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(57) ABSTRACT

The invention relates to a method for detecting a plurality of
antigenic molecules carried by erythrocytes and/or a plurality
of anti-erythrocyte antibodies, said antigenic molecules car-
ried by the erythrocytes consisting of antigenic molecules
carried not only by the erythrocytes, but also by at least one
other cell population, other than the blood group antigen
molecules, said method comprising bringing a sample into
contact with distinguishable beads, on which are attached a)
antibodies specific for said antigens, or b) erythrocytes or
erythrocyte membrane fragment.
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DETECTION OF ANTIGENS CARRIED BY
ERYTHROCYTES AND OF
ANTI-ERTHROCYTE ANTIBODIES

[0001] The invention takes advantage of the presence of
antigenic molecules on erythrocytes for identifying the anti-
genic molecules which are carried both by erythrocytes and
by other cell populations.

[0002] Blood transfusion nowadays consists in intrave-
nously administering preparations of red blood cell concen-
trates (blood cell concentrates) obtained from blood donors.
When there is a blood transfusion, the primary risk is linked
to the possibility of an antibody and its erythrocyte antigen
being reunited in the body of the recipient (the individual
transfused). There are in fact, at the surface of erythrocytes,
also called red blood cells, membrane antigens, in particular
blood group (or system) antigens, capable of being recog-
nized by the immune system and of triggering an immune
response with red blood cell haemolysis. The consequences
of such an immunological reaction may range from inefficient
transfusion with no clinical sign, to a slight clinical reaction
(anxiety, shivers), serious clinical reaction (shock, haemoglo-
binurea, renal insufficiency) or dramatic clinical reaction
(shock, disseminated intravascular haemolysis) resulting in
death.

[0003] Thedonor’s red blood cells are said to be compatible
with the recipient’s blood if the recipient does not have any
circulating antibodies directed against an erythrocyte antigen
of the donor.

[0004] In addition to blood group antigens, the presence of
HLA antigenic determinants on erythrocytes has been
detected in 15% of individuals in the French population (de
Villartay et al., Tissue Antigens, 1985, 26(1):12-9). Although
this amount of HLA antigenic determinants on erythrocytes is
low compared with other cell types, it is nevertheless signifi-
cant in terms of transfusion risk (Everett et al., Transplanta-
tion, 1987, vol. 44, no. 1, pp. 123-129).

[0005] Theinventors, focusing initially on transfusion risk,
have then realized that, in addition to blood group antigen
molecules, any antigenic molecule could be readily detected
by taking advantage of their incidental presence on erythro-
cytes.

SUMMARY OF THE INVENTION

[0006] The invention provides an in vitro method for iden-
tifying a plurality of antigenic molecules carried by the eryth-
rocytes of an individual, and/or for identifying a plurality of
antibodies against antigenic molecules carried by erythro-
cytes, ina biological sample, said antigenic molecules carried
by the erythrocytes consisting of antigenic molecules carried
both by the erythrocytes and by at least one other cell popu-
lation, other than the blood group molecules, said method
comprising
a) identifyinga plurality of antigenic molecules carried by the
erythrocytes of an individual, by
[0007] (i) bringing said sample containing erythrocytes
into contact, in a single test receptacle, or in several
separate test receptacles, with groups of distinguishable
beads, each group of distinguishable beads carrying a
given antibody, specific for an antigenic molecule car-
ried by erythrocytes, which differs from one group of
beads to the other, under conditions which allow the
erythrocytes to bind to the antibodies, without aggluti-
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nation, said erythrocytes being labelled before or after
they have been brought into contact with said groups of
beads,

[0008] (i) eliminating the erythrocytes which have not
bound to said antibodies, and

[0009] (iii) identifying the group of beads having bound
the labelled erythrocytes, thereby allowing the identifi-
cation of the antigens carried by the erythrocytes
detected,;

[0010] and/or
b) identifying a plurality of antibodies against antigenic mol-
ecules carried by erythrocytes, in a biological sample, by

[0011] (iv) bringing said sample into contact, in a single
test receptacle, or in several separate test receptacles,
with groups of distinguishable beads, each group of
distinguishable beads carrying (1) erythrocytes or (2)
erythrocyte membrane fragments, of known phenotype
which differs from one group of beads to the other, under
conditions which allow the antibodies or the activated
serum complement fractions present in the sample to
bind to the erythrocytes or to the erythrocyte membrane
fragments, without agglutination,

[0012] (v) eliminating the antibodies or activated serum
complement fractions which have not bound to said
erythrocytes or to said erythrocyte membrane frag-
ments,

[0013] (vi) labelling the bound antibodies and/or the
bound activated serum complement fractions, and

[0014] (vii)identifying the group of beads having bound
the labelled antibodies or the labelled activated serum
complement fractions, thereby allowing the identifica-
tion of the antibodies against antigenic molecules car-
ried by the erythrocytes, that are present.

[0015] The invention also provides a set of reagents for
implementing this method, comprising groups of distinguish-
able beads, each carrying at least one particular physical
parameter that can be detected, and belonging to at least two
different groups, one of the groups carrying a capture anti-
body specific for an antigenic molecule carried by erythro-
cytes, and the other group carrying (1) erythrocytes or (2) an
erythrocyte membrane fragment.

DETAILED DESCRIPTION OF THE INVENTION
Definitions

[0016] In the present description, the terms “erythrocyte”,
or “red blood cell” are used indifferently to denote the same
blood cell.

[0017] The term “multiplex” means that several different
antigen-antibody-type reactions are analyzed simultaneously
for a single sample in a single receptacle and using a single
signal-reading system.

[0018] The term “simplex” means that the antigen-anti-
body-type reactions are analyzed in several separate recep-
tacles. Preferably, the analyses are nevertheless carried out
simultaneously, and preferably using a single signal-reading
system. The expression “antigenic molecule carried by eryth-
rocytes” denotes any antigenic molecule carried by erythro-
cytes, consisting of antigenic molecules which are carried
both by erythrocytes and by at least one other cell population.
The blood group molecules are excluded here. The term
“blood group antigen” is intended to mean any antigen of the
ABO system with the A antigen, the B antigen, the A and B
antigens expressed simultaneously or the H antigen, of the
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Rhesus system with the D, E, e, and C or ¢ antigens, of the
Kell system with the K ork antigen, ofthe Duffy system (Fya,
Fyb), of the Kidd system (Jka, Jkb) system or else of other
systems that are less commonly investigated in practice but
that also exist, such as MNS, Lewis, etc. The cell populations
carrying the antigenic molecules of interest may be blood
cells (lymphocytes), platelets being included.

[0019] Examples of antigenic molecules of interest carried
by erythrocytes and other cell populations include the mol-
ecules of the HLA system, in particular HLA B-27, CD55
and/or CD29 (Terpos et al., Medical Science Monit. 2008, 14
276-280). Other examples of antigenic molecules of interest
include erythrocyte ageing markers, for example phosphati-
dylserine (PS).

[0020] Erythrocyte antigens which are found physiologi-
cally or not at the surface oferythrocytes, and at the surface of
other cell types or populations, are included. Antigens present
at the surface of erythrocytes resulting from immunological
reactions due to erythrocyte antigens are also included. In this
case, the expression “antigenic molecule carried by erythro-
cytes” comprises antibodies or elements of the serum
complement fraction, carried by erythrocytes sensitized in
vivo. The antigenic molecules not found physiologically
include, for example, chemical products or medicaments,
absorbed by the individual, or degradation products thereof.

[0021] Also included are antigenic molecules adsorbed
onto the erythrocytes but originating from other cell popula-
tions.

[0022] Theterm “carried by erythrocytes” refers to a mem-
brane expression, an adsorption, or an intercellular expres-
sion, the antigenic molecules becoming accessible by treat-
ment, or by virtue of a physiological process of the
erythrocyte (for example during senescence of the erythro-
cyte).

[0023] The expression “antibody against antigenic mol-
ecules carried by erythrocytes” or “anti-erythrocyte anti-
body” denotes any antibody which binds specifically to anti-
gen carried by erythrocytes, and by at least one other cell
population. The term “labelling of the bound antibodies and/
or of the bound serum complement fractions” is understood to
mean labelling of the antibodies or (optionally activated)
serum complement fractions which are reversibly bound or
directly embedded in the erythrocyte membrane.

[0024] The term “individual” is intended to mean any ani-
mal having a plurality of antigenic molecules carried by
erythrocytes. As animals, mention may, for example, be made
of the dog, in which eight different blood groups have been
identified to date, and the cat, which has three. Of course, the
term “individual” also relates to human beings, including at
the foetal stage.

[0025] The term “biological sample” is intended to mean
any fraction of a body fluid or of a tissue biopsy that may
contain erythrocytes or anti-erythrocyte antibodies, whether
physiologically or pathologically. As a biological sample,
mention may therefore be made of a blood sample, and in
particular a whole blood sample or a blood cell pellet sample
(or a blood bag), or any other blood preparation, but also
saliva, sweat, tears, milk or urine when it contains blood. It is
also possible to use a plasma or serum sample for antibody
screening. The sample used in mode (a) for detecting anti-
genic molecules may be identical to or different from the
sample used for detecting antibodies. When the sample is
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identical, modes (a) and (b) can be carried out in the same
receptacle, simultaneously. The biological sample may have
undergone no pretreatment.

[0026] Theterm “antibody” refers to any whole antibody or
functional fragment of an antibody comprising or consisting
of at least one antigen combination site, which allows said
antibody to bind to at least one antigenic determinant of an
antigenic compound.

[0027] By way of example of antibody fragments, mention
may be made of Fab, Fab' and F(ab')2 fragments and also scFv
chains (single chain variable fragment), dsFv chains (double-
stranded variable fragment), etc. These functional fragments
may in particular be obtained by genetic engineering.
[0028] The term “capture antibody™ is intended to mean an
antibody or a part of an antibody attached to a solid phase,
which is capable of retaining at least one antigenic determi-
nant of an antigenic compound present in a biological sample,
by affinity binding.

[0029] The antibodies used as detection tools may be poly-
clonal or monoclonal antibodies. The production of mono-
clonal antibodies or of polyclonal antibodies that can be used
in the context of the invention comes under conventional
techniques.

[0030] The monoclonal antibodies may be obtained
according to the conventional lymphocyte fusion and hybri-
doma culture method described by Kéhler and Milstein (Na-
ture, 256, p. 495-497 (1975)). Other methods for preparing
monoclonal antibodies are also known (Harlow et al. editors,
Antibodies A Laboratory Manual, Cold Spring Harbor Labo-
ratory (1988)). The monoclonal antibodies may be prepared
by immunizing a mammal (for example, a mouse, a rat, a
rabbit or even a human being, etc.) and by using the technique
of lymphocyte fusion producing hybridomas (Kéhler and
Milstein, 1975, above).

[0031] Alternative techniques to this customary technique
exist. Monoclonal antibodies can, for example, be produced
by expression of a nucleic acid cloned from a hybridoma.
Antibodies can also be produced by the phage display tech-
nique, by introducing antibody cDNAs into vectors, which
are typically filamentous phages (for example, fUSES for F.
coli, Scott et al. (Science, 249, pp. 386-390 (1990)). The latter
constitute libraries and have scFv fragments at their surface.
Protocols for constructing these antibody libraries are
described in Marks et al. (J. Mol. Biol., 222, pp. 581-597,
(1991)).

[0032] The polyclonal antibodies can be obtained from the
serum of an animal immunized against an antigen, preferably
of peptide nature, according to the usual procedures.

[0033] Ingeneral, apolypeptide,in particular a recombined
polypeptide, or an oligopeptide can be used, for example, as
immunogen. According to a conventional protocol, rabbits
are immunized with the equivalent of 1 mg of the peptide
immunogen, according to the procedure described by Benoit
etal. [PNAS USA, 79, pp. 917-921 (1982)].

Beads:

[0034] The beads generally consist of polymers that are
inert with respect to the constituents of the biological
samples; they are solid and insoluble in the samples. The
polymers used may be polyesters, polyethers, polyolefins,
polyamides, polysaccharides, polyurethanes or celluloses.
Binders may also be used to give the particles integrity and
structure. Functional groups may be incorporated with these
polymers so as to allow the attachment or the coupling of
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macromolecules of biological interest (proteins, lipids, car-
bohydrates, nucleic acids). These functional groups, which
are known to those skilled in the art, may be amine (—NH?2)
or ammonium (—NH,* or —NR;") functions, alcoholic
functions (—OH), carboxylic functions (—COOH) or isocy-
anate functions (—NCO). The monomers most commonly
used for introducing COOH functions into polyolefins are
acrylic acid or methacrylic acid.

[0035] The attachment of reagents to the surface of the
beads can be carried out by electrostatic attractions, affinity
interactions, hydrophobic interactions or covalent coupling.
Covalent coupling is preferred.

[0036] The beads used in the invention are particles
approximately spherical in shape, of sizes that may be
between 0.5 and 40 um, preferably between 4 and 9, and more
particularly between 5 and 8 pm.

[0037] The beads used here are “distinguishable” in that
they have differential markers which make it possible to dis-
tinguish them from one another by means of an appropriate
detector. Each group of beads therefore has different physi-
cochemical properties (size, density, particle size, roughness,
absorbence, fluorescence, paramagnetic components) which
make it possible to differentiate them from one another by
means of suitable detectors or tools, for example a flow
cytometer.

[0038] As a differential parameter for distinguishing the
particles from one another, use may in particular be made of
the size of the particles, by choosing non-overlapping size
ranges. In another preferred embodiment, the distinguishable
particles emit fluorescence signals. The beads which incor-
porate various fluorescent labels can in fact be distinguished
by their fluorescence spectrum. For this, the beads can be
impregnated with one or more dyes (for example, fluorescent,
luminescent, etc.), where appropriate at various concentra-
tions, or with a label of radioisotope type, enzyme type, etc.
(Venkatasubbarao S. <<Microarrays-Status and prospects>>
Trends in Biotechnology December 2004, 22(12):630-637,
Morgan et al, <<Cytometric bead array: a multiplexed assay
platform with applications in various areas of biology>>,
Clin. Immunol. (2004) 100:252-266). Scattering or emission
of light, or a combination thereof, can also be used to distin-
guish between the particles.

[0039] In a preferred embodiment, the distinguishable
beads emit luminescent or fluorescent signals.

[0040] The beads used may be superparamagnetic, mag-
netic or magnetizable. As beads that can be used according to
the invention, mention may in particular be made of those
described in U.S. Pat. No. 6.872,578. According to a particu-
larly preferred embodiment, the beads used are fluorescent
and superparamagnetic. These physicochemical propetties
may make it possible, during the reaction with the biological
sample, to separate the fractions captured by these micropar-
ticles from those which are not bound. This separation can be
carried out, inter alia, by centrifugation, filtration or magne-
tization. Separation by magnetization is preferred, and for
this, beads containing paramagnetic, ferromagnetic, ferri-
magnetic and metamagnetic components may be used. Para-
magnetic components are preferred, for instance iron, cobalt,
nickel or metal oxides such as Mn,0O;, Cr,O or Fe,0,. The
amount of magnetic components may be between (by weight)
2% and 50%, and preferably between 3% and 25%.

[0041] The antibodies may be attached to the beads by any
appropriate technique. They may be attached by direct cova-
lence, or noncovalently, in particular by passive adsorption or
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by affinity. The direct covalent attachment may be carried out
by means of activation of the carboxylic groups present at the
surface of the beads, involving bonding via hydroxysuccin-
imide or carbodiimide, for example. In a specific embodi-
ment, anti-immunoglobulin antibodies are first attached to the
beads, by covalence, and then the beads are brought into
contact with the antibodies to be attached.

[0042] Theerythrocytes or the erythrocyte membrane frag-
ments can be attached to the beads by noncovalent bonding
via a poly-L-lysine, or by means of any type of ligand such as
polycations of dye type. The erythrocytes or the erythrocyte
membrane fragments can also be attached to the beads by
covalent bonding, in particular using sodium periodate. It has
been noted, surprisingly, that the attachment of the red blood
cells or of the membrane fragments, whether covalent or
noncovalent, does not impair the property that the beads have
of being distinguishable according to a flow cytometry pro-
cess.

[0043] Thebeads are subjected to measurement by a detec-
tor such as a flow cytometer, as described, for example, in
Luminex patent application WO 97/14028. Thus, subgroups
of beads carrying a reactant (antibody or erythrocyte or ervth-
rocyte membrane) are exposed to a biological sample, each
subgroup having one or more classification parameters which
make it possible to distinguish the beads of one subgroup
from those of another subgroup. The beads thus exposed to
the sample then go through an examination zone (for example
a flow cytometer), where the data relating to the classification
parameters (for example, the fluorescence emission intensi-
ties) are collected, and preferably also the data relating to the
presence or absence of a complex formed between the reac-
tant and the analyte of interest (namely between the bead and
the antigenic molecule carried by the erythrocyte according
to (a) or the antibody according to (b) in the method of the
invention).

Labelling:

[0044] The detectably labelled erythrocytes can be labelled
by any technique known to those skilled in the art. They may,
for example, be labelled with a fluorescent compound, for
examplea fluorophore which is inserted into the membrane of
these cells. They may also be labelled using a ligand which is
itself functionalized with a fluorescent label, this ligand being
capable of recognizing structures at the surface of the eryth-
rocytes. These ligands may, for example, be antibodies or
animal or plant lectins. These types of labelling may or may
not be carried out prior to the test.

[0045] In the case of antibody identification, it is the anti-
bodies which are labelled, or alternatively it is the (optionally
activated) serum complement fractions. Any labelling tech-
nique is possible. The types of labelling can also be mixed.
[0046] According to a specific embodiment, the antibodies
are brought into contact with an anti-human immunoglobulin
antibody carrying a fluorescent, luminescent or radioactive
label.

[0047] According to another specific, optionally cumula-
tive, embodiment, the activated serum fractions are brought
into contact with an antibody which specifically recognizes
the activated serum complement fractions, said antibody car-
rying, for example, a fluorescent, luminescent or radioactive



US 2010/0184101 Al

label. Such antibodies may be monoclonal or polyclonal and
are well known to those skilled in the art.

Elimination of the Unbound Reagents:

[0048] Before carrying out the analysis step, the reagents
which have not bound during the bringing into contact and the
incubation of the reagents should be eliminated. It is desirable
to eliminate as much unbound reagent as possible in order to
reduce the background noise and therefore to obtain good
specificity of the test, but conditions that are too drastic could
reduce the sensitivity of said test. A residual presence of
unbound reagents is therefore generally tolerable. The con-
ditions for obtaining an acceptable compromise between the
sensitivity and the specificity of the method can be readily
determined by those skilled in the art by means of routine
experiments.

[0049] The elimination of the unbound reagents can be
carried out by any technique known to those skilled in the art,
such as washing by means of repeated centrifugation steps or
the use of the superparamagnetic nature of the beads and use
of a magnet.

Preferred Embodiments

[0050] As defined above, the method according to the
invention makes it possible to identify the antigens, or also to
identify the antibodies or the serum complement fractions
that are bound. It also makes it possible to use combinations
of several types of identification. Thus, the identification of
the antigens and the identification of the antibodies can be
carried out simultaneously or separately. The identification of
the antibodies can be carried out by revealing both the anti-
bodies and the serum complement fractions.

[0051] The receptacle may be any solid container, for
example a test tube, a microplate well or any receptacle that
allows reactions in an automated system. Itis not necessary to
centrifuge the receptacles.

[0052] The mixing of the reactants and of the analyte of
interest is carried out under conditions (in particular of pH,
temperature, ionic strength, etc.) which allow specific bind-
ing of the antigens carried by the erythrocytes, to the antibod-
ies, without agglutination. The substantial absence of agglu-
tination makes it possible to use in particular a flow
cytometer. In order to avoid any agglutination reaction, it is
advantageous to adjust the amount and the size of the beads,
and also the concentration of the sample. The agglutination
reactions satisfy mathematical laws which have in particular
been described by H. E. Hart, Bulletin of mathematical biol-
ogy, vol 42, 17-36, by K. C. Chak, Bulletin of mathematical
biology, vol 42,37-56 and by C. DeLisi, Journal of Theoreti-
cal Biology, 1974, vol 45, pages 555-575. These laws involve
several parameters such as, in particular, the size of the
reagents and also their ratio by number. Those skilled in the
art will therefore choose the reaction conditions by applying
these mathematical laws as a function of the reagents that they
use, such that no substantial agglutination occurs. For
example, when erythrocytes and beads of size similar to those
of the erythrocytes, i.e. of the order of 7 pm, are used, those
skilled in the art will choose a ratio of the number of eryth-
rocytes to the number of beads ranging from 30 to 150.
[0053] Advantageously, itis preferable to provide for a step
of chemical or enzymatic degradation of the haemoglobin,
such as a haemolysis, preferably after the attachment and
before the identification of the antigens or of the antibodies.
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[0054] The haemolysis can be carried out in various ways.
For example, the mixture can be incubated in a medium of
low osmolarity. The term “medium of low osmolarity” is
intended to mean in general a medium having an osmolarity
of less than or equal to 100 mosmol/L. As suitable medium of
low osmolarity, mention may be made of ammonium chloride
solutions having a concentration of 40 mM or less, or distilled
water. The haemolysis may also be carried out by sonication.

Applications:

[0055] The method makes it possible to carry out an iden-
tification of antigenic molecules carried by erythrocytes, in a
multiplex format.

[0056] In addition, the method makes it possible, for
example through analyzing fluorescence signals, to quantita-
tively determine the proportion of antigens at the surface of
the erythrocytes in the sample.

[0057] The method of the invention also makes a quantifi-
cation of the antibodies possible. Thus, the result obtained
may be in numerical form, and available for facilitated inter-
pretation by means of an electronic data processing system.

[0058] Advantageously, the method makes it possible to
obtain complete, reliable results in only a few minutes. More
specifically, it is possible to give a complete result in less than
one hour, or even in less than 30 minutes.

[0059] The method of the invention also makes it possible
to considerably reduce the volume of the test sample taken.
Today reactions are generally carried out with a test sample of
25 ul for each test. To carry out the method of the invention,
50 to 100 pl only are, for example, sufficient.

[0060] The following figures and examples illustrate the
invention without limiting the scope thereof.

FIGURE LEGEND

[0061] FIG. 1is a scheme which illustrates a direct immo-
bilization of antibodies on a Luminex® bead.

[0062] FIG. 2is a scheme which illustrates an immobiliza-
tion of antibodies on beads, by affinity, on a Luminex® bead.
[0063] FIG. 3 is a scheme which illustrates the labelling of
red blood cells of various phenotypes with a fluorescent
intramembrane compound.

[0064] FIG. 41isa scheme which illustrates a procedure for
immobilizing red blood cells on Luminex® beads by means
of poly-L-lysine.

[0065] FIGS. 5A to 5D show multiplexed phenotyping of
red blood cells.
[0066] FIG. 6 is a scheme which illustrates the simulta-

neous identification and multiplexed phenotyping of red
blood cells from a “direct Coombs-positive” patient.

EXAMPLES
Example 1
Antigen Identification

[0067] Theobjectiveofthis analysisis toidentify, by means
of specific monoclonal antibodies, antigens that are present at
the surface of red blood cells from donors or from patients.
Fluorescent beads are used to immobilize the anti-red blood
cell antibodies. Antibodies of different antigenic specificities
can thus be bound to various regions of beads that have
different colours.

[0068] As for the red blood corpuscles, they are labelled
with a fluorescent compound compatible with the wave-
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lengths of the reporter laser of the apparatus sold under the
name “Bioplex 200 by the company Bio-Rad.

[0069] After labelling, the red blood cells are incubated
with the sensitized beads. It is thus possible to detect the red
blood cells attached to the beads and thus to determine their
antigenic specificities.

1.1—Material and reagents

Beads:

[0070] The beads used are manufactured by Luminex (Lu-
minex Corp., Austin Tex., United States). They are superpara-
magnetic beads 8 pm in diameter, composed of polystyrene
and methacrylic acid (COOH function).
[0071] In this example, fluorescent superparamagnetic
beads having various bead regions 19, 21, 32, 34 (Internal
Standard Beads (ISB)), 71 and 98 (Blank Beads (BB)) are
used. The beads (ISB) having bead region 34 are functional-
ized with a rhodamine derivative and are used as an internal
fluorescence control. These beads should produce fluores-
cence values of between 5000 and 15 000 RFIL.
[0072] The region-98 BB beads are saturated with bovine
albumin. These beads combined neither antigens nor antibod-
ies and are therefore used to verify the absence of non-specific
binding. These beads should produce fluorescence values of
less than 1000 RFL.

[0073] Anti-human immunoglobulin monoclonal IgG

antibody, clone 125A15 (Bio-Rad).

[0074] Anti-human IgM (mu) polyclonal antibody (Bio-
Rad).
[0075] Anti-D IgG (clone H2DSD2FS), anti-Fya IgG

(clone 5T72A13F5A93) and anti-S IgM (clone MS94)
monoclonal antibodies (Bio-Rad, Millipore).

[0076] PKH26 cell labelling kit (Sigma).

[0077] Diluting medium sold under the names “Scan-
Liss” code 86442 and “Stabiliss” code 86550 by the
company Bio-Rad.

[0078] Gel cards sold under the name “‘ScanGel
Coombs™ code 86432 for atypical antibody screening
(Bio-Rad).

[0079] Gel cards sold under the names “ScanGelRhK”
code 86428 and “ScanGel Neutral” code 86430 (Bio-
Rad).

[0080] Phenotyped red blood cells sold under the names
“ScanPanel” code 86593 and “ScanCell” code 86595 for
atypical antibody screening by the gel card technique
(Bio-Rad).

[0081] Concentrated phenotyped blood cell pellets con-
served in SAG-MAN medium (EFS Nord de France).
[0082] Direct Coombs-positive and/or -negative red

blood cells originating from patient samples.

[0083] Coating liquid or buffer (10 mM sodium phos-
phate, 150 mM NaCl, 0.1% (v/v) proclin.

[0084] Bovine serum albumin (BSA) (Millipore).

[0085] PBS buffer, pH 7.4 (7 mM sodium phosphate, 2.7
mM KCl, 136 mM NaCl).

1.2 Protocol

[0086] 1.2.1. Sensitization of Beads with Blood Group
Antibodies
[0087] The immobilization of the antibodies at the surface

of the beads can be carried out according to two different
principles. In the first case, the antibodies are immobilized by
covalence directly on the beads (FIG. 1). The second
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approach consists in carrying out the immobilization of the
anti-red blood cell antibodies noncovalently, by affinity. In
this case, the attachment is carried out by means of an anti-
immunoglobulin antibody attached by covalence to the bead
in a first step (FIG. 2). This approach was selected in the
examples presented.

[0088] Beads having bead regions 19, 21 and 32 were used
for the covalent immobilization of the anti-human immuno-
globulin. Fluorescent beads having bead region 71 were used
for the covalent immobilization of the anti-human IgM. The
carboxylic groups present at the surface of the beads were
activated according to a technique involving a hydroxysuc-
cinimide and a carbodiimide. The proteins could thus be
immobilized via their amine groups.

[0089] The beads thus prepared are stored at +4° C. at a
concentration of 3 mg/ml in PBS, pH 7.4, containing 10%
(w/v) of BSA, 0.5% (v/v) of Tween 20 and 0.09% (w/v) of
sodium azide.

[0090] The beads carrying the immobilized anti-human
immunoglobulin can be sensitized with anti-D 1gG or anti-
FyaIgGblood group antibodies. The anti-immunoglobulin in
fact allows the IgGs to bind via their Fc fragment. The blood
group antibodies are therefore non-covalently immobilized
on the beads using this principle. Each bead region is sensi-
tized with an antibody of different specificity. The anti-im-
munoglobulin chosen has a high affinity for human immuno-
globulins, thus allowing this binding to be stable over time.
[0091] The nonpurified anti-D and anti-Fya are used at the
respective final concentrations of 30 and 10 pg/ml with beads
fanctionalized with anti-Fc at 80 pg/mg.

[0092] The sensitization with the blood group antibodies is
carried out in PBS, pH 7.4, with agitation at 37° C. for one
hour.

[0093] After sensitization, the beads are rinsed several
times and then stored at +4° C. in PBS, pH 7.4.

[0094] The beads carrying the immobilized anti-mu can be
sensitized with the anti-S IgM. The anti-mu in fact allows
binding of IgMs. The affinity of this anti-mu polyclonal
serum is sufficient to ensure binding that is stable over time.
The nonpurified anti-S is immobilized on beads functional-
ized with anti-mu at 40 pg/mg. The sensitization is carried out
in PBS, pH 7.4, with agitation at 37° C. for one hour. After
sensitization, the beads are rinsed several times and then
stored at +4° C. in PBS, pH 7 .4.

[0095] Before incubation with the red blood cells (test per
se), the beads sensitized with the blood group antibodies are
mixed with control region-34 beads (ISB) and control region-
98 beads (BB).

1.2.2. Labelling of Red Blood Cells

[0096] The labelling of red blood cells with a fluorescent
compound can be carried out using various principles. In the
examples presented, the red blood cells are labelled using
PKH26, which is a fluorophore that is inserted into the red
blood cell membrane. Red blood cells of varied phenotypes
can thus be labelled according to an identical protocol (FIG.
3).

[0097] PKH26 is a fluorescent probe sold by the company
Sigma. This probe has a maximum excitation at 551 nm and
a maxinum emission at 567 nm.

[0098] The kit includes the fluorescent label, which has a
long aliphatic chain allowing it to be incorporated into the
lipidlayer of cell membranes, and also an isoosmotic aqueous
diluent containing no salt, buffer or organic solvent. This
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diluent makes it possible to maintain the cell viability, the
label solubility and the labelling efficiency at high levels. The
labelling of red blood cells with PKH26 is carried out using
the protocol recommended by the manufacturer. The red
blood cells thus labelled are diluted in the Stabiliss buffer and
stored in the dark at +4° C.

[0099] The quality, the viability and the stability of the
labelled red blood cells are verified over time by carrying out
phenotyping assays according to a gel technique. The anti-
genic integrity of the labelled red blood cells is compared
with that of nonlabelled red blood cells. The quality and the
stability of the fluorescent labelling are, for their part, studied
by carrying out fluorescence measurements using the
“Bioplex 200” apparatus from Bio-Rad.

1.2.3. Incubation of Antibody-Beads and Red Blood Cells

[0100] Inorderto demonstrate the feasibility and verify the
specificity of the grouping according to the technology in
accordance with the invention, the inventors carried out the
reactions in a unitary manner. In this case, the beads function-
alized with the antibodies of interest are incubated individu-
ally with red blood cells of varied phenotypes.

[0101] In the case of the multiplexed reactions, different
blood samples are brought into contact individually with
beads having different bead regions and sensitized with anti-
bodies of different specificities. This type of experiment made
it possible to verify the possibility of detecting several anti-
genic specificities in the same test sample.

[0102] The sensitized beads are mixed with the red blood
cells so as to obtain a red blood cell/bead ratio of approxi-
mately 50 to 150. The mixture is incubated for 15 minutes
with agitation at 37° C.

[0103]  After incubation, the bead-red blood cell complexes
are washed several times with distilled water.

1.2.4. Measurements by Flow Cytometry Using the “Bioplex
200” Automated Device From the Company Bio-Rad

[0104] After the final wash and before the measurements,
the complexes are diluted with 185 ul of “coating liquid”
medium. For each test, 25 ul of suspension are automatically
injected into the apparatus. The measurements are carried out
by capture of 250 beads per region.

[0105] For each grouping/phenotyping series, systematic
controls are carried out in order to verify the specificity of the
reactions studied.

1.3. Simplex/Multiplex Phenotyping/Grouping Examples

[0106] Theobjective ofthis series of tests is to demonstrate
the feasibility of the phenotyping/grouping of red blood cells
in unitary and/or multiplexed mode. The D, Fya and S anti-
gens are selected as models. Beads sensitized with an anti-
human immunoglobulin or anti-mu chain antibody are used
to immobilize anti-D, anti-Fya and anti-S antibodies.

1.3.1. Unitary Phenotyping of RH D-Positive Red Blood
Cells

[0107] The beads sensitized with the anti-D antibody were
incubated with Rh D-positive and Rh D-negative red blood
cells labelled with PKH26, using a red blood cell number/
bead number ratio of 150.

[0108] Two RH D-positive red blood cells and two RH
D-negative red blood cells were used. Each sample was
injected into the apparatus in duplicate.
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[0109] TheRH D-positive red blood cells produce strongly
positive signals ofthe order of 21 000 to 25 000 RF1, whereas
the RH D-negative red blood cells exhibit negative signals of
between 40 and 400 RFI.

[0110] The ISB 34 control beads that give signals of the
order of 6500 RFI and the BB 98 control beads that give less
than 1000 RFI validate the results. The various negative con-
trols carried out exhibit signals of between 15 and 400 RFI,
confirming the specificity of the reactions. The RH D-positive
and RH D-negative red blood cells do not in fact bind to the
beads in the absence of anti-D antibodies.

[0111] These results demonstrate the possibility of distin-
guishing very clearly the RH D-positive and RH D-negative
red blood cells and therefore of identifying the D antigen at
the surface of red blood cells.

[0112] The unitary phenotyping of Fya and S red blood
cells can be carried out according to the same principle, using
isotype G-specific or isotype M-specific antibodies.

1.3.2. Multiplex Phenotyping of D, Fya and S Red Blood
Cells

[0113] The principle of the multiplexed phenotyping is
summarized in FIGS. 5A to 5D. In this case, region-19 beads
sensitized with an anti-D antibody were mixed with region-21
beads sensitized with an anti-Fya antibody and also with
region-71 beads sensitized with an anti-S antibody.

[0114] This mixture of beads was incubated with red blood
cells having different D, Fya and S phenotypes: D+Fya+S+/
D+Fya-S-/D-Fya+S-/D-Fya-S—/D-Fya-S+/D-Fya+S+/
D+Fya-S+/D+Fya+S-. A red blood cell number/bead num-
ber ratio of 50 was used. Positive signals of between 13 000
and 29 000 RFI are obtained when the beads sensitized with
a given antibody bind a red blood cell having the correspond-
ing antigenic specificity.

[0115] A perfect correlation is observed between the fluo-
rescent signals measured and the phenotype of the red blood
cells used to carry out the test.

[0116] When a bead sensitized with an antibody is brought
into contact with a red blood cell that does not carry the
corresponding antigen, a signal of less than 1000 RFI is
obtained. Moreover, the controls carried out with beads not
antibody-sensitized produce negative signals irrespective of
the red blood cell used.

[0117] These results demonstrate that the signals measured
are specific: the bead-red blood cell binding occurs only when
an antigen-antibody pair is involved.

[0118] The results obtained with the control beads ISB 34
(11 000 RFT) and BB 98 (less than 1000 RFI) validate the
analyses.

[0119] The intra-test variation coefficients are between 1%
and 10%, which demonstrates a satisfactory intra-test repro-
ducibility.

[0120] These results demonstrate the feasibility of the
three-parameter multiplexed phenotyping of red blood cells
according to the technology according to the invention.

1.3.3. Multiplexed Phenotyping of Direct Coombs-Positive
(CD+) Red Blood Cells

[0121] The use of the multiplexed approach with micro-
beads makes it possible to identify the CD+ nature and to
phenotype the red blood cells simultaneously according to a
principle described in FIG. 6.



US 2010/0184101 Al

[0122] Region-32 beads sensitized with the anti-Fc anti-
body are mixed with region-19, -21 and -71 beads respec-
tively sensitized with an anti-D, anti-Fya and anti-S antibody.
The CD+red blood cells, sensitized in vivo with an antibody,
can bind to the anti-human immunoglobulin carried by the
region-32 beads, thereby making it possible to identify the
CD+ characteristic. Moreover, these red blood cells can also
bind to the region-19, -21 and -71 beads carrying the antibod-
ies specific for the D, Fya and S antigens, according to the
specificities present on the red blood cell membrane.

[0123] This approach was demonstrated using a red blood
cell number/bead number ratio of the order of 40.

[0124] The ISB 34 and BB 98 control beads produce
expected signals, 1.e. respectively of the order of 13 000 RFI
and less than 1000 RFI, and validate the results.

[0125] The two CD+ red blood cells produce positive sig-
nals greater than 30 000 RFI with the region-32 beads sensi-
tized with the anti-human immunoglobulin antibody. The two
CD- negative red blood cells produce, for their part, negative
signals of less than 500 RFT with this same bead region. These
results demonstrate the possibility of identifying CD+ red
blood cells by virtue of their specific binding using an anti-
globulin coupled beforehand to a bead of given bead region.
[0126] Furthermore, the results also demonstrate that the
multiplexed phenotyping of the erythrocyte antigens of CD+
red blood cells can be carried out simultaneously with the
identification of the CD+ nature. In fact, one of the CD+ red
blood cells is phenotyped D+Fya-S- and the other D+Fya+
S+.

[0127] The S phenotype of these two samples was verified
according to a conventional technique using anti-S antibodies
of IgM type. The results obtained are perfectly correlated
with those obtained according to the new technique.

[0128] On the other hand, as regards the anti-Fya pheno-
type, this same analysis could not be carried out. There is in
fact no reagent of IgM type for phenotyping red blood cells.
However, a difference is observed for the Fya phenotype
according to the CD+ red blood cell analyzed, which vali-
dates the results and makes it possible to exclude a phenom-
enon of nonspecific binding.

[0129] The variation coefficients are for most of the
samples between 1% and 5%, which shows a satisfactory
intra-test reproducibility.

Example 2

Detection of Phosphatidylserine, a Marker of Eryth-
rocyte Ageing

[0130] The demonstration of markers of erythrocyte ageing
is of value in studying red blood cell populations in blood
transfusion (Cardo L J et al Transfus Apher Sci, 2008 April;
38(2): 141-7) but also in studying the phenomena involved in
certain blood pathologies such as thalassaemia (Basu S et al
Br J Haematol, 2008 April; 141(1): 92-9). Erythrocyte ageing
is reflected in particular by the appearance of a structure
called phosphatidylserine (PS) at the surface of the erythro-
cytes.

[0131] Thetestof theinvention can be readily implemented
for detecting this molecule at the surface of red blood cells.
[0132] For this, fluorescent beads are used to immobilize
the red blood cells to be tested, via poly-L-lysine (PLL).
[0133] These beads are then brought into contact with an
anti-phosphatidylserine antibody in an incubation phase.
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[0134] After a washing step, the binding of the anti-phos-
phatidylsetine to the red blood cell is detected by incubation
of the bead-red blood cell complexes with an anti-Fc (TgG)
secondary antibody labelled with phycoerythrin (PE).
[0135] A final washing step intended to eliminate the
unbound anti-Fe(IgG)-PE is carried out. The bead-red blood
cell complexes are then read using the BioPlex200 apparatus.
[0136] Red blood cells of different ages, obtained from
blood bags, are used as a standard range.

1-14. (canceled)

15. An in vitro method for identifying a plurality of anti-
genic molecules carried by the erythrocytes of an individual,
and/or for identifying a plurality of antibodies against anti-
genic molecules carried by erythrocytes, in a biological
sample,

said antigenic molecules carried by the erythrocytes con-

sisting of antigenic molecules carried both by the eryth-

rocytes and by at least one other cell population, other
than the blood group molecules, said method compris-
ing

a) identifying a plurality of antigenic molecules carried by

the erythrocytes of an individual, by

(i) bringing said sample containing erythrocytes into
contact, in a single test receptacle, or in several sepa-
rate test receptacles, with groups of distinguishable
beads, each group of distinguishable beads carrying a
given antibody, specific for an antigenic molecule
carried by erythrocytes, which differs from one group
of beads to the other, under conditions which allow
the erythrocytes to bind to the antibodies, without
agglutination, said erythrocytes being labelled before
or after they have been brought into contact with said
groups of beads,

(ii) eliminating the erythrocytes which have not bound to
said antibodies, and

(iii) identifying the group of beads having bound the
labelled erythrocytes, thereby allowing the identifica-
tion of the antigens carried by the erythrocytes
detected;
and/or

b) identifying a plurality of antibodies against antigenic

molecules carried by erythrocytes in a biological

sample, by

(iv) bringing said sample into contact, in a single test
receptacle, or in several separate test receptacles, with
groups of distinguishable beads, each group of distin-
guishable beads carrying (1) erythrocytes or (2) eryth-
rocyte membrane fragments, of known phenotype
which differs from one group of beads to the other,
under conditions which allow the antibodies or the
activated serum complement fractions present in the
sample to bind to the erythrocytes or to the erythro-
cyte membrane fragments without agglutination,

(v) eliminating the antibodies or activated serum
complement fractions which have not bound to said
erythrocytes or to said erythrocyte membrane frag-
ments,

(vi) labelling the bound antibodies and/or the bound
activated serum complement fractions, and

(vii) identifying the group of beads having bound the
labelled antibodies or the labelled activated serum
complement fractions, thereby allowing the identifi-
cation of the antibodies against antigenic molecules
carried by the erythrocytes, that are present.
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16. The method according to claim 15, in which the iden-
tifying of the antigens according to a) and the identifying of
the antibodies according to b) are carried out simultaneously
and in the same receptacle.

17. The method according to claim 15, wherein the analysis
of the mixture is carried out by flow cytometry.

18. The method according to claim 15, which further com-
prises a step of chemical or enzymatic degradation of the
haemoglobin.

19. The method according to claim 15, wherein the distin-
guishable beads are superparamagnetic or magnetic or mag-
netizable beads.

20. The method according to claim 15, wherein the distin-
guishable beads emit luminescent or fluorescent signals.

21. The method according to claim 15, wherein the detect-
ably labelled erythrocytes are labelled with a fluorescent
compound.

22. The method according to claim 15, wherein the anti-
bodies of step h) are labelled by bringing into contact with an
anti-human globulin antibody carrying a fluorescent, lumi-
nescent or radioactive label.

23. The method according to claim 15, wherein the acti-
vated serum complement fractions are labelled by bringing
into contact with an anti-serum complement fraction anti-
body carrying a fluorescent, luminescent or radioactive label.
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24. The method according to claim 15, wherein the bio-
logical sample is selected from the group consisting of whole
blood, plasma, serum, a blood cell pellet or any other blood
preparation.

25. The method according to claim 15, wherein the bio-
logical sample originates from an individual having erythro-
cytes either sensitized in vivo by antibodies, or coated with
the serum complement fraction.

26. The method according to claim 15, further comprising
the quantification of the identified antibodies.

27. The method according to claim 15, wherein the anti-
genic molecules are molecules of the HLA system, chemical
products or medicaments, absorbed by the individual, or deg-
radation products thereof.

28. A set of reagents for implementing the detection
method according to claim 15, comprising groups of distin-
guishable beads, each carrying at least one particular physical
parameter that can be detected, and belonging to at least two
different groups, one of the groups carrying a capture anti-
body specific for an antigenic molecule carried by erythro-
cytes, and the other group carrying (1) erythrocytes or (2) an
erythrocyte membrane fragment.

LI I T
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