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Abstract
Introduction: Red blood cells (RBCs) intended for transfusion can be stored under the blood bank

conditions up to 42 days and prepared as leucodepleted (filtered) or non-leucodepleted units. During
this time cells develop so-called “storage lesions” which can cause an adverse post-transfusion effect.
It is suggested that senescent cell neoantigens appear among protein macrocomplexes: Rh, band 3 and
glycophorin A (GPA) on the erythrocyte surface and initiate the binding of the natural autoantibody.
CD47 is a transmembrane glycoprotein which is closely related to the Rh macrocomplex and is sus-
pected to perform many roles in immunity, cell destruction and regulation of blood flow.

Aim of the study: To compare the CD47 expression on RBCs from “fresh” and “old” units with and
without leucocytes.

Material and methods: The expression level of CD47 and percentage of labelled RBCs with anti-
CD47-PE were measured by the flow cytometer FACSCanto II (BD) using 50000 cells. For statistical
analysis, Anova, t-Student and Kruskal-Wallis tests were used and p < 0.05 was considered as signifi-
cant.

Results: FC parameters have shown a statistically important fluorescence increase in “old” com-
pared to “fresh” RBCs but the number of labelled RBCs in samples of “fresh” and leucodepleted units
was larger than in other groups.

Conclusions: The expression of CD47 molecule changes during the RBCs storage and the presence
of leucocytes in non-leucodepleted units significantly impacts its intensity.
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Introduction
Red blood cells (RBCs) intended for transfusion can be

stored under the blood bank conditions up to 42 days and
be prepared as leucodepleted (filtered) or non-leucodepleted
units. During this time cells develop so-called “storage
lesions” [1, 2]. An increased level of the glycolysis sub-
strate 2,3-DPG and the energy storage ATP impair oxygen
release, sodium potassium pump and RBC flexibility which
is necessary for passage through small capillaries. After
transfusion these adverse effects can be restored, but it takes
hours or days. However, clinicians reported adverse trans-
fusion effects of long-stored (“old”) and non-leucodeplet-
ed RBCs on the recipient’s recovery. Enhanced mortality
and morbidity were observed especially in patients with the

acute coronary syndrome, who are much more prone to
hypoxia and thrombosis than others [3-5].

The process of RBC aging and phagocytosis by splenic
macrophages is not exactly known yet. It is suggested that
senescent cell neoantigens appear among proteins: Rh, band
3 and glycophorin A (GPA) on the erythrocyte surface and
initiate the binding of the natural autoantibody [1, 6-8]. CD47
is a transmembrane glycoprotein, named also integrin-asso-
ciated protein, which is closely related to the Rh macro-
complex. Some of important roles of CD47 are suspected for
example to be regulation of the migration, proliferation, sur-
vival of blood cells and some processes of innate and adap-
tive immunity. As a receptor of protein thrombospondin-1,
it influences NO role in regulation of blood pressure, vascu-
lar flow and haemostasis [9-11]. The aim of this study is to
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compare the CD47 expression on RBCs from “fresh” and
“old” units with and without leucocytes.

Material and methods
Donations taken from 173 blood donors were processed

to obtain leucodepleted (Atreus Whole Blood Processing
System) or non-leucodepleted RBCs with an additive solu-
tion SAGM (saline, adenine, glucose, mannitol) in accor-
dance with the standards currently applied in blood banks.
Next, they were investigated as group I: 50 units of leu-
codepleted RBCs on 40th-42nd day of storage (“old”), group
II: 40 units of leucodepleted RBCs on 2nd-3rd day of storage
(“fresh”), group III: 43 units of non-leucodepleted “old”
RBCs, group IV: 43 units of “fresh” non-leucodepleted
RBCs. Distribution of Rh phenotypes was typical of our pop-
ulation: 29 (17%) RhD negative and 144 (83%) RhD posi-
tive, but it differed from 10% to 25% between groups. In
a preliminary study, we excluded the impact of the D anti-
gen on the expression of the CD47 molecule as well as its
individual level in the donor. Therefore, tests were performed
in unrelated groups. Samples were taken from tubes accom-
panying each blood unit and they were representative for
each donation. RBCs were washed twice with PBS, and next
labelled with PE-conjugated monoclonal antibody anti-CD47
(Becton Dickinson, USA). To exclude the autofluorescence,
unlabelled cells as a negative control were incubated in PBS
under the same conditions (30 min at 37°C in a dark cham-
ber) as the labelled ones. Both unlabelled and labelled sam-
ples were washed and suspended in PBS buffer supple-
mented with 0.1% BSA. The expression level of CD47 and
percentage of labelled RBCs were immediately measured
by flow cytometer FACSCanto II (BD) using 50000 cells.
Cytometer setup and calibration was performed using the
Cytometer Setup and Tracking (CST) beads and CST Mod-

ule, according to the manufacturer’s recommendation. This
system enables setting optimal voltages of photomultipliers
for used detectors, including phycoerythrin detector. The
antibody titration curve allowed us to choose optimal Ig con-
centration over which fluorescence intensity value demon-
strated a constant level. Results of geometric mean fluores-
cence values were calculated using computer software
(Excel, Microsoft; STATA 2012). For statistical analysis,
Anova and t-Student test were used for parameters with nor-
mal distribution and Kruskal-Wallis test for others. P values
of less than 0.05 were considered as significant.

Results
FC parameters have shown a statistically important fluo-

rescence increase in “old” non-leucodepleted RBCs compared
to “fresh” leucodepleted and non-leucodepleted RBCs
(p < 0.0001). The fluorescence value of “old” leucodepleted
RBCs is also statistically larger than that of “fresh” ones, but
the difference was smaller than in samples from non-filtered
units (p < 0.05) (Fig. 1). “Fresh” leucodepleted RBCs were
the most homogeneous population taking into account the
number of labelled cells in relation to “old” non-leucodeplet-
ed (p < 0.005) and leucodepleted (p < 0.05) RBCs (Fig. 2).

Discussion
The CD47 molecule expression and its role on RBCs

aging were studied mainly on mouse models. For example,
“young” and “old” cells were isolated from the circulation,
due to their density and it was found that the expression of
CD47 is 30% lower in “old” than in “young” ones [12].
Authors considered that the loss of CD47 can lead to the
removal of cells from the circulation because CD47-defi-
cient mice showed accelerated clearance of erythrocytes
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Fig. 1. Fluorescence intensity of CD47 in leucodepleted and
non-leucodepleted RBCs during their storage (“old” vs. “fresh”)
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Fig. 2. Percentage of labelled RBCs with anti CD47-PE in test-
ed samples of each group
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comparing to wild-type (WT) mice. Also, CD47-deficient
RBCs transfused to WT mice had a shortened life span,
which was interpreted as a lack of ability to inhibit
macrophage activation and phagocytosis [6, 13].

Other studies have shown that knock-out CD47–/– mice
developed autoimmune haemolytic anaemia (AIHA) [14,
15], but in studies of AIHA patients there was no decrease
in CD47 expression [3]. On the other hand, a decreased
CD47 expression was noted in patients with Rhnull pheno-
type, but they also had a reduced level of other components
of the membrane macrocomplex: Rh, band 3, GPA and
some of blood group antigens. In humans, the Rhnull RBCs
have shorter survival, but it is not known whether CD47
deficiency is just responsible.

Some authors showed that CD47-SIRPα (Signal-regu-
latory protein) binding interactions are different between
mice and humans and their significance in humans is less
clear. Probably it is caused by phylogenetic divergence and
species specificity at a biochemical and genetic level [9, 13,
16]. Also, one should not compare the RBC senescence in
vivo and in vitro [16]. Some authors observed the decrease
in CD47 expression on erythrocytes during storage, but
pointed out that the results may depend on the methodolo-
gy of blood samples preparation [1, 17]. Others showed an
increased expression of various antigens during aging of
mouse erythrocytes [18]. It may be comparable with our
serological testing of human autoantibodies and their strong
reactivity with “old” RBCs [19]. It has also been shown that
the expression of CD47 is enhanced on haematopoietic cells
stored with leucocytes and it can be an important mecha-
nism that provides protection against phagocytosis [20].
A phenomenon like that can also play a role in long-stored
units of non-leukoreduced RBCs presented now. During stor-
age, residual leucocytes release cytokines, enzymes and oth-
er bioreactive molecules which can alter the RBC membrane
and increase RBC adherence to endothelial cells [21, 22].

Because the expression of CD47 molecule changed dur-
ing the RBCs storage and the presence of leucocytes in non-
leucodepleted units significantly impacts its intensity, fur-
ther studies of its importance to the quality of the transfused
blood will be continued.
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