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Table 1.

(PHH) spheroid cultures.

Summary of experiments using primary human hepatocyte

Category

Purpose of Experiment

Plate/
Membrane

Culture Period

Reference

664

310

11

12

13

14

15

Pharmacokinetic models

Metabolic activity of

CYPs

Induction of CYPs

Induction of CYPs

Induction/inhibition
of CYPs

Examination of metabolic stability
using spheroid
and 2D monolayer cultures

Comparison of spheroid and
collagen sandwich cultures

Evaluation of the usefulness of
spheroid cultures
(compared with sandwich
cultures)

Assembly and handling of
magnetic 3D cell culture

Hepatotoxicity detection models

Hepatotoxicity
Hepatotoxicity
Metabolic activity of
CYPs
Proteomics
Hepatotoxicity
Metabolic activity of
CYPs
Proteomics
Hepatotoxicity

Hepatotoxicity
Transcriptomics

Hepatotoxicity

Hepatotoxicity

Hepatotoxicity

Drug metabolism

Hepatotoxicity

Hepatotoxicity

Induction of CYPs

Induction of CYP1A2
Drug metabolism
Metabolic toxicity

Induction of CYPs
Drug metabolism

Evaluation of hepatotoxicity of 123
drugs
using spheroid cultures

Comparison of spheroid and 2D
sandwich cultures
at six laboratories

Evaluation of the usefulness of
spheroid cultures

Applied a 3D co-culture system of
acetaminophen-induced toxicity

Compared three emerging cell
systems at transcriptional and
functional levels in a multicenter
study
Assess the inter-donor variability
in the response of PHHs towards
cholestatic compounds
To evaluate the role of Kupffer
cells in DILI using co-culture
spheroids
Evaluation of two 3D spheroid
models for the detection of
compounds with cholestatic
liability

Our studies

Metabolic experiments using
spheroid cultures

Utility of spheroid for evaluation
of hepatotoxicity

Evaluation of hepatotoxicity using
spheroid cultures
(with or without feeder cells)
Metabolic induction experiment
using spheroid cultures (compared
with 2D cultures)

Evaluation of metabolic toxicity
using spheroid cultures

Evaluation of the usefulness of
spheroid cultures
using NanoCulture Plate

Ultra-low attachment
plate
(CORNING)

Arginine,

conjugated membrane

Arginine,
conjugated membrane

Cell-repellent plate

(CELLSTAR, Greiner

Bio-One)

Ultra-low attachment
plate
(CORNING)

Ultra-low attachment
plate
(CORNING)

Ultra-low attachment
plate
(CORNING)

Ultra-low attachment
plate
(CORNING)

Ultra-low attachment
plate
(CORNING)

Ultra-low attachment
plate
(CORNING)

Spheroid microplate
(CORNING)

Ultra-low attachment
plate
(CORNING)

Micro-patterned plate

(Cell-able, Toyo Gosei)

Micro-patterned plate

(Cell-able, Toyo Gosei)

Micro-patterned plate

(Cell-able, Toyo Gosei)

Micro-patterned plate

(Cell-able, Toyo Gosei)

Micro-patterned plate

(Cell-able, Toyo Gosei)

Micro-patterned plate
(NanoCulture plate.
MBL)

glycine, and
aspartic acid /galactose-

glycine, and
aspartic acid /galactose-

Culture for 21 days
after seeding

Culture for 5 days
after seeding
Induction for 2 days
from 3 days after
seeding
Culture for 5 days
after seeding
Induction for 2 days
from 3 days after
seeding
Drug exposure for 3
days from 3 days
after seeding

Drug exposure for 14
days from 7 days
after seeding

Drug exposure for 14
days from 7-10 days
after seeding

Culture for 35 days
after seeding

Drug exposure for 14
days from 8 days
after seeding

Drug exposure for 14
days from 7 days
after seeding

Drug exposure for 14
days from 8 days
after seeding

Culture for 15 days
after seeding

Drug exposure for 14
days from 5-6 or 5 or
8 days after seeding

Culture for 21 days
after seeding
Drug exposure for 2
or 7 days
Drug exposure for 21
days from 2 days
after seeding
Drug exposure for 14
days from 2 days
after seeding
Induction for 14 days
from 7 days after
seeding
Culture for 16 days
after seeding
Drug exposure for 7
days

Culture for 21 days
after seeding

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]
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Figure 1. Correlation between albumin secretion (ICs0) and aspartate

aminotransferase (AST) leakage (F1.2) in toxicity evaluation of compounds with PHH
spheroids. The ICso values and Fi2 values of acetaminophen (open circles),
chlorpromazine (closed circles), cyclosporine A (open squares), diclofenac (closed
squares), fialuridine (closed rhombuses), flutamide (open rhombuses), imipramine
(open triangles), ticlopidine (closed triangles), and troglitazone (cross marks) are
shown. There i1s a strong positive correlation, except for cyclosporine A and
fialuridine. Reprinted from reference [38].
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Figure 2. Hypothesis regarding the different stages (endpoints) of in vitro

hepatotoxicity.
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Table 2. Comparison of ICso values for albumin secretion between PHH
spheroids and conventional assays [43].

Albumin Secretion ICso (uM) Reported ICso (uM) of ..
Compound Day 7 Day14 Day21 Conventional Assays Clinical Cmex (M)
] 28,200 (HH)
Acetaminophen 1295.2 809.3 772.4 99,755 (HepG2) 139
Benzbromarone 48.8 <20 22.2 >40 (HepG2) 4.3
. 1.73-18.3 (HH)
Chlorpromazine 10.3 11.7 6.1 42.9-62.6 (HepG2) 1.41
. 24.4-56.8 (HH)
Cyclosporine A 3.9 2.7 2.0 >100 (HepG2) 0.78
. 331 (HH)
Diclofenac 98.4 103.3 104.6 763 (HepG2) 8.1
Fialuridine 18.1 3.4 0.9 >400 (HepG2) 0.64
. 6.29-100 (HH)
Flutamide 21.0 60.4 46.5 > 100 (HepG2) 4.16
Imipramine 37.0 4.1 16.8 37 (HepG2) 0.14
Isoniazid >1000 254.1 336.2 >10,000 (HepG2) 76.6
Ticlopidine 55.8 23.9 28.1 Not reported 7.1
. >50 (HH)
Troglitazone 42.0 46.6 21.5 30 (HepG2) 6.4

HH: 2D culture of PHHs. Modified from reference [38].
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