5 ngh-Throughput_ Tr_a_nscnptomlcs
Cell Viability AT e T T
.Staurgsporr_ne (1“,’“,'\/')’
Culture Condition 1 DMEM + 10% HI-FBS kv 28, 2
Chemicals 44 ToxCast chemicals
Time Points: 1 6 hours
Concentrations: 8 3.5 log4, units; semi log,, spacing
B'O|99lca|_ 3 Independent cultures
Replicates:

CellEvent Caspase 3/7

Harrill et al. (2021) DOI: 10.1093/toxsci/kfab009
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MCF7 Pilot Chemical List

Table 1. Chemicals Used in the Study

4-Cumylphenol
4-Nonylphenol, branched
Bisphenol A

Bisphenol B
4-Hydroxytamoxifen
Clomiphene citrate (1:1)
Fulvestrant
Cyproconazole

Imazalil

Prochloraz
Propiconazole

Atrazine

Cyanazine

Simazine

Butafenacil

Fomesafen

Lactofen

Name Target Annotation

Cyproterone acet ate AR antagonist

Flutamide AR antagonist

MNilutamide AR antagonist

Vinclozolin AR antagonist

Amiodarone hydrochlorid Blocks myocardial calcium, potassium and sodium channels
Cladribine DNA synthesis inhibitor

ER agonist

ER agonist

ER agonist

ER agonist

ER antagonist

ER antagonist

ER antagonist

Ergosterol-biosynthesis inhibitor. Pan-cyp inhibitor
Ergosterol-biosynthesis inhibitor. Pan-cyp inhibitor
Ergosterol-biosynthesis inhibitor. Pan-cyp inhibitor
Ergosterol-biosynthesis inhibitor. Pan-cyp inhibitor
Herbicide, photosystem [I inhibitor

Herbicide, photosystem [I inhibitor

Herbicide, photosystem [l inhibitor

Herbicide, PPO inhibition

Herbicide, PPO inhibition

Herbicide, PPO inhibition

Name Target Annotation

Lovastatin HMGCR inhibitor

Simvastatin HMGCR inhibitor

Maneb Inhibition of metal-dependent and sulfhydryl enzyme systems
Thiram Inhibition of metal-dependent and sulfhydryl enzyme systems
Ziram Inhibition of metal-dependent and sulfhydryl enzyme systems
Reserpine Inhibition of the ATP/Mg2-+ pump

Rotenone Mitochondria (complex | inhibitor)

Pyraclostrobin Mitochondria (complex 1l inhibitor)

Trifloxystrobin Mitochondria (complex 111 inhibitor)

Fenpyroximate (Z, E) Mitochondrial electron transport inhibitor

Clofibrate PPARx agonist, upregulates extrahepatic lipoprotein lipase
Fenofibrate PPARx agonist, upregulates extrahepatic lipoprotein lipase
Farglitazar PPARy agonist

Perfluorooctanoic acid (PFOA)
Perfluorooctanesulfonic add (PFOS)
Troglitazone

Cycloheximide

Bifenthrin

Cypermethrin

Tetrac

3,53 -triiodothyronine

PPARy, PPARx agonist
PPARy, PPARx agonist
PPARy, PPARz agonist
Protein synthesis inhibitor
Sodium channel modulator
Sodium channel modulator
T4 synthesis inhibitor

THR agonist

* Chemicals were selected that cover a broad range of molecular targets with some redundancy within target class.

* Intentionally selected some chemicals whose molecular targets are not expressed in MCF7 cells (or in mammalian tissues).

Harrill et al. (2021) DOI: 10.1093/toxsci/kfab009
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Gene
Expression
Database

BMDExpress for mPOD Determination

Subset by
Chemical +
Matching
Controls

Normalize &

Transform
Data

CR Modeling /
Identification of CRGs

Define Molecular POD

nnnnn

ERTYY
/ Pathway
10
0o

Mechanism-Relevant
Pathway

Most Sensitive

aaaaaaaaa

Harrill et al. (2021) DOI: 10.1016/j.cotox.2019.05.004

Based on National Toxicology Program Approach to
Genomic Dose-Response Modeling (NTP RR 5)

Pre-filter:
Models

BMR Factor:

Best Model
Selection:

Hill Model
Flagging:

Conc-Response Hit
Criteria

Gene Set Analysis:

Gene Set
Collections:

Molecular Point of
Departure

BMDEXxpress o .
P Criteria
Parameter

| FC| > 2 at any test concentration

Hill, Power, Linear, Poly2,
Exponential 2|3|4|5

1.349*SD of controls (10%)
Lowest AIC

‘k’ < 1/3 Lowest Positive Dose
Exclude Flagged Hill from Best Model Selection

(0.1*lowest conc. < BMC < highest conc.)
BMC fit p-value > 0.1
BMCL / BMCU < 40

> 3 Concentration-responsive genes
> 5% Gene Set Coverage

MSigDB (Liberzon et al. 2015)
BioPlanet (Huang et al. 2019)
CMAP (Subramanian et al. 2005)

Most Sensitive Gene Set
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Modeling of Signature Scores for mPOD Determination (1)

Experimental Data: Chemical_Conc x Gene matrix of log, (fold-change) (I2fc) values.
Signature Collections:  MSigDB (Liberzon et al. 2015), BioPlanet (Huang et al. 2019), CMAP (Subramanian et al. 2005)

Step 2: Pathway Scoring

Scores based on single sample GSEA
method (Barbie et al. 2009)

K-S statistic

0.00
4

0.10
|

Prit — Priss

-0.20

KS Statistic

-0.30

0 2000 4000 6000 8000 10000
Gene Rank

Chemical_Conc x Pathway matrix of scores.

Step 3: Cut-off Estimation via NULL Modeling

For each gene, resample |12fc based on the cross-

sample gene distribution

Calculate pathway scores for “null” data
One null distribution (n = 1000 scores) / pathway

Method: gsva

w = = Null
- All Conc

’_//\

—— P-Value: 0.05
—— FDR: 0.25

N

T
-0.5

HALLMARK_ESTROGEN_RESPONSE_EARLY Probability Distribution

T
0.0

T
0.5

Analysis by Thomas Sheffield and Richard Judson
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Modeling of Signature Scores for mPOD Determination (2)

Step 4: . . . . . . .. .
CR Modeling Concentration response modeling of signature scores using tcplfit2 (Sheffield et al. (2021) 10.1093/bioinformatics/btab779)
Lovastatin Lovastatin Lovastatin
Cholesterol biosynthesis HALLMARK_CHOLESTEROL_HOMEOSTASIS CMAF prochlorperazine 1e—05 100 319 100
(]
= 7] mthd ~ AC50 Top BMD ACC  Hitcall 2 mthd AC50 Top BMD ACC  Hitcall 2 mthd ACS50 Top  BMD ACC  Hitcall
. exp5 2.9 059 26 27 1 . hill 2.4 029 1¢ 23 1 . expd B2 024 T4 13 0.68
0 0 W] "‘[
o o I = _ _ | J—
i | 1 1 [ ] | —_ -~ |
2 s N S . = . = +
g © pm I o + i = 1 » il i
— [ | J_ i . L] 4
. I . . !
? ? 7
class: cholesterol class: cholesterol class: CALM1/DRD
size: 23 size: 65 size: 80
method:exp5 method:hill method:expd
© | Cutoff=0.22 2 | Cutoff=0.13 S | Cuteff=0.18
: T T T ! T T T ! T T I
1e-03 1e-01 1e+01 1e-03 1e-01 1e+01 1e-03 1e-01 1e+01

* Takes into account coordinated changes in gene expression that may not be identified using gene level fitting approaches.

* All curve forms from BMDExpress, plus constant model.

* Provides continuous hit calls for identifying high confidence and low confidence hits.
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MCF7 Pilot Results: Directionality of Signature Scores

Agency
A Fulvestrant Signature B 2 g
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These S l ? UL e T 71 Signature
(%] = —
@ . BPB "- 2 ;/h 1} | level results
gene level ¢ — ' Toow T = displa
data are %D lI B | nn [ B | . L- | 4NP 2 ; T | CorreCYt
noisy! 4CP 2 o | Fulv , _ _
" i ] S —— directionality!
- o umM
2 [ ) AHT o e
c S ANP| ~
80 ) - . FU|V I 1E-3 1E-1 1E+1 g {
B 1 uM o == I P%
< | \gud ey Clom = 3
/ Down Gene Set Up Gene Set : d 2| Clom
The expression of fulvestrant The expression of fulvestrant : .
signature “down” genes goes down signature “down” genes goes up - 4cp

:
- 13 18l e

following ER antagonist treatment following ER agonist treatment M

Harrill et al. (2021) DOI: 10.1093/toxsci/kfab009
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BPAC = Biological Pathway Altering Concentration

BPAC., iwd 5t Jowest BPAC of active signatures A BPACs ¢ BPAGm ¢ BPAGauy &V ERagonist/antagonit

Cyproconazole & o—h—
o R 2=~
BPAC > Most sensitive signature / pathwa "~ nes —
B M DX g p y Propiconazole (). —h—
Simazine o —h—
) . . Amiodarone nyg;::;:g;u; T
BPAC, ;s il Lower 5t percentile of active AC50 values for Vecleedn ¢ 3
h . f I . f. I Flutamide T+
ToxCast assays that pass a series of quality filters. iuta;';’;?;i S e
rochloraz ® i ¢
Troglitazone "_'."G_
. Imazalil e —i—
BPAC,;s and BPAC;,, are in better agreement than BPAC, ;s and BPAC;,,px S — . _‘_—‘_:

Cyproterone acetate

Cypermethrin ¢ —h——7

imvastatin ——
In most of these cases, BPAC, . is also more potent than BPAC : Spg’s ’ — %o
HTS BMDX _ >
Gyanazine o —oA—
Farglitazar o <
T_ﬂResir;:mtr;e —h—e
R2=0.65 RMSE=0.7 F’;Iracz:;zb:: g 2 o
Cladribine ® —h—
g “ 4—3911_'ﬂshhhpnr,: —h— zA g
3 * . ‘. . . 4-Nony :Jhencl-sr*-laizc:[ec: -
g S Signature-based BPACs in MCF7 Clomiphene oiate (1-1 T
— . . .' ,. . Bisphenol B —h— <
@ - are concordant with ToxCast Thiram —— o
5 © 7 otenone —h—
2 ; « estrogen receptor (ER) model — * ey o
c «— _| 4—Hy roxy amoxifen _'_v‘—
5. predictions. S ——— °
g T : * Brown et al. (2015) DOI: e ° v
o 10.1021/acs.est.5b02641 T . | T
5 o o ) ) 1e-04 1e-02 1e+00 1e+02
ER Model log,,(ACs,, M) BPAC (uM)
Harrill et al. (2021) DOI: 10.1093/toxsci/kfab009
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Median BMC of Active Signatures (log,, [LM])

] 5th % BMC of Active Signatures (log,, [uM])

MCF7 HTTr Screening Results (1)

Distribution of BMCs of Active Signatures

1784 Chemicals Screened
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{1} Fulvestrant

{2} Estradiol cypionste

{3} Diethylstilbestrol

{4} Fenpyroximate (Z,E)
{5} Flurandrenolide

() Dibenz{s,hjanthracens
{7} Fluocinolone scetonide
{8} Zearalenons

{5) 4-Methylaniline

{10} 1Tbets-Estradiol

(11} AMSED

{12} Arotinoid acid

{13} Diethyistilbestrol dipropicnate
{14} 4-Hydrosgytamaoxifen
(15} Raloxifens hydrochloride
(15} Estrone

{17} Fluoremetholone

(18} Rotenons

{15} 17zlpha-Estradicl

{20} Pyridaben

(21) UK-343584

[£2) meso-Hexestrol

(23} Zearalenons

{(24) C.1. Solvent Yellow 14
{25) 2-Methoogy-E-methylaniline
(26} Methylprednisolone
{27} Triamcinolone

(28} Dexamethasons

(23} SU-5418

(30} Ur=a

{31} Morethindrons

{32) Prednisclone

{23} 4-Nitrophenal

(34) CP-1142T1

-2 a 2

log10{bmd)

(35) CP-100823

{35) Phosmet

(37) 55R162165

{38} Acetaminophen

{35) Benzo(k)fluoranthens
{40} 2-Aminoanthraguinons
{41} Mitrilotrizcetic scid
(42} Sucross octsscetste
{43} Phenylarsine cwxide
{44) Drigitosin

{45) 5,8-Benzoflavons

{45} Citronsliol

{47} Ouabain

{48) Tebufenpyrad

{45) Indeno(1,2, 3-cdjpyrens
{50} Rhodamine 56

(51} BasicBlus T

{52} Ziram

{53} p-Bromodipheny| ether
{54) 3-Methylcholanthrens
(55} Dibutyltin dichloride
{58) Benzo(b)flucranthens
(5T} 2", 3 -Didegyinosine
{58) Benz{a)janthracens
(55) PD 0200247

{60} C.. Bolvent Orangs T
(&1) Fomesafen

{62} Triphenyltin hydroside
{62} Gentian Viclet

{64} Triburtyltin chioride
{6:5) 4-Chloro-1, 2-diaminobenzens
{55} 1Tbets-Tranbolons
{87} Cytarabine hydrochlonide

{B8) Cycloheximide

Chemicals with known pharmacological targets
show an “early wave” of biological activity.

Unpublished Data
Do Not Cite or Quote

&

Other potent toxicants
( organometallics,
dyes, etc) cause many
signatures to be
affected near the
onset of biological
activity.

-2 1] 2

log10{bi

Unpublished Data
Do Not Cite or Quote
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MCF7 HTTr Screening Results (2)

B 6-Benzoflavone AMBE0 Diethylstilbestrol dipropionate Digitoxin Target
*  ADR/DRD ADR/DRDMHTR
ATPase - ATPase
TRhse «ATPase ADRIGlucocoricoid/NR3CA ADRA
1.07 ATPase _/_f*/_TEﬂ-iFATPESE ADRB ADRBICHRMHRHHTR
AR, RAR ATPas i\q’ﬁﬁ?B“ATPase
RARWR ATPaze” AT a\e ATPaze AHR ALDH
RAR g RAR-RAR ATPase "ATPase Androgen Antihistamine
i RAR R £
054 Prostaglandin . aap TRAR™RAR . i T . ATPase CACN
' Prostaglandin 3« Frostagiandin RAR® RAR , -, Estrogen Estrogenia Ty f‘ ATPase:’
4+ "3 Prosigglandin RAR ! . Eat e by g “  CARMHRH COX
Prostaglandin Rap AR gt | ST Estrogen Strogen ISR 4 .
_“Prostagiandin’, wi . T’ Estrogen Estrogen Estrogen - Albase 3
Prostaglandin - w2l T Estrogen = R e CYP450 DRD
. - % - Estrogen Eskngen . .
+ + % A e o
- Estrogen * * DRDIHTR EZF
0.09
| Estrogen Estrogen ERG Estrogen
& Etru:lg,en/ Y o
Estrogen FOX Glucocorticoid
Estrugem\"f@i;)
Estru/g/& Estrogen~Estrogen B lon Channel Ca lon Channel K
051 Estrogen Cstrogen 4+ 0OCcT OPR
" PI3K PKC
*  Progesterone Prostaglandin
= RAR SCN
1.0
+ 8LC SREBF
B STAT Transcription Factor
-3 -2 -1 0 1 2 -3 -2 -1 0 1 2 -3 -2 -1 0 1 2 -3 -2 -1 0
Log10(BMC)

The most potent and efficacious signature hits correspond to known mechanisms for these chemicals.
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Chemical
Target
Group

B esr

ATPase

MCF7 HTTr Screening Results (3)

Is 2

—Chemica

Signatures =

——— -
-——

1o
ik

Clustering based on signed area under the curve (AUC) groups similar chemicals together.
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MCF7 HTTr Screening Results (4)
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Unpublished Data
Do Not Cite or Quote

o Polycyclic Aromatic Hydrocarbons (PAH)

TPODDITTIN1S_C1 Sobwenl Yellow 14
1 EPAPLTD02TE 13_1-Naphihol
TPOOO 1965002 _Indenod |, 2, 3-cd jpyrene
TR0 720020 Dibensia hianthracens
TPODO196TAO2 _C |. Solvent Orange T
TPOOO17 19403_Benzob)funranthens

EPAPLTDO2TIOS 5 6-Benzonavons
| TPODO1969L02 _Benzo(kjfuoraninens

EPAPLTI027GOS_1 4-Diydrocyanthracens—3, 10-done
EPAPLTO027C20_SU-5416
TPODD 1967 G0N _3-Metyicholanthrens

o Glucocorticoid Receptor (GR)

EPAPLTO02TK 14_Fluorometholone
EPAPLT0027M18_Fluocinolone acetonide
EPAPLTD027L16_
TP0001967P03_Prednisolone
|_|'_|— TPOOO1967NO5_Methylprednisolone
TPOOD196TB09_Dexameihasone

e Retinoic Acid Receptor (RAR)

TPOO01718L05_Tributyltin methacrytate
[ : TPOO01718116_Zvam
TP0001720P03 Thiram
o Selective Estrogen Receptor Modulator (SERM)
TPOOO17 19017 Tamoodlen
| 1 TPDOO 17 18E 16_Ralourlene hydrochionde
TPOOD1719H18_Tamowien citrate
I TPOOO17 18D 16_Clomiphene citrate (1'1)
: TP00O 17 18F22_4- Hydroxylamaxifen

TPOO0 TH0H2E ™ Fearalenane

e Estrogens EPAPLTDO2TG0D Zearakenone
TPOOO 719006 _Plerfiuonodecance:

TPOO01 T18J11T Norethdrone

acad

TPOOO1G86.007_Bromolos

TPOOO 7100 14_Tetrac

EPAPLTOOZTF 15 _Ethesterone

TPOOG1 716002 _[Taszesn

il TPOOD T 1804 _ Salpha - Diwadrotesioulenons
TPOOD1 71861 3_ 1 Thwta- Trenbolone

THEOO0 ! 71 GE0E  mees - Hexesiol

TPODD1 TI8E 11 Estrone

[ " TPO00171BEDH_Dretiyistibestrod
EPAPLTDOIT J06 Detwydroepuandrostiorons

L TPO00 16 TND7_Thethyistibestrol dpropaonate

TPOOD1 T1RDOT_ 1 Talpha-Estradol

TPOOO1 T19G02_Levonargestred

TPOOD 15T di-Norgestrel

[ TPOOD1 718K 15 Genesten

1 TPOOO1 T18A 7~ 1 Teta-E straduol
EPAPLTDO2TDN 3_Estradiol cypeonate
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High-Throughput Toxicokinetic (httk) Modeling

| Predicted exposure

New approach methodologies (NAMs)

Exposure predictions

(EPA ExpoCast)
Systematic Empirical Evaluation
of Models (SEEM) version 3

* Inferred from human
biomonitoring data, production
volume and use categories
(industrial / consumer use)

95%

Toxicological
threshold of
concern
(TTC)

A

in vivo point-of-departure |

HTTr Potency Estimate
(rM)

In vitro-to-in vivo
extrapolation (IVIVE)
high-throughput toxicokinetics (httk)

HTTr AED
(mg/kg bw/day)

5% 50% 95%

\I

Database of in vivo effect values (EPA
— ToxValDB)

*  Mammalian species

oral exposures

Various study types

NOEL, LOEL, NOAEL, LOAEL
mg/kg/day

5%

“\A\/ __

POD: point-of-departure
AED: administered equivalent dose
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Negative ratios indicate that AEDs derived
from HTP NAMs molecular PODs are
conservative surrogates for traditional in vivo
PODs.

When cell lines are considered individually,
~66-68% of chemicals had negative ratios.

When considered in combination, the
number and percentage of chemicals with
negative ratios increased (82.3 %).

Paul Friedman et al. (2020) (PMID: 31532525)
* Using ToxCast, 89 % of APCRA chemicals
had negative ratios.

When multiple cell types are considered,
mPODs from HTTr screening appear to be

conservative surrogates for in vivo PODs.

Correlation of in vitro and in vivo is low.

MCF7 ! 244 | 358
! (68.16 %)
I
I
"_H—H—H_H_HT’_H_I—!—‘—
5 3 0 3 6
HepaRG ! 282 / 412
I (68.45 %)
I
I
—\r—b’_i_!—ﬂ_W I
'
6 3 0 3 6
I
I
I
I
I
I
. . | . :
-6 -3 0 3 6
HTP NAM 1 339/ 412
I (82.28 %)
I
I
5 3 0 3 6

Bioactivity / In Vivo Effect Value Ratio

logo(ToxVal, 5th %ile), mg/kg-bw-day

Bioactivity / In Vivo Effect Value Ratio Analysis

® . o ade™ Trichlorfon
o0 -: .. ‘o...

e |nphos

[ 6F’ropy|2th|oura0|l Tﬁ(lmethoate}
- '
o ﬂ CyahaZine
B ‘ee

In Vivo
Ratio

a 4

a o

a 4

5 0
log1o(HTP NAM AED), mg/kg-bw/day
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