
 

Microfluidic study shows increased stiffness of activated
monocytic cells
Citation for published version (APA):
Ravetto, A., Toonder, den, J. M. J., Sahebali, S., Anderson, P. D., & Bouten, C. V. C. (2011). Microfluidic study
shows increased stiffness of activated monocytic cells. Poster session presented at Mate Poster Award 2011 :
16th Annual Poster Contest.

Document status and date:
Published: 01/01/2011

Document Version:
Publisher’s PDF, also known as Version of Record (includes final page, issue and volume numbers)

Please check the document version of this publication:

• A submitted manuscript is the version of the article upon submission and before peer-review. There can be
important differences between the submitted version and the official published version of record. People
interested in the research are advised to contact the author for the final version of the publication, or visit the
DOI to the publisher's website.
• The final author version and the galley proof are versions of the publication after peer review.
• The final published version features the final layout of the paper including the volume, issue and page
numbers.
Link to publication

General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights.

            • Users may download and print one copy of any publication from the public portal for the purpose of private study or research.
            • You may not further distribute the material or use it for any profit-making activity or commercial gain
            • You may freely distribute the URL identifying the publication in the public portal.

If the publication is distributed under the terms of Article 25fa of the Dutch Copyright Act, indicated by the “Taverne” license above, please
follow below link for the End User Agreement:
www.tue.nl/taverne

Take down policy
If you believe that this document breaches copyright please contact us at:
openaccess@tue.nl
providing details and we will investigate your claim.

Download date: 26. May. 2023

https://research.tue.nl/en/publications/9633bea4-a4b5-4671-a356-49136ab4125a


Results
LPS-treated cells showed an increase in the amount of F-
actin and a higher F-actin/G-actin ratio, which is indicative

of an increased stiffness of activated cells. In not activated
cells, F-actin was observed to be distributed diffusely
throughout the cytoplasm. In response to stimulation with

LPS, the F-actin rapidly redistributed to form a cortical ring
and development of actin pseudopodia were observed.

Introduction
Atherosclerosis is an inflammatory condition occurring in

large and medium-sized arteries. Chronic inflammation

can be mimicked in vitro by stimulation with

lipopolysaccharide (LPS), which increases the synthesis

of proinflammatory cytokines and, consequentely, induces

monocyte activation [1]. During activation, the monocytes

undergo polymerization of cortical actin, which is required

for cell migration but greatly stiffens the cell body [2]. Cell

deformability might then be used as a biomarker for cell

activation, such as seen in atherosclerosis.

Objective
We aim to develop a microfluidic test system in order to

distinguish healthy from diseased monocytes based on

cell stiffness. To test our hypothesis, we investigated the

role of actin structure on cell mechanical properties by

analyzing cell deformation while passaging a narrow

channel.
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Fig. 2 – Analysis of actin polymerization. (A and B) FACS intensity distributions of 

actin in HL60 cells (light colour) and LPS-treated cells (dark colour). (C) G-/F-actin

signal ratio. (D) Representative fluorescence images of the F-actin cortex (green) 
and G-actin monomers (red) in suspended cells. 

LPS-treated cells exhibited lower trafficking velocity (Fig. 3)

compared to untreated control cells. Cell velocity in the

narrowed channel decreased with cell diameter both for

LPS-treated and untreated cells.

Fig. 3 – Cell speed in constriction. HL60 cells, LPS-treated HL60 cells.

Conclusion
LPS induces a filamentous actin reassembly and

consequentely an increase of stiffness in activated
monocytes.

Methods
HL-60 (human acute promyelotic leukaemia) cell line was

used as a model system for monocytes by differentiation

with sodium butyrate [3]. Cells were treated with LPS for

15 minutes at a concentration of 2 µg/ml. Actin

polymerization was analysed with FACS and fluorescent

imaging by staining globular actin monomer (G-actin) and

filamentous actin (F-actin) with Dnase-I and Phalloidin

respectively. Cell deformation was investigated in a

microfluidic device consisting of a 50 µm inlet channel,

followed by a 8 µm constriction channel (Fig. 1A).

Fig. 1 – (A) Image of the device with magnification of the narrow channel. (B) Cell

transit time: time interval between the trailing edge clearing the entry of the
narrowing channel and the leading edge crossing the exit of the constriction.

Cells were video-recorded (200 frames/sec) while
passaging the 8-µm constriction. Videos were then

analyzed to determine the transit time (Fig. 1B) in the
constriction.
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