Red blood cell microparticles and blood group antigens:
an analysis by flow cytometry
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Background. The storage of blood induces the formation of erythrocytes-derived
microparticles. Their pathogenic role in blood transfusion is not known so far, especially the
risk to trigger alloantibody production in the recipient. This work aims to study the expression
of clinically significant blood group antigens on the surface of red blood cells microparticles.

Material and methods. Red blood cells contained in erythrocyte concentrates were
stained with specific antibodies directed against blood group antigens and routinely used in
immunohematology practice. After inducing erythrocytes vesiculation with calcium ionophore,
the presence of blood group antigens was analysed by flow cytometry.

Results. The expression of several blood group antigens from the RH, KEL, JK, FY, MNS,
LE and LU systems was detected on erythrocyte microparticles. The presence of M (MNS1),
N (MNS2) and s (MNS4) antigens could not be demonstrated by flow cytometry, despite that
glycophorin A and B were identified on microparticles using anti-CD235a and anti-MNS3.

Discussion. We conclude that blood group antigens are localized on erythrocytes-derived
microparticles and probably keep their immunogenicity because of their capacity to bind specific
antibody. Selective segregation process during vesiculation or their ability to elicit an immune
response in vivo has to be tested by further studies.
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Introduction

Microparticles (MPs) are membrane vesicles
released by various cells, including red blood cells
(RBCs). They are defined by a size of less than 1 pm'
and contain proteins derived from their parent cell.
Microvesiculation represents a controlled process?®
which is triggered by various stimuli and initiates with
externalization of negatively charged phospholipids.
Erythrocyte-derived MPs (EMPs) represent the most
abundant source of MPs in certain pathological states,
such as sickle cell disease®.

Cell activation or apoptosis promote calcium influx
and lead to a cascade of events which breaks the links
between the membrane and the cytoskeleton proteins,
specifically spectrin and protein 4.1R. Therefore, the
membrane becomes unstable, allowing the release
of MPs*?. During their lifespan, RBCs lose a certain
amount of their haemoglobin content and surface area
through this mechanism®. As RBCs are exposed to a
constant oxidative stress and have a limited capacity

for self-repair, vesicle formation certainly represents
one of the solution to clear senescent antigens and
prevent the exposure of dangerous molecules on
their surface’. MPs formation has been considered
as an integral step of RBC aging, as outlined by
two recent models of erythrocyte senescence and is
strongly correlated with spectrin oxidation®16, Once
vesiculation capacity is exceeded, old erythrocytes
are removed by the reticuloendothelial system!”!8,

The composition of EMPs has been established
through proteomic analysis. EMPs proteome differs
from its parental cell by the decrease of cytoskeletal-
linked molecules, the enrichment of several components
(especially hemoglobin, band 3, glycophorins,
complement receptors, glycosyl-phosphatidylinositol-
anchored proteins and lipid-raft markers) and the
exposure of removal signal molecules such as
phosphatidylserin and autologous IgG®717:1920 These
differences are explained by a process of selective
sorting during microvesiculation process’.
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Under blood bank conditions, RBCs undergo
structural and biochemical changes?!??, described as
the "storage lesion"”232%, This lesion shares similar
features with RBC aging, with the peculiarity that
oxidation of cytoskeleton proteins plays a central
role’?73!. It has been shown that the number of
glycophorin A (GPA) positive EMPs increases in
blood units over time and that their structure gradually
change with accumulation of stomatin, compared to
EMPs generated in vivo®!'32°32, These observations
make likely a raft-based process responsible for
vesiculation under these conditions’!”??*3. EMPs
structure becomes also gradually more heterogeneous,
according to the absence of their immunologic
removal in the bag!®2,

There are 31 RBC group systems identified so
far’*, five of which hold antigens with carbohydrate
structures (ABO, H, GLOB, P, LE) while the
others consist of proteins®>. Up to half of the RBC
transmembrane proteins carry blood group antigens,
including proteins that are major constituents of the
RBC membrane, such as band 3 (ABO and DI), GPA
and glycophorin B (MNS), glycophorins C and D
(GE), Rhesus polypeptides (RH) and Aquaporin 1
(CO)*37, These highly-expressed molecules are of
two types: either transporters proteins with multiple
membrane spanning domains (band 3, RH, CO) or
sialylated glycoproteins with a single transmembrane
domain (GPA, GPB). Due to their density, it would
be expected that they play important structural or
functional roles®’. RBC cytoskeleton network is
essential for membrane stability and consists of
spectrin backbone anchored to the lipid membrane
through interaction with actin, protein 4.1R and
ankyrin®. Some of these erythrocyte proteins, such
as the antigens of the RH and FY systems, belong
to macromolecular complexes and contribute to
membrane stabilization, through their link with
protein 4. 1R,

During storage, RBCs show a decrease of
blood group antigens expression, concomitant to
the progressive increase of soluble blood group
concentration in the plasma***'. Evidence of blood
group antigens activity on MPs originated from
erythrocyte concentrates (ECs) has been reported by
some authors, using agglutination/inhibition tests,
Western blotting, immunoelectron microscopy or
radio-labeled anti-D antibodies*>*'***, In a previous
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study on EMPs, we identified RH peptides by
mass spectrometry from SDS-PAGE of proteins
isolated from EMPs?°. Thus, our work aims to study
the presence of clinically significant blood group
antigens on MPs. We induced microvesiculation of
RBCs stored in ECs after activation with calcium
and performed the flow cytometry analysis with
antibodies routinely used in immunohematology
laboratories for agglutination tests.

Materials and methods
Whole blood collection, processing and storage
Whole blood was collected from normal volunteer
donors, attending the Service Régional Vaudois de
Transfusion Sanguine and held in bags containing an
anticoagulant solution (citrate-phosphate-dextrose) for
a maximum of 24 hours at room temperature, prior to
processing. The bags were centrifuged, plasma was
removed and the packed RBCs were suspended in 100
mL of SAG-M (sodium-adenine-glucose-mannitol)
additive solution, afterwards leukocytes were removed
by filtration. The ECs were finally stored at 4 °C.
Donor selection was based on homozygous
expression of RH, JK, FY or MNS antigens except
for KEL3 (Kp*) and LU1 (Lu?). Only ECs that did not
satisfy quality criteria for transfusion were dedicated
to this study (particularly those from donors with
elevated liver enzymes).

Labeling

The experiment consists in an indirect staining of
RBCs with specific blood group antibodies, followed
by the generation of RBC-derived MPs via calcium
ionophore activation and their analysis by flow
cytometry. Samples with anti-RH antibodies undergo
a double labelling with anti-CD235a (anti-GPA).

Samples of stored ECs were washed in phosphate-
buffered saline solution (PBS) and centrifuged at
1,000 x g for 30 seconds at 4 °C. The residual RBC
pellets were incubated with antibodies against blood
group antigens according to their phenotype (Human
IgM Monoclonal anti-RH2 [anti-C], anti-RH4
[anti-c], anti-RH3 [anti-E], anti-RHS5 [anti-e], anti-
MNS3 [anti-S]; Human IgM Polyclonal anti-JK1
[anti-Jk?], anti-JK2 [anti-Jk°]; Human IgG Polyclonal
anti-KEL3 [anti-Kp?] anti-KEL4 [anti-Kp®],
anti-FY1 [anti-Fy*], anti-FY?2 [anti-Fy®], anti-MNS4
[anti-s], anti-LU1 [anti-Lu?], anti-LU2 [anti-Lu®];



Mouse IgM Monoclonal anti-MNS1 [anti-M],
anti-MNS2 [anti-N], anti-LE1 [anti-Le?], anti-LE2
[anti-Le®]; all from Biotest, Dreieich Germany),
adjusted to 100 uL of PBS and mixed constantly for
90 minutes. Excess of antibody was removed by two
washing steps in PBS.

As the primary antibodies are not fluorochrome-
conjugated, the remaining RBC pellets were
incubated with a secondary antibody (100 pL of
diluted fluorescein isothiocyanate (FITC)-conjugated
antibody), namely FITC-conjugated anti-human
IgM (Caltag Laboratories, Burlingame, CA, USA),
FITC-conjugated anti-human IgG (Chemicon,
Temecula, CA, USA) or FITC-conjugated
anti-mouse IgM (BD Biosciences, Franklin Lakes,
NJ, USA). The samples were agitated continuously
for 60 minutes in the dark. The excess of antibody
was removed as described above with centrifugation
and washing steps.

Generation of microparticles

Calcium inophore solution (2.6 pg of Ca ionophore
A23187; Sigma-Aldrich, St-Louis, MO, USA) and 5
uL of CaCl, (Fluka, Buch, Switzerland) in 1 mL of
PBS were added to the remaining pellet and agitated
in the dark for 60 minutes, at 37 °C. Five pL of
phycoerythrin (PE)-conjugated anti-human CD235a,

diluted 1/10 (BD Pharmingen, San Diego, CA,
USA) were added only to the samples labelled with
anti-RH antibodies and these were agitated 20 minutes
in the dark at room temperature. All the samples were
then diluted with 50 uL of PBS and spun down at
1,000 x g for 30 seconds to remove RBCs and keep
the supernatant containing EMPs. The supernatants
were transferred to 5 mL plastic tubes (Falcon, BD
Biosciences, Franklin Lakes, NJ, USA).

Flow cytometry

Supernatants were diluted in PBS. MPs size
was determined using flow cytometric light scatter
(FACScalibur, BD Biosciences, Franklin Lakes, NJ,
USA). The flow cytometer was calibrated using beads
(CaliBRIT™ 3 kit, BD Biosciences, Franklin Lakes,
NJ, USA) to ensure standard instrument settings for
each analysis. MPs were defined as particles less
than 1 pm. Sizing beads of 1-1.4 um (Spherotech,
Lake Forest, IL, USA) were used to verify the
appropriateness of the gate. EMPs were gated on the
basis of their forward scatter and side scatter signals
with logarithmic fluorescence scales (Figure 1).
Results of blood group antigens expression were
analysed on dot plots and histograms (Figure 2) with
negative threshold defined by EMPs obtained from
RBCs lacking the corresponding antithetic antigen.
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Figure 1 - Flow cytometry analysis of microparticles in erythrocyte concentrates.
Size of events is defined by calibration beads of 1 um. Two gating regions are
represented: on the left, the events smaller than 1 pm which contains the microparticles
and on the right, the erythrocytes. The expression of Rhesus antigens RH2 (C) and
RH4 (c) (depending on the Rhesus phenotype of the donors) and glycophorin A

(anti-CD235a) is illustrated.

s41



Anti-RH2 antibody Anti-RH4 antibody Anti-RH3 antibody

Anti-RHS antibody Anti-LE1 antibody Anti-LE2 antibody

RH2 antigen
RH2 antigen
RH3 antigen

4

Anti-RH2 antibody

hﬂ-‘-—

AntiRH4 antibody Anti-RH3 antibody

RH3 antigen

LE1 antigen

L

LE1 anigen

—_—

Anti-RHS antibody Anti-LE2 antibody

RH4 antigen
RH4 antigen
RHS antigen

y

Anti-JK2 antibody

Anti-JK1 antibody Anti-KEL3 antibody

J

Anti-KEL3 antibody

JK1 antigen
JK1 antigen
KEL3 antigen

Anti-JK1 antibody Anti<JK2 antibody

RHS antigen

LE2 antigen

Anti-LE1 antibody

Anti-LU1 antibody

v

Anti-LU1 antibody

LE2 anfigen

e

LUA antigen

Anti-KEL4 antibody Anti-LU2 antibody

JK2 anfigen

JK2 antigen
KEL4 antigen

s

Anti-FY1 antibody

A

Anti-FY1 antibody

Anti-FY2 antibody Anti-MNS3 antibody

FY1 antigen

FY1 antigen
MNS3 antigen

Anti-FY2 antibody Anti-MNS3 antibody

FY2 antigen
FY2 antigen

i
MNS4 antigen

KEL4 antigen

LU2 antigen
LU2 antigen

Figure 2 - Detection of clinically significant blood group antigens on microparticles derived

from erythrocyte concentrates.

The red blood cells were selected according to their homozygous expression
of blood group antigens (vertical axis), except for KEL3 (Kp?) and LU1 (Lu?®).
Flow cytometric histograms show the expression of RH2 (C), RH3 (E), RH4
(c), RH5 (e), KEL3 (Kp?), KEL4 (Kp®), JK1 (Jk%), JK2 (Jk°), FY1 (Fy?), FY2
(Fy®), MNS3 (S), LUI1 (Lu®) and LU2 (LuP) antigens on the erythrocyte-derived
microparticles. The absence of the antithetic antigen on microparticles originated
from homozygous erythrocytes served as negative control.

Results

Activation of RBCs with calcium allows the
generation of MPs which are less than 1 um (Figure
1). The erythrocyte origin of the MPs is confirmed
by the anti-GPA staining. Intensities of detection of
blood group antigens are shown on flow cytometric
histograms (Figure 2). Using this method, the following
antigens were detected on EMPs: RH2 (C), RH3 (E),
RH4 (c) and RHS5 (e) antigens, KEL3 (Kp*) and KEL4
(Kp®) antigens, JK1 (Jk?) and JK2 (Jk®) antigens, FY'1
(Fy®) and FY2 (Fy®) antigens, MNS3 (S), Le* (LE1)
and Le® (LE2), and finally LU1 (Lu*) and LU2 (Lu®)
antigens. The presence of M (MNS1), N (MNS2), and
s (MNS4) antigens could not be demonstrated because
of agglutination of RBCs after the addition of the
primary antibody, despite successive dilutions of the
latter. However, glycophorin A was clearly identified
on the surface of EMPs, either by flow cytometry or
immunoblot analyses?. Gylcophorin B was detected
with MNS3 antibodies (Figure 2).
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Discussion

This study shows that MPs generated from ECs
express clinically significant blood group antigens.
Detecting their expression by flow cytometry
indicates that most of them keep the property to react
with the corresponding antibodies despite cytoskeletal
dissociation during vesiculation. The activities of M
(MNSI1), N (MNS2), and s (MNS4) antigens have
not been demonstrated owing to technical difficulties.
For caution, these findings are based on artificially
induced microvesiculation in blood bags and request
verification in human models.

Our results did not determine whether the
antigenic sites density on MPs corresponds to
those of the parent cell. Thus, the question of the
selective segregation (or even enrichment) of blood
group antigens into MPs cannot be answered. Prior
imunoelectron microscopy analysis of EMPs has
ruled out the clustering of FY monomeric chains
formation during vesiculation*’. However, antigen



selection could arise in MPs, as suggested by the
loss of specific RBC antigens during autoimmune
hemolytic anemia or transfusion of incompatible
blood*: 4. In these examples, antibody binding
could induce disruption of membrane organization.
Therefore it is reasonable to speculate that selective
loss of antigen may occur through RBC vesiculation,
although the exact mechanism involved has not been
elucidated so far?’.

Duffy protein, also named DARC protein, is
a receptor for chemokines. RBCs without DARC
protein have lost the Duffy-dependent chemokine
binding capacity. This may partly explain the
tendency of FY:-1,-2 sickle cell patients to chronic
inflammation and alloimmunization®’. Some authors
have shown maintenance of blood group antigens
function on EMPs, especially the chemokine binding
activity of DARC protein*>. The hypothetic role of
Dufty positive MPs in clearing local inflammation
mediators has to be further investigated.

As their antigenic activity is oriented outwards and
recognized by specific monoclonal antibodies, blood
group antigens located on MPs may elicit an immune
response in vivo. EMPs are easily phagocytised by
antigen-presenting cells and despite their small size
and low total volume, may represent a significant
immunogenic load during transfusion!”-1%4%, Recently,
Rhesus immunization originating from EMPs was
suspected in an aphaeresis platelet recipient®. However,
the capacity of EMPs to induce alloimmunization
after transfusion needs to be demonstrated, especially
whether they are more immunogenic and over which
threshold they may trigger antibody formation.

The level of EMPs in blood of sickle cell patients
is significantly elevated and strongly correlates with
the degree of intravascular hemolysis and premature
aging of RBCs*3%>!, Red cell antibody development is
a well recognized complication of chronic transfusion
in sickle cell patients, with an incidence of 10-40%
in prior published reports®*>*. Transfusion of RBCs
with phenotype matching for C (RH2), ¢ (RH4),
E (RH3), e (RHS5) and K (KEL1) antigens have
reduced to six fold the immunization rate®>%. Several
factors contribute to RBC alloimmunization in these
patients. Therefore it will be important to define if
EMPs contained in blood units will participate to
the stimulation of the immune system and which
strategies need to be developed by blood banks for
its prevention.

Conclusion

Our work has brought further insights in the
composition of EMPs generated during ECs storage
upon calcium stimulation and raised questions about
their potential immunogenicity. Nevertheless, the
MPs capacity of immunization during transfusion
needs animal models to investigate the immune
effectors side. As well, determining antigen density
on EMPs using antibody calibration kit will provide
further information about the hypothesis of selective
sorting during erythrocyte microvesiculation®’.

Although EMPs contributes to erythrocyte
homeostasis in eliminating sorted oxidized proteins'®,
they represent a "two-edged sword" with the
capacity to induce adverse clinical outcomes in
transfused recipients through their immune effects
(immuno-modulation and alloimmunization),
thrombogenic activities and negative impact on
the micro-circulation®*% 386 The analysis of EMPs
generated during blood processing and aphaeresis
techniques will permit to improve the quality of
blood products®-%2. Understanding the real impact of
EMPs and minimizing their formation during blood
processing represent a future challenge in the field
of transfusion.
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