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Application Progress of High Content Screening in
Prediction of Drug-Induced Hepatotoxicity

Jiao Yuhan, Feng Yang, Li Haizhou*
(College of Life Science and Technology, Kunming University of
Science and Technology, Kunming 650000, China)

Abstract Many listed new drugs was warned, withdrawn or restricted due to liver toxicity problems.
Therefore, to evaluate the hepatotoxicity and ensure the safety of drugs in clinical use has become an important
aspect in the process of new drug research and development. High content screening technology is a relatively
new technology developed in recent years, which can be used for multi-parameter, multi-target and high
throughput detection and analysis of drug hepatotoxicity in vitro. Based on toxicity pathways of high content
screening is the important idea of liver toxicity prediction. This article mainly introduces the application progress
of drug-induced essential liver injury and specific liver injury, which based on toxicity pathways of HCS
(including steatosis, phospholipids, cholestasis, genetic material damage, etc).
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F1 ERFSMHER T, FEIFHCSSEE AR IR EE
Table 1 Summary of fluorescent probes used in the different HCS assays for the detection of hepatotoxicity

LioRiUEi=g 7D
Detection indicator

CEE

Fluorescent probe

R A OR K
Emission wavelength

/excitation wavelength

U7/ HEN ZE R
Fluorescent color References

Nucleus Hoechst33342 361/486 Blue [10,11,29-33]
Hoechst33258 356/465 Blue [12,34,35]
DRAQS 655/730 Red [15,16,36]
DAPI 350/470 Green [37]

Cell viability Propidium iodide 535/620 Red [11,31]
Calcein AM 495/520 Green [34]

Cell apoptosis Anti-caspase-3 andibody * * [38,39]
Anti-cytochrome andibody * * [39]
YO-PRO-1 490/510 Green [10,40]

Membrane permeability YOYO-1 491/509 Green [41]
TO-PRO-3 642/660 Red [13,42]
TOTO-3 642/660 Red [8]
BOBO-1 462/481 Green [38]

Mitochondrial damage TMRM 549/576 Red [11,14,15,29,30]
Rhodamine 123 511/534 Yellow green [43]
Mitotracker Orange 551/576 Orange [19,34]
Mitotracker Green 490/516 Green [22]
Mitotracker Deep Red 644/665 Red [10]

Calcium homeostasis Fluo-4 AM 494/516 Green [14,29,30]

ROS CellROX 644/665 Red [22]
CM-H2DCFDA 495/527 Green [15,16]

GSH MCB 380/460 Blue [15,31]
mBCl 390/478 Green [15,16]

Lysosome Lysotracker Blue 373/422 Blue [12]
Lysotracker Green 504/511 Green [19]

Lipid accumulation BODIPY 493/503 493/503 Green [11]
BODIPY 558/568 558/568 Orange [18]

Cholestasis CLF 494/521 Green [44]
CDF 494/521 Green [44]

Phospholipidosis LipidTOX™ 494/516 Green [45]
NBD-PE 465/535 Green [12]

Cell cycle Anti-phospho histone H3 * * [37,46]
andibody
EdU 495/519 Green [39,46]

* PRI A RS AR 5 — PR AE ) = HT s M g

* showed that color and excitation/emission wavelengths are changed depending on secondary antibodies conjugated with primary antibodies.

SR FEE R IO, A L P R T R s FE R, R A IR T
TEYH M P 3 AR B . Tolosa %605 1 HCS K I B £
28Tk & W {EHepaRGAH g 7 51 & AH < 41 Be 2 £ 1
BALUIROST A 2R A s Fa A (1 A8 4k IR o AR
R, GE R, T HepG2, HepRGHH i 5 4 F)
T X255 T IR W AR IRV AY . Lk Ak, Anguissola

SR FHHCSA I 43 A 25490 51 /62 i Hep G248 () G
i AZ P, FLysotracker Green< Yt 44 Bl bric i B AR,
SER RN, BTG S O ) R IR AR R 15T
FEAT R AR M AN I e, DALk, AR R A A T
15 D9 T30 245 4 5| kS 4 g 977 A A ) — S A W 4
Fro X EESI0 2k R BH, HCS2 AR i il A2 14 ) P
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LGOS Hep G2 4 il g 5 284 SR FHY 794 ot 7 Yo A ) 91 42 A
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B R, BA BRI RS

3 RE
HCSTE NZEMIF R AL TR 2 —, AT 8tk
TR 7 T 40 5 L 35 450 0 75 ek 52 A B 467 £ TR



P oA 55 P IRR T 0 £ 24 R T £ 2 P

1013

TUHE J7, o Hh S i A BB AR AR e 1k . JRUEEHCS
Il A il A Tl B R B 0 2 A I 3, (ELAE A
G A A BRI 5 T S Y R BB RS H AT,
W1 T HCSH I - TR 1k (0 05 ik SR R R AT R
bR, JLAFRRE &5 IR 5 0k Py 2 M 45 AR SRR A 5 5 1
M HASE, BRI, 38 7R EEXRTHCS R T 75 2k
Al Bkl 2 280k 1 7R K S 2 DLRC B
e A Bt ge T D REHEAT DL AL . AR BE A AR TN BOR
I e 5 52 35, HCSH 0 A S U N 2 7 72 T 2
P AL L 1 e 25 W i) 22 A PR it v 2 i

Bl

S E T #k (References)
1 Tolosa L, Gomez-Lechon MJ, Donato MT. High-content

screening technology for studying drug-induced hepatotoxicity in
cell models. Arch Toxicol 2015; 89(7): 1007-22.

2 B O, BEY, LA, T B R EARE TTR AR T A
HAEZGY IR TR i R . o [ 2 21 2 5 3 F 4 2 (Ge
Shuai, Tang Naping, Fu Lijie, Ma Jing. High content screening in
toxicology and its application in the study of drug hepatotoxicity.
Journal of Chinese Pharmacology and Toxicology) 2017; 31(6):
689-95.

3 TR, AREUK, TREER, B R 29 IR I pL .
[ Bt 2§ 4% & (Yu Xin, Li Xiaobing, He Xiaojing, Jian Lingyan.
Mechanism of drug-induced liver injury. Journal of Chinese
Hospital Pharmacy) 2017; 37(10): 895-9.

4 IR, REAUR, WIS, E2%. W0 R0 REVEE B 223
PG H R T . BB 45 2 E (Jing Xiao, Wu Chungqi,
Wang Qiansha, Wang Quanjun. Research progress on toxic
pathways and molecular initiation events in drug liver injury.
Journal of Chinese New Drugs) 2016; 12: 1348-54.

5 Adeleye Y, Andersen M, Clewell R, Davies M, Dent M, Edwards
S, et al. Implementing toxicity testing in the 21st century
(TT21C): Making safety decisions using toxicity pathways, and
progress in a prototype risk assessment. Toxicology 2015; 332:
102-11.

6 DG, He TR R IE B YA K 259 2 A VT AR SRS 251
M 224 2> (Peng Shuangqing. New strategies for drug safety
assessment based on toxic pathway disturbances. Annual Meeting
of Drug Toxicology), 2014.

7 KR, FEFTHT. 5 PR 23 BT 75 3T 24 R B B 2 1) 82
J&. o[ 253 25 5 EE FE 24 44 35 (Liu Libo, Wang Lili. Application
of high-content analysis in toxicology of new drug discovery.
Journal of Chinese Pharmacology and Toxicology) 2012; 26(6):
893-6.

8 O’Brien PJ, Irwin W, Diaz D, Howard-Cofield E, Krejsa CM,
Slaughter MR, et al. High concordance of drug-induced human
hepatotoxicity with in vitro cytotoxicity measured in a novel cell-
based model using high content screening. Arch Toxicol 2006;
80(9): 580-604.

9 Taylor DL, Haskins JR, Giuliano KA. High content screening: a

powerful approach to systems cell biology and drug discovery.

10

13

15

19

20

21

22

23

Humana Press, 2007.

Tolosa L, Carmona A, Castell JV, Gomez-Lechon MJ, Donato
MT. High-content screening of drug-induced mitochondrial
impairment in hepatic cells: effects of statins. Arch Toxicol 2015;
89(10): 1-14.

Donato MT, Tolosa L, Jiménez N, Castell JV, Gomez-Lechén
MJ. High-content imaging technology for the evaluation of drug-
induced steatosis using a multiparametric cell-based assay. J
Biomol Screen 2012; 17(3): 394-400.

Van de water FM, Havinga J, Ravesloot WT, ef al. High content
screening analysis of phospholipidosis: Validation of a 96-well
assay with CHO-K1 and HepG2 cells for the prediction of in
vivo, based phospholipidosis. Toxicol In Vitro 2011; 25(8): 1870-
82.

Tsiper MV, Sturgis J, Avramova LV, Parakh S, Fatig R,
Juangarcia A, et al. Differential mitochondrial toxicity screening
and multi-parametric data analysis. PLoS One 2012; 7(10):
e45226.

Anguissola S, Garry D, Salvati A, O’Brien PJ, Dawson KA. High
content analysis provides mechanistic insights on the pathways
of toxicity induced by amine-modified polystyrene nanoparticles.
PLoS One 2014; 9(9): €108025.

Xu JJ, Henstock PV, Dunn MC, Smith AR, Chabot JR, de Graaf D.
Cellular imaging predictions of clinical drug-induced liver injury.
Toxicol Sci 2008; 105(1): 97-105.

Dykens JA, Jamieson JD, Marroquin LD, Nadanaciva S, Xu JJ,
Dunn MC, et al. In vitro assessment of mitochondrial dysfunction
and cytotoxicity of nefazodone, trazodone, and buspirone.
Toxicol Sci 2008; 103(2): 335-45.

Schurdak ME, Vernetti LA, Abel SJ, Thiffault C. Adaptation of
an in vitro phospholipidosis assay to an automated image analysis
system. Toxicol Mech Methods 2007; 17(2): 77-86.

Fujimura H, Murakami N, Kurabe M, Toriumi W. In vitro assay
for drug-induced hepatosteatosis using rat primary hepatocytes,
a fluorescent lipid analog and gene expression analysis. J Appl
Toxicol 2009; 29(4): 356-63.

Persson M, Loye AF, Mow T, Hornberg JJ. A high content
screening assay to predict human drug-induced liver injury
during drug discovery. J Pharmacol Toxicol Methods 2013;
68(3): 302-13.

Association BIB. Toxicology in vitro: an international journal
published in association with BIBRA. Pergamon Press, 1987.
Xu JJ, Dunn MC, Smith AR, Tien ES. Assessment of
hepatotoxicity potential of drug candidate molecules including
kinase inhibitors by hepatocyte imaging assay technology and
bile flux imaging assay technology. Methods Mol Biol 2012;
795: 83-107.

Tolosa L, Gomez-Lechon MJ, Perez-Cataldo G, Castell JV,
Donato MT. HepG2 cells simultaneously expressing five P450
enzymes for the screening of hepatotoxicity: identification of
bioactivable drugs and the potential mechanism of toxicity
involved. Arch Toxicol 2013; 87(6): 1115-27.

Tolosa L, Jimenez N, Perez G, Castell JV, Gomez-Lechon
MIJ, Donato MT. Customised in vitro model to detect human
metabolism-dependent idiosyncratic drug-induced liver injury.
Arch Toxicol 2018; 92(1): 383-99.



1014

24

25

26

27

28

29

30

31

32

33

34

35

36

37

Kaur G, Singh HP, Batish DR, Kohli RK. A time course
assessment of changes in reactive oxygen species generation
and antioxidant defense in hydroponically grown wheat in
response to lead ions (Pb2+). Protoplasma 2012; 249(4): 1091-
100.

R H W, ACE L TRPEEANEE 5 S 5 H B R I A 2
YEH. A2 A5 B %4k (Zhang Ruigang, Yi Huilan. Active oxygen
and calcium signals participate in the toxic effects of lead on
yeast cells. Journal of Ecotoxicology) 2016; 11(6): 128-33.

Ma Y, Fu D, Liu Z. Effect of lead on apoptosis in cultured rat
primary osteoblasts. Toxicol Ind Health 2012; 28(2): 136-46.
Sten O, Vladimir G, Boris Z. Calcium and mitochondria in the
regulation of cell death. Biochem Biophys Res Commun 2015;
460(1): 72-81.

BWEMW, 2 M, TSR, S0, LR Tg R vr o S AL
2 PRV TR S P E B2 2% 35 (Guo JB, Hui P, Wang
YM, Peng SQ. Significance of mitochondrial toxicity testing in
the safety evaluation of innovative drugs. Chinese Journal of
New Drugs) 2012; 21(16): 1867-71.

Tolosa L, Donato MT, Perez-Cataldo G, Castell JV, Gomez-
Lechon MJ. Upgrading cytochrome P450 activity in HepG2
cells co-transfected with adenoviral vectors for drug
hepatotoxicity assessment. Toxicol In Vitro 2012; 26(8):
1272-7.

Tolosa L, Pinto S, Donato MT, Lahoz A, Castell JV, O’Connor
JE, et al. Development of a multiparametric cell-based protocol
to screen and classify the hepatotoxicity potential of drugs.
Toxicol Sci 2012; 127(1): 187-98.

Ranade AR, Wilson MS, Mcclanahan AM, Ball AJ. High content
imaging and analysis enable quantitative in situ assessment of
CYP3A4 using cryopreserved differentiated HepaRG cells. J
Toxicol 2014; 2014: 291054.

Johnston PA, Sen M, Hua Y, Camarco D, Tong YS, Lazo JS,
et al. High-content pSTAT3/1 imaging assays to screen for
selective inhibitors of STAT3 pathway activation in head and
neck cancer cell lines. Assay Drug Dev Technol 2014; 12(1):
55-79.

Ha KD, Bidlingmaier SM, Zhang Y, Su Y, Liu B. High-content
analysis of antibody phage-display library selection outputs
identifies tumor selective macropinocytosis-dependent rapidly
internalizing antibodies. Mol Cell Proteomics 2014; 13(12):
3320-31.

Sirenko O, Hesley J, Rusyn I, Cromwell EF. High-content assays
for hepatotoxicity using induced pluripotent stem cell-derived
cells. Assay Drug Dev Technol 2014; 12(1): 43-54.

Harrill JA, Robinette BL, Freudenrich T, Mundy WR. Use of
high content image analyses to detect chemical-mediated effects
on neurite sub-populations in primary rat cortical neurons.
Neurotoxicology 2013; 34(1): 61-73.

Alonsopadilla J, Cotillo I, Presa JL, Cantizani J, Pefia I,
Bardera Al et al. Automated high-content assay for compounds
selectively toxic to trypanosoma cruzi in a myoblastic cell line.
PLoS Negl Trop Dis 2015; 9(1): e0003493.

Martin HL, Adams M, Higgins J, Bond J, Morrison EE, Bell
SM, et al. High-content, high-throughput screening for the

identification of cytotoxic compounds based on cell morphology

38

39

40

41

4

43

44

45

46

47

48

49

50

51

52

and cell proliferation markers. PLoS One 2014; 9(2): ¢88338.
Maxime M, Gabor F, Ali NN, Schneider MD, Harding SE.
Development of high content imaging methods for cell death
detection in human pluripotent stem cell-derived cardiomyocytes.
J Cardiovasc Transl Res 2012; 5(5): 593-604.

Towne DL, Nicholl EE, Comess KM, Galasinski SC, Hajduk
PJ, Abraham VC. Development of a high-content screening
assay panel to accelerate mechanism of action studies for
oncology research. ] Biomol Screen 2012; 17(8): 1005-17.
Fujisawa S, Romin Y, Barlas A, Petrovic LM, Turkekul M,
Fan N, et al. Evaluation of YO-PRO-1 as an early marker of
apoptosis following radiofrequency ablation of colon cancer
liver metastases. Cytotechnology 2014; 66(2): 259-73.
Abraham VC, Towne DL, Waring JF, Warrior U, Burns DJ.
Application of a high-content multiparameter cytotoxicity assay
to prioritize compounds based on toxicity potential in humans. J
Biomol Screen 2008; 13(6): 527-37.

Jahr W, Schmid B, Schmied C, Fahrbach FO, Huisken J.
Hyperspectral light sheet microscopy. Nat Commun 2015; 6:
7990.

Ye N, Qin J, Shi W, Liu X, Lin B. Cell-based high content
screening using an integrated microfluidic device. Lab Chip
2007; 7(12): 1696-04.

Persson M, Loye AF, Jacquet M, Mow NS, Thougaard AV, Mow T,
et al. High-content analysis/screening for predictive toxicology:
application to hepatotoxicity and genotoxicity. Basic Clin
Pharmacol Toxicol 2014; 115(1): 18-23.

Lecureux L, Cheng CS, Herbst J, Reilly TP, Lehman-Mckeeman
L, Otieno M. Evaluation and validation of multiple cell lines
and primary mouse macrophages to predict phospholipidosis
potential. Toxicol In Vitro 2011; 25(8): 1934-43.

Kota KP, Benko JG, Mudhasani R, Retterer C, Tran JP, Bavari
S, et al. High content image based analysis identifies cell cycle
inhibitors as regulators of Ebola virus infection. Viruses 2012;
4(10): 1865-77.

Mcmillian MK, Grant ER, Zhong Z, Parker JB, Li L, Zivin RA,
et al. Nile Red binding to HepG2 cells: an improved assay for in
vitro studies of hepatosteatosis. In Vitr Mol Toxicol 2001; 14(3):
177-90.

Donato MT, Martinez-Romero A, Jiménez N, Negro A, Herrera
G, Castell JV, et al. Cytometric analysis for drug-induced
steatosis in HepG2 cells. Chem Bio Interact 2009; 181(3): 417-
23.

Jaganathan S, Sekar A, Gao W. Induction of vesicular steatosis
by amiodarone and tetracycline is associated with up-regulation
of lipogenic genes in HepaRG cells. Hepatology 2011; 53(6):
1895-905.

Tolosa L, Gomez-Lechon MJ, Jimenez N, Hervas D, Jover R,
Donato MT. Advantageous use of HepaRG cells for the screening
and mechanistic study of drug-induced steatosis. Toxicol Appl
Pharmacol 2016; 302: 1-9.

Gomez-Lechén M J, Lahoz A, Gombau L, et al. In vitro
evaluation of potential hepatotoxicity induced by drugs. Curr
Pharm Des 2010; 16(17): 1963-77.

Tilmant K, Gerets HH, Dhalluin S, Hanon E, Depelchin

O, Cossu-Leguille C, et al. Comparison of a genomic and



Bk S TR AR R A 2 ) I 1 N0 e ) S

1015

a multiplex cell imaging approach for the detection of
phospholipidosis. Toxicology /n Vitro 2011; 25(7):1414-24.

Nioi P, Perry BK, Wang EJ, Gu YZ, Snyder RD. In vitro detection
of drug-induced phospholipidosis using gene expression and
fluorescent phospholipid based methodologies. Toxicol Sci 2007;
99(1): 162-73.

Marion TL, Leslie EM, Brouwer KLR. Use of sandwich-
cultured hepatocytes to evaluate impaired bile acid transport as

a mechanism of drug-induced hepatotoxicity. Mol Pharm 2007;

4(6): 911-8.

Westerink WM, Schirris TJ, Horbach GJ, Schoonen WG.
Development and validation of a high-content screening in vitro
micronucleus assay in CHO-k1 and HepG2 cells. Mutat Res
2011; 724(1/2): 7-21.

Kota KP, Benko JG, Rajini M, Cary R, Tran JP, Sina B, et al.
High content image based analysis identifies cell cycle inhibitors
as regulators of ebola virus infection. Viruses 2012; 4(10): 1865-
77.



