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Highly functionalized cell-based assays are needed!!

Prediction of human DILI in preclinical study

☑ High cost and Low throughput

☑ Differences in PKs and TDs

☑ Poor extrapolation from 
animal study to DILI risk in human

Problems in prediction using 
“Animal study”

Problems in prediction using 
“human hepatocytes“

☑ Low reproducibility

☑ Loss function 
after isolation

☑ Culture conditions are   
not always appropriate

Cultured human hepatocytes

= Golden Standard!!

Severe DILISafe
Safe Safe



Sandwich-cultured hepatocytes are a powerful in vitro tool 

☑ Biliary efflux function 

☑ Maintaining metabolic capability

☑ Easy to use and good reproducibility

“Highly functionalized cells” 

Sandwich cultured 
hepatocytes

Gelled collagen

Gelled collagen

Hepatocytes

Formation of intact canalicular networks



“Highly functionalized cells” 

Sandwich cultured 
hepatocytes

Prediction of human DILI in preclinical study

“Optimization for prediction of DILI”

☑ Biliary efflux function 

☑ Maintaining metabolic capability

☑ Easy to use and good reproducibility

☑ Onset mechanisms of DILI are multifactorial events!!

☑ Understanding of DILI onset mechanism is indispensable!



Inhibition of liver-specific functions 
associate with severe liver injury!!!

… which leads to accumulation 
of toxic bile acids 

… which lead to loss of energy production 



“Highly functionalized cells” 

“Optimization for prediction of DILI”

Prediction of human DILI in preclinical study

☑ Cholestatic liver injury
➡ Bile acids

☑ Mitochondrial toxicity
➡ Oxygen supply

Sandwich cultured 
hepatocytes

☑ Biliary efflux function 

☑ Maintaining metabolic capability

☑ Easy to use and good reproducibility



Even if,  cholestatic drugs are exposed to sandwich-cultured 
hepatocytes, it is still difficult to detect cholestatic type liver injury ...

Bile acid 1× standard 
concentration (µM)

CA 0.30
CDCA 0.50
GCDCA 2.60
DCA 1.10
LCA 0.045
UDCA 0.17
GCA 0.62
GDCA 0.57
TCA 0.070
TCDCA 0.32
TLCA 0.13
TUDCA 0.43

±Bile acids
mixture

Rat SCH (Day 5)
Human SCH (Day 5)

24 hr exposure  

Cell toxicity
(LDH leakage)

Cholestatic drugs
(50 µM) 

When cholestatic drugs are exposed with bile acids, toxic bile acids 
accumulate in the cells and are expected to show toxicity. 

Evaluation of cholestatic liver injury in SCHs



8Mean ± SE n=3~9, ***p＜0.001 **p＜0.01 ,*p＜0.05 vs. control Ogimura et al, BBRC, 2011
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Evaluation of cholestatic liver injury in SCHs

It is possible to evaluate BAs-dependent drug-induced hepatocellular 
toxicity by cholestatic drugs 
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ATP production relies on 
oxidative phosphorylation 

in mitochondria
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cycle
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Conventional culture condition
(In vitro)

Crabtree effect: 
ATP production relies on glycolysis 
in the presence of high glucose

Problems in mitochondrial toxicity 
evaluation in vitro

9

In physiological condition
(In vivo)

High Glucose 
Limited Oxygen supply



Appropriate oxygen supplement suppresses glycolysis

Galactose

Pyruvate
ATP

TCA
cycle

e-
O2

H2O

Lactate

ATP3 mm

O2 supplement through liquid-vapor 
interface

17 pmol/s/cm2

O2 consumption in 
physiological condition  

40-90 pmol/s/cm2

(Sakai et al., Liver Stem Cells, 2011)
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Culture with Galactose medium and appropriate Oxygen supply 
enhances sensitivity to mitochondrial toxicant in SCHs



Drugs
Mechanism of 
mitochondrial 

dysfunction 
TC50,Glu (μM) TC50,Gala (μM) TC50,Glu/ TC50,Gala

Amiodarone

OXPHOS 
inhibitor

>500 121 >4.13 
Rotenone 1.51 <0.50 >3.02 
Phenformin 267 <150 >1.78 
Flutamide 85.3 52.2 1.63
Oligomycin 0.39 0.27 1.42
Antimycin 2.98 2.14 1.39
Ketoconazole 54.3 45.3 1.20
Metformin >500 >500 1.00
Amitriptyline Oxidative stress

inducer

176 96.5 1.82
Imipramine 215 129 1.67
Nortriptyline 69.6 68.4 1.02
Troglitazone

MPT inducer
64.1 63.0 1.02

Benzbromarone 10.2 10.3 0.99
Diclofenac 324 326 0.99

Mitochondrial toxicity screening under optimum 
conditions using rat SCHs

Liu et al.,  Toxicology and applied Pharmacol. 2016

Conventional culture 
condition

Physiologically relevant 
culture condition

Lactic acidosis➡ Withdrawn

The distinct toxicities of phenformin and metformin were 
appropriately evaluated and reflected the rank order of risk in human



Perspectives

“Highly functional hepatocytes ” 

☑ New microphysiological system (MPS) 

“Highly functional liver” 

Understanding their functions and features 
(eg. Biliary efflux?, Mitochondrial function?)

☑ eg. iPS cells, PXB cells, HepaRG cells etc.

Optimization for better prediction of DILI
(eg. Supplement missing items (Bile acids, Oxygen))

What can they do??

How to use them??
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