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fe) NTP NIEHS Focus on Environmental Exposures & Disease Risk {

= = National Toxicelogy Program

* Numerous research programs addressing public health challenges
« EPA has >85,000 chemicals listed in Toxic Substances Control Act (TSCA)
« Tox21 Program (NIEHS, US EPA, NCATS, & FDA)

Address data-poor chemicals in context with pharmaceuticals and well-studied environmental chemicals
Prioritize chemicals for further study

~9,000 chemicals evaluated
~70 high-throughput assays
>125 biological targets/processes
>120 million data points
Publicly Available Resources:

* PubChem

* Tox21 Data Browser https://x21.qov/overview/abut-tox21/
« EPA CompTox Chemicals Dashboard

— Quantitative potency estimation through in vitro to in vivo extrapolation (IVIVE)
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« Emerging technologies are providing tools estimate human bioactivity & toxicity potential
using human cells and mechanistic signaling pathway interactions



€ NTP Tox21 (NCATS, EPA, FDA & NTP) '

= Mational Taxicology Program
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(6\ NTP Evolution of Tox21: Predictive Toxicology Screening

Mational Taxicology Program

 Physiologically-relevant in vitro screening models
— improved cellular differentiation/functionality
— xenobiotic metabolism & bioactivation/detoxification

— longevity to model progressions towards apical outcomes
 pathological outcomes
« xenobiotic clearance and drug interactions
« pharmacology analogue case comparisons

— species-specific response comparisons

» Multi-dimensional assay platforms (time/concentration)
— cellular imaging
— high throughput transcriptomics
— metabolomics

» Quantitative translation to humans
— IVIVE (e.g., BMC, ACy,, CL;, f.)

» Extend approach:
—Extrahepatic tissues: kidney, lung, cardiovascular, intestine
—Susceptibility models: developmental, disease, population

primary hepatocytes




Isolated Primary Liver Cells
Rapidly De-differentiate Once

Removed from Liver Tissue




Isolated Primary Liver Cells
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Isolated Primary Liver Cells
Rapidly De-differentiate Once
Removed from Liver Tissue
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Ginkgo Biloba Extract Liver Effects Modeling
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« Sandwich cultures of PHHs (SC-PHHSs)

* Modeling liver weight increases, enzyme Induction

. Cultura Medla

— Cell Health

— CYP450 induction/receptor activation

« mRNA (TagMan)
* Liver enzymatic activity
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— Linking constituents to biological responses
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&) NTP Environmental Exposures with Differentiated HepaRG Cultures ;%

= = Mational Toxicology Progrom

e PFAS & AFFFs HepaRG: Hepatic Progenitor Cells ~ Hallmarks of Hepatocyte Functionality
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AhR-, CAR-, & PXR-Mediated Liver Enzyme Induction
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MRP2 Localization in HepaRG Spheroids

Nuclei Merge

Nuclei

Ramaiahgari et al., Toxicol Sci (2017) v.159 (1): 124-136




Poly CEA

PAS: Glycogen storage

Poly CEA: Glycoprotein-1 on Bile Canaliculi (BC)
MRP2: Luminal transporter found at BC surfaces
CK19: Marker for Cholangiocytes

Collaboration with Darlene Dixon of NTP Labs Ramaiahgari et al., Toxicol Sci (2017) v.159 (1): 124-136



Poly CEA

PAS: Glycogen storage

Poly CEA: Glycoprotein-1 on Bile Canaliculi (BC)
MRP2: Luminal transporter found at BC surfaces
CK19: Marker for Cholangiocytes

Live-cell CLF

Collaboration with Darlene Dixon of NTP Labs Ramaiahgari et al., Toxicol Sci (2017) v.159 (1): 124-136
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Bell et al., Sci Rep. 2016 May 4;6:25187.

Collaboration with Darlene Dixon of NTP Labs Ramaiahgari et al., Toxicol Sci (2017) v.159 (1): 124-136
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= 12-25 X 384-well plates

HepaRG spheroids in 384 well plate
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o) NTP 3D HepaRG Spheroid Responses to Drug Analogues S
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= Mational Toxicology Program

What’s So Special About 3D HepaRG Spheroids? f@

* 3 Culture Configurations of HepaRG Cells (384-well formats)

« 24 Compounds

- Liver injury/metabolically-activated toxicity

MHepatic receptor activators
- Drug analogue comparisons

+ ‘Negatives’ for liver injury

acetaminophen caffeine diphenhydramine rifampicin tamoxifen
aflatoxin B1 fenofibric acid omeprazole
aspirin chlorpromazine phenobarbital
benzo(a)pyrene | cyclophosphamide menadione sucrose valproic acid
» Assays:

— cell morphology (Incucyte, daily for each culture well)
* Image classifications, quantitative masking of confluence
— cytotoxicity (LDH leakage)

— high throughput transcriptomics (HTT with S1500+, TempO-Seq)
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3D HepaRG Spheroids Model Gene- and Pathway-level Transcriptomic Functionality

[ ] | 1
CYP3A4 - 3D HepaRG CYP3A4 - 3D HepaRG 2 o S Ty
5 SB88&I° 3 gxX88e
8- 15- = o= 8885 ] TRSews
o NSO~ © SCrovT®eo
2 4 — = E - 0N N g -
7} ) E U Dt DD LD g 0'e'e'e'a'd
= = ® oooaooao £ 66665
6- = RN S Ooooono
310_ P -4 Lo uuwu = SIS
a e o X oo I.E;R ligand-PXR-Retinoic acid-R
- 4 "; | PxR ligand-PXR-Retinoic acd-R 112
. 1 TP73
? = . .flr mMiR-155-5p (MIRNAS w,-‘see_c: U | .
5 n amplrl |cm ligand-CAR-Retinoic add-F
s 2 calcitriol pregnencone carboninle
= - - TCF3 Simrvastatn
] -] phenobarbital Ncoa-Nrli3-Rxra
U L CDKN1A Neoa-Nrli2-Rxra
n L] L] L] L] L] L] o | | | 1 NRIIZ b"”‘:'b"
45 40 05 00 05 10 15 0 1 2 3 4 [car liganc-CAR-Retinoic acid- e
CpG ODN 182¢€
Concentration of Rifampin (log uM) Concentration of Phenobarbital (log uM) BNIP3L I :‘:g;‘z
AGER - RICTOR
Ncoa-Nr1i3-Rxra phenobarbital
Ncoa-Nr1i2-Rxra sunitinit
Rb rotenone
mir-1 . dotrimazcie
CYP2B6 - 3D HepaRG CYP2B6 - 3D HepaRG dotrimazole pazh
5 nicardipine FXR ligand-FXR-Retinoic acid-R
R " CREBEP rifampir
] A2 PRNP PTGS!
2 2 4 phenytoin CREBBP
£ 8+ -E PIN1 thicacetarmide
3
CDKN2A E2F6
2 8 34 GAST = E8I3
@ 4 PPARGC1A =N o
2+ SMARCE1 lithocholic ack
roscoviting 1,4-bis{ 2-(3,5-dichloropyridylos
24 s tamoxifen - salvin
- T 14 pregnenolone carbonitrile dopamine
" K- CDK4/6 PRKAR1A
b bl FOXA3 ANXA2
0 r r r | r 1 0 . T r 1 ITGBA thioctic acic
415 1.0 05 0.0 0.5 1.0 1.5 0 1 2 3 4 ks trnuicaramidasaintia NR113

Concentration of Rifampin (log uM) Concentration of Phenobarbital (log pM) Rifampicin Phenobarbital



Omeprazole

2000 ARNT — ' * Elevated basal CYP1A1 expression in PROLIF
g 1790 HepaRG,; linked to liver development
" + AhR functionality in 2D & PROLIF
% 1000 » Reduced xenobiotic metabolism competence
p— impacts CYP3A4 inducibility (PXR)
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Ramaiahgari et al., 2019 (Jun) Toxicological Sciences, v.169 (2), 553-566.
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CYP3A4 BMC Curve

7 Benchmark Concentration Analysis of
e Transcriptomic Response
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Estimation of Liver Injury Potential with Benchmark Concentration Analysis of
High Throughput Transcriptomics (S1500*) with 2D Differentiated HepaRG
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BMC Median Accumulation Plot
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Ramaiahgari et al., 2019 (Jun) Toxicological Sciences, v.169 (2), 553-566.

Therapeutic Target ID
via BMC Modeling

PPARY report gene assay potencies:
Troglitazone: EC5,= ~550 nM
Rosiglitazone: EC5, = ~18 nM

Chen, R. et al. Pharm Biol 55, 503-509 (2017).
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Cyclophosphamide

(2-fold filter)

O 3D HepaRG Spheroids
O 2D-DIFF HepaRG
A PROLIF HepaRG

 Plausibly-relevant response
pathways including:

* Lipid hydroxylation
* P450 metabolism
* Cell cycle

* ROS

 DNA damage

* Hypoxia

Unpublished Data
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3D Spheroids & Biological Pathway Enrichment

3D 2D Prolif
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Opportunities & Challenges with 3D Hepatocyte Spheroids #

_rd"mm'h

Opportunities

« Enhanced hepatocyte functionality
& population of transcriptomic pathways

 Long-term differentiation for repeated
exposure, time-course, & reversibility

« Simple model system readily compatible
with most cell culture labs

- Efficient use of hepatocytes
* In vitro pathology to image microtissues
for toxicological outcomes (e.g.,

steatosis, cholestasis, fibrosis)

« Explore potential mechanisms linked
with in vitro pathology characteristics

Challenges

« Changing culture media without liquid
handling, aspirating floating spheroids

P : o Y » High throughput imaging of 3D spheroids
’

S X ?f ‘ L

{ v v‘_ s~ L * Recent plate manufacturing issues
a2 s
G ’ S * Insufficient knowledge of spheroid
' S oy maturation & context of use (e.g.,
ey AT - phenotypes & outcomes)
VSTl L

Biliary Efflux Transporter MRP-2
Immunostaining of HepaRG Spheroids
(21d)

* Allometric scaling & biomass challenges
(e.g., metabolite profiles over time)

 Inadequate optimization of cell culture
media largely adopted from 2D (e.g.,
DMSO, hydrocortisone)



* Tox21 Cross-partner Project #5

—Develop robust chemical reference dataset for interpretation of high-throughput
transcriptomic data: 3D HepaRG spheroids (NTP), MCF-7 (EPA)

—Exposures to >300 pharmaceuticals & chemicals with established high affinity
linkages to specific molecular targets (e.g., agonist, antagonist, inhibitor)

—Define signatures of transcriptomic response to reference chemicals to
contextualize environmental chemicals
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—Chronic in vivo bioassay results (e.g., 2-year carcinogenicity) 001 01 1 1o 100 1000
Median liver (GO BP) BMD Wil Gwinn

—5-day in vivo rat liver/kidney transcriptomics

—3D in vitro rat hepatocyte spheroids o
—3D in vitro human HepaRG spheroids ﬂ%&}

* Histo- and clinical-pathology modeling of liver and renal
proximal tubule

Reporton
Carcinogens 2016

Primary Rat Hepatocytes £
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