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Measuring the elasticity of HL-60 cell microvillus by parallel plate
flow chamber

HUANG Qiang', LING Ying-chen'”, LI Qu-huan', WU Jian-hua', FANG Ying' (1. School
of Bioscience and Bioengineering, South China University of Technology, Guangzhou 510006, China; 2. School

of Life Sciences, Sun Yat-sen University, Guangzhou 510275, China)

Abstract; Objective To filter the noises in the experimental data of parallel plate flow chamber for observing
more clearly the events occurring in the process of cell rolling adhesion and develop a new method to measure the
elasticity of microvillus on cells based on the flow chamber experiment. Method The experiment of E-selectin
regulated HL-60 cell rolling was performed by flow chamber system, and the data were denoised by wavelet anal-
ysis so that the high frequency thermal response signals were extracted from the data. Based on the equipartition
theorem and equilibrium equations of tethered cell, the relationship between the cell microvillus spring constant
and thermal fluctuations was constructed. Results Filtering noises from cell rolling time course by wavelet analy-
sis, the events such as free rolling, slowing down, stopping and speeding up of rolling cell could be observed
more easily; almost 80% of fluctuating energy of a rolling cell was involved in its high frequency fluctuation which
was regarded as the thermal response of the cell to the Brown movement of water molecules, and the spring con-
stant of microvillus on HL-60 cell was measured to be (13.7 +7.4) yN/m at wall shear stress from 0. 01 ~0. 06
Pa. Conclusions The wavelet analysis can filter the thermal noises in cell rolling data of flow chamber experi-
ment, and since the rigidity information of cell microvillus is involved in and can be extracted from the high fre-
quency thermal fluctuation of the rolling cell, the parallel plate flow chamber experimental technique can be ex-
tended to measure the elasticity of microvillus on cells.
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Fig.1 Diagram of a tethered cell translating( with velocity v) and
rotating (with angular velocity Q ) in parallel to the wall in a viscous

simple shear flow
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Fig.2 Filtrating and restructuring of rolling pathway of a cell over
a substrate coated with 10 mg/mL E-selectin at wall shear stress
being 0.03 Pa with three levels. A, u, the instantaneous rolling
pathway of a cell in flow; B, t,, the restructured cell rolling path-
way after data noises being filtrated; C, u,, the high frequency
noise component in the data; D, u,, the sub-high-frequency noise
component from the data; E, u,, the lower frequency noise com-
ponent in the data
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Fig.3 Fractions of the fluctuating kinetic energy E, , E, and E;
with their different frequency or noise levels in total fluctuating ki-
netic energy of free or tethered cells rolling in shear flows of differ-
ent wall shear stresses
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Fig.4 The data of spring constant k of the microvillus on HL-60
cell in shear flows of wall shear stress T, =0.01 ~0. 06 Pa
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