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Eryptosis is the programmed cell death of red blood cells (RBCs) in response to different
kinds of stress. Several hallmarks of eryptosis have been determined over the years,
including increased calcium influx, phosphatidylserine (PS) externalisation, cell
shrinkage, and membrane vesiculation’. Even though medically-induced eryptosis
(such as the interventional experiments reported in this issue or during RBC aging
under blood bank conditions) may differ compared to the aging processes in vivo, some
molecular signalling pathways are thought to be common?. As such, the study of stored
RBCs under various physiological cell stressors could offer mechanistic insight into the
life and death of RBCs in vivo, in health and disease. At the same time, metabolomics
constitutes an advanced research tool to perform high throughput analysis of energy
metabolism in RBCs.

In the present issue of Blood Transfusion, Nemkov et al.?, already well established in the
field of metabolomics, especially in transfusion medicine, and having the experience
and expertise to define the critical steps of metabolic pathways in RBCs under various
environmental changes*’, provide for the first time information on metabolic flows and
shifts in RBCs exposed to different eryptosis-inducing stimuli, mimicking common
physiological cellular stresses.

Through state-of-the-art mass spectrometry-based approaches the authors showed that
ionomycin-induced ionic stress promoted increases in purine oxidation and fatty acid
mobilisation, but decreased glycolysis. Of note, those metabolic changes were consistent
with profiles usually observed in RBCs stored under blood bank conditions**%. In
contrast, hyperosmotic stress increased glycolysis and glutathione synthesis. This finding
could drive the development of novel hyperosmotic blood storage solutions to promote
glycolysis and glutathione synthesis that are progressively inhibited by storage, leading to
oxidative lesions and RBC death’. The authors also showed that glucose starvation led
to the deregulation of glutathione (GSH) synthesis, increased externalisation of PS
and accumulation of cytosolic fatty acids; these findings are tentatively suggestive
of a Ca**-independent phospholipase activity in RBCs, an interesting hypothesis that,
if confirmed, might expand our understanding of the already complicated cascade of
events that regulate RBC lipid metabolism. However, glucose starvation combined with
the absence of Ca* resulted in activation of the pentose phosphate pathway, probably as
a mechanism targeting the equilibrium in NADH and NADPH reducing equivalents*.
In addition, the authors showed that heat stress negatively impacts glycolysis and ATP
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production, which in turn accelerates GSH synthesis and
turnover (an ATP-dependent process), ultimately causing
increase in intracellular calcium. All these changes were
associated with a high pyruvate/lactate ratio, a finding that
is consistent with an overactivation of NADH-dependent
methemoglobin reductase. Finally, another important
finding of this paper was the accumulation of choline in
the supernatant of starved RBCs. Choline release by those
stressed RBCs is indicative of an active protein damage-
repair pathway, some intermediate metabolites of which
may participate in vascular tone response to stress.
Areduced lifespan of eryptotic cells has been encountered
in a multitude of pathological conditions, including
chronic renal failure, hepatic failure, sepsis, malignancies,
diabetes, etc.. Under these pathological conditions,
RBCs are subjected to hyperosmotic or ionic stress
(e.g., by uremic toxin accumulation), hyperthermia and
starvation (e.g., by fever in sepsis and hypoglycaemia in
renal or hepatic failure). Even though eryptosis has long
been shown in these pathological states™*, the metabolic
impact of eryptotic processes on RBCs was totally elusive.
Consequently, application of metabolomics can give
some explanation for the disturbances in morphology,
redox potential and other functional characteristics
commonly observed in those clinical conditions**.
The ability of RBC to respond immediately to
environmental changes through glucose metabolism,
the sole main source of energy for these cells, defines
their ultimate fate in the circulation. The metabolomic
profiles of cells responding to various types of
physiological stressors in vivo probably include life or
death biomarkers critically involved in their functions,
recognition, and clearance.

Besides respiratory homeostasis, RBCs contribute to the
regulation of the redox potential of blood, of the immune
system and of vascular tone'**®. Modifications in specific
metabolites imposed by certain disease states or drugs
may enhance or block those critical regulatory functions
of RBCs. Consequently, studies like the present one can
provide significant insights into metabolic characteristics
of RBCs intrinsically linked to their capacity to function
properly under stresses and stimulators found in a variety
of common diseases. Failure to cope with such stresses
could result in anaemia due to premature destruction of
RBCs.
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However, regardless of the RBC ability to respond
to different types of stress, their fate is, after all,
predetermined. This means that, sooner or later, all RBCs
will inevitably die, but their ability to respond successfully
to stress determines when precisely this final event
will happen. Ultimately, while all RBCs must die ("Valar
Morghulis"; "all men must die", to borrow from the Game
of Thrones" universe of George RR Martin) before time
comes, they all must serve their physiological purpose
("Valar Dohaeris"; "all men must serve’, in the acclaimed
"Song of Ice and Fire" series). As they struggle to stay alive
and do their job till the last moment, they must adapt to
the unfriendly environment elicited by environmental
stressors in the face of many common diseases. The
elucidation of the metabolomic arm of strategies evolved
in RBCs to cope with various stressors in vivo from a
metabolic standpoint can provide clues as to how to
boost them in the face of physiological, pathological or
medically-imposed challenges (e.g., blood storage).
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RBCs deal with stress-induced metabolic changes
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