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Research Triangle Park, NC
Center for Computational Toxicology and Exposure (CCTE)

A research organization at US EPA Office of Research and Development tasked with developing and
applying cutting edge innovations in methods to rapidly evaluate chemical toxicity, transport and
exposure to people and environments.

CCTE Rapid Assay Development Branch
Chemical CharacFe.rl.zatlon & Blomolecylar & Co.m.p.utatlonal Advanced Experimental Toxicology Models Branch
Exposure Division Toxicology Division
Great Lakes Toxicology & Scientific Computing & Computational Toxicology & Bioinformatics Branch
Ecology Division Data Curation Division

Rapid Assay Development Branch (RADB)
Develops the next generation of high-throughput toxicity assays to comprehensively cover the potential
molecular and phenotypic responses resulting from chemical exposure and fill gaps in biological pathways
and processes not addressed using existing assays.
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ThTGI.'1 (I)\lrﬁg(:(eifanl ?;::;r;)n(;fl -ofocfor;;{gxs :;kl:z?):SPA ToxCast: Uses targeted high-throughput screening (HTS) assays to
: P 2oLl @ @ » expose living cells or isolated proteins to chemicals and assess

bioactivity and potential toxic effects.

/ Richard et al. (2016) DOI: 10.1021/acs.chemrestox.6b00135 \
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Mostly targeted assays (chemical X = target Y).
Incomplete coverage of human biological space.

-

Computational

Software &

IT Tools New Strategy for Hazard Evaluation: Improve efficiency and increase

biological coverage by using broad-based (i.e. non-targeted) assays that
cast the broadest net possible for capturing the potential molecular and
phenotypic responses of human cells in response to chemical exposures.



https://doi.org/10.1093/toxsci/kfz058
https://doi.org/10.1021/acs.chemrestox.6b00135
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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 these criteria.

* High-Throughput Phenotypic Profiling [HTPP]

NAMs-Based Tiered Hazard Evaluation Approach

Chemical Structure
and Properties
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In Vitro Organotypic Assays and
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and Systems Modeling Systems
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Tier 3 ‘<

Identify Likely Tissue,
Organ, or Organism Effect
and Susceptible Populations

J

L J

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

r

Estimate Point-of-Departure Estimate Point-of-Departure
Based on AQP Based on Likely Tissue- or
Organ-level Effect without AOP

r

The NexGen Blueprint of CompTox at US EPA
Thomas et al. (2019) DOI: 10.1093/toxsci/kfz058



https://doi.org/10.1093/toxsci/kfz058
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High-Throughput Phenotypic Profiling (HTPP)
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Healthy and High-throughput Image analysis and Downstream analysis:
diseased patient staining and imaging: feature extraction mapping relationships
cell lines e.g. Cell Painting assay

Chandrasekaran et al. Nat Rev Drug Discov. 2020 Dec 22:1-15

* A high-throughput testing strategy where rich information present in biological images is reduced to

multidimensional numeric profiles and mined for information characteristic to a chemical’s biological activity.

* Cell Painting originated at the Broad Institute of Harvard & MIT as a non-targeted approach to characterize
S chemical- and disease-associated cell states and support future probe (i.e. drug) discovery.
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* Cell Painting is a profiing method that
measures a large variety of phenotypic features
from fluoroprobe labeled organelles in cells
cultured in vitro.

* Previous Uses:
* Functional genomics
* Drug discovery
 Compound efficacy and toxicity screening
* Mechanism-of-action identification

* Chemical grouping

 Efficient and cost-effective method for
evaluating the bioactivity of environmental
chemicals.

e HIEA Throughput Phenotypic Profiling with Cell Painting

Opera Phenix

Marker Cellular Labeling Chemistry Labeling
Component Phase Ex. Em.
Hoechst 33342 Nucleus Bisbenzamide probe that binds to dsDNA 405 480
Lectin that selectively binds to
Concanavalin A - Endoplasmic a-mannopyranosyl and a-glucopyranosyl 435 550
AlexaFluor 488 reticulum residues enriched in rough endoplasmic
reticulum
SYTO 14s:at:::1le|c L Nucleoli Cyanine probe that binds to ssSRNA Fixed 435 550
Wheat germ . Lectin that selectively binds to sialic acid and
.. Golgi Apparatus and . . . .
agglutinin (WGA) — N-acetylglucosaminyl residues enriched in the
Plasma Membrane .
AlexaFluor 555 trans-Golgi network and plasma membrane 570 630
Phalloidin —AlexaFluor F-actin Phallotoxin (bicyclic heptapeptide) that binds
568 (cytoskeleton) filamentous actin
MitoTracker Deep Red Mitochondria Accumulates in active mitochondria Live 650 760

RNA + ER

Golgi + membrane
+ actin skeleton

Mitochondria

1300 features per cell
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PerkinElmer

Cell Painting, a high-content image-based assay
for morphological profiling using multiplexed
fluorescent dyes

Mark-Anthony Bray!, Shantanu Singh!, Han Han?2, Chadwick T Davis2, Blake Borgeson?, Cathy Hartland?,
Maria Kost-Alimova?, Sigrun M Gustafsdottir?, Christopher C Gibson? & Anne E Carpenter!

Imaging Platform, Broad Institute of Harvard and MIT, Cambridge, Massachusetts, USA. ZRecursion Pharmaceuticals, Salt Lake City, Utah, USA.
3Center for the Science of Therapeutics, Broad Institute of Harvard and MIT, Cambridge, Massachusetts, USA. Correspondence should be addressed

to C.C.G. (chris.gibson@recursionpharma.com) or A.E.C. (anne@broadinstitute.org).
NATURE PROTOCOLS | VOL.11 NO.9 | 2016 | 1757 |‘ ':"’"’
The Cell Painting assay was implemented at EPA based on Bray et al. B i =
(2016) (PMID: 27560178), with modifications:
PerkinElmer Opera Phenix :
» Sample preparation using in house microfluidics / lab automation. Modality: Confocal (single 2)
* Image acquisition on in house high content imaging platform. Objective: 20X Water 2
* Image analysis on Harmony® analysis software. Plate: PhenoPlate 384
* Experimental optimizations: Fields / well: 5 |“'

* Chemical exposure duration (24 hr).
« U-2 0OS seeding density (6002 or 3,000° cells / well)

9 Nyffeler et al. 2020 (PMID:31899216) ® Nyffeler et al. 2023 (PMID:37044265)


https://pubmed.ncbi.nlm.nih.gov/27560178/
https://pubmed.ncbi.nlm.nih.gov/31899216/
https://pubmed.ncbi.nlm.nih.gov/37044265/
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5 Compartments
NUCLEUS RING CYTOPLASM MEMBRANE CELL

49 Feature Categories

. o @ - @. (ex. MITO_Texture_Cytoplasm)
Radial distribution Intensity \
Axial
G
n =
i features / cell
T 4
{;Uo Intﬁ{mty
S Positi
= wi ‘ osition
q" Darl
= | A
= .
)
6 B Texture
n 2 Symmetry
Module
Profil . Basic SCARP morpholo .
OO rote Position morph PRoToeY Intensity Texture
- Symmetry | Compactness Axial Radial Profile
Sh 7 9 14
Compactness ape [ ] ology [5] [80] [40] [20] [28] [20-30] [ ] [ ]
DNA Nuclei Nuclei Nuclei Nuclei Nuclei Nuclei Nuclei
Cell Cytoplasm
RNA Nuclei Nuclei Nuclei Nuclei Nuclei Nuclei Nuclei
Ring Ring
) _ ER Cell Cell Cell Cell Cytoplasm Cytoplasm Cytoplasm
(=)Ha rmony” [l
- = )
PerkinElmer < AGP Cell Cell Cell Cell Nuclei Cytoplasm Cytoplasm
(@) Cytoplasm
Membrane Membrane
. Nuclei Ring Ring
Mlto Cell Cell Cell Cell Cytoplasm Cytoplasm
- Not associated Nuclei Nuclei
with a channel Cell Cell

With illustrations from Perkin Elmer
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Solvent control (0.5% DMS0O)  Berbenne chlonde (10 ph) Snlventmntml (0.5% DMSO) _ Etoposide (3 pM)
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Adapted from Nyffeler et al. 2020 (PMID:31899216)


https://pubmed.ncbi.nlm.nih.gov/31899216/

<EPA

Er?\i/ti?gnsr;?atr?tsal Protection D ata A n a Iys I s P I pe I I n e
Agency
Data reduction Concentration Response Modeling "
:_ __________________________ | Nyffeler
cell-level data : -
Y ! Calculate Response
_ i Metrics
Normalization cell value — medianpyso ! Nyffeler et al. (2021) SLAS Discov.
MAD normalization 1.4826 MAD o ! (PMID: 32862757)
. 4 |
normalized i
cell-level data E
Aggregation | Fit Multiple Curve 7 tc I_'tz o _
median | Shapes __ Sheffield et al. (2022) Bioinformatics
i (PMID: 34791027)
well-level data E l
Standardization . Best Model
Z transformation : Selection -

Mahalancbis distance

scaled clipped
well-level data well-level data

1
concentration {pM)

-20-15-10 -5 0 5 10 15 20

Slide courtesy of Jo Nyffeler


https://pubmed.ncbi.nlm.nih.gov/34791027/
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Mahalanobis Distance (D,,):
* A multivariate metric that measures the distance between a treatment and a distribution of controls in feature space.

* Accounts for unpredictable changes in cell states across test concentrations and inherent correlations in profiling data.

Global Mahalanobis

derive a Mahalanobis distance
o —> 20 —> 1 BMC
(relative to control wells) \

1300 features : _ PAC
Feature-level ' i is di ' T /
group themin | | derive a Mahalanobis distance | = ﬁ 49 BMCs

fitting 49 categories (relative to control wells)

Mahal bis distance

o
concentration (uM)

Category-level Mahalanobis

* Chemicals where a BMC can be determined using either the global or category D,, approach are considered active.
* The minimum of the global or most sensitive category BMC is the Phenotype Altering Concentration (PAC).

* The PAC is the molecular point-of-departure (mPOD) used for downstream NGRA applications.

Slide courtesy of Jo Nyffeler
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Jo Derik Logan

[ htpp_category J [ i » ] Nyffeler ~ Haggard Everett
p_protile
htpp_global_
‘ htpp_feature I I mah
Harmony v htpp_well htpp_well_norm htpp_category
‘ raw file |\ Hne_ well Ew “Level4” “Level5” _mah (g b htpp_pac

Harmony "J htpp_image_ : U
indexfile | | metadata ! Generate
- null data set
I
: For studies without Clip cytotoxic
: CV assay concentrations

Legend

]
ample key tpp_well_trt

Sample k h I :
i

htpp_chem i

- ! Mongo DB

i

!

i

1

Mongo DB
(auxiliary)
Harmony od > cv_tepl [ txt and csv files ]
rawfile [\ = -
Harmony | 4 cv_image_
index file metadata

* MongoDB used to house, access and selectively query analysis results stored in collections.
* Working to establish public-facing GitHub repository with pipelining scripts.




SEPA Data Visualization
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* Potency magnitude plots aid in visualization of phenotypic effects that are observed below threshold for cytotoxicity.
Nucleus most profoundly affected by 4-Pentylaniline, followed by nucleolus an mitochondria.

Preliminary results. Do not cite or quote.
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Public Data
Accessibility

Feature (and category)
conc-response modeling
results displayed as
potency-magnitude
plots.

Features categorized
according fluorescent
channels / organelles.

Filter according to
multiple parameters.

Data summarized and
searchable in interactive
table.

Chemical Details ~
Executive Summary
Physchem Prop.

Env. Fate/Transport

Hazard

Safety > GHS Data

ADME > IVIVE

Exposure

Bioactivity

ToxCast: Summary

Toxcast Conc. Response Data

HTTr. Summary
HTPP: Summary
PubChem

ToxCast Models

CompTox Chemicals Dashboard

[[]  sampieiD Cell Type

Pyrimethamine
58-14-0 | DTXSID9021217

Searched by Approved Name.

£
L
(440an D Jaag dol) Aaeojy3a

-2

Endpoint Description BMD Hit Call

EPAPLTO123B... U-208

EPAPLTO123B...

EFAPLTO123B..

Submit Comments

nlnt‘:ard Jostua Misha Jasan
Judson Harrill Sipes Brown

TED
TED

Htt ps ://

comptox.epa.gov

ashboard/


https://comptox.epa.gov/dashboard/
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HTPP Bioactivity Screening Results
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Dose Plate Configuration

8 Concentrations (1/2 log,, Spacing):
[] Test Chemicals
™ Reference Chemicals

1 Concentration in Triplicate
B Staurosporine (1 uM) (Viability Control}
[] Trichostatin A (1 uM) (HTTr Control)

] DMSO (Vehicle Control)

¥

Dose Plate

Experimental Design

Screening Study Design

Culture 1 Culture 2 Culture 3 Culture 4

Chem
Set 1

Chem
Set 2

Chem
Set N

Dose Plates Assay Plates

* Treatment randomization
* Biological replication across independent cultures

* Reference chemicals for tracking assay performance
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Chemicals
screened 29
times over
many months
/ weeks

global Mahalanobis distance

Reproducibility of PACs

Global _
Mahalanobis

Category-level |
Mahalanobis

o Dexamethasone w0 Etoposide 20 Retinoic Acid
g " 3
E 30 E 154
@ 25 R
) S
S 20 S 107
f: f:
8 101 ERE
o °
(=] [=]
s
0- = 0- 0
0.0I01 T T 11T Illolb1 T |II<I)f1 T T 1T IIII1I ”1'0 0_0'01 T T 11T I”OI_:)1 T T 11T IIIH1 T T 11T IIII1I II1I0 1e-'04 I(')_'OIO1 TT IIIOI.I01 T LI IIII0!1 T LILL IIII1I
concentration (uM) concentration (uM) concentration (uM)
Dexamethasone Etoposide Retinoic Acid
® ®
% ¢ [ ] ole® C ®
-1.9410.37 -1.0410.12 ® 5 -3.14£0.29
] ® ¢
e § e
o -2.4+0.37 = -1.360.16 -3.49+0.23
e o
4 3 2 0 1 4 -3 2 - 0 1 4 3 2 - 0 1

PAC logo (UM)

Reference chemicals tested over many plate groups (weeks / months) yield reproducible potency values.
PACs vary by < 1/2 order of magnitude.

Preliminary results. Do not cite or quote.
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Clinton

Morphological Heterogeneity Across Diverse Cell Lines erdpd

Ranked List of Biologically Diverse Cell Lines
Determined by Data Driven Cell Line Selection

Mesenchymal Vascular Kidney : Lung Bronchial
(hTERT Immortalized Cells & Seeds) Sasuns e Stem Cell Endothelia Epithelia e Epithelia
CHON-001 ASC52Telo TeloHAEC RPTEC/TERT2 Ker-CT HBEC3-KT

& o=

Cell_Type [Tissue_Origin| Derivation |Growth_Mode
MCEF-7 Breast Cancer Adherent

U-2 0S Bone Cancer Adherent
HBEC3-KT Lung Immortalized  Adherent
TeloHAEC Vascular Immortalized Adherent
RPTEC Kidney Immortalized  Adherent
Ker-CT Skin Immortalized Adherent
hNP1 CNS __[Immortalized| Adherent Variation in Molecular Target Expression Across Diverse Cell Lines
CHON-001 Fibroblast [Immortalized| Adherent
ARPE-19 Retina Immortalized| Adherent
CCD-18Co Fibroblast [Immortalized| Adherent
ASC52telo Mesenchymal Immortalized| Adherent TeloHAEC
Stem Cell
BJ-5ta Fibroblast |Immortalized| Adherent CHONOOT 10
HME-1 Breast  |Immortalized| Adherent AN 8
HPNE Pancreas |Immortalized| Adherent HBEC3KT ¢
TIME Vascular  [Immortalized| Adherent U208 s
RPE-1 Retina Immortalized| Adherent HepG2 ,
HUVEC Vascular [Immortalized| Adherent HepERG_Q[i 0
HSAEC-1 Lung Immortalized| Adherent MCF7

Preliminary results. Do not cite or quote.
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Overlap of Active Chemicals Across Cell Types

- / Chemicals active in all cell lines

472

400
Chemicals uniquely active in KerCT

Chemicals uniquely active in RPTEC/TERT1

/ Chemicals uniquely active in HBEC3-KT

23 23
R R e e e e 4 12,10 9 6 5 4 4 4 3 2 2 2 2 2 1 1 1

SES88

PRELIMINARY RESULTS — DO NOT CITE OR QUOTE

200

Intersection size

65 58
]
Ker-CT o 9 9
HBEC3-KT I ® I I
RPTEC/TERT-1 o I
TeloHAEC o I
I

MCF-7 L

Cell Type
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Number of Chemicals

Effect Size

B et
. Inactive
G000+
o
s.é;\ ?‘c . r‘\(_& e\/\
N ,\.;,f &Qp&@ e@“’t‘: -
&
Cell Type
HBEC3-KT Cells
680 Active Chemicals / 20 Active In This Cell Type Only
200+
Active in
150 1 HBEC3-KT Only
» FALSE
» TRUE
1001
Extrapolated
* FALSE
504
. o TRUE
ol On

RPTEC/TERT1 Cells
657 Active Chemicals / 23 Active In This Cell Type Only

200 1 ot
. - %
*s
. Active in
150 I b RPTEC Only
o ‘ ':_:' v » FALSE
& ¢ " = TRUE
E 100+ i: L
a: L .
w . o LAY B Extrapolated
[ ] L] “ p
501 00'... 5.'00. r . & FALSE
w23 o
) d TRUE
- . - .
s D : - =$. o
=0 )
of & T Mt
16-02 1e+00 1e+02
PAC (uM)
Ker-CT Cells
771 Active Chemicals / 58 Active In This Cell Type Only
200 1
L] .’ .0... -
- .
?
o . Active in
1504 e » Ker-CT Onl
-.. .o’. - . y
o ol = FALSE
ﬂ ., ¢ o a
,(5 o “e * s TRUE
5 100+ A
L .‘...o s
=
w . seg® o Extrapolated
: (¥ 1]
504 “ * FALSE
e TRUE
]
0_

PRELIMINARY RESULTS — DO NOT CITE OR QUOTE

Effect Size

Effect Size

Comparison of HTPP Bioactivity Hits Across Cell Lines (2)

TeloHAEC Cells
653 Active Chemicals / 14 Active In This Cell Type Only

200+
Active in
150 1 TeloHAEC Only
. * FALSE
. * = TRUE
100 A
: Extrapolated
* FALSE
50
. o TRUE
0_ ]
1e-03
MCF-7 Cells
576 Active Chemicals / 14 Active In This Cell Type Only
200
Active in
150 4 MCF-7 Only
“ . * FALSE
. b ° - * TRUE
100 4
r Extrapolated
o . * FALSE
50 4 —5 .
® 4o -} o TRUE
it H
G— .
16-03 1e-01
PAC (uM)
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Comparison of HTPP PACs Across Cell Lines

Active Chemical PAC Values Across Cell Lines

2024-01-29

Terpinolene
Pyrimethamine
CP-607366 -
Terbufos -
Candoxatril
Methylprednisolone
4-Vinylpyridine 4
Imazethapyr -
beta-Pinene -
Dicyclohexylamine -
Prodiamine
Bentazone 1
cis-Jasmone
Trimethoxyphenylsilane -
4-(Butan-2-yl)phenol 4
Quinalphos A
Alachlor A
2-Butyloctan-1-ol 4
Propyzamide -

Famotidine -

Cell Type
=  HBEC3-KT
Ker-CT
4 MCF-7
RPTEC/TERT-1
TeloHAEC

ol

* PACs can vary by several orders of magnitude across biologically diverse cell lines.

-5.0

D:O
IOg10 PAC (UM)

25

Estrogenic

Active Chemical PAC Values Across Cell Lines

2024-01-26

N

5-Azacytidine A

Fulvestrant 4

Pigment Violet 29 A
Calcium dodecylbenzene sulfonate
Mifepristone -

yl)-6,7-dimethoxyguinazolin-4-amine

AHR

Activator 5,6-Benzoflavone A
Wethylamino)hexane-1,2,3,4,5-pentol -

SB281832 +

3-Methylcholanthrene 4
Atorvastatin -

SAR 150640 A
(-)-Epigallocatechin gallate -
Mirex -

Ipconazole -

Metconazole -
1,4-Dihydroxyanthracene-9,10-dione
Tebuconazole -
alpha-Naphthoflavone
SSR150106

AN g

2.5

- D A
*
- o A
r'y
F Y L ]
« N A
LI F Y
® u
. .
. " A
° =
DTO
log1o PAC (uM)

2.5
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Chemical Prioritization Using
Bioactivity Exposure Ratio (BER)
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Chemical Prioritization Using
Bioactivity Exposure Ratio (BER) Analysis

|:| Exposure D AED

Phenotype Altering

Most Interest

ty

ensi

EPA ExpoCast Concentration (PAC) 0.00154
Exposure inferred from
human biomonitoring data, (M) 000104
production volume and use . .. @
categories (industrial / In vitro-to-in vivo Q 4 0005-
consumer use) extrapolation (IVIVE) '
high-throughput toxicokinetics (httk) 00000

SEEM3 Human Exposure Administered Equivalent 0.0015.
Prediction Dose '
(mg/kg bw/day) (mg/kg bw/day) g o00i0-
8 0.0005 4
0.0000 4 * *
00015 Less Interest
.*::;0.0010—
r o 0 0 8 0.0005 -
95% 5% 50% 95%
* ! C i 0.00004 i & i * !
U 0.00157 Least Interest
%“0.0010-
Bioactivity Exposure Ratio (BER) 8 4.0005-
Log,,(Exposureys) — log,,(AED) - “

Approach Adapted from Paul Friedman et al. (2020) Tox Sci (PMID: 31532525)

0.0000

5000 7500 10000
Dose (mg/kg-bw/day)

o
%]
g
=
(=]
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SEPA BER with Cell Painting
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« Bioactivity exposure ratio (BER) . A . | MCF7 b . Min HTPP
analysis is a potential method for §eoo oo §o-eemco §
prioritization of chemicals for more &, " | 5. 7 5
in depth hazard assessment. g | 3 | 3
g?ﬂ- : g?ﬂ- : g 25-
= : = ! =
* Negative BER indicates that the - ; é L - e D é = ; : 1
predicted human exposure Overlaps I BER from AED 85 I BER from AED 85 BER from AED 95
. . . . - i — an- :
with the administered equivalent B | HBECEKT | TEIoHARC
dose (AED) predicted from in vitro. I = L I =9 B
gm_ 8.12 % | gm_ | E "Dﬁ\ . v .-:
. When_ cel! lines are con5|der_ed in £ | f. g0 = "‘5"-
combination, ~10% of chemicals had  ~ | | 5 s’ -
. . i : - : - S . ? b3
negative ratios. . - . i : : - [-..: i 4 oA s
[Atorvastatin e We '-- - . 50
BER from AED 95 BER from AED 95 e SRR %, - Dimethoats .
. . 80- : 80- : Ker-CT g '_.' o Dis.ulfolo:l o -
* Most extreme negative ratios ,  RPTEC/TERT! S i - Kl ""‘} ___ o
associated with drugs and chemicals 3 =%.0 go | . o
. 2 732% 2 ! e ‘e
found in consumer products. S - | S so- | 8101 oot
5 E & ! gx Mirex
£ | £ | 3 f_7
* Most extreme negative ratios | |
. . . . S ! } ! .
associated with pesticides and ’ : - 0 : : 15
BER from AED 95 BER from AED 95 o T p T

herbicides.

Miniumum AED {mg/kg-day)
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"’EPA Comparison of AEDs to “Traditional” In Vivo PODs

Agency

' invivo point-of-departure |

Phenotype Altering T * |Is the administered equivalent dose
Concentration (PAC) database ot /n vivo efrec . .
(uM) values (EPA — ToxValDB) from an m. Vitro assay a
In vitro-to-in vivo * Mammalian species conservative surrogate for a
. * oral exposures .y . . .
extrapolation (IVIVE] . Various study types “traditional” in vivo POD?

high-throughput toxicokinetics (httk)

* NOEL, LOEL, NOAEL, LOAEL
Administered Equivalent * mg/kg/day
Dose

(mg/kg bw/day) y o, -
ToxValDB: Compiling Publicly
Available In Vivo Toxicity Data
Richard Judson
U.S. EPA, National Center for Computational Toxicology
Office of Research and Development

) UNITED STATES ENVIRONMENTAL PHUTECTION AGENCY
] c e 1 3 . a Ly
5% 50% 95% 5% 4 //' ;

L F g ! '-3_.

00— O 77 ,//
COMPUTATIONAL /1 U1 / / |

 TOXICOLOGY /7 r, T

https://www.epa.gov/sites/default/files/2018-
12/documents/comptox cop dec 20 2018 final.pdf



https://www.epa.gov/sites/default/files/2018-12/documents/comptox_cop_dec_20_2018_final.pdf
https://www.epa.gov/sites/default/files/2018-12/documents/comptox_cop_dec_20_2018_final.pdf
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Negative ratios indicate that AEDs
derived from HTPP are
conservative surrogates for
traditional in vivo PODs.

When cell lines are considered
individually, ~77-81% of chemicals
had negative ratios.

When considered in combination,
the number and percentage of
chemicals with negative ratios
increased (83.8 %).

Paul-Friedman et al. (2020)32:
* Using ToxCast, 89 % of APCRA

chemicals had negative ratios.

Positive ratios observed for several
organophosphate and carbamate
pesticides.
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Bioactivity / In Vivo Effect Value Ratio Analysis

1 -
U-2 0S MCF7 Min HTPP
wn : w
@ a0+ ; @ 0+
BTR <0 E BTR <0 i E BER <0
(173 224} 2 (1911 247) ! 2 (291 349)
77.23 % % 20 77.33 % ' % 204 83.38 %
1
@ ! @
o ! o
S 101 i E 101
= ! =
1
'4._| il : o = : n o .
5 o 5 0 5 0
BER from AED 95 BER from AED 85 BER from AED 85
7
I 40- |
HBEC3-KTT TeloHAEC 501 R4
! @ ! [Octrizola- .‘ ! L
® 30- A
BTR <0 £ BTR <0 N
(2517 313) 2 (228 284) Sor s
80.19 % g - 80.28 % ./.';FBS] eSS
p 254 p.p-D0D | . l. .". /! K
L - » .
E 1a- o .
2 & * | Thiadicark
s &
! n ! E ool 25
R (4] K —
BER from AED 95 BER from AED 85 £ rr— 0.0
, é R .' LI ;
| 40 |t A R e
RPTEC/TERTA KerCT 2 R |
| = . . i Ny
: @ g . - o H ~ Mevinphos 5.0
304 ] . [—‘E:rm
BTR <0 : g BTR <0 & o e
(2231273} l 2 (247 / 307) = RV
81.68 % i g 80.46 % - A
: 2 R
| o =504 S0
| E o Al
| = R
1
s
= I'ﬂ : 04 = |-| I ' 7 .
5 0 5 o /-
BER from AED 95 BER from AED 95 TE51 ) ! ! !
-10 5 0 5

Miniumum AED (mg/kg-day)

PRELIMINARY RESULTS — DO NOT CITE OR QUOTE



<YEPA CCTE / Unilever CRADA

Environmental Protection '.* \ @63’}
o
Agency oAl "' o

S
&Aigf

@
£

¥

/— C ..x @stimation \
 Jointly explore the utility of a battery of NAMs, which are non-
animal based, for evaluating the safety and hazard of Plasma G, Error

max

. . . R PBK model > Coax : Distribution
chemicals using an exposure-led, hypothesis-driven approach. (Gatroph estimate model (CMED)
//' T “‘*\_\ {Bayesian model)
In silice In witro Human

parameter parametar

* Toolbox approach inclusive of Cell Painting and HTTT. esimaies [l Cienaes [l nt -

k (1) (L2) (13) estimation \

POD estimation

P e

Concentration-response assays

* Bioactivity to exposure (BER) ratio the key value of interest.

+ HTTr (MCF-7, HepG2, HepaRG) AR
+ CSP (HepG2) Concentration [uM)]

. IPP l
| Bioactivity Exposure Ratio Distribution

Saccharin 4

Topiramate -

HC Red 31

Niacinamide -

. Thalidomide -

Hydralazine hydrochloride -
Cyclophgsphamide monahydrate -
Cetirizine hydrochloridé (1 :2{-
Paraguat -

BER=1

Point of departure estimation

Response
2 data

SN

2-Ethylhexancn a0l It
- exanoic acid - ce =]
4 Coumarin 4 P
Furosemide -
1,2-Octanediol 4
Sulisobenzone 4
4-{3-Ethoxy-4-hydroxyphenyl)‘;.?-bul.anor]e - -
" Valproic acid 4 >
Diethyl phthalate 4 -
cefaminophen - = w
) ) Sodium salicylate - -
Benzenesulfonic acid, C10-13-alkyl derjvs., sodium salfs - -
Oxytetracycline hydrochloride - -
Butylated hydroxytoluene - -
Igﬂbenclamlde- e u-208
Dibuty! 1,2-benzenedicarboxylate - - -
Benzocaine 4 - mea
2-Hydroxy-4-methoxybenzophenone - - ma w
Verapamil hydrochloride - e = cp_flag HTTr platform
|trofuranéo|n b v we - Summarise biomarker points of POD (Global

utylparaben -
Tetraethylene glycol monododioy] ether 1 ® FALSE depariure POD method or
L4 A TRUE lowest pathway

Rosiglitazone -
maean BMCL)

CHON-001
HBEC3-KT
O HepG2
2 hNP1

-

Bioactivity Exposure Ratio 4

TeloHAEC

[ I T R 2 LT 21 1. 11]

Biomarker response

Minimum
platform POD

-
-
-
Azathioprine - -
~ Sulforaphane - B
Diethylstilbestrol 4 - -
Aspartame - ®
Ketoconazole 4
Methofrexate
Etolf_osude E
I

-

-

-
gOXin 1 - a e
e

3

NA

§
22
.
®
Frequency

Cell stress
Dexamethasone -

platform POD
(HepG2)

Daoxorubicin hydrochloride 4 - =y
Clcurbitacin | = =g

Actinomycin D - & IPP platform

Retinoic acid 4 : = w - . . e I e e " B
-4 -2 0 2 Concentration [pM]
log10 PAC

From Middleton et al., 2022. Tox Sci (PMID:35822611)
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Feature Selection & Profile Comparison
for Mechanistic Inference

1300 features L
Feature Selection
1. remove features that do not provide any information profile [ 11 [ 15 [ 0o WERM 5771 os
(i.e. have 0 variance) l l l remove low-
v magnitude effects
Signature I 1.8 | 0.0 - 5.7 | 0.0
) remove features that are not reproducible

) (high variation between treatments of different
v biological replicates) Kendall correlation
3. remove features that are highly correlated

. . .. . Chemical € 0 - 0 2.0 0 50 | 20 | 20 ] -
(using recursive feature elimination) | [20] o OGN 20 20
\ 4

ChemicalA [ 15[ 15 | o |50 | 30| o |50 1907 o | 18]

317 features

Hypothesis: Chemicals acting through similar mechanisms will display similar profiles.

Slide courtesy of Jo Nyffeler
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“EPA Reproducibility of Phenotypic Profiles

Profile Visualization Profile Correlation
14 Dexamethasone  Etoposide Retinoic Acid  Trichostatin A
o (100 nM) (300 nM) (100 nM) (1 uM)
—_ 2 [0)] ] -
10 - g} o - .
82|  cremel 3= it MRIEES Biological
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Etoposide
(30% nM)
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- - 02
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§§_ (Level 5) :;,E = = -g;
20 £z £O - - -03
< o~ - - 04
so o - - 05
1 - - -06

20
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(AN 1)
V uneysoyou]

8 23
Trichostatin A
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Lo6
oo

317 features (ordered by organelle/channel)

* Phenotypic profiles are highly reproducible across many plate groups (weeks / months)

] 3

Preliminary results from Nyffeler et al. (submitted). Do not cite or quote.




SEPA Profile Comparison: Nuclear Receptor Modulators (@
-

Target expression Nyfieler
Profile similarity in Cell Painting Potency Versus ToxCast
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Gene expression [NX]

* Agonists of glucocorticoid receptor (GR) and retinoic acid receptor (RAR) yield characteristic profiles.
* Expression of a target does not guarantee a characteristic profile will be observed (e.g., PPAR).

Preliminary results from Nyffeler et al. (submitted). Do not cite or quote.
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EPA Profile Similarity & Targeted Follow-Up
Environmental Protectlon
Agency
Revea ovel bloacCtlivi i
y Nyffeler
Primary screen Secondary screen Orthogonal gRT-PCR Assay
Betamethasone Betamethasone
Budesonide . L @ 0.593 0.553
Dexamethasone . L L @
Fluorometholone X . . . L 0.577
Methylprednisclone
Prednisolone B_lol‘ogl'cal
similarity
Triamcinclone é 8
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s a novel molecular target for pyrene, a polycyclic aromatic hydrocarbon (PAHQ6

Preliminary results from Nyffeler et al. (submitted). Do not cite or quote.




SEPAProfile Comparison & Stress Response

Environmental Protection

Agency
Biological
folog!
similarity Stress Response - e
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Phenotypic profile clustering associated with

different patterns of cellular stress responses.
37
chemicals (n = 547) Preliminary results from Nyffeler et al. (submitted). Do not cite or quote.




SEPAProfile Comparison & ToxCast Assays
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Phenotypic profile clustering associated with

different patterns of enriched ToxCast assays.

38
chemicals (n = 547) Preliminary results from Nyffeler et al. (submitted). Do not cite or quote.
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SEPA Chemical Grouping & CBRA with Cell Painting

Environmental Protection
Agency

Jo
Nyffeler

* In Chemical-Biological Read-Across (CBRA) toxicity is inferred from both chemical structural similarity and
comparisons of biological responses to chemicals measured in multiple short term assays (“biological

similarity) (Low et al. (2013) Chem. Res. Toxicol. (PMID: 23848138))

Food Additives and Flavors

Organochlorines Chloroacetamide herbicides Plasticizers
. =E = @ i< o 5 g w
§ 5 g . s £ 3 55 3 2 : % E £ 2 o3 2
£ 2 c e s £ 5 = £ =z = ¥ 5 3 5 s ¢ = 8
£ T § 5 £ 5 § & 8 g g8 & o2 ¢ 3 sz 0§ g =
= & & & 2 g =z a = Q € & af & & L A
Aldrin Acetochlor 003 003 026 0 (Gooned enzoate 0.35 056 -0.24 14-Benzoquinone
Structural similarity
| . | _ Dieldrin Alachlor 0.21 . Benzyl butyl phthalate -0.22  1,4-Naphthoguinone
0 02 04 06 0.8
Biological similarity Endosulfan 0.6  Butachlor 075 028 003 -007 te%éﬁ;ﬁ;fmgem) 028 025 038 -0.39 d-Carvone
-1 -08 -06 -04 -02 ; 0.2 0.4 0.6 0.8 )
Endrin 052 046 Metolachlor 0.26 055 0.11  Di-n-octyl phthalate 029 055 Menadione
05 037 037 037 Heptachlor 026 026 025 024 Zoxamide 029 071 035 Dibutyl phthalate 028 025 R-{-)-Carvone

* We propose that Cell Painting may also be useful for CBRA, but need to dive deeper.

Preliminary results from Nyffeler et al. (submitted). Do not cite or quote.
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Chemical Grouping & CBRA with Cell Painting
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Primary Cell Painting Screen
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Diniconazole identified
as dissimilar biological
activity compared to
other conazoles.
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features (n=289)

Cyproconazole
Difenoconazole
Diniconazole -
Fenbuconazole -
Flusilazole -

Hexaconazole -

Imazalil 1
Ketoconazole
Paclobutrazol -

Prochloraz
Propiconazole -
Tebuconazole -
Tetraconazole

Triadimefon
Triadimenol 1

Triflumizole 1

| H \ Diniconazole (100)
| Difenoconazole (100)
Ketoconazole (100)
| | III |

Ketoconazole (100)
ﬂ |. Prochloraz (100)
Propiconazole (100)
_ Triadimefon (100)
[N 1 |. [ll Wl Fenbuconazole (100)
Tebuconazole (100)
| ‘ Hexaconazole (100)
Flusilazole (100)
l 1] Tetraconazole (99.5)
J Imazalil (100)
COU I MREN I Triflumizole (100)
Triadimenol (100)
Cyproconazole (100)
Paclobutrazol (100)

Biological
similarity

LbEbbbbL5LLO000000000 2
DD I i o SR e D

e
e
e -
e
e
e

Imazalil

Cyproconazol
Difenoconazo
Diniconazo
Fenbuconazol
Flusilazol
Hexaconazo
Ketoconazole -
Paclobutrazol 1
Prochloraz A
Propiconazole
Tebuconazole
Tetraconazole
Triadimefon -
Triadimenol -
Triflumizole

Preliminary results from Nyffeler et al. (submitted). Do not cite or quote.

all-tra
all-ra
Dexar
Dexar
Etepo
Etopo
Dinice

AL LK.

IENILEIrS

LK

all-trans-Retinoic acid (DTXSID7021238) {1}
all-trans-Retinic acid {DTXSID70321238) {2}
Dexamethasone (DTXSID2020284) {1}
Dexamethasone [DTXSID2020284) {2}
Etoposide [DTXSIDS022025) {1)

Etcposide [DTXSI05023035) {2)

Diniconazole (DTXSID2040383) {1}
Diniconazole (DTXSID2040383) (2}
Diniconazale (EPAPLTO828C02) {1}
Diniconazale (EPAPLTO828C02) {2}
Diniconazole (EPAPLTOS28001) {1}
Diniconazole (EPAPLT0S28001) {2}
Diniconazale (EPAPLTO828F03) {1}
Diniconazole (EPAPLTIS22F03) {2}
Ketoconazole (DTXSID?DZSS?S} 1

etoconazole (DTXSIDTO29879) {2

Ketaconazole (EFAPLTOB29A01) {2}
[2-{1-Propoxysthoxy jsthyllbenzene (EPAPLTO&29I
2-[2-[d-Chlorophenyljethyl}-2-(1, 1-dimethylethyljox
3-[Trifluoromethylyaniline (EPAPLTOIE28103) {1}
4-[d-Chlerophenyl-2-phenyl-2-{1H-1,2 4-triazal-1-
alphaw‘Z-FIuomphenyl]alphau-[tl-fIuDerhenyIJ-1 H-
Azaconazale (EPAPLTOS28EC1) {1}

Bitertanol (EFAPLT0829801) {2}

Eramuconazole (EPAPLTOEZEEDY) {2}
Chlorfenethal (EPAPLTDEZEMO4)
Chloraimethylldiphenylsilane (EPAPLTOEZSP04) {
Clatimazole (EPAPLT0628P03) (1
Cypraconazole (EPAPLTOG29002) {1}
Difenoconazole (DTXSID4032372) {1}
Difenoconazole (DTXSID4032372) {2}
Difenoconazale (EFAPLTO629A03) {1}
Econazele nitrate (EPAPLTDE2SL0T) {1}
Elzasonan (EFAPLT0629A05) {1}

Epoxiconazele (EPAPLTOE29D05) {2}
Etacenazole (EPAPLTOS29G0E) {2}

Fipexide hydrochloride iEPAPLT0629001 2y
Flusilazole (EPAPLTOE29002) {1}

Hexaconazole [EPAPLTOS29J03) {1}

Imazalil (EPAPLT0628C03) {1}

|pconazale (EPAPLTOG29004) {1}

Metconazole (EPAPLTOG29N02) {2}

Myclobutanil (EPAPLTO629G02) {2}

Mefazodene (EPAPLTOG29K01) {2}

Oxadiazon ([EPAPLTOG29P01) {1}

Pencenazole (EPAPLTIS28G03) {2)
PhamaGSID_47337 (EPAPLT029K02) {2}
Posaconazole (EPAPLT0829L03) {2}

05

Petassium S-carbamayl-3-[5'-flusre-2'-(2,2 3,3 3-pantafluc

[
Prachloraz (EPAPLTOG29802) {1}
Propiconazole (EPAPLTIS28M01) (2}
Prathiaconazole (EPAPLT0629G04) {2}
Tabuconazola (EPAPLTOS29MO3) {1}
Tatraconazala (EPAPLTOS29E03) {1}
Triadimefon (EPAPLTOB2SHD2) {2}
Triflumizale (EPAPLTO628L02) {2}
Trifluralin (EFAPLTO&29D03) {1}
Triticonazele (EPAPLTOB2S003) {2}
Verapamil hydrochloride {EPAPLTCE28HO3) {1}

Tested several independent samples of diniconazole.
Profiles all similar to one another &
dissimilar from other conazoles.
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Summary and Future Directions

* Cell Painting is a robust, reproducible and cost-effective method for bioactivity
screening of environmental chemicals across diverse human-derived cell lines.

e Data can be leveraged to inform NGRA:
* Prioritization with BER
* MIE Prediction / mechanistic inference
* Chemical grouping for chemical biological read-across.

* Future directions include:
* Screening chemical sets of interest to EPA across additional, diverse cell lines.
* Methods development for screening of defined and uncharacterized chemical mixtures.
* Implementing CellProfiler at scale to promote interoperability with other Cell Painting datasets.
» Surfacing of additional Cell Painting data on the CompTox Chemicals Dashboard.
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