<EPA

o High-throughput phenotypic profiling within
y R the NAMs-based, tiered hazard evaluation strategy
5 at the United States Environmental Protection Agency

®\. Johanna Nyffeler
ORISE postdoctoral grantee at USEPA Center for Computational Toxicology and

Exposure (CCTE)

ORCiD 0000-0002-6155-9743
Nyffeler.Johanna@epa.gov

G

The views expressed in this presentation are those of the author and do not necessarily

Yy e
/ 2 | reflect the views or policies of the U.S. EPA.
e
s

September 28",

Office of Research and Development

- Center for Computational Toxicology & Exposure



SEPA Tiered Hazard Evaluation Strategy

United States

based on New Approach Methods (NAMs)
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& properties profiling assays -~
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Tier 2 high-throughput phenotypic profiling (HTPP)
(Nyffeler et al. 2020, PMID: 31899216)
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SEPA High-Throughput Phenotypic Profiling (HTPP)

Agency

. labeling of various cell organelles with fluorescent probes in in vitro cultures
. assessing a large variety of morphological features on individual cells via imaging
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SEPA HTPP: Two Applications

Environmental Protection
Agency

ir W W 1 W TR profile

for each chemical x concentration

Application 1 Application 2
concentration-response modelling
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g Biological similarity
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concentration
Potency estimation: Compare profiles with annotated reference chemicals
- in vitro point-of-departure (POD) - putative mechanisms

* Nyffeler et al. (2020) Toxicol Appl Pharmacol. PMID: 31899216
*  Willis et al. (2020). SLAS Discov. PMID: 32546035 work in progress
* Nyffeler et al. (2021). SLAS Discov. PMID: 32862757
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“EPA HTPP Screening Results
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Application 1: Active chemicals: Comparison with ToxCast screening results:
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= ~ 40% of chemicals were active v
-4+ ToxCast more potent
= Most activity is > 10 uM 3 2 4 0 1 2 inactve

HTPP POD logo (uM)

= Less potent than ToxCast POD
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Preliminary results. Do not cite or quote.



< EPA Comparison to in vivo Effect Values
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e 303 chemicals were active and had pharmacokinetic (PK) information

Application 1:
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POD: point-of-departure
AED: administered equivalent dose

= 78% of HTPP AED are within 2 orders of magnitude of the in vivo POD
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Application 1:

Potency
estimation

effect
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POD: point-of-departure
AED: administered equivalent dose

Comparison to Exposure Estimates

Potential for humans
to be exposed to
bioactive concentrations

HTPP POD (pM)
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49%

chemicals of
lesser concern

29
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Bioactivity-Exposure Ratio

= for 49% of chemicals, predicted exposure is > 1000x lower than estimated

bioactivity

= for a small set of chemicals, the BER was negative, indica_tinF a potential for humans
to be exposed to bioactive concentrations of these chemicals

Preliminary results. Do not cite or quote.
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Application 2:

Mechanistic
prediction

Feature Selection & Profile Comparison

Feature Selection
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Profile Comparison
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RS Similar Mechanism = Similar Phenotype

. . * 50 chemicals were annotated as targeting a nuclear receptor

Application 2:
. Biological similarity in HTPP Gene expression in U-2 OS
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sy — Agonists of the GR and of RAR/RXR display characteristic profiles

Preliminary results. Do not cite or quote.
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Application 2:

Mechanistic
prediction
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1. Compare profiles to 5 known retinoids:

%2 3 10 candidate

chemicals

- 4/10 chemicals
confirmed

3. Compare to ToxCast results:

Application: Find Retinoid-like Chemicals

RAR/RXR assays

HTPP potency
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— These 4 chemicals had activity in ToxCast assays

= HTPP has the potential to identify environmental chemicals with specific activities

Preliminary results. Do not cite or quote.
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Preliminary results. Do not cite or qu5te.
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Application: Grouping of Conazoles

group of fungicides
disturb ergosterol synthesis via CYP51 and CYP61
(target absent in mammals)

biological similarity

= k"

Diniconazole
leenoconazole
Ketoconazole
| Ketoconazole
| Prochloraz

I| ||Jl||I M I |
= W uﬂr

Propiconazole
Triadimefon
Fenbuconazole
Tebuconazole
Hexaconazole

11l I IHIIIII I || D
7 1] ’

] r— Flusilazole
|| | | | Tetraconazole

h Imazalil
bl W PRl W R Triflumizole

Triadimenol

Cyproconazole

| Paclobutrazol
features (n=317)

|

= most conazoles are phenotypically similar

structural similarity
(based on ToxPrints)
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= Diniconazole is phenotypically different from the other active conazoles

Preliminary results. Do not cite or quote.



Conclusions

A Application 1: Potency estimation

>
concentration

HTPP can be used to derive in vitro potency estimates

in vitro potency estimates often comparable or more
conservative than in vivo PODs

used for Bioactivity-Exposure-Ratio (BER) analysis

Application 2: Mechanistic prediction

Chemical A [[o [1s0] o JoEs® o

[ J
Biological similarity

ChemicalB [ | o | o B0 600 1c0 eds Bl o | o | °

Identification of chemicals with specific mechanisms
e.g., chemicals with retinoid-like activity

Biological grouping of structurally related chemicals
e.g., conazoles
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