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Early In Vitro Models of Human Liver

Tissues and Organs: a text of scanning electron microscopy, Kessel, RG and Kardon, RH, 1979.

Physiological architecture of liver
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Tox21 Cell Line
Primary human liver cells 
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Primary Liver Cells Rapidly De-differentiate Ex Vivo

Smith et al. J. Pharm. Sci. 2012. v.101(10):3898.



Hamilton et al., Cell Tissue Res, 2001; 306: 85-99.

LeCluyse et al., 2010. Chapter 8: Cytochrome P450 Induction. Enzyme Inhibition 

in Drug Discovery and Development: The Good and the Bad. John Wiley & Sons.

Ed LeCluyse
LifeNet Health

Establishing cell-cell interactions essential for hepatocellular functionality
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Micropatterned co-cultures

Sandwich cultures

Hydrogel-based

3D models

3D Bioprinting

Throughput

ULA microplate

Mimetas

Nortis ParVivoTM

TissUSE

Emulate

AkuraFlowTM

InSphero AkuraTM

AkuraTwinTM

Array of MPS Platforms

CYPRIO

Elplasia



TEX-VAL Liver Models: 2023 -2025

• Onboarding TissUse and Micro-Patterned Co-Culture (MPCC)

• TissUse liver “ring trial” (6 pharma companies and TEX-VAL)

• Comparison of perfused and static spheroids

• Comparison of hepatocytes from different species to HepaRG and iPSC-derived hepatocytes

• Gut-liver models (TissUse and Transwell-based)

Perfused and static spheroids Micro-Patterned Co-Culture

Slide from Ivan Rusyn



Predictive Toxicology & Screening Group

Microphysiological Systems 
(MPS)

Biomarker &                              
High-dimensional Assays

Computational Models & 
Human Translation

Predicting Liver Weight LOEL from 

Mechanistic Pathway Potencies

Emulate Tissue 

Chip Platform



Extending emerging science for human translation

- SOT Best Paper Award by Postdoctoral Fellow

- NIEHS Paper of the Month

- NIH FARE Award

Sreeni Ramaiahgari

1 vial ~10 million cells = 12-25 X 384-well plates

microtissues

MRP2



Suspension PHHs

SC-PHHs 2D HepaRG
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iPSC-derived hepatocytes

Transformed cell lines 

(e.g., HepG2)

Human Liver

Proliferating HepaRG
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Robust Xenobiotic Metabolism & Responsiveness for Hepatic Receptor Pathways 

with 3D HepaRG Spheroids (AhR, CAR, & PXR)

Ramaiahgari et al., Toxicol Sci (2017) v.159 (1): 124-136
Cytoplasm
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HepaRG Spheroids & ATP Depletion Model Human Liver 

Injury (e.g., Case Study Drug Analogues)

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



Botanical Safety Consortium Hepatotoxicity

Postdoctoral Fellow 

Adam Pearson, Ph.D.
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Integrated model designs for human translation 

(3-5 days longevity)
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• Readily distinguished drug analogues with 
varied clinical DILI associations

• Established novel approach to predict 
potencies for human liver injury (BMC105)

• Potency-ordered ‘firing sequences’ revealed

• Integration of biomarkers for clinical 
pathology & cell morphology imaging

Estimating potency ranges for human liver injury with transcriptomics



Translating MPS Data to Risk Assessment & 

Safer Product Development Development

• Predicting potencies for human liver injury with PFAS 

and AFFF mixtures alongside human drugs

‒ Machine learning image analysis

‒ Clinical pathology biomarkers

‒ Transcriptomics thresholding

• Identifying mechanistic pathway potencies for 30 

substances (PFAS, AFFF, human drugs)

• Defining biological response similarities across PFAS 

and AFFF in context with hepatic receptor agonists



Filling Data Gaps with Mechanistic Read-across

Predicting in vivo liver weight LOEL values 

using in vitro transcriptomic pathway BMCs



• Renal re-uptake of PFAS has been a 
particularly concerning from environmental 
exposures

• Established renal PT barrier models with 
the Emulate tissue chip platform

• Effective classification of long and short 
half-life PFAS (complex mixture) using 
apical, but not basolateral, exposures

• Data support the hypothesized renal re-
uptake mechanism for PFOS plasma 
accumulation.  

Modeling PFAS Bioaccumulation via Renal Re-uptake 

Emulate Tissue 

Chip Platform



PFAS Mixtures Accumulation with MPS

Pooled Microtissues



Enhanced DILI modeling with 3D microtissues
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Valproic Acid

3D

2D, 

PROLIF

Urea cycle disorders

GABA Receptor

Mitochondria

Benzo(a)pyrene

• Valproic Acid & cyclophosphamide more sensitive in 3D

• Benzo(a)pyrene and aflatoxin more sensitive in 2D PROLIF mode



Transcriptomic Pathway Enrichment Enhanced for Known 

Pathways with 3D Hepatocyte Cultures

Drug Culture Mode WikiPathway
BMCs Identified in 

Pathway

Valproic Acid 3D Non-alcoholic Fatty Liver Disease 27
Valproic Acid 2D Non-alcoholic Fatty Liver Disease 0
Valproic Acid PROLIF Non-alcoholic Fatty Liver Disease 0
Valproic Acid 3D GABA Receptor Signaling 4
Valproic Acid 2D GABA Receptor Signaling 0
Valproic Acid PROLIF GABA Receptor Signaling 0
Valproic Acid 3D PI3KAKT Signaling Pathway 73
Valproic Acid 2D PI3KAKT Signaling Pathway 0
Valproic Acid PROLIF PI3KAKT Signaling Pathway 0

Afltx B1 3D DNA Damage Response 36
Afltx B1 2D DNA Damage Response 54
Afltx B1 PROLIF DNA Damage Response 47

B(a)P 3D Oxidation by Cytochrome P450 21
B(a)P 2D Oxidation by Cytochrome P450 12
B(a)P PROLIF Oxidation by Cytochrome P450 13

Cyclophos 3D Cell Cycle 51
Cyclophos 2D Cell Cycle 4
Cyclophos PROLIF Cell Cycle 1

Fenofibric Acid 3D PPAR Signaling Pathway 28
Fenofibric Acid 2D PPAR Signaling Pathway 13
Fenofibric Acid PROLIF PPAR Signaling Pathway 12

Menadione 3D Oxidative Stress 7
Menadione 2D Oxidative Stress 9
Menadione PROLIF Oxidative Stress 5
Omeprazole 3D Aryl Hydrocarbon Receptor Pathway 17
Omeprazole 2D Aryl Hydrocarbon Receptor Pathway 12
Omeprazole PROLIF Aryl Hydrocarbon Receptor Pathway 6
Omeprazole 3D Gastrin Signaling Pathway 7
Omeprazole 2D Gastrin Signaling Pathway 5
Omeprazole PROLIF Gastrin Signaling Pathway 2

Phenobarbital 3D Constitutive Androstane Receptor 19
Phenobarbital 2D Constitutive Androstane Receptor 12
Phenobarbital PROLIF Constitutive Androstane Receptor 5
Rosiglitazone 3D PPAR Signaling Pathway 28
Rosiglitazone 2D PPAR Signaling Pathway 12
Rosiglitazone PROLIF PPAR Signaling Pathway 9
Troglitazone 3D PPAR Signaling Pathway 21
Troglitazone 2D PPAR Signaling Pathway 10
Troglitazone PROLIF PPAR Signaling Pathway 9



Expanding Biological Coverage:  human renal proximal tubuloids
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• NTP Histopathology Glossary

– Mapping diagnostic morphologies feasible with liver MPS

• Steatosis (micro and microvesicular)

• Hepatomegaly & Involution (e.g., hypertrophy, hyperplasia)

• Fibrosis (e.g, zonal-specific)

• Cholestasis

– Developing a ‘Rosetta Stone’ to translate liver MPS data 
to recognizable pathology findings

– Calibrating MPS with human drug effectors

What are we trying to predict with liver MPS?



• Extending MPS from promising research tools into NAM-based solutions with 
capacity to model recognizable toxicological phenotypes

– Regulatory decision frameworks

– Safer product development

– Effective therapeutics

• Addressing interindividual susceptibility

– age: fetal, neonatal, childhood, adult, geriatric 

– Sex differences

– Genetic

– Pre-existing disease states (e.g., steatosis)

• Expanding tissue coverage, axes of pathophysiology (e.g., liver-thyroid & PFAS)

Future Directions

Low FFA Medium High FFA Medium



It takes a village to raise the bar.

Predictive Toxicology Screening

NICEATM
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