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= Drug-induced liver injury (DILI) remains a critical
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3D PHHs Outperform 2D PHHs in DILI Sensitivity Using CellTiter-Glo Assay

Cell viability was measured by CellTiter-Glo assay in 2D PHHs (24 h) and 3D PHHs (7 days). True positives (TP) and false negatives (FN) are
DILI-positive drugs correctly or incorrectly predicted as hepatotoxic. True negatives (TN) and false positives (FP) are DILI-negative drugs correctly or
incorrectly predicted as nonhepatotoxic. *MOS: Margin of safety, IC50/Cmax ratio=50

and 3D PHH mOdeIS by Capturing riCh’ high-dimenSionaI Endoplasmic Reticulum PhenoVue 488 Concanavalin A P3HDH
morphological information.

Upper panel: General workflow for cell painting assay.

Bottom panel: Summary of the fluorescent dyes used in the cell painting assay and representative images of vehicle-
treated 2D/3D PHHs. The table specifies each dye, its main cellular target, and the corresponding imaging channel
used on the Operetta CLS high-content imaging system. The accompanying image panel shows the distinct subcellular
structures visualized under basal conditions, reflecting the fluorescent channels employed for phenotypic profiling.

1: The definition of DILI positive or negative is based on the classification in the FDA's Drug-Induced Liver Injury Severity and Toxicity (DILIst) Dataset
(https://www.fda.gov/science-research/liver-toxicity-knowledge-base-Itkb/drug-induced-liver-injury-severity-and-toxicity-dilist-dataset)

2: The level of DILI concern is defined based on the classification in the FDA's Drug Induced Liver Injury Rank (DILIrank 2.0) Dataset
(https://www.fda.gov/science-research/liver-toxicity-knowledge-base-Itkb/drug-induced-liver-injury-rank-dilirank-20-dataset)

= PHHs were cultured both as conventional 2D monolayers
and as self-assembled 3D spheroids. Both models were
exposed to a panel of FDA-categorized DILI compounds

represetntltr_\g SIS Concgm , IteV?IS' , acrosts , SIX Dose-Dependent Morphological Changes and Phenotypic Profile Similarity of DILI-Positive and DILI-Negative Clustering of Compounds by Phenotypic
concentrations —spanning — sUb-cytotoxic o Cytotoxic Compounds in 2D PHHs Profile Similarity in 3D PHHs
ranges.

[ Cytotox|c|ty was assessed using the Ce”Titer'GIO (CTG) Dose ==mfwﬁetoclof\uazole ﬁ _________________ Tolcl:afone _i:_wAmii)garone uuuuuuuuuuuuuuuuuuuuuu PiogiIiE?zone | 2D PHH (24 hrs) Dose — Upper panel

assay to determine IC50 values. Ketoconazole [ERSEE i 1 j ES J - == ] j 3 E J , ﬁﬁﬁ%mﬁﬁﬂmmﬁm B Ketoconazole 18 : * 8l Representative
o _ E i EE F ol 1.0 = e T E— = nr ; f composite imag_es_

" In parallel, the Cell Painting assay was perfo_rmed using a Tocapone | e | IL/ —_—8 IL/’ o |E s lo-a E1 | S = Tolcapone from the Cell Painting
mMu tlplexed Sta|n|ng panel ngh-COI’\tent ImageS were - mmghIori)rgmazi ,,,,,,,,,,,,,,,,,,, PIarexetine W_M_WwBoseInE:an mvacetimninophen 06 2> — 2 E ﬂ;%% Zssay zhO\évmg dose-
acquired on an Operetta CLS system, and quantitative o E | | / B L B J 5— | VS En A - sosentan [ morphological changes
morphological features were extracted to construct 1= el =il L P = oo & || [ € SIS e i in 3D PHHs after 7-day
phenotypic profiles for both culture formats. Piogitazone | B | = IM ol IL{ Bl : : = Lol treatment with DILI-

_____Sitaxsentan _____ Ouinidine _Hvdrocortisone ___Acetylcystein _Z': = . i fﬁ; BCI)EIItlve (rsd) a(nd )
B B I I e r i | nE Sitaxsentan -negative (green
m . “ ; IJ ' i: IJ | i I/ ' ! = compou?\ds. ’
y B e B | | e | : = S
. . . Hydrocortisone : P Y. = o i 5 B

= Cell Painting detects morphological changes that may = pm:rafo{;;““' S LM | E::mm N | - - = Chiorpromazine
occur at or below cytotoxic concentrations, pcetyloysteine R = =B I _ Iﬁg
complementing viability assays by providing additional e = Acetyleysein
biological context and mechanistic insight (e.qg,, Propranolol |1 =

Bottom panel:

-= Hierarchical clustering
= of compound—dose

== combinations based on
= phenotypic profile

-~ similarity in 3D PHHSs.
= Pairwise cosine

= similarity is

“= represented by the

-= color scale, with

== dendrograms grouping
“= conditions exhibiting
== analogous
multiparametric
phenotypic responses.

mitochondrial damage).

2D PHH (24 hrs)

= Phenotypic profiling in 2D PHHs shows sensitivity for
DILI comparable to or exceeding viability readouts (e.q.,
tolcapone, pioglitazone), supporting its value as an early
and informative toxicity screen.

Phenotypic profiling matches or exceeds viability assay in detecting DILI.
Left panel: Representative composite images from the Cell Painting assay showing dose-dependent morphological changes in 2D PHHs after 24-hour treatment with DILI-positive (red) and DILI-
negative (green) compounds.

Middle panel: Heatmap (right) displaying the top 30 most variable phenotypic features across compound concentrations (high to low, left to right), with row-normalized values to visualize
relative changes. Corresponding dose-response curves show aggregate phenotypic change (Euclidean distance; upper right) and cell viability (CTG assay; bottom right). In this case, phenotypic
changes demonstrated sensitivity for DILI detection comparable to, or exceeding that of, the cell viability assay in 2D PHHSs (e.g., tolcapone and pioglitazone).

= Integration of Cell Painting with viability data enables a
multi-dimensional assessment. The 2D vs. 3D
comparison highlights the importance of physiologically
relevant models for capturing complex toxicological
responses.

Right panel: Hierarchical clustering of compound—dose combinations based on similarities in their phenotypic profile. Pairwise cosine similarity is shown by the color scale, with dendrograms
grouping conditions with comparable multiparametric responses. DMSO and most non-hepatotoxic drugs (HC, PRO, NAC) clustered together across doses, although a few at the high-dose points
grouped with hepatotoxicants, suggesting non-specific effects. Known hepatotoxicants at higher doses separated from controls into a distinct toxic cluster, with lower doses shifting toward the
non-toxic cluster, demonstrating dose-dependent responses. Subclustering within the toxic cluster suggests underlying mechanism-based differences.

3D PHH (7 days)

SOT 65th Annual Meeting and ToxExpo | March 22-25, 2026 | San Diego, California



	Slide Number 1

