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METHOD TO DETERMINE
PSEUDO-ALLERGIC REACTIONS

TECHNICAL FIELD

[0001] The invention relates to a method and to a kit for
determining the possible appearance of adverse reactions
(such as anaphylactoid reactions) in patients in need to
undergo to an administration of a pharmaceutical compound.

BACKGROUND OF THE INVENTION

[0002] The incidence of adverse reactions in patients
receiving a pharmaceutical compound, particularly by injec-
tion thereof, is rather significant. Of particular importance are
pseudo-allergic reactions (also known as non-allergic hyper-
sensitivity) related to complement activation, which are often
classified as “Complement Activation-Related Pseudo-Al-
lergy” reactions (in short “CARPA” reactions). These reac-
tions have been described with particular reference to the
administration of contrast agents and intravenously adminis-
tered drugs by J. Szebeni et al. in the articles: “Hypersensi-
tivity reactions to radiocontrast media: the role of comple-
ment activation”, Curr. Allergy Asthma Rep. 4 (2004), 25-30,
“Complement activation-related pseudoallergy caused by
liposomes, micellar carriers of intravenous drugs, and radio-
contrast agents”, Crit Rev. Ther. Drug Carrier Syst. 18 (2001),
567-606 and “Complement activation-related pseudoallergy:
anew class of drug-induced acute immune toxicity” Toxicol-
ogy. 216 (2005) 106-21.

[0003] Typical methods to determine possible adverse
reactions caused by administration of a pharmaceutical com-
pound involve skin test, where an antigen is administered to
the skin of the patient (e.g. by puncture or subcutaneous
injection) in low doses and possible skin reactions are
observed.

[0004] An in vitro test has recently been developed (see
articles of R. Boumiza et al.: “Marked improvement of the
basophil activation test by detecting CD203c instead of
CD63”, Clin. Exp. Allergy 33 (2003), 259-265, and “The
basophil activation test by flow cytometry: recent improve-
ments and emerging perspectives” Clin. Mol. Allergy 2005,
3:9) to predict the potential allergenic effect of a drug.
According to this test, also known as the “basophil activation
test”, a small amount of blood is incubated in vitro with the
substance of which the potential allergenic effect has to be
evaluated; CD203c, a surface antigen selectively expressed
on human basophils, is used as a marker to predict the poten-
tial allergenic effect of the drug. As mentioned in said articles,
CD203¢ corresponds to a surface antigen expressed on
human basophils recently recognized by the monoclonal anti-
body 97A6. This antigen, belonging to the type II transmem-
brane protein family, is a multifunctional ectoenzyme called
ectonucleotide  pyrophosphatase  phophodiesterase 3
(E-NPP3) that catalyzes the cleavage of a number of mol-
ecules including deoxynucleotides and nucleotide sugars.
The expression of this marker on the basophils is rapidly
upregulated upon exposure to an allergen. A commercial kit
to carry out this method is available from Immunotech (Beck-
man Coulter), France, under the name Allerginicity kit—
Cellular Analysis of Allergy. This approach has however the
disadvantage that the test has to be performed for each phar-
maceutical compound to be administered, for assessing its
possible allergenic effects. In addition, it does not provide any
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clear evidence of possible pseudo-allergic reactions in a
patient subjected to the drug administration.

[0005] According to another approach disclosed in US
patent application 2005/0220708, in vivo detection of non-
allergic hypersensitivity of a subject is effected by intrader-
mal or cutaneous administration of an anaphylatoxin to the
subject. According to this approach, a (skin) reaction to said
administration is indicative of a non-allergic hypersensitivity
of the subject. As for other in vivo allergenic tests, this test
may however be contraindicated for subjects at risk of impor-
tant hypersensitivity reactions; in addition, skin reactions
may often be difficult to evaluate and/or quantify.

SUMMARY OF THE INVENTION

[0006] The Applicant has now found a new method for the
in vitro determination of possible pseudo-allergic reactions in
a subject.

[0007] The present invention is based on the finding that
anaphylatoxins (which are typically released during comple-
ment activation in the body) may activate the basophil blood
cells and that said activation can be measured. In particular,
said anaphylatoxins may upregulate the expression of some
specific markers on the surface of basophil cells, which mark-
ers can then be quantified according to conventional analyti-
cal techniques. Results showing a more or less high activation
of basophil cells may then be useful to predict more or less
important pseudo-allergenic reactions in a patient related to
complement activation.

[0008] A firstaspect of the invention relates to a method for
determining potential hypersensitivity to pseudo-allergic
reactions in a subject, which comprises:

[0009] adding a predetermined amount of'a compound with
anaphylatoxic activity to a sample of complete blood of the
subject; and

[0010] determining the amount of activation of the basophil
cells in said blood sample. Preferably, the determination of
said activation is carried out by measuring the expression of
an activation marker on the surface of said basophil cells.
Preferably, said activation marker is CD203¢ or CD63, more
preferably CD203c.

[0011] Said determination is preferably made by means of
an antibody capable of specifically binding to said activation
marker. Preferably said antibody is an antibody bearing a
fluorescent tracer. Preferably said determination is imple-
mented by flow cytometry analysis of the basophil cells.
[0012] According to a preferred embodiment, the anaphy-
latoxin 1s selected from C3a, C5a and analogs or derivatives
thereof, including mixtures thereof.

[0013] A further aspect of the invention relates to a kit for
assessing potential pseudo-allergic reactions in a subject,
which comprises:

[0014] a first component comprising an anaphylatoxin;
and
[0015] a second component comprising an antibody

capable of specifically binding to a marker expressed on
the surface of a basophil cell, the expression of said
marker being upregulated by the presence of said ana-
phylatoxin in the case of a pseudo-allergic reaction.

DETAILED DESCRIPTION OF THE INVENTION

[0016] According to the present invention, it is possible to
evaluate possible pseudo allergic reactions induced by
complement activation in a subject, before the same under-
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goes to the administration of a pharmaceutical compound.
The test is easily accomplished in vitro, without any discom-
fort for the subject.

[0017] Theterm “subject” refers to a living subject (includ-
ing human beings) for whom a likelihood of pseudo-allergic
reactions has to be assessed, typically before administering to
the same any pharmaceutical compound which may provoke
said pseudo-allergic reaction.

[0018] The method entails the use of a compound with
anaphylatoxic activity, which is added to a sample of com-
plete blood of a subject, to determine said possible pseudo-
allergic reaction in the subject.

[0019] The expression “complete blood” indicates that the
sample of blood under examination does not undergo to any
particular separation or enrichment procedure of its compo-
nents, before its admixing with the compound having ana-
phylatoxic activity. Said blood sample will thus have substan-
tially the same composition of the blood in the subject, in
particular with respect to the concentration of red and white
blood cells and to the composition of the plasma.

[0020] Compounds with anaphylatoxic activity include
anaphylatoxins, such as complement fragments C3a or C5a,
analogues or derivatives thereof, and mixtures thereof. Typi-
cally, anaphylatoxins are peptide fragments that are produced
during the pathways of the complement system. The comple-
ment system is derived from many small plasma proteins that
form the complex biochemical cascade of the immune sys-
tem; activation of this system leads to cytolysis, chemotaxis,
opsonization and inflammation, as well as the marking of
pathogens for phagocytosis. A notable feature of anaphyla-
toxins is their ability to trigger degranulation of (release of
substances from) mast cells and basophils, typically with
release of histamine. Examples of analogues or derivatives of
an anaphylatoxin are, for instance, natural or synthetic pep-
tides based on the structure of human C3a or C5a. Other
examples are C3a or C5a analogue molecules mimicking the
activity of human C3a or C5a anaphylatoxins. Examples of
peptides with anaphylatoxic activity are disclosed, for
instance, in the above cited US patent application 2005/
0220708, the content of which is herein incorporated by
reference. Other anaphylatoxins analogues may include
organic small molecules capable of binding and stimulating
C3a and C5a receptors on basophils. In some applications, it
may also be useful to use non-human complement fragments
with anaphylatoxic activity, as well as analogues and deriva-
tives thereof, such as, for instance, rat C3a or C5a or bovine
C5a. Preferably human C3a, C5a or mixtures thereof are
employed, more preferably C5a. C5a anaphylatoxin is com-
mercially available from suppliers of biochemical products,
such as Cell Sciences Inc., Sigma-Aldrich Corp. or Merck
Biosciences (Calbiochem).

[0021] According to a preferred embodiment, the first step
of a method according to the invention comprises incubating
a compound with anaphylatoxic activity, preferably an ana-
phylatoxin (e.g. complement fragment C5a), with a sample of
complete blood taken from a subject. The blood sampling is
preferably performed by finger puncture, although it could
also be done by venipuncture. Since EDTA may inhibit
complement activation, in order to not interfere with the
phenomenon of basophil activation by the complement ana-
phylatoxin, blood is preferably collected on a non-EDTA
anticoagulant. Examples of non-EDTA anti-coagulants are
hirudin or citrate. Preferably, hirudin is employed as antico-
agulant. The final concentration of hirudin anticoagulant is
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from about 800 ATU/ml of blood to about 1200 ATU/ml of
blood, preferably of about 1000 ATU of anticoagulant per ml
of blood (ATU=Anti-thrombotic unit).

[0022] The compound with anaphylatoxic activity is then
added to a blood sample containing the anticoagulant and
after further addition of a reactive for quantifying the amount
of activated basophils, the mixture is incubated at 37° C. in the
dark. Optionally, a saline solution (e.g. PBS, i.e. phosphate
buffer solution) can be added to the mixture in order to adjust
the content of each tube of the series to the same volume.
[0023] The concentration of the compound with anaphyla-
toxic activity in the assay tube is preferably of from about
5010 M to about 5.0-107* M, more preferably of from
about 1.0-107° M to about 1.0-10~® M. According to alterna-
tive embodiments, a plurality of tubes (e.g. about 2 to 5)
containing different amounts of the selected anaphylatoxin
can be prepared in order to evaluate the effects of different
concentrations thereof. For instance, three different tubes can
be prepared with increasing concentrations of anaphylatoxins
of 6.0-107° M, 1.5:10"° M and 2.2:10° M respectively. The
effective amounts of anaphylatoxin will depend from various
parameters, including, but not limited to, the basophil activa-
tion activity of the anaphylatoxin employed and/or the patient
subjected to the evaluation.

[0024] Preferably, comparative positive and negative con-
trols are also prepared, in order to better quantify the pseudo-
allergic reaction. Negative controls can be prepared by adding
only a saline solution (e.g. PBS) to a tube. The negative
control typically shows an amount of spontaneously activated
basophils in the order of about 1-3% of the total number.
Positive controls can be prepared by adding (instead of the
anaphylatoxin) an antigen known to activate the basophils.
For instance an anti-immunoglobuline E (anti-IgE) can be
added to the mixture in the positive control tube. Positive
controls should activate about 80-90% of the total number of
basophils.

[0025] The reactive which is added to the mixture in order
to detect and quantify the amount of activated basophils can
be any compound known in the art for selectively binding to
markers on the basophil cell surface (which are expressed
when the basophils are activated by the complement peptides)
and for being then detectable by means of conventional ana-
lytical techniques. For instance, the reactive can be a fluores-
cent antibody to the CD203¢ marker. CD203¢ corresponds to
a surface antigen specifically expressed on cells from the
basophil/mastocytes lineage in humans.

[0026] The antibody is preferably conjugated with a suit-
able tracing molecule, i.e. a molecule capable of being
detected with a respective analytical system. For instance, the
tracing molecule in the case of flow cytometry can advanta-
geously be a fluorescent marker, such as fluoresceine isothyo-
cyanate (FITC), R phycoerythrin (PE) or R phycoerytrin con-
valently bound to cyanine (PC7). Preferably, said reactiveis a
three-colour reactive for flow cytometric protocol for moni-
toring basophil activation, in particular for staining CRTH2,
CD3 and CD203¢ markers on eosinophils, basophils and/or
Th2 lymphocytes. In particular, CRTH2 staining allows
CRTH2-expressing cells (eosinophils, basophils and Th2
lymphocytes) to easily be distinguished from other cells. On
the basis of light scattering, eosinophils are easily excluded
from the analysis. Basophils could then readily be distin-
guished from Th2 lymphocytes on the basis of CD3, staining,
as this marker is not present on basophils. Finally, on this
gated population of basophils (low light scatterings, CRTH2-
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positive and CD3-negative), modulation of CD203¢ can be
monitored upon challenge with the anaphylatoxin. Advanta-
geously, said three-colour reactive comprises the three fluo-
rescent antibodies PE-CD203¢, FITC-CRTH2 and PC7-CD3
(with respective monoclonal antibodies BM16, 97A6 and
UCHT1), as described in the protocol of the Allergenicity test
commercialized by Immunochem (Beckman Coulter). As
mentioned in the guidelines of said test, the 3-color combi-
nation is a mixture of 2-fluorescent murine monoclonal anti-
bodies (CD203¢-PE and CD3-PC7) and one-fluorescent rat
monoclonal antibody (CRTH2-FITC). The monoclonal anti-
body (mAb) BM16 precipitates a 55 to 70 kDa protein from
cells lysates of CRTH2-transfected JURKAT and from estab-
lished Th2 clone, (e.g. clone 61.21) corresponding to PGD2
receptor; MAb 97 A6 has been assigned to the CD203¢ cluster
of differentiation; while MAb UCHT1, reacting with the E
chain of the CD3 complex, has been assigned to CD3.
Depending on the specific marker to be detected and on the
specific analytical technique applied, those skilled in the art,
once armed with the present description, may easily select the
most suitable antibody or group of antibodies and the corre-
sponding tracing molecule(s).

[0027] The mixtures are then incubated under conventional
conditions (e.g. for about 10 to 30 minutes, typically about 15
minutes, at a temperature of about 36-38° C.).

[0028] After incubation, red blood cells (erythrocytes) are
hemolyzed (e.g. by means of a hemolyzing solution or dis-
tilled water) and the white blood cells (leukocytes) are fixed
(e.g. by adding paraformaldehyde). The content of the tubes
is then centrifuged and rinsed with PBS and the obtained
suspension is analyzed by flow cytometry. The detection and
quantification of non-specific activation of the patient’s blood
basophils by the anaphylatoxin can be carried out by any
conventional technique known in the art, depending on the
specific reactive employed for the detection and quantifica-
tion of activated basophils. For instance, when a fluorescent
antibody is employed, the analysis can be implemented by
means of flow cytometry, e.g. by using a FACS (fluorescent-
activated cell sorter) machine. For instance, the detection and
quantification protocol described in the above cited Allerge-
nicity Test from Immunochem can be used.

[0029] The assessment of the results of the test can be
carried out according to conventional protocols in the art.
Thus, for instance, for “healthy” patients (i.e. subjects which
will unlikely show an important pseudo allergic reactions
upon administration of a pharmaceutical compound), the
amount of activated basophils in the presence of anaphyla-
toxin will correspond to the amount of activated basophils
measured in the negative control test, or will be slightly
higher (e.g. less than 2 to 3-fold). On the contrary, the detec-
tion of higher amounts of activated basophils, also depending
from e.g. the ethnic group, age, gender and medical history of
the patient, may be indicative of more or less severe potential
for pseudo allergic reactions. For instance, the activation of 5
or 10 times the amount of basophils activated in the negative
control may be indicative of a potential for pseudo allergic
reaction in the patient.

[0030] The above components, in particular an anaphyla-
toxin and a reactive for the detection of activated basophils,
can be advantageously incorporated together in a diagnostic
kit to be used for the detection of possible pseudo-allergic
reactions.

[0031] The method and kit above described can be useful
for assessing potential pseudo-allergic reactions (or
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“CARPA” reactions) in a patient in need to undergo to an
administration of a pharmaceutical component, particularly
by injection (e.g. parenterally or intravenously) thereof and,
more in general, of any substance which, when administered
to the patient, may cause a CARPA reaction. The term phar-
maceutical component comprises within its meaning any sub-
stance or composition which may have a biological, thera-
peutic and/or diagnostic effect on a subject to which it is
administered, thus including, for instance: biological mate-
rial, such as proteins (including e.g. recombinant plasma
proteins, coagulation/haemostatic proteins, immunoglobu-
lins or complement proteins), blood substitutes or proteinase
inhibitor molecules; drugs, particularly administered by infu-
sion, including drugs for tumoral treatment; contrast agents,
such as X-ray contrast agents, MRI contrast agents and ultra-
sound contrast agents (including, for instance, gas-filled
microvesicles stabilized by a phospholipid layer).

[0032] The following prophetic examples will help to fur-
ther illustrate the invention.
EXAMPLES
Materials
[0033] Anaphylatoxin: complement CS5a human, from
Sigma-Aldrich;
[0034] Three-colour antibody fluorescent reactive for

detection of basophils activation and anti-IgE positive con-
trol, from Immunochem (components of Allerginicity kit).
[0035] Within less than 2 hours before running the test,
quantities of about 200 uL, of blood (collected from a patient
by finger puncture) are poured into Eppendorf tubes contain-
ing ten (10) uL. of a solution ofhirudin in saline at 20 ATU/uL.
The final concentration of hirudin is of about 1000 ATU/mL
blood. A total of 3 Eppendorf tubes of 200 uL. of hirudinated
blood per patient is needed to run the test. If more practical, 2
mL blood can be collected by venipucture on 100 uL hirudin
at 20 ATU/mL in order to obtain a final concentration of 1000
ATU/ml blood

[0036] Then five identical test tubes, marked 1 to 5, are
prepared to run the process.

[0037] To each of the above tubes, the following compo-
nents are respectively added:

[0038] Tube 1 (negative control): 20 ulL of phosphate buff-
ered saline (PBR);

[0039] Tube 2 (positive control): 20 ul, of anti-IgE reagent
which will induce a high level of basophil activation;

[0040] Tube 3: 50 uL of PBS solution containing C5a ana-
phylatoxin at a concentration of 200 ng/ml;

[0041] Twenty (20) uL of fluorescent reactive, 100 uL of
anticoagulated blood and complementary volumes of PBS
solution (up to a total volume of 220 uL. in each tube) are then
addedto each tube. Tubes are then incubated for 15 minat 37°
C. in the dark. After incubation, a hemolyzing solution is
added to the test tube to hemolyze erythrocytes, then a solu-
tion of paraformaldehyde in PBS is added to fix the leuko-
cytes. The test tubes are centrifugated and rinsed twice with
PBS to eliminate the red blood cell debris and hemoglobin
which would interfere with the analysis. A suspension of
fluorescent leukocytes in a total volume of about 500 uL for
each tube is finally recovered (containing about 2% of baso-
phils), which is then are analyzed by flow cytometry.

[0042] The leukocyte suspension is then analyzed by
means of a FACS machine (Becton Dickinson FACSort, in
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Facscalibur™ configuration). The results are gated from the
same gate using the FACS machine software for all the tubes
of the same experiment.

[0043] By analyzing the histogram of the suspensions in
tube 1 (negative control) an amount of activated basophil cells
lower than 3% is observed, while the histogram of tube 2
(positive control) shows an amount of activated basophils
higher than 95%.

[0044] An amount of activated basophil cells higher than
about 15% measured in the test tube 3 can be indicative of a
possible risk of CARPA reactions in the patient. Higher val-
ues of basophiles activation will respectively be indicative of
the possibility of more severe CARPA reactions in the patient.
[0045] Alternatively, a plurality of tubes containing differ-
ent amounts of anaphylatoxin can be tested. For instance, in
the above test, three tubes (tubes 3, 4 and 5) can be prepared,
containing a respective amount of about 4 ng, 10ng and 15 ng
of C5a anaphylatoxin (in the final volume of 220 pl).

[0046] Thelowest amount of anaphylatoxin (tube 3) can be
chosen in order to obtain results similar or slightly superior to
the negative control values from healthy donors (i.e. showing
substantially no hypersensitivity) in a determined group or
population of patients. This value is thus taken as a basis for
assessing a negative response in said group or population. The
curve determined by the response of basophil activation with
respect to the various concentrations of anaphylatoxin can
then be used to assess the possible risk of a CARPA reaction
in a patient (e.g. steeper curves will correspond to a higher
risk).

1. A method for determining potential hypersensitivity to
pseudo-allergic reactions in a subject, which comprises:

adding a predetermined amount of an anaphylatoxin to a

sample of complete blood of said subject;

determining the amount of activation of the basophil cells

in said blood sample.

2. A method according to claim 1 wherein said step of
determining the amount of basophil cell activation is carried
out by measuring the expression of an activation marker on
the surface of said basophil cells.
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3. A method according to claim 2 wherein said cell marker
is CD203c or CD63.

4. A method according to claims 1 or 2 wherein said deter-
mination of basophil cells activation is made by means of an
antibody capable of specifically binding to said activation
marker.

5. A method according to claim 4 wherein said antibody
comprises a fluorescent tracer.

6. A method according to claim 1 wherein said determina-
tion of basophil cells activation is carried out by flow cytom-
etry analysis.

7. A method according to claim 1 wherein said anaphyla-
toxin is selected from C3a, C5a, analogs of C3a or C5a,
derivatives of C3a or C5a, and mixtures thereof.

8. A method according to claim 1 or 7 wherein the amount
of anaphylatoxin is of from 5.0-107'° M to 5.0-107°M.

9. A method according to claim 1 or 7, wherein the amount
of anaphylatoxin is of from 1.0-10™° M to 1.0-107® M.

10. A diagnostic kit comprising;

a first component comprising an anaphylatoxin; and

a second component comprising an antibody capable of

specifically binding to a marker expressed on the surface
of a basophil cell, the expression of said marker being
upregulated by the presence of said anaphylatoxin in a
sample of complete blood, in the case of a pseudo-
allergic reaction.

11. A diagnostic kit according to claim 10, wherein said
anaphylatoxin is selected from C3a, C5a, analogs of C3a or
C5a, derivatives of C3a or C5a, and mixtures thereof.

12. (canceled)

13. A method of assessing a potential pseudo-allergic reac-
tion in a patient in need thereof comprising:

adding a predetermined amount of an anaphylatoxin to a

sample of complete blood of said subject; and
determining the amount of activation of the basophil cells
in said blood sample.
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