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Fig.2  (A) Schematic diagram and side optical imaging of separation process between micro-pillar array and
thin layer of photosensitive resin; (B) Schematic diagram of the change of the meniscus around micro-pillar with
time; (C) Interference between the micro-pillars at different micro-pillar spacings and different heights of contact
line from resin film; (D) Change of the height of the contact line from resin film with time for different
thicknesses of resin film (a: 190 pm; b: 246 pm; c: 330 wm); (E) Average difference area of quasi-spherical

bottom axial cross section between any two micropillars of the array when they interfere with each other or not
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Fig.3  (A) Micropillar array mold for casting microwell arrays; (B) Scanning electron micrograph of a micropillar
with a quasi-spherical top; (C) Standardized difference area matrix of quasi-spherical bottom axial cross-section
between any two microwell holes of a typical microwell array; (D) Average standardized difference area of quasi-
spherical bottom axial cross-section at any position of a typical microwell array matrix; (E) Box line plot of the
standardized difference area of the quasi-spherical bottom axial cross-section between any two microwells of
different arrays; (I) Average axial cross-sectional area and average radius of curvature of the lowest point of the

quasi-spherical bottom of different microwell arrays and the inter-array mean value
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Fig4 (A) The number of fluorescent beads remaining outside the microwells in a circular area of different
diameters (a: 700 pm; b: 800 pm; ¢: 900 wm) with the center of the microwells at different depths at the same
flow rate; (B) Distribution of fluorescent beads in a circular area of 700 wm in diameter with the center of the

microwells at different depths; (C) Simulation results of the flow rate in micropore arrays at different depths
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Fig.5 (A) Radius of curvature of the top tip of micropillar quasi-sphere in relation to the radius of micropillar;
(B) Lateral optical micrographs of PDMS micropores of different diameters and photographs of cell spheroids
cultured in microwells; (C) Cell spheroid culture well plate; (D) Cell spheroid arrays during culture; (E) Immuno

fluorescence staining photograph of cell spheroid (Red is E-cadherin, and blue is cell nucleus)



1300 oy B Ak 2 %51 &

3 #Fit

HENL T — LT 3D STENFR ENEOR T LR S 0 750, nT TR AN RN AR . FLAR AR EE A sk
fLEFF . XA BA EERIB IR AR A AL 451 R N T S 86 4 R A BRI R % . 5 28 Bl LR 21 il 4
JTEAR LG, ATk A R 2 A, O EL A # B GlCA LR S ATS HAT et e | e 2 v AT mT 5 1 240 Bk
PRI AHS S o B8 T LRI . WARHEYSERE | TRENI TR0 TR ENS R RSN o SR, AFFE Tt Y
il #8 T7 R AE 18] — SV S 7 TR B — 2P it o ks 22 VA N TR RR THEE | R B R AR LR
BE b ARV A5 R A5 o AN PERIT ST (8] A AR L0, A0 R T o BT 25 H i 2R A 52
Wi, FFA G SR MR 2 B RIS o Gl DTS 2 B AR B AL A AT REXS P4 5 i % L -5 P B RAL
Z A1) 22 S A B B AR i

DUGUAY D, FOTY R A, STEINBERG M S. Dev. Biol. , 2003, 253(2): 309-323.
FENNEMA E, RIVRON N, ROUWKEMA ], VAN BLITTERSWIJK C, DE BOER J. Trends Biotechnol. , 2013, 31(2): 108-
115.
] JARVINEN P, BONABI A, JOKINEN V, SIKANEN T. Adv. Funct. Mater. , 2020, 30(19): 2000479.
] GRINNELL F, FELD M K. J. Biomed. Mater. Res. , 1981, 15(3): 363-381.
[11] FOTY R A, STEINBERG M S. Dev. Biol. , 2005, 278(1): 255-263.
]
]

References

[1] ANTONI D, BURCKEL H, JOSSET E, NOEL G. Int. J. Mol. Sci. , 2015, 16(12): 5517-5527.
[2] CESARZ Z, TAMAMA K. Stem Cells Int. , 2016, 2016: 9176357.
[3] WILSON P D. Am. J. Physiol. , 1997, 272(4): F434-F442.
[4] KLEINMAN H K, PHILP D, HOFFMAN M P. Curr. Opin. Biotechnol. , 2003, 14(5): 526-532.
[5] ACHILLI T M, MEYER J, MORGAN J R. Expert Opin. Biol. Ther. , 2012, 12(10): 1347-1360.
[6] HUTCHINSON L, KIRK R. Nat. Rev. Clin. Oncol. , 2011, 8(4): 189-190.

]

]

KELM ] M, TIMMINS N E, BROWN C J, FUSSENEGGER M, NIELSEN L K. Biotechnol. Bioeng. , 2003, 83(2): 173-180.

HSIAO A'Y, TORISAWA Y, TUNG Y C, SUD S, TAICHMAN R S, PIENTA K J, TAKAYAMA S. Biomaterials, 2009, 30(16):

3020-3027.

[14] GUO W, CHEN Z, FENG Z, LI H, ZHANG M, ZHANG H, CUI X. Micromachines, 2022, 13(9): 1555.

[15] LIU T, WINTER M, THIERRY B. Biomaterials, 2014, 35(23): 6060-6068.

[16] IANG UBT, JONES M C, KAULE M J, VIRGILE C R, PU Qi-Hui, DELOUISE L A. Biomed. Microdevices, 2014, 16(1):
55-67.

[17] KIM D, KIM K, PARK J Y. Lab Chip, 2021, 21(10): 1974-1986.

[18] MA LD, WANG Y T, WANG J R, WU J L, MENG X S, HU P, MU X, LIANG Q L, LUO G A. Lab Chip, 2018, 18(17):
2547-2562.

[19] WUK W, KUO CT, TU T Y. Glob. Challenges, 2021, 5(2): 2000056.

[20] WEI X, RIVERO-RODRIGUEZ J, ZOU J, SCHEID B. J. Fluid Mech. , 2021, 922: A14.

[21] TIANT,HOY, CHEN C, SUN H, HUL J, YANG P, GE Y, LIU T, YANG J, MAO H. Chin. Chem. Lett. , 2022, 33(6): 3167-

3171.


https://doi.org/10.3390/ijms16035517
https://doi.org/10.1016/j.copbio.2003.08.002
https://doi.org/10.1517/14712598.2012.707181
https://doi.org/10.1038/nrclinonc.2011.34
https://doi.org/10.1016/S0012-1606(02)00016-7
https://doi.org/10.1016/j.tibtech.2012.12.003
https://doi.org/10.1002/adfm.202000479
https://doi.org/10.1002/jbm.820150308
https://doi.org/10.1016/j.ydbio.2004.11.012
https://doi.org/10.1002/bit.10655
https://doi.org/10.1016/j.biomaterials.2009.02.047
https://doi.org/10.3390/mi13091555
https://doi.org/10.1016/j.biomaterials.2014.04.047
https://doi.org/10.1007/s10544-013-9805-5
https://doi.org/10.1039/D0LC01295E
https://doi.org/10.1039/C8LC00333E
https://doi.org/10.1002/gch2.202000056
https://doi.org/10.1017/jfm.2021.505
https://doi.org/10.1016/j.cclet.2021.11.029

% 8 1 FRERICAE : T 20 BRARAA B SR A HE BRI SR AL R 2] f PR n 10712 1301

Rapid Processing Method of Quasi-spherical-Bottom
Microwell Arrays for Cell Spheroid Culture

ZHANG Guo-Yuan'?, WU Lei ", PENG Xi-Yao'?, GE Yu-Qing'?, LIU Ting',
XU Tie-Gang™', ZHAO Jian-Long
'(State Key Laboratory of Transducer Technology, Shanghai Institute of Microsystem and Information
Technology, Chinese Academy of Sciences, Shanghai 200050, China)
%(College of Materials Science and Opto-Electronic Technology,
Chinese Academy of Sciences, Beijing 101408, China)

Abstract Compared to traditional two-dimensional monolayer cells, cell spheroids have functions that more
closely resemble cells in vivo and are therefore increasingly being studied in drug screening and physiopathology.
Culturing cell spheroids on low-adhesion quasi-spherical microwell arrays can achieve size controllability and
morphological consistency, and also has the advantage of easy implementation of high throughput. However, the
current process for manufacturing quasi-spherical microwell arrays is usually complex and the micropores are
shallow, making it easy for cell spheroids to slip out of the micropores. In response to these issues, this work
proposed a polydimethylsiloxane (PDMS) microwell array fabrication method based on 3D printing and imprinting.
This method had the advantages such as simple operation and low manufacture cost. The diameter and spacing of
the fabricated microwell array were about 600 um, with quasi-spherical bottoms and sidewalls about 1000 wm in
height. Scanning electron microscopy analysis showed that the quasi-spherical bottom surface of the micropore was
smooth. Microscopic image analysis showed that the intra-chip consistency of the micropore bottom shape was
approximately 10% and the inter-chip consistency was approximately 5%. Researches on the imprinting process
showed that higher density or higher uniformity of the array was achieved by adjusting processing parameters such
as micropore spacing, membrane thickness and imprinting time. Fluorescent bead simulation cell inoculation
experiments and flow field simulation results showed that this microwell array could effectively reduce the
probability of cells or cell spheroids slipping out of the micropores. Finally, this device was applied to the
cultivation of cell spheroids with good results. In conclusion, the developed fabrication method provided a powerful
tool for cultivating cell spheroids and had application potentials in the areas of cell spheroid production and high-
throughput drug screening, etc.
Keywords Quasi-spherical-bottom microwell arrays; Cellular spheroids; 3D printing; Microfabrication; Micro-
fluidics
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