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ON THE IMPORTANCE OF MAINTAINING

RBC DISCOID SHAPE

Before considering how shape is maintained despite so much
age-related change, let us try to answer why. Because selective
pressures guide adaptive change to optimize function the answer
must lie with the basic RBC function of mediating gas transfer
between lungs and tissues. Gas exchange is a passive diffusional
process that poses no direct metabolic demand, but requires a
rheologically competent cell (Kaestner and Bogdanova, 2014).
The discocyte shape allows RBCs to deform, fold, and squeeze
against the endothelial walls of capillaries, exposing maximal
surface area thus offering minimal diffusional distances for
rapid O2 and CO2 exchanges across the capillary walls. Thus,
maintenance of the discocyte shape is essential for preserving
the optimal viability and functional capacity of the cells for an
extended circulatory lifespan. In general, the basic requirement
for optimal RBC rheology is maintenance of the cell volume
substantially below the maximal spherical volume that can be
accommodated by the membrane area of each cell. As stressed
by Pivkin et al. (2016), the surface to volume ratio is by
far the most important parameter of RBC deformability. In
normal healthy human RBCs with favourable surface-volume
ratios, rheology optimization is fulfilled by a discoid shape
resulting from the biophysical properties of its membrane. In
RBCs from other species the same optimization principles are
fulfilled by a variety of other shapes, with different underlying
cytoskeletal structures and biophysical properties (Cossins and
Gibson, 1997).
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