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Confirmation of transcriptional bioactivity via targeted assays identifies
selectively-acting environmental chemicals and pharmaceuticals
Future testing of data-poor chemicals can be informed by broad-
coverage assays for efficient chemical assessment
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Introduction

* Tiered testing of chemical toxicity requires a
framework to integrate multiple types of New
Approach Methods (thomas et. al. Tox sci 2019):

e Tier 1: Broad biological coverage
» Tier 2: Specific molecular targets

* Probing putative mechanisms-of-action (MoAs)
in Tier 1 data forms basis for confirmation in
Tier 2 testing

* Chemicals with selective signature potency can
be linked to MoAs for Tier 2 confirmation

P
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Thomas Tox Sci 2019
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Methods: Reference Chemical Assignment

* Development of reference chemical classes
based on RefChemDB associations with
molecular targets (judson et. al. ALTEX 2019):

* Filter curated database for threshold level of
support

* Hierarchical clustering of molecular target
annotations based on Jaccard distance

* Assignment of chemicals to clusters based on
support of constituent molecular targets

* 13 clusters represent unique mechanisms-of-
action after cross-referencing with current high-
throughput transcriptomics screening data of
1218 chemicals

Putative MoA

COX_Inhibitor A
PPAR_Agonist -
ER_Agonist -
CA1_Inhibitor -
NR3C1_Agonist+
CYP19A1_Inhibitor -
PanCA _Inhibitor A
CA1_AgonistH
AR_Agonist -
AHR_Agonist -

RAR RXR_Agonist+
hERG_ Inhibitor -
AR_Inhibitor -

8 10 12
Chemicals in Class

O -
N
N
()]

Figure indicates chemicals (selective and non-
selective) associated with each signature
(out of ~1200 screened chemicals)
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Methods: Reference Signature Generation

* Previous transcriptomics screening data from HepaRG and U-2 OS cell lines used as basis for signature

development (veakiey et. al. PLOS ONE 2017, Harrill et. al. Tox Sci 2021)

* Gene sets uniquely potent for individual MoAs identified via univariate strategy:

All TempO-Seq Genes Reference-Specific
Gene_i Genes
[%2]
o Class_1
E ANOVA Post Hoc Class Selection
_ac) Class_2
O O O -
O
©
O Class_13 10g10(BMD)gene; ~ Class Tukey’s HSD For each class:
g or<oos  TNIETETMENEN C Lo8u(BMO) lower

than other classes

Class_1 Class_2 0.01

* p<0.05against 9 of 5 Signatures
Class_1 Class_3 0.05 .
12 other classes Representing 4
* Gene meets criteria Unique MoAs
Class_1  Class_13  0.001 for only 1 class
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Results: Gene-level Comparison

Reference Signature Comparison: gene-level BMDs show distinct similarities within annotated MoA via

hierarchical clustering

* Chemicals annotated for same MoA as signature demonstrate activity at low concentrations
* Chemicals annotated for other MoA compared to signature show activity at high concentrations or no concentration-

responsiveness

HepaRG Gene Clustering: 1173 genes identified

Reference Chemical

5,6-Benzoflavone
Benzo(k)fluoranthene
Benzo(a)pyrene
3-Methylcholanthrene
Mizolastine

Pimozide

Astemizole

U-2 OS Gene Clustering: 69 genes ide

—a

Reference Chemical

ntified

Prednisone
Triamcinolone
Prednisolone
Methylprednisolone
Betamethasone
Bexarotene

AM580

Arotinoid acid

reference_class log10(BMD)

1 AHR_Agonist RAR RXR Agonist !
" | hERG_Inhibitor | NR3C1_Agonist -3 -2

-101 2 3

6
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Results: Signature-level Comparison

* Concentration-response modeling of
reference signatures via CompTox-
httrpathway package

* Enrichment scores estimated via sSGSEA (Barbie
et. al. Nature 2009)

* Benchmark dose/response estimated via
tcplfit2 (sheffield et. al. Bioinformatics 2022)

* Signature bioactivity determined via
thresholding of confidence and efficacy
metrics:

*  Curve-fit confidence: hitcall 2 0.9

* Efficacy: top over cutoff 2 1.5

In-class chemicals: low BMD, high efficacy

Out-of-class chemicals: high BMD, low efficacy

Signed Top Over Cutoff

heparg AHR_ Agonist

heparg hERG _Inhibitor

heparg RAR_RXR_Agonist

%-Mgthylcholanthrene
Benzo(a)pyrene
%,6-Benzoflavone
»

xS
___________ +_.':

+
+ FF

?\moade' .

H-F14-F ;"‘}4’;;“‘
S

L ‘AM580 'Bexarotgne

u2os NR3C1_Agonist

u2os RAR _RXR_Agonist

*  =alsso

%Betantethasone e o
____________________________ e ® a® _ _ |

+ E + + A

» #

+ +
_I__:__I___I___I__I___I_ _I__T__I___I__T_+I___I-
3 2 -1 01 2 33 -2 -1 0 1 2 3

log10(BMD)

Figure indicates chemicals positive for each target passed threshold

Passed
bioactivity
thresholds

+ FALSE
® TRUE

Chemical in
reference
class

@ FALSE
& TRUE

criteria for related signature, and few chemicals negative for each target
passed criteria (except U20S NR3C1, in which none passed)
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Primary Assessment Aim: identify chemicals with selective effects on molecular targets across transcriptional

and receptor-level readouts

* Reference signature potencies compared to non-specific cytotoxic effects estimated from distribution of publicly-sourced
signatures (judson et. al. Tox Sci 2016)

* Selectivity thresholds established from non-specific estimates: Threshold = Mode(BMDpublic) — O'(BMDpublic)

Tier 1 Positive Tier 1 Selective Tier 2 Positive Tier 2 Selective
Assessment Assessment Assessment Assessment
Data HTTr: HepaRG and HTTr: HepaRG and ToxCast: receptor- ToxCast: receptor-
Stream U-2 OS cell lines ! U-2 OS cell lines 5 level assays ; level assays
Assessment Bioactivity for Signature potencies Bioactivity for Endpoint potencies
Criteria MoA-specific ; exceed non-specific orthogonal ; exceed cytotoxicity
signatures : toxicity estimates 5 endpoints | estimates
Targets AHR GRRARNERG |  AMR GRRARMERG . AHR GRRAR  AHRGR RAR
Assessed P e P e P S
: i E ! 74 Candidate
1218 Chemicals : 439 Candidates 5 184 Candidates 5 108 Candidates MoA

Assessed ; Modulators

l | 48 Candidates

Data-Poor in Tier 2
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Results: Tier 1/2-Confirmed MoA Candidates Reflect Known
Chemicals and Structural Features

NR3C1 ToxCast Assays: Transcription Factor Activity

(ATG) and Receptor Activation (TOX21)

ATG_GR TRANS up ATG GRE_CIS up 21 GR BLA Agonist
Trilostane - » & e A A o O\ A
Medroxyprogesterone acetate - oA O ® D A » A
Fluorometholoneq{ @ Ok O oA A O A @ AN O
Budesonide{ ® A [8Y @ [8Y Ae 8y
> 0 2 2 0 2 2 0 2
log10(Conc)
O HTTrcatalog_bmd log_mode  larget-Selective @ raLse
® HTTr-ref bmd | Behavior for ® TRUE
r-reference_bmd_log ;
BMD Metric Endpoint
AN Invitrodb-all_modl_acc_mode
A Invitrodb-modl_acc

AHR ToxCast Assays: Transcription Factor Activity (ATG)

and Receptor Activation (TOX21)

Azamethiphos A

Forchlorfenuron A

Cyprodinil

1.3-Diphenyl-1,3 S
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) Fluazinam A
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* 1,4-Benzoquinone -

. . 3-Hy
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* 1,4-Diaminoanthraquinone -
Methylene blue -
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) o Menadione -
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* 2-Ethylanthraquinone A

1-Naphthol A
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2-Chloro-1,4-diaminobenzene sulfate S1 1)1
one A

ich

) Auramine hydrochlgride 4
* 1,4-Dihydroxyanthracené-9,10-dione 4

ATG_Ahr_CIS_up

TOX21_AhR_LUC_Agonist

droxyfluorene A
benzene 4
thalenal
ludioxonil 1
Carbaryl 4

2-Naphthylaminie -

, 1;%
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AA. ® i
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* Quinone or Anthraquinone Derivative
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Results: Tier 1

Assessment Prioritizes
Chemicals for Targeted
Testing

e HTTr subset for chemicals with <2
orthogonal Tier 2 measurements for non-
overlapping coverage

e Select candidates demonstrate for AHR
agonism, hERG inhibition in previous
literature:

DL-Tryptophan: metabolism to kynurenine
causes AhR translocation and T cell
proliferation in glioma cells and human
glioblastoma tissue (Opitz et. al. Nature 2011)

Ketoconazole: concentration-dependent
inhibition of hERG depolarization in rat
ventricular cardiomyocytes via patch clamp
assay (Sung et. al. Biol Pharm Bull 2012)

* Subset of candidates to be assessed in
targeted Tier 2 assays for predicted
molecular targets

1,5-Dihydroxynaphthalene -
Octinoxate

Amrinone

Vitamin D3 A

Nimesulide -
alpha-Naphthoflavone 4
2-Methyl-1,4-benzenediamine o
3-Hydroxy-2-naphthanilide A
CITCO A

Methyl Violet 4
Benzo(a)pyrene -
1,4-Naphthogquinone A
dl-Tryptophan o

C.l. Solvent Red 80 4
3-Methylcholanthrene 4
Benzo(k)fluoranthene 4

heparg AHR Agonist

Prodiamine ~
2,2'-Methylenebis(4-methyl-6-tert-but... -
Fenoxycarb -

Diniconazole A

C.l.Disperse Yellow 42 4
Fenbuconazole 4

Oxyfluorfen

Diphenhydramine hydrochloride -
Cinmethylin -

Difenzoquat metilsulfate 4
4,4'-Methylenebis(N,N-dimethylaniline) -
Chlorotrianisene 4

Loratadine o

Reserpine o

Tris(1,3-dichloro-2-propyl) phosphate A
Ethofumesate A

Pyraclostrobin A

Azoxystrobin -

Fipronil

Difenoconazole A
N-Isopropyl-N'-phenyl-p-phenylenediamine A
alpha-Naphthoflavone 4

Ketoconazole

Chlorhexidine diacetate 4

Methyl red A

Famoxadone -

Methyl Violet -

Astemizole -
1-(1-(4,4-bis(4-fluorophenyl)butyl)-4... 1
Rhodamine 6G 4

Tebufenpyrad -

Pyridaben A

Fenpyroximate (Z,E) A

heparg hERG_Inhibitor

alpha-Naphthoflavone 4

O

| heparg RAR RXR Agonist |

Arotinoid acid -{IO

O
T

| _u2os RAR RXR Agonist |

-3

-1 0 1
log10(BMD)

2

Signature
Source

Reference

¢ Signature

Mode [Bioactive

© Public Signatures]

Reference
Class

® in-class reference
® out-of-class reference

® test chemical

10
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Conclusions

e Univariate gene identification strategy paired with signature-level
concentration response analysis allows for assessment of putative
MoAs from high-throughput transcriptomic screening data

e Confirmation of transcriptional bioactivity via targeted assays
identifies selectively-acting environmental chemicals and
pharmaceuticals

* Future testing of data-poor chemicals can be informed by broad-
coverage assays for efficient chemical assessment
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