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INTRODUCTION

One of the most important issues in the research on hematopoietic stem/progenitor

cells (HSPCs) is to understand the mechanism of the homing process of these cells to

the bone marrow after being transplanted into patients and establish the production of

various blood cell types. The HSPCs first come in contact with the endothelial cells.

This contact is known as adhesion and occurs through a multi-step paradigm ending

with transmigration to the bone marrow niche. The initial step of the homing, tethering

and rolling of HSPCs is mediated by P- and E-Selectins expressed on the endothelial

cell surface through their interactions with the ligands expressed by HSPCs.

Here we developed a novel experimental method to unravel the molecular mechanisms

of the selectin-ligands interactions in vitro at the single molecule level by combining

microfluidics and single-molecule fluorescence imaging. Our method enables direct

visualization of the nanoscale spatiotemporal dynamics of the E-selectin-ligand (PSGL-

1) interactions under conditions of shear stress acting on the cells at the molecular

level in real time.

HEMATOPOIETIC STEM/PROGENITOR CELL (HSPC) HOMING

EXPERIMENTAL SETUP FOR CHARACTERIZING SPATIO-TEMPORAL 

BEHAVIOR OF SELECTIN –LIGAND INTERACTIONS DURING THE ROLLING

FORMATION OF TETHERS AND SLINGS DURING THE CELL ROLLING

 The experiment revealed the formation of membrane tethers and slings at the rear

and front of the rolling cells during their rolling on the surface-deposited E-selectins.

Although previous studies reported the appearance of tethers/slings on neutrophils

during the rolling [1], the formation of tethers/slings on neutrophils occurred at much

higher shear stress (> 6 dyn cm-2).

TETHERS/SLINGS AND CELL-ROLLING BEHAVIORS

 The length of the tethers/slings is much longer compared with those observed for

neutrophils (< 20 μm) [1]. The number of tethers/slings does not have a significant

effect on the rolling velocity.

NUMBER OF PSGL-1 MOLECULES IN EACH SPOT ALONG THE

TETHERS/SLINGS

 PSGL-1 molecules cover the entire regions along the tethers/slings with a discrete

distribution and were found mostly as single molecules. A small number of PSGL-1

clusters (2 – 35 molecules in each cluster) along the tethers/slings was also found.

The clustering of PSGL-1 may help its binding to the surface E-selectins.

Aggregation of PSGL-1 molecules could be responsible for its clustering rather than

localization of the molecules to lipid raft or any type of vesicles.

MERGER/RETRACTION OF THE TETHERS/SLINGS

 We observed the retraction of the slings

during the cell rolling, which can not be

interpreted by the current model of the

tethers/slings formation. We also

observed the merger of tethers/slings

during the rolling. The PSGL-1

molecules displayed 1D diffusion motion

along the tethers/slings.

CONCLUSION 

The spatial distribution of PSGL-1 along the tethers/slings observed in our experiment

was distinct from that observed for neutrophils [1]. These findings urge a revision of the

detailed molecular mechanisms of selectin-ligand interactions during HSPCs homing.

Our results also demonstrate that the method developed in this study provides a

powerful means to characterize the spatiotemporal dynamics of ligand-receptor

interactions during the cell rolling.
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(a) Frequency histogram of the length of tethers/slings. Red line shows a Gaussian fitting. (b)

Tethers/slings-number dependent rolling velocity of the cells.

Experimental configuration

of the microfluidics-based

epi-fluorescence microscopy

platform for characterizing

spatio-temporal behavior of

selectin ligands on KG1a

cells during the tethering and

rolling. The surface density

of the E-selectin was 2.0

molecules μm-2. The wall

shear stress was set to 2

dyn cm-2.

The homing of HSPCs

to the bone marrow is

a multistep process

that is initiated by the

tethering and rolling of

HSPCs to endothelium

mediated by the

binding of selectins

expressed on

endothelial cells to

their ligands on

HSPCs.
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Live-cell time-lapse immunofluorescence images of

PSGL-1 on the surface of a KG1a cell. The PSGL-1

molecules were immunolabeled using an AF647- (or

AF555-) conjugated antibodies. Fluorescence images

were recorded at the frame rate of 30 Hz. The surface

density of the E-selectin was 2.0 molecules μm-2. The
wall shear stress was set to 2 dyn cm-2.
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Frequency histogram of the number of PSGL-1 molecules (a) in each spot along the tethers/slings,

(b) at the tethering points, and (c) at the anchoring points. Red lines show Poissonian fitting.
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