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Fig. 1 Technologies for the detection of single cell mechanical properties
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Fig. 2 High throughput detection devices based on micropipette technology
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Fig.3 Detection of mechanical properties of cells based on optical tweezers and stretcher
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Fig. 4 Different detection methods of micro—constriction
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Fig. 5 High precision and high throughput detection of micro—constriction
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Fig. 6 The schematic of microfluidic shear—induced deformation chip structure
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Advances in Methods and Applications for The Detection of Single Cell
Mechanical Properties”

ZHANG Xiao-Zhe, XIANG Nan", NI Zhong-Hua

(Jiangsu Key Laboratory of Micro/Nano Biomedical Device Design and Manufacture, School of Mechanical Engineering, Southeast University,
Narjing 211189, China)

Abstract The cell mechanical properties are closely related to the physiological states and functions of cells.
Early studies on the cell mechanical properties could only provide the elasticity or shear modulus of the whole
cell population, which results in the loss of the mechanical phenotypes of the heterogeneous cells. In recent years,
new methods for the detection of single-cell mechanical properties have been widely reported. The conventional
technologies of atomic force microscopy, micropipette aspiration technology, optical tweezers and stretching,
magnetic twisting cytometry and magnetic tweezers exhibit a very high detection accuracy, but have a relatively
low detection throughput. The new emergence of microfluidic high-throughput detection methods could provide
the possible solution for increasing the throughput. This article firstly reviews typical single-cell mechanical
property detection techniques such as atomic force microscopy, micropipettes, optical tweezers and optical
stretching, magnetic twisting cytometry and magnetic tweezers. Next, the working principles and the recent
progresses of the newly emerging microfluidic high-throughput detection technologies, including micro-
constrictions, shear-induced and stretch-induced cell deformation, are introduced. Then, the advantages and
disadvantages of each method are discussed. Finally, the prospects for future development in the detection of

single cell mechanical properties are also discussed.

Key words single-cell detection, mechanical property, high-throughput, microfluidics
DOI: 10.16476/j.pibb.2021.0115

# This work was supported by grants from The National Natural Science Foundation of China (81727801, 51875103, 51775111), the Natural Science
Foundation of Jiangsu Province (BK20190064), the Six Talent Peaks Project of Jiangsu Province (SWYY-005) and the Zhishan Youth Scholar
Program of SEU.

#x Corresponding author.

Tel: 86-25-52090501, E-mail: nan.xiang@seu.edu.cn

Received: April 28, 2021  Accepted: June 9, 2021



