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There is increasing evidence of the clinical importance of microparticles (MPs) and their role in blood
transfusion-related side effects and the transmission of pathogens. The study aims to examine the red
blood cell-derived MPs in blood bags during storage under standardized blood bank conditions. The
samples were tested at various times to demonstrate the presence of RBC-derived MPs by flow
cytometry. The quantitative assay was carried out in stored erythrocyte concentrate on days 0, 25 and
35 and their number from day 0 to 25 and 35 and the number of day 25 to day 35 were compared. The
MPs were counted after being concentrated in a supernatant (labeled with the respective antibodies
CD47, CD235a and Annexin V) obtained by a specific centrifugation procedure. The analysis showed
that the number of Annexin V positive MPs increased between day 0 and day 35 (~ 0.001) and CD47
expression on MPs at day 25 and day 35 decreased compared to day 0 (~ 0.001). In addition, CD235a
expression had shown minimal insignificant changes with an upward trend (> 0.05) during the storage
period. It is concluded that monitoring the release of MPs from RBC units during storage is a sensitive
approach to identifying MPs for transfusion drugs and, more broadly, for cell-based therapies.
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INTRODUCTION

Red blood cells are the most commonly transfused blood
component. Around 80 million red cell concentrate (EC)
units are transfused worldwide each vyear. The
introduction of blood bags, additive solutions and
leukocyte filtration strategies has improved red blood cell
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processing (RBCs) for transfusion purposes. They can be
stored for 42 days at 4°C in a conservative standard
solution of saline-adenine-glucose-mannitol (SAGM) or
phosphate-adenine-glucose-guanosine-saline-mannitol

(PAGGSM) (Tzounakas et al.,, 2016). However, the
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conditions to which erythrocytes are exposed during
storage, such as temperature and anticoagulant, differ
from in vivo. Current European Council guidelines do not
allow erythrocyte concentrate (EC) to be stored for more
than 42 days under controlled conditions. During storage,
corpuscular changes occur which lead to a reduction in
the number of erythrocytes in the recipient, which limits
the current storage period of EC to 35 or 42 days
depending on the storage medium (Pertinhez et al., 2016;
Cholette et al., 2019). Although there is no conclusive
data that blood stored longer is worse, some clinical
practitioners (e.g. in neonatology) currently prefer to
transfuse fresh blood. The main concern of the blood
banks is to maintain the continuous supply of the EU and
to reduce waste. During storage, EC is subject to
biochemical changes, including an increase in the
concentration of free hemoglobin. Potassium, lipids,
lactate and the pH become acidic. Erythrocytes lose
adenosine triphosphate (ATP), 2,3-diphosphoglycerate
(2,3 DPG) during storage (Bardyn et al.,, 2017). As a
result, the cell membrane undergoes changes such as
asymmetry and disruption of the phospholipids,
rearrangement of lipid rafts and clustering of proteins,
which leads to the release of microparticles (MPs) (van
Niel et al., 2018). MPs are also known as microvesicles
or exosomes with a size of 1 um or less. They are either
released from apoptotic cells or stimulated after the
remodeling of the plasma membrane. The size of the
MPs derived from erythrocytes is around 0.15 pm
(Antonelou and Seghatchian, 2016; Said et al., 2018).
During the preservation period of EC at 4°C before the
transfusion, storage lesions occur which lead to the
breakdown or even change of the cells. As with other
MPs, the exact role of erythrocyte-derived MPs is
unknown and considered as storage lesions in
connection with transfusions (Da Silveira et al., 2018).

The formation of MPs from erythrocytes is a
characteristic of the aging of erythrocytes. This aging
characteristic is also observed during storage in blood
bags. During 120 days, almost 20% of the volume of the
erythrocytes drops due to vesicle emission (Lee et al.,
2018). Vesiculation is a source of erythrocytes used to
remove harmful substances, that is, degraded
hemoglobin, C5b-9 complement complex, band-3
neoantigen and IgG tending to aggregate inside or
outside of membranes. In this way, erythrocytes prevent
their early removal from the circulation (Nguyen et al.,
2017; Eggold and Rankin, 2019). MPs derived from
erythrocytes are removed by Kupffer cells in the human
body. The release of MPs continues throughout their
lifespan. Therefore, their number gradually increases with
the storage time in the erythrocyte concentrate (Said et
al., 2018; Melzak et al., 2018).

However, it is not clear how these storage lesions
affect the function and survival of red blood cells after
transfusion, but it is certain that storage leads to a
reduction in the half-life of many transfused red blood
cells. It has therefore been speculated that erythrocytes

experience acceleration in the normal aging process
during storage (Chen et al., 2016, Belousov et al., 2018).
The purpose of current research is to collect quantitative
data on erythrocyte-derived MPs from the EC.

MATERIALS AND METHODS

It is a descriptive study and included 24 blood bags. The study was
designed to determine MPs on three different days (0, 25 and 35).
Flow cytometry was used for the quantitative analysis of MPs. The
study was carried out on 24 single donor erythrocyte concentrates.
Of the 24 donors, 21 were men and 3 were women between the
ages of 18 and 30. The blood bags were divided into three equal
halves on 0, 25 and 35 days for the analysis of the MPs.

The research was carried out in the Hematology and Immunology
departments of the University of Health Sciences in Lahore. It was
carried out in collaboration with the Punjab Institute of Blood
Transfusion, Lahore. The study was completed within six months of
approval by the Ethical Review Board Committee. Donors between
the ages of 20 and 40 who, after consent 10, met the donor
selection criteria specified by the American Association of Blood
Banking were included in the study. It was decided that leaks or
discoloration are excluded in blood bags that have hemolysis.
Complete blood counts (CBCs) were performed on all donors using
an XT1800i automated hematology analyzer (Sysmex Middle East
FZ-LLC). Blood was drawn according to standard procedures.
Whole blood was taken from the antecubital vein. The sample was
collected in a mother bag with quadruple bags of 450 ml (+ 10%)
containing 63 ml of CPD-Al anticoagulant (citrate-phosphate-
dextrose adenine). ECs were made after centrifugation of the whole
blood unit. According to the instructions for the manual device, the
plasma was extracted from the whole blood unit through the outlet.
The volume of the erythrocyte concentrate was 150-200 ml,
together with 50-60 ml of plasma, which remained in the mother
bag. With the help of a manual extractor, EC was evenly distributed
between the mother bag and two daughter bags. The bags were
reserved for the analysis of MPson day 0, day 25 and day 35. The
satellite bags were detached from the mother bag after the seal
was secured. All three were stored at 4-6°C.

The flow cytometer was calibrated with BD CaliBRITETM beads
and the MPs were counted using the FACS computer software.

Preparation of sample for flow cytometric analysis

50 ml of erythrocyte concentrate was transferred to a falcon tube
(BD Biosciences) and processed for the preparation of the
supernatant for each sample. In order to obtain a concentrated
supernatant from MPs, a two-stage centrifugation was carried out
using 4000 rpm and 4500 rpm (20 min each). The 100 pl
supernatant was transferred to two labeled flow cytometric falcon
tubes (tube no. 1 and 2) for each sample. Tube no. 1 was an
isotype control and consists of 100 ul supernatant and 3 plisotype
controls (immunoglobulin G1 (1gG1)) IgG1FITC / immunoglobulin
G2a phycoerythrin secondary (IgG2a PE). In tube no. 2, 20 plwas
PE differentiation cluster 235a (CD235a), 5 uym. APC-Annexin V
and 20 p | FITC CD47 added to identify MPs. Both tubes were
incubated in the dark at 25°C (room temperature) and then at 4°C
for 15 min. After the incubation, 600 pl sheath liquid was added to
each tube and mixed thoroughly. Isotype control was taken as a
negative control. The samples were evaluated using BD FACS
caliber with Cell Quest Pro software (BD Biosciences). The above
procedure was also repeated for day 25 and day 35 samples. An
MP gate was placed on forward and side scatter point plots. All
samples were analyzed for 20,000 events. The flow cytometer
settings for the MPs counted in each sample were (detector:
voltage): FSC: E00 SSC: 350 FL1: 600 FL2: 550 and FL3: 650.



MPs were clearly differentiated based on their size and
negatively charged phospholipids. The majority of MPs population
was Annexin V positive. Data analysis was performed using forward
and side scatter, for which a scatter plot was selected, and then a
gate R1 was placed on events where the MP population was
present. The selected population was analyzed for expression of
Annexin V, CD47 and CD235a and the data were documented.

Statistical analysis

Repeated measurements with ANOVA were performed to compare
the levels of red blood cell MPs between different days. Mauchly's
sphericity test was used to check the homogeneity of the variances
between all possible pairs of days. The data violated the
assumption of sphericity, so an ANOVA with repeated measurements
with a Greenhouse-Geisser correction was used. The post hoc test
using the Bonferroni correction was used for comparison between
the days. The data (CD235a and CD47 expression, Annexin V
level) are presented as mean * SD; the P value < 0.05 was
considered significant.

RESULTS

In packed erythrocytes obtained after centrifugation of
whole blood units, the MPs were counted in our study
using Annexin V. The mean number of MPs detected on
day 0 was 3923 + 605 / pl and reached up to 14.052 +
1059 / ul on day 35. Statistically, the number of MPs
increased linearly with the storage time (<0.001).

MPs were identified in the RCC sample by annexin V
binding. In flow cytometry, Annexin A5 is commonly used
to detect MPs due to its ability to bind negative
phospholipid (phosphatidylserine). The Annexin V
positive population of the microparticle count showed a
fourfold increase during storage for 35 days at 4 ° C. The
MP values increased from 3923 + 605 / ul on day O to
14.052 + 1059 / ul on day 35, which is shown in a linear
diagram (Figure 1). MPs are Annexin V-positive and
recognizable in point diagrams. It has therefore been
shown that phosphatidylserine is externalized on the
surface of MPs (Figure 2).

The levels of Annexin V expression were compared
between days (0, 25 and 35) and an increase was found.
The difference between day 0 and day 35 was
statistically significant (< 0.001) (Table 1). MPs were
stained with CD235a (Glycophorin A) to mark its line as
red blood cell-derived MPs. MPs showed an increased
expression of erythrocyte-specific glycophorin A on the 0
day and the expression showed an increasing trend up to
35 days of storage. Repeated measurements ANOVA
also validates this finding under the observed days
mentioned (Table 2).MPs were also stained with CD47
"Marker of Self", which gives macrophages
antiphagocytic signals and leads to the accumulation of
MPs. CD47 expression on EDMPs decreased during
storage. Statistical analysis of CD47 expression at times,
day 25 and 35, compared to day 0 showed a statistically
significant decrease (~ 0.001) (Table 3).
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DISCUSSION

The present study was performed to count erythrocyte-
derived MPs in blood samples taken from 24 healthy
volunteers. An earlier study by Dinkla and colleagues
(Dinkla et al., 2014) showed that the exposure to
phosphatidylserine in stored red blood cells remains quite
low and begins to increase after 3 weeks of storage
(Dinkla et al., 2014; Yoshinda et al., 2019). In our study,
we selected the 25th day for detection. The second
observation was made on day 35, the day of expiration
(for CPD-AL) of blood units. MPs are counted using flow
cytometry and in previous studies an increase in the
number with storage time was observed (Mooberry and
Key, 2016; Xie et al.,, 2018). The results of our study
suggest an association of the storage time of erythrocyte
concentrate with changes in the expression of the cell
surface markers Annexin V, CD47 and CD235a on MPs
derived from RBC.

These results are in agreement with those of Freites et
al. (2020). In other studies, it was also observed that only
part of the phosphatidylserine-expressing MPs was
released in the early stages of storage (0 days). While
later in storage (25th and 35th day) cell aging produces
an increased number of damaged erythrocytes. This
leads to an increase in phosphatidylserine-expressing
MPs, which increases the sensitivity of Annexin V.
(Aubron et al., 2013; Lelubre and Vincent, 2013; Alayash,
2018). The binding of Pannexin V to the MPs in our study
shows that RBC-derived MPs expose phosphatidylserine.
It was also observed that a storage time of less than 10
days had no remarkable effect in the generation of Mps.
The MPs count of 7696 + 781 / pl on the 25th day
escalated on the 35th day to 14,052 + 1059 / ul (p =
0.099), although the effect is not statistically significant. A
study conducted on whole blood units with and without
leukofiltration found erythrocyte-derived MPs on days O,
1, 7, 14, 21, 28 and 35 (Saito et al., 2018). It was
observed that the base humber of EDMPs during storage
increased significantly regardless of the filtration status.
After day 21, the RDMP numbers of unfiltered products
did not increase to the extent of the filtered products, and
in the case of filtered products the increase after day 21
was not linear. When using a statistical test, no significant
differences were observed during storage of the filtered
product at any time from the 21st to the 42nd day (Chen
et al., 2016).

The expression of CD47 on the cell surface was
previously observed to decrease over time (Lelubre and
Vincent, 2013; Velliquette et al., 2019). Our data support
these results with the decrease in CD47 expression
during a storage period of 35 days. A comparison of the
expression of CD47 on MPs derived from young
erythrocytes (day 0) with old erythrocytes (25th and 35th
day) showed that the expression of CD47 on MPs
derived from old erythrocytes was significantly lower.
Almizraq et al. reported different results from our study
because they found no significant differences in CD47
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Figure 1. The number of Annexin V positive MPs counted during storage of erythrocyte
concentrate. Each sample (n=24) was analyzed at three different days, DO, D25 and D35.
Mean levels of annexin V microparticles is plotted against storage time to observe the
change. A huge increased has been observed during 35 days at 4°C.

expression during the storage period (Almizraq et al.,
2013). They also suggested that storage in CPD-SAGM
solution has a greater chance of maintaining RBC-CD47
expression during the storage period. This could further
suggest that the stored CPD-SAGM erythrocytes are of
better quality and their circulation and survival for a
longer period after the transfusion could be anticipated.
Our study was conducted on red cell concentrate stored
in CPDA-1 anticoagulant. A remarkable reduction in
CD47 expression on erythrocytes was observed during
storage. A significant reduction in CD47 on red blood
cells during storage is reported to be found both by
ELISA assay (monoclonal antibody immobilization of
RBC antigens [MAIRA]) and by FACSCalibur (Stewart et
al., 2005).

CD235a is a transmembrane glycoprotein and is
expressed on mature erythrocytes. After reaching the
maximum CD235a level, no new surface antigens were
found on the erythroid precursor (Daniele and Giovanni,
2018). Therefore, CD235a was used in our study to
differentiate the lineage of MPs. The expression of
CD235a on erythrocyte-derived MPs in erythrocyte
concentrate showed a slight upward trend on three
different days (0, 25 and 35), but this increase was

insignificant (p = 0.376). In a study by Antonelou et al.
they observed a minimal change in CD235a expression
level during the 42-day storage period in leukocyte-
depleted RBC concentrate (Antonelou et al., 2012; Tayer
et al., 2019). Another work on MPs reported decreased
expression of CD235a on day 42 of storage (Grisendi et
al., 2015; Devalet et al., 2018).

Our study results showed that substantial changes in
the form of MPs occur during the storage of blood in the
form of MPs. We postulate that MPs derived from
leukocytes and platelets in the whole blood unit can act
synergistically with EDMPs when mediating transfusion
complications. Therefore, it was concluded that blood
units stored for more than 3 weeks should not be used to
avoid transfusion complications in recipients. This
progressive increase in MP production over the course of
the storage period could be the answer to earlier
observational studies in which critically ill people,
including cardiac surgery, pediatric intensive care and
trauma patients, were evaluated and relationships
between older erythrocytes and increased mortality,
multiple organ failure and sepsis (Obrador et al., 2015;
Osaro et al., 2018). It has been shown that in patients
undergoing cardiac surgery, transfusion of red blood cells
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Figure 2. Forward scatter versus side scatter flow cytometry dot plots showing distinct red cell MP population. Annexin V staining
was used for detection of MPs expressing phosphatidylserine using FACSCalibur. Each sample was analyzed on DO, D25 and D35
with its isotype control run simultaneously. Left column shows isotype control and right column shows annexin V positive population
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Table 1. Levels of Annexin V positive microparticles on different days.

Multiple comparisons

S/IN Days Mean difference Standard error P-value
1 0 25 3773 734 < 0.001***
2 0 35 10128 1116 < 0.001***
3 25 35 6355 776 0.099
Table 2. Comparison of CD235a expression among days.
Multiple comparison
S/IN Days Mean difference Standard error P-value
1 0 25 1253.8 849.2 0.153
2 0 35 2250.1 1045.9 0.042*
3 25 35 996.3 1103.9 0.376
Table 3. Comparison of expression of CD47 among 35 days of storage time.
Multiple comparisons
SIN Day Mean difference Standard error P-value
1 0 25 5647.250 902.059 < 0.001***
2 0 35 5835.667 937.967 < 0.001***
3 25 35 191.417 147.397 0.099

that have been stored for more than 2 weeks significantly
increases the risk of postoperative complications and
shortens survival after surgery (Loor et al., 2012; (Doctor
et al., 2018).

Conclusion

In summary, our results show that the storage time of
erythrocyte concentrates influences the type of RBC
storage lesion. In erythrocyte concentrate, the outward
expression of phosphatidylserine on the cell membrane
can be used as a parameter for assessing the quality.
MPs derived from erythrocytes show a lower expression
of CD47 on their surface, which has a negative effect on
the function of the erythrocytes and the survival after the
transfusion. The number of older erythrocytes in the
erythrocyte concentrate can ultimately influence the in
vivo efficiency of transfused erythrocytes. In order to
improve the survival of the erythrocytes in the recipient
and to avoid complications associated with MPs, the
interval between the blood donation and the subsequent
transfusion of this blood should therefore be shortened.
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