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Background/Aim 

NASH is a multiple hit disease that can be caused by lifestyle, nutrition, genetic background and 

drugs. Affecting the world population at an epidemic rate of 2-3% and rising, the pharmaceutical 

industry has invested billions in developing new therapies and repeatedly failed due to the lack of 

physiologically relevant study models. Moreover, current diagnostic and prognostic methods 

require invasive biopsies and expensive imaging devices with limited success.  

Our interdisciplinary team created an AI-powered analysis pipeline involving untargeted meta-

bolomics and lipidomics to tackle the challenges of complex diseases such as NASH. In this study, 

we used OOaC to develop a physiologically relevant model that reproduces the main cellular cha-

racteristics of the disease: intracellular fatty acid accumulation, inflammation, apoptosis and fi-

brosis in a 3D co-culture of differentiated hepatic and stellate cells. We introduced the two primary 

genetic mutations associated with NAFLD/NASH to mimic genetic subgroups of the disease. New 

NASH biomarkers can be identified by treating the cells with fatty acids, diet-associated molecules 

and drugs and monitoring their impact on the abundance of specific metabolites.    

Methods 

CRISPR-Cas9 was used to generate clonal populations of HepaRG cells expressing PNPLA3 

I148M and TM6SF2 E167K. Organ-on-a-chip models were developed using the commercially 

available system from Mimetas®. A 2-lane organoplate was used to seed a mixture of HepaRG 

and LX2 cells (ratio 9:1) in a type I collagen matrix. Collected culture media and cell samples 

were subjected to MPLEX-type extractions and analysed on an Acquity I-class UPLC system with 

a BEH Amide column coupled to a Synapt G2-si mass spectrometer in MSe mode. Confocal 

microscopy was used to perform 3D imaging of cell lines and disease-relevant fluorescent markers. 

Results 

Treatment of differentiated HepaRG/LX2 cells with palmitic acid (PA) and oleic acid (OA) 

induced an accumulation of lipid droplets in hepatocytes but not in other cell subtypes in the co-

culture. Caspase 3/7 assays showed that PA treatments increased the number of apoptotic cells 

while OA treatments did not. Moreover, treatments with a combination of PA and OA did not 

affect the number of apoptotic cells, confirming the protective role of unsaturated fatty acids. 

Preliminary untargeted metabolomics analysis performed on HepaRG mutant clones showed 

distinct metabolic signatures between the wild-type and mutant cell lines. We identified 168 

features that allow distinction of PNPLA3-I148M and 262 features for TM6SF2-E167K. 

Preliminary functional analysis using Metaboanalyst 5.0 associated those features to several amino 

acid-related metabolic pathways. Lipidomics analysis will be performed to obtain a more 

comprehensive demonstration of the full impact of these mutations on hepatic metabolism. 

Conclusions 

1) Our OOaC model of NASH exhibits the main characteristics of the disease. 2) We successfully 

recapitulated the most common genetic background associated with NASH in a high-throughput 

model compatible with untargeted mass spectrometry and high-content imaging. 3) Our proof-of-

concept established our ability to identify putative novel disease-related metabolomic biomarkers 

associated with specific genetic backgrounds.  


