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Advances in the Application of High-throughput Screening Techniques Based on Cell Models in Drug
Development

ZHU Liping'?, WANG Xinrui>>"(1.Fujian Children’s Hospital, Fuzhou 350011, China; 2.Medical Research Center, Fujian
Maternity and Child Health Hospital, Affiliated Hospital of Fujian Medical University, Fuzhou 350001, China; 3.Key Laboratory
of Technical Evaluation of Fertility Regulation for Non-human Primate, National Health and Family Planning Commission,
Fuzhou, 350013,China)

ABSTRACT: The discovery of a new drug with clinical efficacy usually requires the screening of thousands of compounds one
by one. When the target compound is obtained, it needs to be further verified. This process requires a lot of work and a long
cycle. The emergence of high throughput and high content screening technology has shortened the time to find effective drugs,
and the selection of appropriate biological models has improved the accuracy of screening results. This article mainly reviews the
applications of stem cell biological models, CRISPR/Cas9 gene editing cell models, and 3D cell culture models in high
throughput and high content drug screening, and briefly describes the application of these methods in the research and
development of drugs for the treatment of women’s malignant tumors.

KEYWORDS: high throughput screening; high content screening; stem cell; CRISPR/Cas9; 3D cell culture
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Fig. 1 Flow chart of high-throughput screening combined
with CRISPR/Cas9 technology for compound screening
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Fig.2 Flow chart of 3D bio-printing high-throughput drug screening”!

A-microarray chip plate; B-microarray chip 3D cell culture and high-throughput drug screening process.

-3054 - Chin J Mod Appl Pharm, 2021 December, Vol.38 No.23

R E IR P22 2021 4F 12 H 55 38 #4523



i A5 114) TAC 72 a5 i) 5 TR ) e A AR
iR BRI RS RS MR A a
XK. Kenny Fl Lal-Nag SE43-*41H] 3D 4fififg 1 S5 454 7Y
XoF BT S 9 B A 200 L %) P e SR B EA TR 5, Sl
15 1 8 24 ) 5 B AR 5 AEAS R MR R B v Ak
BT ORI ARG S . TEAE IR . Klein S
PRIT T B IR S XS R AR R 52 e, 38 2 i 4
3D B 59 4 S Y RN /=5 PN TER A i AR 43 AT AR 4
B, T TR AR PR BT A R B9 SR ) T
LA . X SEime 4 R W], i R
52 v 1 240 L B S5 R 240 L 8 AR X b e 240 e i 24
PP E A EEAER, F 3D B R SRR B B S
WA Iobeg A A RN L R A o 1Y ZH 2 A

CRISPR/Cas9 5[ 48 B AR AE (AR 7
1) /e 30 f 2 W T AR G AR AR, {H CRISPR/Cas9
5 DR 4 2 B R AE LR MR T R AL B 5
AR, MEHEEZBEANHOARIRERA, FiH
B 2590367 BT &2 AUk 2k ) B B .

5 BEMRE

PR IE TR LR PR 7 3 AR 2 A R BRI TR AR
A FRSEENEAT- G mNEREEETERTIA,
A — SR 1) 43 i 16 A J 3] 40 7K SF- 1Y) 22 $E A
e, $AETEEE WYL E S, s
RS TR R, TETR R AN MR Y hiPSC.
CRISPR/Cas9 K 4l 4 Muf5iR) | 3D 4H 3% F 45
RIPORF, WO TR R AIRAS . B85 T 8wt
Xk, HARGG THLANIRSEE, TCEE A 259k

AR, [FIEEE = 25 kAl #i 2
PG R . AR S A YR R SR B A IR 2 )5
B, 0 hiPSC HRIEFRIS D | 35k PR 2 4 40 it Jsd
(AL 3D BRAAIIRUAG IR 32 114 Sl o3 44 52 1 4 X
SEAE IR T W o ARRREEARIEL, BOR
FEAWAL, H RO A58 N i AR

B CRISPR/Cas9 [1)/IN3-F4iil 58], nlRE A 42 il B
AR T AR RIAREAY Cas9 71 A FH )3

B, BRI RAA N | Gt fA S Fs AL B R Fe it
R 2210 A, AW T UGG B il
AR XN R 40 e A= AR (4N 3D 2. T4mfE . 2%
B A TE = 3E (R PN IR 24 ) 032 e 1 FH A
TZ2YEbRStETHE, SR PR
PV 5 AP 2 (s SRR L . Rk i
IR TR TS AR e R AR I N T2 Rk Ak
HATHTEE, R S I — e R

R E AN 22 2021 4F 12 A4 38 45 23 1)

REFERENCES

(1]

(2]

(3]

(4]

[3]

(6]

(7]

(8]

]

[10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

FRIE AR, B2k B e 2 ) O ik
20(6): 339-340.

ZHANG L, DU G H. High content drug screening and its
application[J]. Acta Pharm Sin( %y %% 2= 4), 2005, 40(6):
486-490.

FRAIETTA 1, GASPARRI F. The development of high-
content screening(HCS) technology and its importance to drug
discovery[J]. Expert Opin Drug Discov, 2016, 11(5): 501-514.
CHEN J Q, YANG X Y, FU B F, et al. Generation of human
induced pluripotent stem cell(SKLRMi001-A) from a patient
with partial androgen insensitivity syndrome(PAIS)[J]. Stem
Cell Res, 2020(46): 101863. Doi: 10.1016/j.scr.2020.101730.
YE T, LI J, SUN Z, et al. Nr5a2 promotes cancer stem cell
properties and tumorigenesis in nonsmall cell lung cancer by
regulating Nanog[J]. Cancer Med, 2019, 8(3): 1232-1245.

LI X, ZHAO Z L, LUO X T, et al. Research progress of in the
inducers stimulating in differentiation of iPS cells into male
germ cells[J]. J Chin Biotechnol("' A= 4 T F24%:&), 2019,
39(4): 94-100.

BOYD J D, HOFFMAN A F, GEBHARD D. Society of
biomolecular imaging and informatics high-content screening/
high-content preclinical imaging
colloquium: How emerging technologies in disease models,
high-content imaging, and data analytics are changing our
approach to drug discovery[J]. ASSAY Drug Dev Technol,
2019, 17(1): 3-7.

SHERMAN S P, BANG A G. High-throughput screen for
compounds that modulate neurite growth of human induced
pluripotent stem cell derived neurons[J]. Dis Model Mech,
2018. Doi: 10.1242/dmm.031906.

ELCHEVA I, SNEED M, FRAZEE S, et al. A novel hiPSC-
derived system for hematoendothelial and myeloid blood

. BEZSHR, 2001,

analysis translational

toxicity screens identifies compounds promoting and inhibiting

endothelial-to-hematopoietic  transition[J]. Toxicol Vitro,
2019(61): 104622. Doi: 10.1016/j.tiv.2019.104622.
DURENS M, NESTOR J, WILLIAMS M, et al. High-

throughput screening of human induced pluripotent stem
cell-derived brain organoids[J]. J Neurosci Methods,
2020(335): 108627. Doi: 10.1016/j.jneumeth.2020.108627.
BERECZ T, HUSVETH-TOTH M, MIOULANE M, et al.
Generation and analysis of pluripotent stem cell-derived
cardiomyocytes and endothelial cells for high content
screening purposes[J]. Methods Mol Biol, 2019. Doi:
10.1007/7651 2019 222.

BENOIT Y D. Identification of novel molecules targeting
cancer stem cells[J]. Methods Mol Biol, 2018(1765): 333-347.
WURDAK H. Exploring the cancer stem cell phenotype with
high-throughput screening applications[J]. Futur Med Chem,
2012, 4(10): 1229-1241.

GUPTA P B, ONDER T T, JIANG G, et al. Identification of
selective inhibitors of cancer stem cells by high-throughput
screening[J]. Cell, 2009, 138(4): 645-659.

YANG S M, YASGAR A, MILLER B, et al. Discovery of
NCT-501, a potent and selective theophylline-based inhibitor
of aldehyde dehydrogenase 1A1(ALDHI1A1)[J]. ] Med Chem,
2015, 58(15): 5967-5978.

XIE Y F, WANG Y M. Principles and applications of
genome-editing technologies in cancer research[J]. Chin J
Cancer Biotherapy(H [E i & A= 9116 )7 2= ), 2017, 24(8):
815-827.

LIU Y, XIONG Y Z, CAl Z Z, et al. Development and

Chin J Mod Appl Pharm, 2021 December, Vol.38 No.23

-3055 -



[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

(32]

-3056 -

challenges of gene editing technology[J]. Chin J Biotechnol(4:
YT H#2AR), 2019, 35(8): 1401-1410.

ZHANG Y, WANG K Z, GUO Z K, et al. CRISPR/Cas9 gene
editing technology and its application in tumor immunotherapy
[7]. Chin Med Biotechnol('[E EE 25 A= 44 R), 2019, 14(4):
358-360, 328.

LIZOTTE P H, HONG R L, LUSTER T A, et al. A
high-throughput immune-oncology screen identifies EGFR
inhibitors as potent enhancers of antigen-specific cytotoxic
T-lymphocyte tumor cell killing[J]. Cancer Immunol Res,
2018, 6(12): 1511-1523.

KLANN T S, BLACK J B, CHELLAPPAN M, et al. CRISPR-
Cas9 epigenome editing enables high-throughput screening for
functional regulatory elements in the human genome[J]. Nat
Biotechnol, 2017, 35(6): 561-568.

MASON D M, WEBER C R, PAROLA C, et al
High-throughput antibody engineering in mammalian cells by
CRISPR/Cas9-mediated homology-directed mutagenesis[J].
Nucleic Acids Res, 2018, 46(14): 7436-7449.

MINISTRO J H, OLIVEIRA S S, OLIVEIRA J G, et al.
Synthetic antibody discovery against native antigens by
CRISPR/Cas9-library generation and endoplasmic reticulum
screening[J]. Appl Microbiol 2020, 104(6):
2501-2512.

BOUTROS M, HEIGWER F, LAUFER C. Microscopy-based
high-content screening[J]. Cell, 2015, 163(6): 1314-1325.
VANHARANTA L, PERANEN J, PFISTERER S G, et al.
High-content imaging and structure-based predictions reveal
functional differences between Niemann-Pick C1 variants[J].
Traffic, 2020, 21(5): 386-397.

ZHU S Y, ZHOU Y X, WEI W S. Genome-wide CRISPR/
Cas9 screening for high-throughput functional genomics in
human cells[J]. Methods Mol Biol Clifton N J, 2017(1656):
175-181.

Dy, YRR, BT, . =4 k@D SIAE 24
FUHREHE R P 9 I HI[C1/2017 ARCE L)) 25 TR Blag AR
2RI, KA, 2017: 30-31.

LUO J, GAO J Q. Construction of 3D multicellular tumor
spheroid model and its application in drug screening and
preparation evaluation[J]. Chin J Mod Appl Pharm( E#i1t;
I FHZ2#), 2018, 35(4): 609-614.

DONG Y Q. Establishment of 3D cells culture model for

Biotechnol,

individualized tumor therapy and study of its characteristics[D].

Guangzhou: Guangdong University of Technology, 2016.
PANG L, MA L D, MENG X S, et al. Advances of
microfluidic chip system in cell-based drug screening
research[J]. Chin J Mod Appl Pharm(*[E BN FHZ2%),
2015, 32(12): 1518-1525.

KIM J A, HONG S, RHEE W J. Microfluidic
three-dimensional cell culture of stem cells for high-
throughput analysis[J]. World J Stem Cells, 2019, 11(10):
803-816.

CEVENINI L, CALABRETTA M M, LOPRESIDE A, et al.
Bioluminescence imaging of spheroids for high-throughput
longitudinal studies on 3D cell culture models[J]. Photochem
Photobiol, 2017, 93(2): 531-535.

LIMY, LI CY, LU X H, et al. The three dimensional

organoids- based high content imaging model for

Chin J Mod Appl Pharm, 2021 December, Vol.38 No.23

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

hepatotoxicity assessment[J]. Acta Pharm Sin(Zj2%%24R),
2017, 52(7): 1055-1062.
YU Y J, KIM Y H, NA K, et al. Hydrogel-incorporating unit
in a well: 3D cell culture for high-throughput analysis[J]. Lab
Chip, 2018, 18(17): 2604-2613.
LEE SY, DOH I, NAM D H, et al. 3D cell-based high-content
screening(HCS) using a micropillar and microwell chip
platform[J]. Anal Chem, 2018, 90(14): 8354-8361.
JOSHI P, KANG S Y, DATAR A, et al. High-throughput
assessment of mechanistic toxicity of chemicals in
miniaturized 3D cell culture[J]. Curr Protoc Toxicol, 2019,
79(1): €66. Doi: 10.1002/cptx.66.
JOSHI P, KANG S Y, YU K N, et al. High-content imaging of
3D-cultured neural stem cells on a 384-pillar plate for the
assessment of cytotoxicity[J]. Toxicol Vitro, 2020(65): 104765.
Doi: 10.1016/j.tiv.2020.104765.
JOSHI P, YU K N, KANG S Y, et al. 3D-cultured neural stem
cell microarrays on a micropillar chip for high-throughput
developmental neurotoxicology[J]. Exp Cell Res, 2018, 370(2):
680-691.
ZRYRAE, XID5TY, A0, AF. M Z R T AN A RS R
K IAEFL R IR YT T AN ] e B2 2R 5R, 2015,
44(4): 291-293.
RICCI F, CARRASSA L, CHRISTODOULOU M S, et al. A
high-throughput screening of a chemical compound library in
ovarian cancer stem cells[J]. Comb Chem High Throughput
Screen, 2018, 21(1): 50-56.
MEZENCEV R, WANG L J, MCDONALD ] F. Identification
of inhibitors of ovarian cancer stem-like cells by high-
throughput screening[J]. J Ovarian Res, 2012, 5(1): 30. Doi:
10.1186/1757-2215-5-30.
BARTHOLOMA P, IMPIDJATI, REININGER-MACK A, et
al. A more aggressive breast cancer spheroid model coupled to
an electronic capillary sensor system for a high-content
screening of cytotoxic agents in cancer therapy: 3-dimensional
in vitro tumor spheroids as a screening model[J]. J Biomol
Screen, 2005, 10(7): 705-714.
LIN J Q. Open-access microfluidic tissue array system for
screening of anti-cancer drug combinations[D]. Guangzhou:
Guangzhou Medical University, 2017.
KENNY H A, LAL-NAG M, SHEN M, et al. Quantitative
high-throughput screening using an organotypic model
identifies compounds that inhibit ovarian cancer metastasis[J].
Mol Cancer Ther, 2020, 19(1): 52-62.
LAL-NAG M, MCGEE L, GUHA R, et al. A high-throughput
screening model of the tumor microenvironment for ovarian
cancer cell growth[J]. SLAS DISCOVERY: Adv Sci Drug
Discov, 2017, 22(5): 494-506.
KLEIN O J, BHAYANA B, PARK Y J, et al. In vitro
of EtNBS-PDT
environments with a tiered, high-content, 3D model optical
screening platform[J]. Mol Pharm, 2012, 9(11): 3171-3182.
MAIJI B, GANGOPADHYAY S A, LEE M, et al. A
high-throughput platform to identify small-molecule inhibitors
of CRISPR-Cas9[J]. Cell, 2019, 177(4): 1067-1079.

WA H I 2020-09-30

(T4 : HEE)

optimization against hypoxic tumor

P E B P27 2021 4E 12 F45 38 5:45 23



