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Research advances of high-throughput cell-based drug
screening systems based on microfluidic technique
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Abstract . Drug screening is the process of screening new drugs or leading compounds with bio-
logical activity from natural products or synthetic compounds, and it plays an essential role in
drug discovery. The discovery of innovative drugs requires the screening of a large number of
compounds with appropriate drug targets. With the development of genomics, proteomics,
metabolomics, combinatorial chemistry, and other disciplines, the library of drug molecules has
been largely expanded, and the number of drug targets is continuously increasing. High-through-
put screening systems enable the parallel analysis of thousands of reactions through automated
operation, thereby enhancing the experimental scale and efficiency of drug screening. Among
them, cell-based high-throughput drug screening has become the main screening mode because it
can provide a microenvironment similar to human physiological conditions. However, the current
high-throughput screening systems are mainly built based on multiwell plates, which have several
disadvantages such as simple cell culture conditions, laborious and time-consuming operation,
and high reagent consumption. In addition, it is difficult to achieve complex drug combination
screening. Therefore, there is an urgent need for rapid and low-cost drug screening methods to
reduce the time and cost of drug development. Microfluidic techniques, which can manipulate
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and control microfluids in microscale channels, have the advantages of low consumption, high
efficiency, high throughput, and automation. It can overcome the shortcomings of screening
systems based on multi-well plates and provide an efficient and reliable technical solution for
establishing high-throughput cell-based screening systems. Moreover, microfluidic systems can
be flexibly changed in terms of cell culture materials, chip structure design, and fluid control
methods to enable better control and simulation of cell growth microenvironment. Operations
such as cell seeding, culture medium replacement or addition, drug addition and cleaning, and
cell staining reagent addition are usually involved in cell-based microfluidic screening systems.
These operations are all based on the manipulation of microfluids. This paper reviews the
research advances in cell-based microfluidic screening systems using different microfluidic
manipulation modes, namely perfusion flow mode, droplet mode, and microarray mode. In
addition, the advantages and disadvantages of these systems are summarized. Moreover, the
development prospects of high-throughput screening systems based on microfluidic techniques
has been looked forward. Furthermore, the current problems in this field and the directions to

overcome these problems are discussed.
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Fig. 1 Cell-based microfluidic screening systems based on perfusion flow mode

a. schematic diagram of the pneumatically-actuated elastomeric valves based microfluidic platform for cell cytotoxicity screem'ng{ 7] ; b.

schematic diagram of the microfluidic system based on bridge-and-underpass architecture!?”! ; c. schematic diagram of the integrated mi-

crofluidic device with concentration gradient generators ! ; d. schematic diagram of the 3D printed concentration gradient generator!*?.



- 570 - Ll

i 539 &

FEAFICTE LA & — A SEUTA " 25 04 i vk B A
FEA AR, FUEPATHE A R SR E, k]
FEHE 64 P2V FH 254, SEBL T X Bl 5 2 ( doxoru-
bicin) 175 5 I 98 40 i ( HepG2) ## 1= 2 72 /8 W Il
An ZE DR AR 2 100 3 A B AR R A
Rl = I 284 PFAh T 22 3 2 ( curcumin ) 1
JE IR FY IR oo FH OG5 T2 U8 T IC AR X 15 471) i 98 400
(PC3) MIRAIRITRICR . I T4 KWk BEA B
Fil, Zhang %2 33 T — AR X Bk it 1A 3 8 25 44 1Y
W BERE R A AR, T AR A X Bk B IR A L
M5 G . 3D FTENHOR Hh T HE98 T 1 4548 2 4%

HRH B S A IRAE M S0 T, PR T P ke T A

a Inle @

200%200 pm? 300x300 um?

Crosee-Sectional View:

Drug outlets
Gel inlets

Drug inlet

Gel outlets

Interdl%ltated electrodes (IDEs)
Impednce measurment (3D gel matrix placed over IDEs)

WIRABIROR SR Chen 257 FI| ] 3D 4T
ENAS 2 T HA =2l 7 A48 F A v B A B A B
(DL 1d) IR T 4 Fh2h 9 36 Fhifk 416 %
Jii 2 4 ( AS49 ) A/ I .

F TG T8 R T ) 4E (2D) 40 R IR AR
Z A KRBT T B 22 J2 WA S, 491 40 i
21 B = 7] LA K 240 i RN 5 5 =2 1] (4 A B AR 53X i) RE
2 3 A5 1) 1) 25 W 7E Bl B AR 50 B, 36
SRR =B K w22 . 3D 4l 15 728X o ]
DAL T 2T 1 PR 2R A A A B T i | T
ok Z WF 5T A GRS A 2a i,
Patra %58 3 5 % 5 F 3L RE e (PDMS) it itk

b Micropillars

L
[ o

Linear concentration
gradient generator

ﬁﬁ@@

Multiplexed cell
culture chip

Fluid inlets

Fluid outlet

Takes hours to identify the drug
susceptible or tolerant cells

B2 ETF3DAMmEFMNETREXMREARIGE RS

Fig. 2 3D cell culture-based microfluidic screening systems based on the perfusion flow mode

a. schematic diagram of cell chambers with two sizes used for the formation of cell spheres!3®
perfusion culture chip with an array of micropillars in the microfluidic channel

with interdigitated microelectrodes >’

; b. schematic diagram of the 3D cell
; c¢. schematic diagram of the integrated microchip
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Fig. 3 Organ-on-a-chip systems based on perfusion flow mode
a. schematic diagram of the lung-on-a-chip system!*); b. schematic diagram of the organ-on-a-chip system for
induced angiogenesis'*! ; c. schematic diagram of the organ-on-a-chip system integrating four types of organ cells' /.

studying tumor-
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Fig. 4 Cell-based microfluidic screening systems based on droplet mode

a. workflow of the droplet-based drug screening platform** ; b. schematic diagram of the microwell array for randomly pairing drop-

lets!®! ; c. schematic diagram of the microchannel chamber for trapping droplets!

56] .
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Fig. 5 Droplet mode microfluidic systems based on 3D cell culture

a. schematic diagram of the microfluidic flow-focusing device for generating mixed hydrogel droplets'>”) ; b. formation of coculture
tumor spheroid with stromal fibroblast cells!®® ; c. illustration of cell culture and drug testing process in the sidewall-attached droplet
array: Fig. cl. cell seeding; Fig. c2. formation of cell spheroid in a droplet; Fig. c3. addition of the drug; Fig. c4. addition of fluores-

cence dye to stain the cell spheroid %’ .
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Fig. 6 Cell-based microfluidic screening systems based on microarray mode
a. schematic diagram of the DataChip platform for testing of compound toxicity!®! ; b. schematic diagram of the cell-seeded microwell
and chemical-laden post aligned and sandwiched together % ; c. schematic diagram of the liver-immune coculture array chip!’!’ ; d. for-
mation of the cell droplet array based on superhydrophilic-superhydrophobic micropattern! >’ ; e. illustration of the drug combination

screening based on sequential operation droplet array (SODA) system'””.
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