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mellitin-free bee venom, is described. Said allergoid, being characterised by reduced IgE-binding activity, may be a safer and more
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DESCRIPTION
“ALLLERGENS AND ALLERGOIDS FROM BEE 'VENOM”

The present invention concerns allergens purified
from bee venom, and allergoids derived therefrom, for
the  desensitisation (immunotherapy) of subjects

affected by a specific allergy.

Th'e. incidence of systemic reactions from
ﬁymenoptera stings in the general population is
between 0.4 and 5%. Each year, at least 40 deaths are
recorded in the USA, 10 in Germany and 5 1in Great
Britain. Certain particularly exposed categories,
such as beekeepers and their families, residents of

rural areas and those who, either for work or in the

pursuit of Thobbies, are involved in open-air

activities, are most frequently affected.

Among beekeepers, the prevalence of sensitisation
is high, between 15 and 40%, and the risk of allergic
reaction is often inversely proportional to the
number of stings received per year. It has been shown
that subjects with a number of stings per year 1in
excess of 200 have no reactions (a kind of .
“gspontaneous” desensitisation develops), while those
with less than 25 stings per year show an incidence
of systemic reaction of 45%. The most frequently

occurring stings are those caused by bees (Apis
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' mellifera) and wasps (Vespula germanica) ; the

consequent general systemic symptoms are varied and

include facial hot flashes, urticaria, itching,
difficult swallowing, difficult breathing
5 (bronchospasm) , dizziness, sense of fainting,

sweating, pallor, swelling (oedema) affecting the

face, eyes, tongue and airways, and may present with

varying degrees of severity and with different

combinations of symptoms. Swelling and itching are

10 significant symptoms, especially if presenting early

(within a few minutes), since they may represent a

sign of the imminent onset of a reaction of a certain
se'\}erity.

The severity of the symptoms also depends on the

15 number of stings the subject receives; in the case of

multiple stings (in the order of several tens) the

dose of venom injected may even be lethal, due to the

toxic effects exerted by the wvarious components

present in the venom. It has been calculated that the

20 LDsg, 1i.e. the dose required to kill half of a

population, is 2.8 mg of venom per kg of body weight

of the person stung, for an adult man, and therefore

600 stings might be fatal for a person. Fortunately,

the likelihood of being the victim of such a numerous

25 multiplle stinging is rare. On the other hand, the
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risk represented Dby anaphylactic shock, an event
which can lead to the death of an allergic subject as
a consequence of even just a single sting, is much

more significant and worrying.

5 In particular, bees sting only once, because
their sting, which has small serrations at the end,
breaks off from the body when the bee attempts tO
withdraw it. Thus the insect, having flown away,
dies, also leaving the venom sacs containing the

10 venom in the sting site. Only the females are capable
o.f | stinéing, because, unlike the males,o they have

stings.

Very often, the victims of such stingings are
incapable of identifying the insect that étung them.

15 In such situations, the availability of suitable
diagnostic tools is a necessary and essential pre-
requisite for identifying the species of 1insect
responsible for the allergic reaction. Currently, bee
sting allergy may be diagnosed either through the use

20 of in vivo skin prick tests, or through the in vitro
determination of serum levels of specific IgE
antibodies. Both tests, in turn, envisage the use of
special agqueous preparations (extracts) obtained from

the wvenom itself. In individuals with confirmed

25 allergy, the (only way to avoid the risk of
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anaphylactic reaction, which could prove fatal should
they be stung again by insects of .the same speciles,
is desensitisation therapy Or specific immunotherapy
(SIT). SIT remains the only form of etiological
5 therapy for allergic pathologies, 1.e. capable of
interfering with the mechanisms underlying the same
and, at the same time, conferring the patient with a
specific type of immunological protection, when
repéated for a certain number of years (at least
10 three). SIT is based on the administration of
increasing doses of the abovefmentioned. extracts,
until reaching the so-called maintenance dose.
Unfortunately, although SIT 1is a therapeutically
effective method for allergy to bee venom, it 1s not
15 without risks and side effects with such a degree of
severity as to force the subject to interrupt
treatment. For example, undesired reactiOns of a
certain degree have been observed in 15% of patients
who have been subjected -to increasing doses of bee
20 venom. The causes giving rise to such undesired
reactions are still not clear. In the past, numerous
stﬁdies have been conducted in order to characterise
the composition of bee venom, 1n an attempt to

understand the potential causes of this phenomenon.

25 It has thus been observed that the aforementioned
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venom consists of a complex mixture of glycoproteilns,
many of which possessing enzyme activity with
digestive action towards tissues, and other
components (vasoactive amines, polypeptides, etc.)
5 posseséing intrinsic pharmacological effects.
However, in allergic subjects, the IgE response is
preferrentially targeted to only certain of the
aférementioned glycoproteins. Qf these, phospholipase
A2 (PLA2) 1s the most significanﬁ allergen from the
10 clinical viewpoint, since it is recognised by serum
IgE ‘in almost all allergic individuals. Even though
less important than the phospholipase, other.
allergens, such as hyaluronidase and ac ic_}
phosphatase, have been indicated among the high
15 molecular weight components. Vice versa, with the
excéption of mellitin, the 1low molecular weight
components (<3 kDa such as apamine, dopamine, the
protease inhibitor, etc. ) are incapable of binding
IgE and are thus deemed less clinically relevant, or
20 even completely irrelevant. The various enzymes -and
vasoactive components in venom induce 1localised
inflammation in the area of the sting. A "“normal”
reaction is represented by a swollen and reddened
area of the skin of approx. 10 cm, which can remailn

25 that way for several days. By convention, systemic
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reactions to 1insect stings are classified 1n 4
grades, according to Mueller:

~ grade I. Generalised urticaria, itching,

uneasiness, anxiety

5 - grade II. Several of the previously mentioned
reactions plus two or more of the following: angilo-

oedema (grade II even if this symptom is present

alone), sensation of constriction across the chest,
nausea, vomiting, diarrhoea, abdominal pains,

10 dizziness.

= ‘grade III. Several of the previously mentioned

symptoms, plus two or more of the following:
dyspnoea, lack of breath, pulmonary stridor,
dysphagia, . weakness, aphonia, mental confusion,

15 sensation of impending death.

- grade' IV. Several of the previously mentioned
symptoms, plus two or more of the following:
hypotension, cardio-circulatory collapse, loss of
consciousness, urinary and foecal incontinence‘,

20 Cyanosis.

For approx. 50 years, an extract prepared from
whole bodies has been used for the treatment of Dbee
sting allergies. Around the end of the 1970s, a

series of controlled studies demonstratred that
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extracts prepared from venom sacs, at a maintenance
dose of 100 ng of wvenom protein, were capable of
conferring a protective effect in over 80% of
patients, and was in any case more effective than SIT
pased on the use of whole body extract. More
recently, it has been observed that treating patients
affected by bee sting allergies with "T | lymphocytes
. reactive” peptides derived from phosdpholipase can
‘induce the same effects (epitope-specific anergy and’
increased IgG/IgE antibody ratid) observable 1in
patients treated successfully with conventional SIT.
This observation, along with numerous  others
pertaining to other specific allergies, seems tO
demonstrate that the aforementioned maj or allergens,
predominantly produced in recombinant form, may

constitute potential candidates for SIT.

One scope of the present invention is to provide
a preparation for desensitisation to bee venom,
possessing high tolerance and in  particular,
minimising the potential undesired effects, without

however reducing the desensitising effect of

traditional allergen therapy.

The subject of the present 1invention concerns a
preparation obtained by starting from mellitin-free

bee venom. This invention 1is based on the results of
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a study conducted by the presgnt inventors, where it
has’ been observed that, contrary to current belief,
meliitin has no specific effect as an allergen, but
can however potentially act as a sensitising agent
following prolonged anti-allergy treatment with whole
bee venom. The preparation of the in;rention, mainly
consisting of higher molecular weight bee venom
components, principally phospholipase A2 .(by_ far and
away the clinically most significant allergen) and
hyaluronidase, may thus constitute a safer vaccine to

be used for SIT in patients allergic to bee venom, Or

as a diagnostic agent.

\\

Mellitin-free bee venom may be prepared in
aqueous form, as described below. For use in SIT, the
preparation forming the subject of the invention may
be administered parenterally, nasally, sublingually,
oromucosally, orally or bronchially, by means. of an
appropriate administration device. The preparation of
thé invéﬁtion may also be obtained in 1lyophilised
form and may then be reconstituted and administered
as indicated for the aqueous form, or incorporated
into appropriate release systems (e.g. liposomes) or
as a powder incorporated in an inert excipient, e.qg.
lactose, to be administered nasally or bronchially,

by means of an appropriate administration device, or

PCT/IT2008/000767
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made into tablets, possibly for rapid dissolution,

for sublingual/oromucosal administration, or
capsules, optionally made gastroresistant by means of
a suitable procedure, for oral administration.

The preparation of the invention may Dbe
administered parenterally, ohce absorbed or CO-
precipitated with substances such as L-tyrosine,
aluminium hydroxide or calcium phosphate, oOr with
other delay matrices promoting the slow release of
the active ingredient from the inoculation site.

The preparation of the invention may also be
obtained in the' form of an oil suspension, Syrup,
élixir, with the optional addition of exdipients or
substances so as to give it a pleasant flavour for
sublingual, oromucosal or oral administration.

The preparation of the invention may similarly be
assﬁociated or mixed with substances known to express
Thl or Treg type adjuvant activity, such as for

example CpG, derived from bacteria, rhycobacteria,

mycoplasmas, Neisseria, viruses or protozoa,
including non-methylated CpG, lipoproteins or
triacylated lipopeptides, polysaccharides and

derivatives thereof, also of synthetic origin,

synthesised substances such as imiquimod,

resiquimod, poly (I:C).
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The composition of the invention may generally

contain various excipients and/or carriers adapted to

the chosen type of administration, 1in accordance with
the knowledge in the possession of those skilled 1n
the art and as reported for example 1n Remington's
Pharmaceutical Sciences Handbook, Mack Pub. Co.,
N.Y., USA, 17" edition, 1985.

In all the above pharmaceutica.l formulations, the
preparation of the invention may be present 1in
quantities comprised of between 0.05 ug (minimum
dose) and 50 ug (maintenance dose), 1in accordance
with the typical doses for specific immunotherapy.

The preparation of mellitin-free. bee venom may be
achieved by means of various methods. The method
described herein envisages the dialysis of native bee
venom against isotonic saline, using a membrane with
a cut-off of 10 kDa, for a period of time sufficient
to deplete the venom of mellitin. Generally, a
dialysis time of at least 48 hours; more preferably
approx. 72 hours, 1is recommended. Dialysis will
preferabiy be conducted at a temperature comprised of
between 0°C and 10°C.

In any case, removal of the mellitin from the
preparation may be achieved by means of other

methods, for example by gel-filtration or affinity

PCT/IT2008/000767
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chromafography with anti-mellitin monoclonal
antibodies.

By way of non-limiting example, the present
invention will now be described by means of the
5 following preparation example and experimental tests,

demonstrating the efficacy of the inventive

preparation.

Brief description of the figures

.~ Figure 1: Immunoblotting with serum from patients
10 allergic to bee venom;

Figure 2: SDS-PAGE profile: Effect of duration of
dialysis with a cut-off of 10 kDa on the elimination
of mellitin from bee venom;

Figure 3: Determination of the IgE reactivity of

15 bee venom dialysed with a cut-off of 10 kDa, and the
same venom modified with 0.005 M and 0.5 M potassium
cyanate, by means of EAST-inhibition;

Figure 4: Detefmination of the levels of specific
IgG in a pool of serum from mice immunised with bee

20 venom, dialysed with a cut-off of 10 kDa, and
modified;

Figure 5: Direct ELISA; comparison of the. IgE
reactivity of sera from patients allergic to bee

venom vs. venom dialysed with a cut-off of 3.5 kDa or

25 10 kDa;
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Figure 6: SDS-PAGE profile of native and modified

bee venom, dialysed with a cut-off 10 kDa.

EXAMPLE 1. PREPARATION PROCEDURE FOR A MELLITIN-

FREE BEE VENOM.

50mg of lyophilised bee venom (Latoxan, Valence,
France) is dissolved in 10 ml of isotonic saline
(0.9% NaCl in distilled water) and left stirring for

ten minutes or so. The solution is subsequently

™
passed through a 0.45 um filter (Puradisc 25 AS,

ttha‘c.magl\,’I Biomap, Agrate Brianza, Milan, Italy) and
split into two aliquots of 25 ml each, then subjected
to ‘dialysis, one aliquot with a membrane with a cut-
off of 3.5 kDa, and the other with a cut-off of
10 kDa (Spectra/Por 7, Spectrumlabs, Prodotti Gianni,
Italy).  Dialysis is conducted exhaustively against
isotonic saline at 4°C, witti the aid of a magnetic
stirrer, while monitoring the progress of the same by
means of SDS-PAGE so as to . ascertain the
disappearance of the band attributable to mellitin,
for the sample subjected to. dialysis with the
membrane having a cut-off of 10 kDa. Said monitoring
may even be achieved using other methods, such as for
example, mass spectrometry. Dialysis against isotonic

saline for 72 hours may be sufficient, as

demonstrated by the SDS-PAGE profile (Fig. 2).

PCT/IT2008/000767
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‘The comparison between the IgE-binding reactivity
of bee venom, dialysed using a membrane with a cut-
off of 3.5 kDa, compared to a cut off of 10 kDa, i.e.
mellitin-depleted, has been conducted using both an
in vitro (direct ELISA) method and an in vivo (prick)
method, according to the procedures described below.

SDS-PAGE (method)

Equal quantities (5 ug) of 3.5 kDa bee venom
(time 0) and samples of the same subjected to
dialysis with a cut-off of 10 kDa (times 24, 48 and

72 hours) are analysed by means of electrophoresis on

'™
10% polyacrylamide gels (pre-cast Nupage Bis-Tris

gels, Novex, Prodotti Gianni, Milan, Italy) as
described previously (Asero R., Mistrello G. et al.
Int. Arch. Allerqgy Immunol. 2007;144,57-63) .

Electrophoresis is conducted in the specific device

™ .
(Mighty Small II, Hoefer, Milan, Italy) at 180 mA for

1 hour. The components thus resolved are stained with
Coomassie Brilliant Blue (Colloidal Blue staining
kit, Amersham, Milan, Italy) and subsequently de-
stained 1in water. The results shown in ?ig. 2

indicate that dialysis for 72 hours allows the more

or less complete elimination of the mellitin from the

sample.

Direct ELISA
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Thirty sera, selected randomly from individuals
who, according to REAST (the method is described
below), were positive towards bee venom, have been
used in the comparison between bee venom dialysed

with cut-offs of 3.5 kDa or 10 kDa. To this end, the

wells in polystyrene plates have been coated with

0.1 pg (dosage according to BioRad) of bee venom
dialysed using a membrane with a cut-off of 10 kDa,
or 0.1 ug of bee vencm dialysed using a membrane with
a cut-‘o,ff of 3.5 kbDa, J".n‘ 50 mM carbonate/bicarbonate
buffer pH 9.6, by incubation at 4°C for 16 hours. The
we;ls have been washed using wash solution (60 mM
phosphate buffer pH 6.5 containing 0.05% Twee'g[-zo}
and the free sites blocked by incubating with 200 ul
of diluent solution (2% BS;:" 0.01% Thiomersal 1in
150 mM phosphate buffer pH 7.4) for one hour at room
temperature. Equal volumes (100 ul) of each of the 20

randomly selected human sera are added to each well

and then incubated at 25°C for 2 hours. After washing
three times, peroxidase-conjugated rabbit anti-human
IgE antiserum (Biospacific, Emeryville, CA, USsAa),
diluted 1:1500 in diluent solution, is added and
incubated at 25°C for 1.5 hours. After washing three
times, development of the colourimetric reaction is

obtained by adding 100 ul of TMB reagent (BioFX
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Laboratories, Owings Mills, MD) and ihcubating for 15
minutes jat o5 oC. The reaction is quenched by _the
addition of 100 pul of 1 N HCl, and the results
evaluated by spectrophotometry at 450 nm (Shimadzu,

5 Mod. UV 1700, Milan, Italy).

"The results of the experiments illustrated in

Figure 5 show that the sample of bee venom dialysed

using a membrane with a cut-off of 10 kDa maintains,

or even shows improved, IgE-binding activity,

10 suggesting that the contribution of mellitin towards

thé overall IgE-binding activity of bee venom 1s
negligible.

p

Sskin Prick Test on allergic patients with bee

Venom dialysed with a cut-off of 3.5 kDa and 10 kDa

15 Eight subjects with a «clinical history of
allergic reaction to bee venom, and two normal
subjects (negative control), have been subjected to
skin prick tests, and the two venom solutions
(dialysed with a cut-off of 3.5 kDa or 10 kbDa),

20 previously diluted 1/50 with prick ‘diluent (0.68%
NaCl, 0.275% NaHCO;, 50% glycerol, 0.4% phenol), have
been compared. To this end, a drop of solution
dialysed with a cut-off of 3.5 kDa is placed on the

skin of one forearm prior to pricking the area
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corresponding to the drop with a special disposable
needl’e, held perpendicular to the surface of the
skin. Tﬁe same operation is then repeated on the skin
of the other forearm, after placing a drop of
5 solﬁtion dialysed with a cut-off of 10 kDa. A
solution of histamine (10 mg/ml) is used as a
positivé control and diluent solution used as a
negative control. For a reaction to be considered
positive, the dimensions of the pomphus (weal) must
10 be 3 mm greater than that caused by the diluent
solution. On average, for this solution, the skin
response has been around 1 mm; in the case of
histamine (positive control), the average pomphus

dimensions have been 12 mm.

15 The area of skin involved is inspected after 15-
20 minutes, and in the case of a pomphoid reaction,
the diameter of the same is traced using a marker
pen. The surface of the skin is subsequently covered
with a sheet of adhesive paper, thus transferring the

20 outline of the pomphus onto the same. The pomphus 1is
then measureci by summing the size of the larger
dié:neter with that of the smaller diameter and
dividing by two.

The results are shown in Table 1. This data also

25 confirms that the in vivo allergenic reactivity of
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rhe mellitin-free bee venom is entirely comparable toO

that expressed by mellitin-containing bee venom.

Table 1: Skin Prick Test on patients allergic to

s bee venom with 3.5 kDa and 10 kDa samples

Bee venom Bee - venom

dialysed with a | dialysed with a cut-

cut-off of 3.5 kDa off of 10 kDa

Mean pomphus

Mean pomphus

diameter (mm) * diameter (mm) *

_—
5.10 + 0.69 5.28 + 0.43

Both the above results (direct ELISA and skin

prick test) suggest that the contribution of mellitin
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to IgE-binding activity, as determined by both in

vitro and in vivo methods, is entirely negligible.

Test to evaluate the allergenic significance of

bee venom components

'In order to verify the effective clinical
significance of the various allergens present 1n bee

venom, we have conducted a series of tests,

the individual allergens easily available on the
market, at a high level of purity. The allergens on
which we have focussed our attention are mellitin,

phospholipase A2 and hyaluronidase.

For the aforementioned tests, 98 sera from
patients affected by allergy to bee venom, identified
on the basis of a positive skin prick test (SPT),
have been subjected to REAST analysis according to
the previously described method (Falagiani P,
Mistrello G et al. Allergology International
1999,48:199-20), in order to evaluate the presence of

specific IgEs against whole bee venom, phospholipase

and mellitin i1n the serum.

REAST analysis envisages the use of allergens

conjugated to biotin according to the process

described below.
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Preparation of the biotinylated allergens

1 mg aliquots of whole bee venonm, phospholipase
and mellitin (Sigma, Milan, Italy) have been dialysed
against 0.1 M NaHCO; pH 8.4 for 16 hours at 4°C,
using a dialysis membrane with a cut-off of 3.5 kDa.
To one side, a solution of N-hydroxy-succinimidyl-
biotin (1 mg/ml) in dimethylsulphoxide (DMSO) has

been prepared.

454 ml aliquots of this solution are added to the
protein to be biotinylated and left to incubate for 4
hours at room temperature, with constant stirring. On
completion, unbound biotin is eliminated by dialysié

against phosphate buffer.

The working dilution of the purified allergens is
determined by conducting a variant of the REAST test,
as - described below. 50 ul aliquots of poolejd serum
from patients allergic to bee venom (positive pool)
or normal subjects (negative pool) are incubated for
1 hour in the wells of polystyrene plates, to which
anti-human IgE serum (0.3 ug/well; Bethyl, Prodotti

Gianni, Milan, Italy) has been previously adsorbed.

After three washes with wash solution (60 mM
. ™

phosphate buffer pH 6.5 containing 0.05% Tween-20),

100 pl of serial dilutions (from 1:100 to 1:6400) of

the various biotinylated allergens are added to the
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wells. On completion of a one hour incubation, and
three washes with wash buffer, an incubation 1s

conducted with 100 pul of a solution (0.1 pg/ml) of

streptévidin-conjugated peroxidase (Pierce, Milan,

s Italy). After washing three times, development of the

colourimetric reaction is obtained by adding 100 pl

of TMB réagent (BioFX Laboratories, Owings Mills, MD)

and incubating for 15 minutes at 25 °C. The reaction

is quenched by the addition of 100 ul of 1 N HCl, and

10 the results 'gvaluated by spectrophotometry at 450 nm

(Vﬁlax microplate reader, Molecular Device, BioSpa,
Milan, Italy).

The working dilution of the various biotinylated

allergens will be that which, in the REAST method

15 described below, gives the maximum optical density

value for the positive pool associated with an

optical‘ density value <0.05 AU for the negative pool.

REAST (Reverse Enzyme Allergo Sorbent Test)

Equal aliquots (50 ul) of 98 sera from patients

20 allergic to bee venom, or a serum of known IgE titre
(from 0.5 to 100 kU/1l, standard curve), are incubated

for 1 hour 1in the wells of polystyrene plates, onto
which anti-human IgE serum (0.3 ug/well) has been

previously adsorbed. After three washes with wash
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solution (60 mM phosphate buffer pH 6.5 containing
0.05% 'fweegp-lZO) , 100 ul of biotinylated bee venom or
phospholipase or mellitin, at the previously
determined dilutions, are added to the wells relating
5 to the sera under test. While 100 ul of biotinylated
anti-human IgE serum are added to the wells
pertaining to the étandard curve. On completion of a
one hour incubation, and three washes with wash
buffer, an incubation is conducted with 100 ul of a
10 solution (0.1 ug/ml) of streptavidin-conjugated
peroxidase. After washing three times, development of
the colourimetric reaction is obtained by adding
100 ul of TMB reagent (BioFX Laboratories, Owings
Mills, MD) and incubating for 15 minutes at 25 °(C.
15 The reaction is quenched by the addition of 100 ul of
1N HC1, and the results evaluated by

spectrophotometry at 450 nm. The values (in kU/1l) of

IgEs specific for the three allergens in the test
sera, are determined by interpolation of the relevant

20 ODs on the standard curve.

Immunoblotting (IB)

The whole bee venom components, dialysed with a
cut-off of 3.5 kDa, are separated by polyacrylamide
gel electrophoresis and subsequently transferred onto

25 a nitrocellulose membrane by electroblotting,
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according to the theory described by Towbin (Towbin
J., Staehelin T., Gordon J., (1979) : “Electrophoretic
traﬁsfer of proteins from polyacrylamide gels to
nitrocellulose sheets: Procedure and some
applications”. Proc. Natl. Acad. Sci. USA, 76: 4350-
4354) .

' The membrane is incubated for one hour in TBS-T
(TBS, 0.05% weeﬁﬁzo) containing 5% powdered milk and
then overnight with the individual sera from subjects
allergic to bee venom (20 selected from those with a
specific IgE level >5 kU/1l, REAST .class 3 or higher),
diluted 1:2 in TBS-T, 5% powdered milk. After three
washes with TBS-T, the antibodies bound to the
membrane are detected by incubating for one hour with
peroxidase-conjugated anti-human IgE serum and, after
futther washes, using the chemiluminescence detection.
system with reaction with luminol as the peroxidase
substrate (ECL, Amersham).

The results of the Iﬁ experiments are shown in
Fig.1. |

To our great surprise, the aforementioned tests
have highlighted that mellitin, a sulphur-free
peptide consisting of 26 aminoacids, representing
approx. 50% of the éry mass of bee venom, but present

in all extracts used for therapeutic purposes to
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daté, in contrast to common conception, 1s not a
clinically significant allergen, by any means.
Indeed, in order toO bé defined as such, an allergen
must be recognised, 1n terms of specific IgE, by at
least 60% of the sera from subjects positive for that
given substance (in this specific case, bee venom).
With regard to the 1IB profile, it may be observed
that phospholipase 1is recognised Dby all the sera
tested, several of which also recognise
hyvaluronidase, while mellitin is either not
recognised or, even when it 1s recognised, the
corresponding signal is always very weak. Hence,
based on our results, ééllitin should be considered a
rather minor allergen since it is only recognised by
a small minority of the sera. In addition, this
recognition is always associated with the presence of
IgE antibodies specific for other allergens 1in the
serum, foremostly phospholipase A2, the
aforementioned IgE response tO which is always
observed as being much more intense. In terms of kU/1l
of IgE, mellitin has a mean value of 1.25 (class 1)
while the wvalue for phospholipase is 16.9 (class 3).
These results have lead us to believe that

mellitin is not a clinically significant allergen,

and that precisely for this reason, it may be removed
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from the preparation, so as to constitute a novel,
safer and effective vaccine for treating subjects
affected by allergy to bee stings. This product might
21so be used in SIT in those patients where, having
had to interrupt treatment with whole extract due to
the onset of undesired reactions, they would be more
exposed to the risk of anaphylactic reactions in the
case where they were unfortunate to be victims of
further bee stings.

The removal of mellitin in the novel extract
should also have the advantage of avoiding the risk
of sensitising subjects over the course of SIT, since
the extracts currently in use contain significant
quantities of mellitin and it cannot be excluded that
the consequent adverse reactions to the
aforementioned SIT are caused precisely by
sensitisation to the aforementioned component as a
consequence of treatment with the specific vaccine.
In order to obtain a further demonst_ratibn of the

lack of clinical significance of mellitin, a series

of additional experiments has been conducted

comparing the IgE-binding activity of the venom
preparation containing mellitin (followlng diaiysis
using a membrane with a cut-off of 3.5 kDa) or

without mellitin (following dialysis with a cut-off
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of 10 kDa). Since a purified form 1is not available on
the' market, for the evaluation of the IgE response tO
hyaluronidase, it has not been possible to conduct
either REAST nor direct RAST tests, and soO we have
5 referred to the immunoblotting experiments. The
presence of hyalurbnidase in the sample has been
demonstrated by monitoring the specific enzyme

activity.

A further scope of the present invention 1is -that
10 of developing another "preparation, starting from
mellitin-depleted bee venom, in which the major
allergens present, represented by phospholipase A2
and hyaluronidase, are chemically modified so as to
reduce their IgE‘-binding reactivity (the risk of side

15 effects is associated with said reactivity), while
preserving their immunogenic power (understood as
being the capacity to 1nduce specific IgG class
antibodies, known to have a protective effect). This
may be achieved by submitting the mellitin-depleted
20 bee venom to carbamylation (or f:hiocarbamylation)
reactions, or to reactions forming guanidine type
groups on the primary amine groups of the protein
portions, particularly on the terminal amino groups
and the g-amine residues of lysine. The

25 carbamylation of proteins, a known type of reaction,
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may effect other aminoacid residues (e.g. the
hydrox?l group of tyrosine, the imidazole group of
histidine) but all these derivatives are unstable
under physiological PpH conditions, while the
5 carbamylation reaction products of alpha and epsilon

amino groups are very stable.

As demonstrated in the description below, said
carbamylate and thiocarbamylate derivatives of
mellitin-depleted bee venom, as well as guanidine

10 type derivatives, have shown significantly reduced
IgE-binding activity, while, when administered
parenterally, their ability to 1induce specific IgG
antibodies capable of also recognising unmodified
mellitin-depleted bee venom remains unchanged. Said

15 p.roduct may thus represent a safer and effective
candidate for SIT in ©patients with specific

allergies.

Hence, an additional subject of the present
invention is a preparation containing a modified form

20 of mellitin-depleted bee venom, chacterised in that
all or a portion of the primary amine groups of the
protein components present in the same assume the

following structure (I):
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X
|

_NH - C-N-R;

H
(I)

wherein X represents O, S Or NR2, where R2 is H,
alkyl with 1-6 carbon atoms, phenyl or CN and Rl
represents H, alkyl with 1-8 carbon atoms, phenyl or

5 arylalkyl with up to 8 carbon atoms or alkyl
containing a heterocyclic ring and that said
preparation is water soluble.

- The mean percentage of modified primary amine
groups must be comprised of between 75% and 100%,
10 preferably.around 90%.

Bee venom proteins may be modified according to
the invention by treatment with alkaline cyanate
(KC(NO or NaCNO) or with organic 1isocyanates or
thiocyanates. The reaction must be conducted at a pH

15 comprised of between 7 and 11, preferably between 9
and 9.6, while the temperature in the case of
treatment with alkaline cyanate may be comprised of
between 20°C and 50°C, preferably between 35°C and
40°C, ahd the reaction time may vary between 12 and

20 36 hours, preferably between 16 and 24 hours.

In the case of treatment with cyanate, solid KCNO

(possibly freshly crj/stallised) for example may Dbe
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added, so that the final concentration 1is between
0.05 M and 1 M, preferably between 0.3 and 0.7 M,'
more preferably around‘ 0.5 M. The pH of the solution
is maintained at the desired value by adding, for

5 example, 0.1 M sodium tetraborate and adjusting the

pH by the addition of 1 M NaOH.

In  the case of organic isocyanates or
isothiocyanates, since in certaiﬁ cases such
compounds are poorly soluble in aqueous environments,

10 the use of a compatible organic solvent may be
envisaged.

On completion of the reaction, the mellitin-
depleted bee venom thus mbdified is subjected to gel-
filtration in order to eliminate excess reagent and

15 is equilibrated with an appropriate saline solutioﬁ.
Should s‘light precipitation occur following
modification (due to the presence of traces of
mellitin, which by reacting with the cyanate, gives
rise to an insoluble derivative), this may be removed

20 by appropriate centrifugation.

The chemical modification forming the subject of
the present invention may also be performed on
purified individual allergens (for example,
‘phospholipase) giving rise to a derivative with the

25 same characteristics as mellitin-depleted bee venom,
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i.e. | réducing IgE-binding activity and maintaining
the immunogenic properties.

‘The degree of substitution of the NH, groups of

the modified, mellitin-depleted bee venom compared to

5 the venom prior to modification, may be determined by

means o‘f dosing with trinitro-benzenesulphonic acid

(Habeeb, Anal. Bioch. 14, 328, 1966) or by analysing

the' disappearance of lysine residues and the

appearance of homocitrullin by means of appropriate

10 methods known to those skilled in the art.

The chemically modified, mellitin-depleted bee
venom according to the procedure described may be
prepared in aqueous form and may be administered
parenté’rally, sublingually, oromucosally, orally,

15 nasally or bronchially, the later by means of
suitable administration devices. The above described
product may also be prepared in lyophilised form and
may then be reconstituted and administered as
indicated for the aquec;us form, or incorporated into

20 release systems (e.g. liposomes) or as a powder,
incorporated in an inert excipient, e.g. lactose, to
be administered nasally or bronchially, by means of
appropriate administration devices, or made 1into
tablets, possibly for rapid dissolution, for

25 sublingual/oromucosal administration, or made into
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capsules, optionally made gastroresistant by means of

a2 suitable procedure, for oral administration.

parentérally, once adsorbed or co-precipitated with
5 gubstances such as L-tyrosine, aluminium hydroxide or
cal‘cium phosphate, or with other “retard” matrices
promoting the slow release of the active ingredient
from the inpculation site.
The above mentioned product may also be prepared
10 in the form of an o0il suspension, Syrup, eiixir, with
the optional addition of excipients Or substances soO
as to give it a pleasant flavour for sublingual,
oromucosal or oral administration.
The above. mentioned product ﬁay' similarly be
15 associated or combined with substances known to
express Thl or Treg type adjuvant activity, such as

for example CpG, derived from bacteria, mycobacteria,

mycoplasmas, Neisseria, viruses or protozoa,
inéluding non-methylated CpG, lipoproteins oY
20 triacyl;ated lipopeptides, | polysaccharides and
derivatives thereof, also of synthetic origin,

synthesised substances such as imiquimod, resiquimod,

poly (I:C).
The composition of the invention may generally

25 contain various excipients and/or carriers adapted to
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the chosen type of administration, in accordance with

the knowledge in the possession of those skilled in

the art and as reported for example 1in Remington's

Phérmaceutical gciences Handbook, Mack Pub. Co.,
s N.Y., USA, 17°" edition, 1985.

In all the above pharmaceutical formulations, the
preparation of the invention may be present 1in
quantities comprised of between 0’170'2 ug (initial
dose) and 100-200 pg (maintenance dose), according to

10 doses .that will thus be generally greater than those
typical for specific immunotherapy.

The preparation and the immunogenic activity of
the modified mellitin-depleted bee venom according to

the invention will now be described by way of non-
15 limiting example.

EXAMPLE 2. CHEMICAL MODIFICATION PROCEDURE FOR A

MELLITIN-FREE BEE VENOM.
20 ml of mellitin-depleted bee venom (at a
concentration of 2 mg/ml), prepared as described 1in
20 example 1, is subjected to carbamylation by the
addition of potassium cyanate and sodium tetraborate
decahydrate, in solid form and in such quantities as
"to give a molarity of 0.05 M or 0.5 M cyanate and
0.1 M tetraborate. The added salts are dissolved by

25 stirring, and the pH adjusted to 9.3 by the addition
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of 1 M NaOH. The entire mixture is then kept under
slow stirring for 18 hours in a thermostatic bath at
40°C in a suitab}ly sealed container, while monitoring
the pH and keeping it constant. On completion of the
reaction, the resulting solution . is gel-filtered
through a column of Sephr:u:iezl::cM G-25 (Pharmacia, Milan,
Italy) in order to eliminate excess cyanate and is
equilibrated with isotonic saline, prior to
filtration through a 0.22 ym membrane and storage at

4°C for subsequent tests. Previously, the column has

been suitably calibrated in order to collect the

excluded peak.

The resulting product has  the following

characteristics:

- reduced IgE-binding activity, as demonstrated
by EAST-Inhibition experiments

- preservation of immunogenic activity, as
demonstrated by the ELISA IgG experiments on sera

from mice immunised with modified, mellitin-depleted

bee venom

- maintenance of the molecular dimensions, as

demonstrated by the SDS-PAGE experiments (figure 6).

In addition to the aforementioned chemical-
biological characteristics, the modified mellitin-

depleted bee venom, as described, unexpectedly shows
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2 reduction in the enzyme activities attributable to
phospholipase A2 and hyaluronidase, as shown Dby the
agarose gel immunodiffusion experiments (described
below), using lecithin and sodium hyaluronate
5 respectively as substrates. This observation may
contribute to a further improvement 1n product
safety, since in any case, the aforementioned enzyme
components have thelr own pharmacological activity.
As is well known, phospholipase can cause cell
10 membrane damage (cytolysis) and hyaluronidase acts as
a “poison diffusion factor” by dissolving hyaluronic
acid, a substance present in connective tissue and
which bi-nds cells together. Very likely, unlike the
Igﬁ:—binding activity, the pharmacological effect
15 expressed by phospholipase and hyaluronidase 1s also
inhibited, advantageously conferring the modified
product with greater safety. Indeed, the therapeutic
effect ofl bee venom in SIT implies the activation of
immunological mechanisms and 1is thus completely
20 different from the use of the same 1in anti-

inflammatory therapy (bee venom therapy).

Experimental tests

EAST-inhibition

For this purpose, glutaraldehyde-activated
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1 ug per sphere.

In parallel, a pool of human séra is prepared,
5 selectéd from patients allergic to bee venom, by

means of REAST (IgE >20 kU/1).

- 30 pul of serial dilutions of the test samples
(unmod.:i.fied 10 kDa bee <venom, 10 kDa bee venom
modified with 0.05 M cyanate and 10 kDa bee venom

10 modified with 0.5 M cyanate) in PBS-2% BSA (diluent)
are placed in the wells of an ELISA plate along with
2o.u1 of serum pool, and the mixture left for 2 hours
at room temperature with agitation. In parallel, a
positive control sample is prepared where the

15 inhibitor is replaced with diluent. On completion of
the two hours, one protein-bound sphere and 50 pl of
PBS-2% BSA is added to each well, and agitation of
the plate continued overnight at room temperature.
The spheres are then washed and 100 pl of a solution

20 of peroxidase-conjugated anti-human IgE antibody
added to each well, and the plate incubated with
agitation for 2 hours. After washing three times,
development of the colourimetric reaction is obtained
by adding 100 pl of TMB reagent (BioFX Laboratories,

25 Owings Mills, MD) and incubating for 15 minutes at 25
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oCc. The reaction is quenched by the addition of/50 ul
of 1 N HCl, and 100 pl of mixture from each well
transferred to a freéh plate and the colour intensity
developed and evaluated by - reading
spectrophotometrically at 450 nm.

‘ The optical densities measured are transformed
into percentage inhibition values with respect to the
positive control, and a graph plotted with percentage
inhibition on the Y axis, and the log;, of the wvolume
of the sample used in the test on the X axis. From
the points reported, a linear regression line 1s
constructed, on which, the ICgy VvValue, which
represents the volume of sample, 1n microlitfes,
necessary to inhibit 50% of IgE binding to the
sphere, 1s measured.

The resﬁlts, shown in Fig. 3, demonstrate that
the addition of suitable concentrations of potassium
cyanate to the mellitin-free bee venom solution cause
a reduction in the allergenic activity of the wvenom
itself, and in particular, a reduction of approx. 10
fold (0.070 comp‘ared to 0.68 pl) for 0.05 M cyanate

and approx. 500 fold (0.070 compared to 32.82 ul) for

0.5 M cyanate.
Mouse immunisation protocol

A group of mice, consisting of four Balb/c

PCT/IT2008/000767
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females (Charles River) is immunised, subcutaneously,

with 200 pl of an emulsion consisting of 100 pl of

Freund’s complete adjuvant and 20 ug of mellitin-

dep'leted bee venom, modified with 0.5 M KCNO

following dialysis with a 10 KDa cut-off, in 100 pl
of « isotonic saline. A further three Dbooster
injections are conducted at two weekly intervals,
with incomplete adjuvant in place of complete. Seven
days after the final immunisation, blood is taken
from the tails of the mice and the specific IgG
response with regard to the immunogen (modified
mellitin-depleted bee venom) checked by ELISA, just
as the capacity to recognise wild-type protein

(mellitin-depleted bee venom).

IgG ELISA of sera from mice immunised with

modified mellitin-depleted bee venom

Equal quantities (0.25 ug) of mellitin-depleted
bee venom or modified mellitin-depleted bee wvenom, in
50 mM carbonate/bicarbonate buffer pH 9.6, -are
adsorbed onto the wells of polystyrene ELISA assay
plates by incubation at 4°C for 16 hours. The wells
are then washed with wash solution (60 mM phosphate

buffer pH 6.5 containing 0.05% Tweé%ﬁzo) and the free

sites blocked with diluent solution (25% horse serum,
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1 mM ED'fA, 0.05% TweerTxMzo, 0.01% Thiomersal in 150 mM
phosphate buffer pH 7.4). Equal aliquots (100 ul) of
seria'l dilutions of serum from each mouse in diluent
buffer are added to each well and left to incubate at
25°C for 2 hours. After three washes and the addition

of peroxidase-conjugated anti-mouse IgG  serum,

diluted 1:2000 in diluent buffer, incubation 1is
continued at 25°C for 1.5 hours. After washing three
times, development of the colourimetric reaction is

obtained by adding 100 pl of TMB reagent (BioFX

Laboratories, Owings Mills, MD) and incubating for 15

minutes at 25 °C. The reaction is quenched by the

addition of 100 ul of 1 N HCl, and the results

evaluated by spectrophotometry at 450 nm.

. Figure 4 shows the IgG reactivity of the sera
from animals immunised with bee venom modified with

0.5 M cyanate with regard to the native or cyanate-
modified mellitin-depleted bee venom proteins.
The fact that the IgG response of said sera is

targeted not only to the modified wvenom (mellitin-

depleted) but is also capable of recognising native

venom (mellitin-depleted), i.e. unmodified wvenom,

demonstrates that the immunogenic capacity of the
modified venom 1is more or less unchanged. This is

extremely important from a therapeutic perspective,



10

15

20

25

CA 02708879 2015-07-31

38

since the induction of specific IgG is considered a
determining factor in the expression of SiT clinical
efficacf (Flicker S, Valenta R.; Int. Arch. Allerqgy
Immunol. 2003;132(1) :13-24).
~ SDS-PAGE

Equal quantities (5 mg) of qbee venom dialysed
using a membrane with a cut-off of 10 kDa and samples
of the same subjected to chemical modification with
0.05 or 0.5 M cyanate are analysed by means of
electrophoresis on 10% polyacrylamide gels (pre-cast
NupaggM Bis-Tris gels, Novex, Prodotti Gianni, Milan,
Italy) as described previouslf (Asero R., Mistrello
G._ et al. Int. Arch. Allergy Immunol. 2007;144,57-
63) . Electrophoresis is conducted in the specific
device (Mighty Sma.l'iM II, Hoefer, Milan, Italy) at
180 mA for 1 hour. The components thus resolved are
stained with Coomassie Brilliant Blue (Colloidal Blue
stéining kit, Amersham, Milan, Italy) and
subsequently de-stained in water. The results shown
in Fig. 6 clearly indicate that the chemical
modification process used has not significantly
altered the molecular dimensions of the components
present. This final element is extremely important

for the use of the product for therapeutic ends,

especially in the case of administration of the same
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sublingually/oromucosally.

Enzyme activity measurement of the phospholipase

A2 él lergen

The presence and quantification of phospholipase

5 A2 (PLA2) in the bee venom has been highlighted by
analysing its enzyme activity 1n an agarose gel
containing the enzyme’s natural substrate (lecithin) .

For this end, 50 ml of a 2% solution. of agarose

in 40 mM Tris pH 8, 0.1% NaN3, has been prepared.

10 After having dissolved the agarose by boiling the
solution and having subsequently cooled 1t to approX.
565C, it is added with 50 ml of a 3% emulsion of soya
phosphatidyl choline (soya lecithin, Sigma, Milan) 1in

the same buffer. Finally, after having added 1 ml of

15 16 mM CaCl,, and having distributed 15 ml of the
mixture in 100 mm diameter Petri dishes and having
left them to cool until the gel has solidified, the
plates. are allowed to rest at 4°C overnight.
Subsequently, wells with a diameter of approx. 4 mm

20 have been made in the gel and the solutions to be
analysed, native or modified PLA2 standard (500, 20

and 1 U/ml) or native or modified bee wvenom (with

0.05 M or 0.5 M KCNO) in 1 M NaCl, 0.1% BSA, 0.1%

NaN; have been prepared.

25 After pipetting 10 ul of each solution into the
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wells (with each sample being analysed in duplicate) ,
the plates have been placed in a humidified incubator
at 37°C for approx. 20 hours. Finally, the enzyme
activity has been analysed by measuring the diameter
of the translucent halos that form around Ehe wells
due to hydrolysis of the lecithin. The size of each
halo is directly proportional to the enzyme activity
present in the sample. Halo sizes for the various
concentrations of phospholipase standard have allowed
a standard curve to be plotted, from which the values
obtained for the test samples may be extrapolated.
From this analysis, it is evident that the bee wvenom
dialysed with a cut-off of 10 kDa had a'phospholipase
concentration of 76 U/mg of lyophilised <venom;
following modification with 0.05 M or 0.5 M KCNO,

this activity dropped to 57 and 0.8 U/mg

respectively.

Enzyme activity measurement of the hyaluronidase

allergen

The presence and q'uéntification hyaluronidase  1n
the bee wvenom has been highlighted by analysing 1its
enzyme activity 1in an agarose gel containing the

enzyme'’s natural substrate (hyaluronic acid or sodium

hyaluronate) .

For this end, 50 ml of a solution of sodium

PCT/IT2008/000767
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hyaluronate in 0.1 M citfate/NaCl buffer pH 5.3 and,
in parallel, 10 ml of a 3% solution of agarose 1n the
same buffer, have been prepared. After having
dis-solved the agarose by boiling the solution and
after having subsequently cooled it to approx. 60°C,
the two solutions have been mixed and the mixture
distributed in 100 mm diameter Petri dishes. After
cooling at room temperature until the gel has
solidified, the plates are.allowed to rest at 4°C for
2 hours. Subsequently, wells with a diameter of 4 mm
have been made in the gel and the solutions to be
analysed, hyaluronidase standard (1000, 500 and
250 U/ml) or native mellitin-depleted bee venom Or
venom modified with 0.5 M KCNO have been prepared
(both of the latter at 50 ug/ml)

After pipetting 10 ul of each solution into the
wells (with each sample being analysed in duplicate),
the plates have been placed in a humidified incubator
at 37°C for approx. 20 hours. Finally, the enzyme
activity has been visualised by pouring 30 ml of 10%
'cetylpyridinium in H,O0 per plate over the gel, and
analysed by measuring the diametér of the transparent

halo that forms around the wells against the opaque

background of the plate. The size of each halo is

directly proportional to the enzyme activity present

PCT/IT2008/000767
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in the sample. Halo sizes for the various
concentrations of hyaluronidase standard have allowed
4 standard curve to be plotted, from which the values
obtained .for the test samples may be extrapolated.

5 From this analysis, it is evident that the bee wvenom
dialysed using a membrane with a cut-off of 10 kDa
had a hyaluronidase concentration of 3550 U/mg of
lyophilised venom; while, following modification with
0.5 M KCNO, said activity was no longer detectable.

10 Conclusion

" The product derived (referred to as .monomeric
allergoid in order to distinguish it from other
allergoids, obtained by reaction with aldehydes,
formaldehyd‘e or glutaraldehyde, wherein the

15 components assume considerably greater molecular
diménsions, resulting in the name of polymer type)
may represent the ideal candidate for SIT with a
specific vaccine to be administered, even by routes
other than parenterally.

20 The aim of the modification is to reduce the IgE-
binding activity (to which the risk of adverse
reactions 1is associated) and to preserve the
immunogenic capacity (understood as the capacity to
induce IgG antibodies with which the possibility of

25 clinical benefit is associated) of the safer bee
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venom preparation to be used in SIT in patients
allergic to bee venom. The reduced enzyme activity of

the monomeric allergoid compared to ‘unmodified

allergen increases its safety of use.
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CLAIMS

F

1. A preparation of bee venom for bee venom based

immunotherapy, said preparation being obtained by dialysis of

10 kDa,

1

native bee venom using a membrane with a cut-off o:

characterised in that said bee venom is essentilally mellitin-

free.

2 . The preparation according to claim 1 whereiln primary

amine groups of protein portions of sald bee venom are subjected

to carbamylation or thiocarbamylation or to the formation of

guanidine type groups so as to form monomeric allergolds.

3. The preparation according to claim <z, wherein said
primary amine groups are terminal amino groups and/or the g-amino

residues of lysine.

4. The preparation according to claims 2 or 3,

—

~haracterised in that all or part of the primary amine groups O:

)

g

the protein portions c¢f sald bee venom assume the followiling

structure (I):

1)
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wherein X represents O, S or NR2, wherein RZ 1s H, alkyl
with 1-6 carbon atoms, phenyl or CN and Rl represents H, alkyl
with 1-8 carbon atoms, phenyl or arylalkyl with up to 8 carbon

atoms or alkyl containing a heterocyclic ring.

5. The preparation according to claim 4, said preparation

being water soluble.

o . The preparation according to claims 4 or 5, whereiln
the mean percentage of modified primary amine groups 15 greater

than 75%.

7. The preparation according to claim 6, wherein the mean

F

percentage of modified primary amine groups 1s approximately 90%.

8 . The preparation according to any one of claims 2 to /,
obtained by treatment of said bee venom with an alkaline cyanate
or with organic isocyanates or isothiocyanates at a pH comprised

of between 7 and 11.

9. The preparation according to claim 8, said treatment

being conducted at a pH comprised of between 9 and 3.6.

10. The preparation according to claims 8 or 9, said
treatment being conducted with alkaline cyanate at a temperature

comprised of between 20°C and 50°C, or between 35°C and 40°C and

for a reaction time varying between 12 and 36 hours, or between

16 and 24 hours.

#
p—

11. The preparation according to any one of claims 8 to

10, said treatment being conducted with solid KCNO 1in such a

manner that the final concentration is between 0.05 M and 1 M, or

between 0.3 and 0.7 M, or approximately 0.5 M.
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12. The preparation according to any one of claims 8 to
11, wherein, on completion of the reaction, the bee venom thus
modified is subjected to gel-filtration in order to eliminate

excess reagent and is equilibrated with an appropriate saline

solution.

13. A pharmaceutical composition comprising an

immunotherapeutically efficacious dose of the preparation

according to any one of claims 1 to 12, together with

pharmaceutically acceptable excipients.

14. The preparation according to any one of claims 1 to

12, for use in bee venom specific lmmunotherapy, wherein said

preparation has an immunogenic efrfect substantially the same as

native bee venom, but has reduced IgE-binding activity.

15. Use of a preparation according to any one of claims 1

to 12, for the preparation of a medicament for bee venom speclific

immunotherapy, wherein said preparation has an immunogenic effect

——

substantially the same as native bee venom, but has reduced 1g

*]

binding activity.

16. The preparation according to claim 8, wherein said

alkaline cyvanate 1s KCNO or NaCNO.

17. A preparation of bee venom for bee venom based
immunotherapy, said preparation being obtalned by a process
which substantially excludes mellitin, characterised in that

said bee venom is substantially mellitin-free, wherein said

process comprises the dialysis of native bee venom using a

membrane with a cut-off of 10 kDa.
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Figure 1. Inmunoblotting with serum from bee
venom allergic and non-allergic patients
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Figure 2.SDS-PAGE profile:the effect of duration
of dialysis with a membrane with a cut-off of 10 kDa
on the elimination of mellitin from bee venom
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Figure 3. EAST-inhibition determination of IgE
reactivity of 10 kDa bee venom and 10 kDa bee venom

modified with 0.05 M and 0.5 M potassium cyanate
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Figure 4.Determination of levels of specific IgE in a pool
of sera from mice immunised with modified 10kDa bee
venom.
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Figure 5. Direct ELISA. Comparison of the IgE reactivity

of sera from patients allergic to bee venom against 3.5 kDa
or 10 kDa dialysed bee venom.
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Figure 6. SDS-PAGE profile of native and modified
10 kDa been venom
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