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amongst subjects. Murine models can control for genetics, environment, and
much interventional experimentation can be carried outin mice thatis neither
technically feasible nor ethical in humans. However, murine models are only
useful to the extent that they have similar biology to humans. Hypoxic storage
has been shown to mitigate the storage lesion in human RBCs, but has not
been investigated in mice.

Materials and methods - RBCs from a C57BL6/J mouse strain were stored
under normoxic (untreated) or hypoxic conditions (SO2 ~ 26%) for 1h, 7
and 12 days. Samples were tested for metabolomics at steady state, tracing
experiments with 1,2,3-2*C_-glucose, proteomics and end of storage post
transfusion recovery.

Results - Hypoxic storage improved post-transfusion recovery and energy
metabolism, including increased steady state and "C_-labeled metabolites
from glycolysis, high energy purines (adenosine triphosphate) and
2,3-diphospholgycerate. Hypoxic storage promoted glutaminolysis, increased
glutathione pools, and was accompanied by elevation in the levels of free fatty
acids and acyl-carnitines.

Discussion - This study isolates hypoxia, as a single independent variable,
and shows similar effects as seen in human studies. These findings also
demonstrate the translatability of murine models for hypoxic RBC storage and
provide a pre-clinical platform for ongoing study.
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Refrigerated storage of packed red blood cells (pRBCs) promotes the accumulation of

storage lesion'. The storage lesion is affected by numerous factors, including (1) biological
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(donor sex, age, ethnicity, BMI, G6PD status)** and (2)
environmental factors that affect the molecular make-up
of donated blood, the so-called blood donor exposome®.
Xenobiotic and other factors also contribute to the
molecular heterogeneity of blood products and the storage
lesion: diet (e.g., fatty acid composition)’, consumption
of alcohol®, caffeinated beverages’; smoking or exposure
to cigarette smoke™; over the counter-drugs that are not
ground for blood donor deferral®. A critical factor that
is within the ability of blood providers to control is the
particulars of storage (i.e., collection and processing,
additive solutions”, leukofiltration'?, and irradiation®).
Oxidant stress to stored RBCs is a leading driver of the
storage lesion"**¢, Hemoglobin auto-oxidation” triggers a
series of pro-oxidant cascades that target small molecule
metabolites®, membrane lipids®, promote vesiculation
of oxidized components®, and ultimately compromise
RBC morphology*. Yoshida and colleagues have proposed
that removal of oxygen from storage bags can mitigate
oxidative stress by limiting superoxide generation
from hemoglobin autoxidation, which does not occur
with deoxyhemoglobin®**. Indeed, removal of oxygen
from blood units does limit oxidant stress to the stored
erythrocyte (e.g., lower rates of adenosine deamination,
cysteine oxidation and asparagine deamidation in key
structural and functional proteins)®*+?, and better
preserves RBC morphology*. Cross-sectional randomized
clinical trials have confirmed that hypoxic storage of RBCs
results in improved post-transfusion recovery (PTR)>".
Althoughinvitrohemolysishasbeenanimportant metric of
storage, the majority of RBC destruction post-transfusion
is extravascular consumption by reticuloendothelial
cells. It is for this reason that PTR in human trials is
the gold standard and is required for FDA approval of
new storage systems. Regrettably, human PTR studies
can only practically be performed on small numbers of
subjects who are heterogeneous regarding genetics and
environment, which represents a potential confounder, as
itis known that human PTR is impacted by donor factors?.
Thus, as an adjuvant to human studies, we described
methodologies to study RBC storage in mice, that can
control for genetics and environment, as well as provide a
platform for interventional experimentation not possible
in humans. This approach has led to a number of advances
in mechanistic understanding of RBC storage***°.

Despite preliminary studies in rats®, mouse modeling
of hypoxic RBC storage has not been fully developed.
Hypoxic RBC storage has been shown to confer a

blood in

resuscitation performances in rodent models of trauma

significant advantage over conventional
and hemorrhagic shock®, however these studies did not
perform a detailed analysis of the storage lesion itself.
Despite their advantages, murine models always pose the
risk that rodent biology will not translate to humans. As
such, as more information about the human storage lesion
is learned, it is imperative to juxtapose the current model
systems so as to investigate similarities and differences.
Herein, we describe a detailed analysis of hypoxic storage
in a murine model of RBC storage and demonstrate that
it recapitulates the metabolic and PTR benefits of hypoxic
storage of human erythrocytes.

MATERIAL AND METHODS

Ethical statement
Allexperimental protocols were approved by the University
of Virginia TACUC on 04/22/2019 (protocol n: 4269).

Mouse blood collection, storage under hypoxic and
normoxic conditions and PTR

Murine RBC storage, transfusion, and post-transfusion
recovery determinations were carried out as previously
described, with minor modifications®*. Whole blood
was drawn by cardiac puncture under sterile conditions
into CPDA-1, was centrifuged, and the hematocrit was
adjusted to 75% by removing supernatant. For hypoxic
storage, murine RBCs (n=1 from pooled blood samples
from 2-3 donor mice, technical triplicate) were brought
to 75% hematocrit, and gently bubbled with Argon in an
eppendorf tube inside a glove box until SO, ~ 26% while
normoxic counterparts (technical triplicate) were left
untreated. No increased hemolysis was observed in blood
bubbled with Argon. SO, was measured by sampling
the blood with a Radiometer ABL90 Flex Plus blood gas
analyzer (Radiometer America, Brea, CA, USA). Sealed
“units” were preserved at 37°C for 1h, prior to storage at
4°C for 7 and 12 days. RBCs from Cs57BL6/] mice were used
as the “test” population and subjected to different storage
conditions. Ubi-GFP mice were used as recipients to allow
visualization of the test cells in the non-fluorescent gate.
To control for differences in transfusion and phlebotomy,
RBCs from ROSA26-LCB-mCHERRY mice (mCHERRY)

All rights reserved - For personal use only 51
No other use without premission



were used as a tracer RBC population (never stored) was
added to stored RBCs immediately prior to transfusion.
PTR was calculated by dividing the post-transfusion ratio
(Test/Tracer) by the pre-transfusion ratio (Test/Tracer)®.
At the time of transfusion, blood samples were frozen
in liquid nitrogen and stored at —80°C until subsequent
analysis.

Generation of a novel mouse with RBC specific
expression of mMCHERRY

Historically, UbiC-GFP has been the only available mouse
expressing a fluorescent protein (in all cells including
RBCs). As such, visualization of an RBC tracer population
(if GFP was already present) has required either chemical
labeling of RBCs with a fluorochrome with a different
emission spectrum from GFP, or using transgenic mice
that express an antigen on RBCs that can be stained
for with antibodies prior to flow cytometry. Both
chemical labeling and antibody staining risk altering
the RBCs biology and/or properties. To circumvent this
concern, a novel mouse strain was generated by targeted
transgenesis. The c¢DNA encoding the fluorescent
mCHERRY protein was ligated into a previously described
RBC specific expression cassette, and then flanked on
both sides with arms homologous to the ROSA26 locus.
As ROSA26 has no known function in mice and is highly
amenable to homologous recombination, it is commonly
used as a “safe-harbor” locus.

Embryonic stem (ES) cells were electroporated with
the targeting construct and clones were selected that
underwent homologous recombination but not random
integration, as determined by Southern Blot. A mouse
was generated from a chosen ES clone and the neomycin
expression cassette was removed via CRE mediated
excision.

Resulting animals had the mCHERRY c¢DNA driven
by an RBC specific beta globin locus control region
(ROSA26-LCB-mCHERRY mouse). Expression of mCHERRY
was confirmed in RBCs by flow cytometry, and no
expression was detected in either platelets or leukocytes
(data not shown), confirming RBC specific expression. This
mouse is freely available upon request.

Ultra-high-pressure liquid chromatography-mass
spectrometry (MS) metabolomics

Frozen RBC aliquots (50 nl) were extracted 1:10 in ice
cold extraction solution (methanol:acetonitrile:water 5:3:2

v/v/v)®. Samples were vortexed and insoluble material
pelleted, as described*. Analyses were performed using
a Vanquish UHPLC coupled online to a Q Exactive mass
(Thermo Fisher,
Samples were analyzed using a 1 min* and 5 minute

spectrometer Bremen, Germany).
gradient-based method*, as described***. Data analysis
was performed through the auxilium of the software
MAVEN?®*. Graphs and statistical analyses (either two-way
ANOVA or repeated measures ANOVA) were prepared
with GraphPad Prism 8.0 (GraphPad Software, La Jolla,
CA, USA), GENE E (Broad Institute, Cambridge, MA,

USA), and MetaboAnalyst 5.0%.
RESULTS

Hypoxic storage of murine RBCs significantly
improves PTR

Mouse pRBCs were collected from Cs7BL6/] mice
(technical triplicate) and split in two paired groups for
normoxic and hypoxic storage for up to 12 days (Figure1.A).
Compared to normoxic storage, hypoxic storage of murine
RBCs was accompanied by significant increases in end of
storage PTR (53.1+2.1% for normoxic RBCs vs 61.6+0.6%
for hypoxic RBCs — mean + standard deviation; p<o.001
paired t-test - Figure1.A).

Metabolomics and proteomics analyses were performed
after 1 h, 7 or 12 days of storage (Figure 1.B-C). Results
are reported extensively in tabulated form in Online
Supplementary Table SI. Unsupervised hierarchical
clustering analysis showed a clear separation between
normoxic and hypoxic RBC metabolites and proteins,
as shown in Figure 1.B-C, respectively. Of note, a subset
of proteins accumulated more significantly, or even
exclusively in normoxic but not hypoxic RBCs as a function
of storage duration (e.g., vinculin and peptidyl-prolyl
cis-trans isomerase (PPIA) - Figure 1. D).

Hypoxic storage promotes glycolysis and DPG
generation, as gleaned by steady state and metabolic
tracing experiments

Hypoxic storage of RBC had a significant effect on
glycolysis, as determined by steady state measurements
of metabolites in this pathway (Figure 2). Specifically,
compared to storage in normoxia, hypoxic RBCs showed
significantly higher levels of glyceraldehyde 3-phosphate,
DPG, phosphoglycerate (isomers couldn’t be resolved
in this analysis), phosphoenolpyruvate and lactate
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Figure 1 - Post-transfusion recovery and omis of normoxic and hypoxic murine RBCs

Hypoxic storage of murine RBCs improves post-transfusion recovery (A) and has a significant effect on the RBC metabolome and proteome. RBCs
were stored for 1h, 7 or 12 days under normoxic (shades of blue) or hypoxic (shades of red) conditions. At storage day 12, post-transfusion recovery
studies showed a significant increase (p<0.001) in PTR in mouse RBCs stored under hypoxia. Metabolomics analyses showed a significant impact
of storage duration and normoxic vs hypoxic storage on mouse RBCs, as gleaned by unsupervised hierarchical clustering analysis of the top 75
metabolites by repeated measures ANOVA (B). Similarly, storage impacted the RBC proteome (C). Bar plots with superimposed dot plots (n = 3)
are shown for vinculine and peptidyl-prolyl cis-trans isomerase (PPIA), two of the most significantly impacted proteins in this analysis (mean +
standard deviation). Paired t-test between normoxic or hypoxic samples from the same mice are shown for each time point (Welsch t-test; ns: not

significant; *p<0.05).

(Figure 2). However, pyruvate levels at baseline and end
of storage were significantly lower in hypoxic RBCs,
consistent with increased lactate/pyruvate ratios
(Figure 2). To follow up on these observations, tracing
experiments were performed by incubating murine RBCs
for 1h, 7 or 12 days under normoxic (standard) or hypoxic
conditions in presence of 1,2,3—‘3C3—glucose (Figure3.A). No
significant differences were observed between RBCs
in the two arms of the study with respect to glucose
uptake. However, labeled fructose bisphosphate was
significantly higher in hypoxic RBCs at all tested
time points, suggestive of increased PFK activity and
increased glycolytic fluxes. Indeed, labeled lactate

accumulation was significantly higher in hypoxic

Blood Transfus 2023; 21: 50-61 doi: 10.2450/2022.0172-22
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RBCs compared to normoxic controls at all tested time
points (Figure 3.A).

One of the main advantages of tracing experiments
with 1,2,3-°C,-glucose is that it affords determination
of glucose oxidation fluxes through glycolysis vs the PPP
(Figure 3.B) via the calculation of lactate isotopologues +2
and +3**: when glucose is oxidized through the PPP, at
the hexose to pentose step of the oxidative phase of the
PPP, the first carbon atom is lost in the form of *C-CO,,
which results in the generation of lactate labeled only
on two carbon atoms after re-entering glycolysis at the
crossroads of the non-oxidative phase of PPP and glycolysis
(Figure 3.C). Despite total and 13C}-Ia.beled lactate being
higher in hypoxic RBCs at all storage time points,
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Figure 2 - Impact of normoxic or hypoxic storage on RBC glycolysis and high-energy purinemetabolism

RBCs were stored for 1h, 7 or 12 days under normoxic (shades of blue) or hypoxic (shades of red) conditions. Bar plots with superimposed dot
plots (n = 3) are shown for selected metabolites in this pathway (mean + standard deviation). Paired t-test between normoxic or hypoxic samples
from the same mice are shown for each time point (Welsch t-test; ns: not significant; *p<0.05).
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Figure 3 - Glucose tracing experiments confirm up-regulation of glycolysis at the expense of PPP in murine RBCs under
hypoxic storage

Metabolic tracing experiments were performed by incubating murine RBCs for 1h, 7 or 12 days under normoxic (standard) or hypoxic conditions in
presence of 1,2,3-13C3-glucose. Results indicate comparable levels of glucose depletion, but a significantly higher accumulation of labeled glycolytic
intermediates (e.g., fructose bisphosphate - FBP) and byproducts (lactate) in hypoxic RBCs (A). Determination of fluxes through the Embden-
Meyerhof-Parnas (EMP) glycolytic pathway and the pentose phosphate pathway (PPP - B) can be performed through determination of the levels of
lactate isotopologues +2 (from the PPP) and +3 (derived from the EMP - C). In keeping with previous reports in human RBCs, murine hypoxic RBCs
have lower levels of PPP-derived lactate +2 and higher levels of EMP derived lactate +3, consistent with increased glycolytic fluxes in hypoxic RBCs.

PPP-derived *C -lactate was significantly lower at
storage day 7 and 12 (p<0.01 - Figure 3.C). As such,
lactate +3/+2 ratios, a proxy for glycolysis/PPP fluxes,
were found to be higher at all tested time points in
hypoxic RBCs. Thus, while steady state levels of the PPP
intermediate 6-phosphogluconate were significantly

All rights reserved

higher in hypoxic RBCs, metabolic flux analysis using
theisotopic tracer demonstrates decreased PPP activity
and decreased end-product ribose phosphate (pentose
phosphate isomers unresolved in this analysis).
Together, these data indicate less PPP activity during
hypoxic storage (Figure 4).
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Figure 4 - Impact of normoxic or hypoxic storage on RBC pentose phosphate pathway and glutathione homeostasis

RBCs were stored for 1h, 7 or 12 days under normoxic (shades of blue) or hypoxic (shades of red) conditions. Bar plots with superimposed dot
plots (n=3) are shown for selected metabolites in this pathway (mean + standard deviation). Paired t-test between normoxic or hypoxic samples
from the same mice are shown for each time point (Welsch t-test; ns: not significant; *p<0.05).

Hypoxic storage of RBCs impacts glutathione
homeostasis, glutaminolysis, carboxylic acid and
purine metabolism

Since PPP generates NADPH necessary to recycle oxidized
glutathione to GSH, one could predict that GSH would be
lower in hypoxic stored RBCs. However, as hypoxic stored
RBCs should produce less superoxide, then less GSH
should be consumed. To distinguish the net outcome of
these opposing events, GSH metabolites were evaluated.
The levels of reduced glutathione (GSH) and its byproduct
through the gamma-glutamyl-cycle (5-oxoproline) were
significantly higher in hypoxic RBCs (Figure 4). Similarly,
dehydroascorbate levels were higher in hypoxic RBCs,
which were instead characterized by significantly lower

All rights reserved - For personal use only

levels of glutamine (Figure 4), a substrate for glutathione
synthesis via glutaminolysis to glutamate. Other than
fueling glutathione synthesis, glutamate is an amine
group donor in transamination reactions, which results
in the generation of alpha-ketoglutarate. Significant
increases in alpha-ketoglutarate in hypoxia were
accompanied by similar increases in the levels of several
carboxylic acids, including citrate, malate and fumarate,
2-hydroxyglutarate and, only at day 12, succinate
(Figure 5). No other significant changes in amino acids
were noted between the two groups (Online Supplementary
FigureSi), exceptforlowerlevelsof polyamines(spermidine)
and higher levels of arginine catabolites (ornithine) in

hypoxic RBCs at storage day 12 (Online Supplementary
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Figure 5 - Impact of normoxic or hypoxic storage on RBC carboxylic acid metabolism

To be noted that an incomplete, non-canonical carboxylic acid cycle is present in mature RBCs and here represented as the standard Krebs
cycle for simplicity. RBCs were stored for 1h, 7 or 12 days under normoxic (shades of blue) or hypoxic (shades of red) conditions. Bar plots with
superimposed dot plots (n = 3) are shown for selected metabolites in this pathway (mean + standard deviation). Paired t-test between normoxic
or hypoxic samples from the same mice are shown for each time point (Welsch t-test; ns: not significant; *p<0.05).

Figure S2). Together, these data are consistent with less
GSH consumption in hypoxic stored RBCs due to less
oxidative stress, which utilizes less NADPH, and therefore
decreases flux through the PPP. GSH levels are also likely
contributed to by ongoing synthesis (contributed to by
glutaminolysis), and concordant down stream effects.

Purine salvage pathway

Carboxylic acid metabolism is intertwined with purine
salvage to compensate for purine breakdown and
deamination in the stored RBC®. Hypoxic RBCs had

56

significantly lower levels of inosine and hypoxanthine
after 1h (the former) and through storage (the latter,
Figure 6.A). On the other hand, the antioxidant urate
was significantly higher in hypoxic RBCs at day 7 and 12
(Figure 6.A). Xanthine, a precursor to urate, was higher at
1h, 7and 12 days in hypoxic RBCs (Figure 6.4).

Significant increases in the levels of free fatty acids
in hypoxic RBCs
Free fatty acids, especially polyunsaturated ones,

accumulate in stored units of human and murine pRBCs*.
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Figure 6 - A impact of normoxic or hypoxic storage on RBC purine deamination and carboxylic acid metabolism

RBCs were stored for 1h, 7 or 12 days under normoxic (shades of blue) or hypoxic (shades of red) conditions. B Impact of normoxic or hypoxic
storage on RBC free fatty acids and acyl-carnitine metabolism. RBCs were stored for 1h, 7 or 12 days under normoxic (shades of blue) or hypoxic
(shades of red) conditions. Bar plots with superimposed dot plots (n = 3) are shown for selected metabolites in this pathway (mean + standard
deviation). Paired t-test between normoxic or hypoxic samples from the same mice are shown for each time point (Welsch t-test; ns: not
significant; *p<0.05).
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These results were confirmed in this study (Figure 6).
However, hypoxic RBCs showed significantly higher levels
of almost all free fatty acids tested in this study at baseline
and throughout storage, especially monounsaturated
(FA 16:1), (18:1),
highly-unsaturated linoleic  (18:2),
(18:3), docosapentaenoic (22:5) and docosahexaenoic

palmitoleic oleic and poly- or

gamma-linolenic

acid (22:6, Figure 6.B). Hypoxic RBCs also showed higher
consumption of acetyl-carnitine and accumulation
of other acyl-carnitines and

(especially hexanoyl

decanoyl-carnitine, Figure 6.B).

DISCUSSION

In the present study, we report that hypoxic storage of
murine RBCs boosts glycolysis, energy metabolism, and
results in significant increases in PTR. These results show
a biology that is highly similar to previous metabolomics
and PTR studies in human RBCs¥”. Our results also
show an increased flux through glycolysis in hypoxic
RBCs, and thus we also recapitulated previous findings
in human“* and rodent RBCs®* upon exposure to
high-altitude hypoxia in vivo, or conditions that mimic
it ex vivo. However, in those models, increased fluxes
through glycolysis were mechanistically linked to
adenosine®* and sphingosine 1-phosphate signaling*,
pathways that involve the endothelium and other systems
than RBC alone and may thus not be necessarily activated
under the artificial conditions of hypoxic storage in the
blood bank. On the other hand, other models have been
proposed to account for the beneficial effects of hypoxic
storage on RBC metabolism, including mitigation of
oxidant stress® and alkalinization of intracellular pH*,
which in turn boosts the activity of rate-limiting enzymes
of glycolysis (phosphofructokinase) and the Rapoport-
Luebering shunt (biphosphoglycerate mutase)¥. The two
models combine when appreciating that hypoxic storage
protects the N-terminus cytosolic domain of band 3 from
oxidant damage®, and thus from oxidant stress-induced
proteolysis*®. This is relevant in that this cytosolic domain
of band 3 represents a hub for glycolytic enzyme binding
and inhibition at high oxygen saturation; however,
under hypoxic conditions, deoxyhemoglobin competes
for binding to the band 3 and thus glycolytic enzymes
are released in the cytosol, no longer inhibited by their
interaction with band 3 and thus promote glycolysis and

DPG synthesis to boost oxygen off-loading capacity*°.
This mechanism, which fails as a function of storage
duration*, has been shown to play a key role in hypoxic
metabolic regulation of human and murine RBCs at the
expense of the main antioxidant RBC pathway (PPP)*.
Despite lower fluxes through the PPP, hypoxic RBCs were
here observed to preserve reduced glutathione pools,
perhaps as a function of decrease in oxidant stress®.
However, a limitation of this study is acknowledged in
that no direct measures of reactive oxygen or nitrogen
species were perforemed here. Interestingly, hypoxic
storage was associated with increases in the levels of
alpha-ketoglutarate, as well as of other carboxylic acids
involved in the homeostasis of reducing equivalents
(malate). Similar observations had been reported for
short term ex vivo incubation of human RBCs in hypoxia®?,
along with the appreciation of the presence and activity of
cytosolic isoforms of Krebs cycle enzymes in the mature
erythrocyte®. This is relevant in that it would suggest a
potential alternative mechanism than the PPP by which
the hypoxic RBC could generate NADPH necessary to
fuel antioxidant pathways e.g., via increased citrate to
alpha-ketoglutarate conversion, as previously suggested
in the context of supra-physiological stoichiometry of
the substrates for this reaction®. Similarly, our studies
confirm an increase in glutaminolysis in hypoxic RBCs
and provide further rationale for the use of glutamine as
an additive in (hypoxic) storage units*s*.

Despite lower levels of hypoxanthine, a purine oxidation
product that negatively correlates with PTR, and higher
levels of the antioxidant urate, consistent with previous
studies in humans®, hypoxic RBCs were here observed
to accumulate higher levels of xanthine and free fatty
acids, especially polyunsaturated ones. These results
were previously associated with increased phospholipase
activity (e.g., non-canonical, by peroxiredoxin 6%) and
increased fatty acid desaturase activity in response
to storage-induced oxidant stress and membrane
lipid remodeling®”. These results are in part divergent
from previous reports in human RBCs under hypoxic
storage*”*. However, in those studies hypoxia was
maintained at SO <20%, suggesting that non-linear
oxygen availability thresholds may explain why some
studies have reported an increase in oxidant stress in
the mildly hypoxic erythrocyte owing to a higher rate
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of hemoglobin autoxidation®. To address this point,
further studies are necessary to quantify metabolic
fluxes in stored RBCs as a function of SO, levels through
a continuum of<5% to 100%. In light of the considerations
above, it is worthwhile to remark that PTR was indeed
improved in hypoxic RBCs in this paired study, suggestive
that the boost in post-transfusion performances of stored
RBCs upon removal of oxygen (and CO )* may indeed
be tied to increased availability of ATP and DPG rather
than a beneficial effect on the RBC redox status. These
hypotheses are easily testable in follow up studies that will
leverage the murine model of (normoxic and hypoxic) RBC
storage we described here.

CONCLUSIONS

In conclusion, the data presented herein demonstrate a
murine model that recapitulates the major biochemical
changes observed with human RBCs under hypoxic
storage conditions. This demonstrates a tractable whole-
animal experimental system to perform mechanistic
elucidations regarding hypoxic storage. Of course, this
approach comes with limitations, in that murine models of
blood storage may not perfectly recapitulate human RBC
storage. For example, unlike human RBCs, murine RBCs
were found to be resistant to potential hemolysis induced
by deoxygenating via bubbling of noble gas. Still, in future
laboratory studies in this space we will test alternatives to
bubbling such as the use of dedicated hypoxic chambers
(e.g., hypoxystation or similar commercial devices).
However, murine models afford the opportunity to
perform observational of mechanistic studies that are
otherwise impossible to perform in humans owing to
ethical or budgetary constraints. For example, we have
reported that there is wide variability in PTR of blood
stored from genetically distinct strains of mice. Because
human PTR studies are limited due to technical”” and
budgetary constraints, they will not capture effects
of genetic diversity on blood storage systems. Thus,
the approach we described in this study affords the
opportunity to test how donor genetic differences may
affect hypoxic storage. As always, one must be mindful of
differences between murine and human biology, as well
as an appreciation that both species have a wide genetic
diversity, the full spectrum of which should be taken
into account. Finally, this approach allows studies of

other factors (sex, age)” and novel storage additives® that
impact post-transfusion performances of the transfused
RBC in humans and mice.
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