\"’UEI?SA Screening Chemicals Using High-Throughput Phenotypic Profiling (HTPP) in Two Zebrafish Cell Lines

Environmental Protection

AEemsy Felix R. Harris'-2, Clinton Willis', Bruno Campos3, Geoff Hodges3, Sophie Cable3, Alistair Middleton3, Amanda Jurgelewicz'-4, Richard Judson', Joshua Harrill’
42 3 ] /P 780 'US EPA/CCTE, 20ak Ridge Associated Universities, 3Unilever SEAC, 4Oak Ridge Institute for Science and Education

Of those 47, ~70 % were active in both cell types
and most of those 47 had phenotypic altering
concentrations (PACs) within one order of
magnitude of each other.

HTPP is an in vitro New Approach Method (NAM) Expanding to organisms with a wealth of in vivo
that aims to characterize chemical bioactivity HTPP has previously been used primarily in data such as zebrafish is beneficial for many
through measuring changes in the morphology human cells. open questions in the NAMs research space,
of cells labeled with fluorescent probes. including assessment of ecotoxicity hazard.

Sixty-five chemicals were tested using HTPP § 47 ¢ the 65 chemicals tested were active in

in two zebrafish cell lines: ZFL (liver) and
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I d d Sorbitol Sensitivity
Experimenta Seeding density . . % . Topiramate Benzocaine
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_ _ o—A - Ethoxyquin Linear alkylbenzene sulfonate, * ¢ o Retinoic acid Embryo > Liver role in tl_s_sue development. .
ZFL 0.15 g/L sodium bicarbonate, 15 mM HEPES, » -Amperozide 1001 in zebrafish - | (DTXSID7021239) ~ Cytotoxicity, greater RNA & DNA changes in
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Liver Passage 10 50% Leibovitz’s L-15 Medium | 0-01 mg/mL bovine insulin, 50 ng/mL mouse one fvdroction . ZEM2S (Fig 6A).
56,444 A—o . .
(CRL-2643™) (56,444) 35% High glucose Dulbecco’s | EGF, 5% heat inactivated fetal bovine serum. > &1 cosatmynoic acid liver cells Ae @ . :
o FIgh gluco ! A—e rBerberine chloride )4 = Azole antifungal agent no longer used in
ZEM2S Mood'f'ed Eagle’s Medium . [ P4 Ketoconazole Liver > Embrvo humans due to reports of liver injury.
EM , : . . . Ao | g :
Embryo Passage 11 15,000 I5%Ham's F12 Nutrient Mix. | 0.18 g/L sodium bicarbonate, 15 mM HEPES, o—a & Fruazinam 101 e 9 (DTXSID7029879) YO | = ZFL RNA & ER more sensitive (Fig 6B), but
(CRL-2147™) (141,110) 10% heat inactivated fetal bovine serum. Ao Bl cioposide R L PN larger ZEM2S effect sizes (Fig 6E).
‘ &-Cycloheximide PN
Table 1. Culture conditions for ZFL and ZEM2S cells used during screening. *Cells/cm? calculations were based on a culture well surface area of 0.1063 cm? for A—0 % [ Rapamycin % Ket | * o Linear alkylbenzene = Cleaning agent in household laundry
384-well PhenoPlates. "\ - Aphidicolin = eloponazole Active in: sulfonate, sodium Liver > Emb detergents and stain removers’.
Figure 1. HTPP assay protocol. (A) Cells were seeded in 384-well o— :53;07‘;'“6 < . @ Both salt Iver > tmpryo | _ Only global hit in ZEM2S, varied category &
microplates in 40 pL Qf cell Culture medl_a. (B) The nex_t de_ly after_ plating, “ _C:/aZ:?biL”j 0 x E.mbryo (DTXSID3029784) global effects in ZFL (Fi g 6C&F).
0.2 pL of 200x chemical stocks in 8-point half-log dilution series were A— . . s 'S ®» Liver
dispensed onto cells. (C) 24 hours after dosing, plates were labeled with @H :iaf'_'omyc”_'p‘; N ~ Antineoplastic agent, inhibits DNA & RNA
either a nuclear stain (Hoescht 33342) and counterstain (propidium : ! _Stc;'z:"'p‘:r';e o1 A Methotrexate synthesis.
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Targeted Organelle Stain Channel &) “Niacinamide ~etinglo bcid (DTXSID8023688) Liver only = Mild effects in various channels across wide
o 8  Furosemide ¢ elnoic acl range of tested concentrations in ZFL (Fig 7B).
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</ A N More potent
2 p\ partame . . . .
Nucleoli + RNA SYTO 14 % ® | Coumarin ¢ _ , Benzocaine ~ Topical anesthetic in numbing sprays and gels.
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Table 2. Organelles targeted by Cell Painting, the corresponding fluorophores, and Figure 2. Morphology of ZFL (liver) and ZEM2S (embryo) cells. A—@ | Benzocaine direction. Chemicals for which a P_’AC could not be derived were assigned the value of the maximum non-cytotoxic ® rstinste
channel outputs. All fluorophores are applied after fixing cells, except for MitoTracker™  ZFL cells (left) and ZEM2S cells (right) exposed to 0.5% dimethyl A® 2 Hydroxy-4-methoxybenzophenone concentration tested for that chemical. y b . . o \ ® =
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Process Cell Viability (CV) data Figure 3. HTPP data analysis *— e glycol monododecyl § . Qé..I- . § g 101 " Nuce on R
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concentrations (BMC) concentration samples to assess false positive rate Harmony® software All &) -Hydralazine hydrochloride cells cells calls | Intensity ZEM2S cells (A), Topiramate in ZFL cells (B), and Benzocaine in ZFL cells (C). Values displayed
further analvsis and O [HC Red 3 | | ! P Profile are for feature-level curve fits. The gray shaded bar along the x-axis represents the tested dose
: * - cualizati Ly ; :_. [ Diethylstilbestrol L] BT , i R Radia range as well as the cutoff of “1” for effect size, as an effect size of 1 represents the point at
. . visualization is performed © [ Topiramate D EHH%— E S Symmetry which the effect is indistinguishable from vehicle control.
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solvent control « “category” (49 values per well) P : y_ _ p _ — o _ 5 & g ) = o DNA
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: h , ,H , | , , . . [ Dexamethasone H # e e || ® ot | ¥ zebrafish liver o Mito 1. Dionisio KL, Phillips K, Price PS, Grulke CM, Williams A, Biryol D, Hong T, Isaacs KK.
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Pathway altering concentration * 2CVcurves (cell count & Pl) - 49 category-level curves for each curve is reported as Figure 4. Summary of results for all chemicals tested in ZFL (Liver) and ZEM2S |/ i el ! i A i o Pt
(PAglﬂsz':‘C"v ::nm'l';'gr':nz""c * 1CVBMCvalue « 1 global Mahalanobis curve the “top_over_cutoff” value (Embryo) cells. All chemicals tested are displayed and organized into the “reference T e T e T e 2. Nyffeler J, Willis C, Harris FR, Foster M]J, Chambers B, Culbreth M, Brockway RE,
e %urve fits * 1300 x # non-cytotoxic 49 category-level BMCs and, referred to as “Effect set” (top facet) and the “test set” (bottom facet) of chemicals. Chemicals for which a Figure 6. Comparison of BMC values (A, B, C) and effect sizes (D, E, F) between global and category-level hits in Davidson-Fritz S, Dawson D, Shah I, et al. 2023. Application of Cell Painting for
concentrations Z-scaledand « 1 global Mahalanobis BMC Size” for the rest of this PAC could not be derived are displayed at their maximum tested non-cytotoxic ZEM2S (embryo) and ZFL (liver) cells. Retinoic acid (A, D); Ketoconazole (B, E); and Linear alkylbenzene sulfonate chemical hazard evaluation in support of screening-level chemical assessments.
lized profile values . . . . sodium salt (C, F). Purple intersecting lmes represent global PAC and effe_ct size values for the two cell types. Points icol Appl Ph 1. 468: doi: . 20?2
\ normatized p 1PAC value / poster. concentration with an open point. are color, shape and label coded according to the identity of the phenotypic category. Toxico pp Pharmacol. 468:116513. doi: 10.1016/}.’[&&]3. 023.116513.
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