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Abstract

In sickle cell disease (SCD), hemoglobin molecules polymerize intracellularly and lead to a cascade

of events resulting in decreased deformability and increased adhesion of red blood cells (RBCs).

Decreased deformability and increased adhesion of sickle RBCs lead to blood vessel occlusion

(vaso-occlusion) in SCD patients. Here, we present a microfluidic approach integrated with a cell

dimensioning algorithm to analyze dynamic deformability of adhered RBC at the single-cell level in

controlled microphysiological flow. We measured and compared dynamic deformability and

adhesion of healthy hemoglobin A (HbA) and homozygous sickle hemoglobin (HbS) containing

RBCs in blood samples obtained from 24 subjects. We introduce a new parameter to assess

deformability of RBCs: the dynamic deformability index (DDI), which is defined as the time-

dependent change of the cell's aspect ratio in response to fluid flow shear stress. Our results show

that DDI of HbS-containing RBCs were significantly lower compared to that of HbA-containing

RBCs. Moreover, we observed subpopulations of HbS containing RBCs in terms of their dynamic

deformability characteristics: deformable and non-deformable RBCs. Then, we tested blood

samples from SCD patients and analyzed RBC adhesion and deformability at physiological and

above physiological flow shear stresses. We observed significantly greater number of adhered non-

deformable sickle RBCs than deformable sickle RBCs at flow shear stresses well above the

physiological range, suggesting an interplay between dynamic deformability and increased

adhesion of RBCs in vaso-occlusive events.

Keywords: Biomechanics; Cell Adhesion; Cell Mechanics; Dynamic Cell Deformation; Microfluidics;

Red Blood Cell; Sickle Cell Disease.

Figures

https://pubmed.ncbi.nlm.nih.gov/?term=Alapan+Y&cauthor_id=27437432
https://pubmed.ncbi.nlm.nih.gov/?term=Matsuyama+Y&cauthor_id=27437432
https://pubmed.ncbi.nlm.nih.gov/?term=Little+JA&cauthor_id=27437432
https://pubmed.ncbi.nlm.nih.gov/?term=Gurkan+UA&cauthor_id=27437432
http://www.ncbi.nlm.nih.gov/pmc/articles/pmc4947547/
https://doi.org/10.1142/s2339547816400045
https://www.ncbi.nlm.nih.gov/pmc/articles/pmid/27437432/


7/18/23, 10:37 AM Dynamic deformability of sickle red blood cells in microphysiological flow - PubMed

https://pubmed.ncbi.nlm.nih.gov/27437432/ 2/2

Figure 1 Microfluidic

system for probing red…

Figure 2 Automated

dimensioning of adhered

RBCs…

Figure 3 Dynamic

deformability analysis of

single…

Figure 4 Dynamic

deformability of healthy

and…

Figure 5

Subpopulations of sickle

RBCs based…

LinkOut - more resources

Full Text Sources

Europe PubMed Central

PubMed Central

Other Literature Sources

The Lens - Patent Citations

scite Smart Citations

Miscellaneous

NCI CPTAC Assay Portal

https://www.ncbi.nlm.nih.gov/pmc/articles/instance/4947547/bin/nihms800839f1.jpg
https://www.ncbi.nlm.nih.gov/pmc/articles/instance/4947547/bin/nihms800839f2.jpg
https://www.ncbi.nlm.nih.gov/pmc/articles/instance/4947547/bin/nihms800839f3.jpg
https://www.ncbi.nlm.nih.gov/pmc/articles/instance/4947547/bin/nihms800839f4.jpg
https://www.ncbi.nlm.nih.gov/pmc/articles/instance/4947547/bin/nihms800839f5.jpg
https://europepmc.org/abstract/MED/27437432
https://www.ncbi.nlm.nih.gov/pmc/articles/pmid/27437432/
https://www.lens.org/lens/search/patent/list?q=citation_id:27437432
https://scite.ai/reports/27437432
https://assays.cancer.gov/non-CPTAC-3573

