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BIOMECHANICS OF LEUKOCYTE ROLLING

Sundd P, Pospieszalska MK, Cheung LS, Konstantopoulos K, Ley K.

Leukocyte rolling on endothelial
cells and other P-selectin substrates
is mediated by P-selectin binding to
P-selectin glycoprotein ligand-1 ex-
pressed on the tips of leukocyte mi-
crovilli. Leukocyte rolling is a result
of rapid, yet balanced formation and
dissociation of selectin-ligand bonds
in the presence of hydrodynamic
shear forces. The hydrodynamic for-
ces acting on the bonds may either
increase (catch bonds) or decrease
(slip bonds) their lifetimes. The force-
dependent ‘catch-slip’ bond kinetics
are explained using the ‘two pathway
model’ for bond dissociation. Both
the “sliding-rebinding’ and the “allos-
teric’ mechanisms attribute ‘catch-
slip’ bond behavior to the force-in-
duced conformational changes in the
lectin-EGF domain hinge of selec-
tins. Below a threshold shear stress,
selectins cannot mediate rolling. This
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‘shear-threshold’ phenomenon is a
consequence of shear-enhanced tethe-
ring and catch bond-enhanced roll-
ing. Quantitative dynamic footprint-
ing microscopy has revealed that
leukocytes rolling at venular shear
stresses (>0.6 Pa) undergo cellular
deformation (large footprint) and
form long tethers. The hydrodyna-
mic shear force and torque acting on
the rolling cell are thought to be sy-
nergistically balanced by the forces
acting on tethers and stressed mi-
crovilli, however, their relative con-
tribution remains to be determined.
Thus, improvement beyond the cur-
rent understanding requires in silico
models that can predict both cellular
and microvillus deformation and ex-
periments that allow measurement of
forces acting on individual microvil-
li and tethers [Biorheology. 2011;
48(1):1-35].
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