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Allergy is a disease in which IgE antibodies mediate activation of effector cells

(mast cells, basophils, eosinophils) but also enhance antigen presentation through low and
high affinity receprors for IgE (B cells, monocytes, dendritic cells). - These actions of IgE
can be countered by specific IgG antibodies which interact with CD32 (FcyRII) on both
effector and inducer cells. Therefore, allergy should be regarded as a disease with a
disbalance of Thl versus Th2 cells. The success of the IgG antibodies in counteracting IgE
in vivo depends on the relative concentration of specific IgE over specific IgG, and also on
the isotype of IgG. All human isotypes have low affinity for CD32, which can be overcome
by complex formation with allergen, but many allergens do not form large enough
complexes with IgG molecules to allow stable binding to CD32.

To date two forms of active vaccination using allergens are used. The most common is
the so-called "immunotherapy”, which depends on frequent immunizations with relatively
high concentrations of allergens. This technique is only moderately effective in 2 minority of
allergic diseases such as bee sting allergy and in some cases of rhinitis and conjunctivitis,
and recently some reports have shown effectiveness in asthma and atopic dermatitis.
Classically the subcutaneous route is used for administration of the allergens, but recently
this route has been compared to oral application or even local application, the results are
generally positive but not always consistent. A more recent approach for immunotherapy, the
so-called Saint-Remy technique (see e.g. EP 0 178 085 and 0 287 361), uses autologous

. IgG antibodies complexed in vitro to the relevant allergens. This approach allows far smaller

amounts of allergen to be applied with less side effects.
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although this has not been confirmed by experimental data.

IgG molecules are important in directing the immune response away from B cells to
monocytes. The Saint-Remy approach should therefore work when general allergen-specific
IgG is used instead of donor-specific allergen-specific IzG. However, a problem with the
Saint-Remy approach lies in the low affinity of human IgG antibodies for their Fcy
receptors on B cells, in contrast to IgE which binds readily to almost all antigen-presenting
cells, including B cells, leading to spreading of allergy and induction of Th2 cells. The use
of complexes should by-pass the low affinity problem, due to enbanced avidity of the
complex as compared to single IgG molecules; however, again, the combination of
allergen/IgG in complexes is unfavourable, because the natural number of epitopes of
allergens for binding human IgG molecules is less than five, too few to enhance the avidity

of the complex for the receptors.

With the present invention, the risk factors of classical immunotherapy are reduced and
the problems encountered in isolating specific IgG molecules and the low affinity of these
IgG antibodies for CD32 are circumvented.

IgE bound to mast cells and basophils induces histamine release when cross-linked by
antigen. In addition, IgE is able to enhance antigen presentation by human B cells
(Figure 1). Otherwise, in the absence of IgE B cells are poor antigen-presenting cells, except
for a very small portion of B cells, which have a specific antigen receptor. Antigen uptake
can occur through pinocytosis but this takes high antigen concentrations and/or long

incubation times.
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presentation by B celis and at the same time stimulate monocytes and dendritic cells.
Similarly, aCD32 antibodies or aggregated IgG coated to the bottom of the wells in which
the stimulations are performed, also inhibit antigen presentation by B cells (Figure 5). The
efficiency with which CD32 targeted molecules inhibit antigen presentation is most likely
dependent on the amount of cross-linking of the CD32 molecule. However, targeting antigen
to CD32 on B cells, as in natural IgG/antigen complexes (Figure 2) or as in the
aCD32/antigen fusion proteins according to this invention (Figures 13a and 13b), does not
lead to antigen presentation of the antigen in the complex. On the other hand the same
complexes targeted to monocytes do induce an antigen-specific T cell response (Figures 4,
13a and 13b). This phenomenon can be explained by the presence of CD32B on B cells,
whereas monocytes and also dendritic cells express CD32A. Therefore IgG/antigen
complexes as well as aCD32/antigen fusion proteins direct the immune response to cells of
the monocytic and dendritic cell lineage, which induce T cell responses of mainly

Thl type B cells, and other APC which predominantly express CD32B will not present the
antigen in the complex, therefore these complexes prevent (further) induction of Th2 cell
responses by the B cells. The interaction between the complex and CD32 does not depend
on heavy cross-linking (more than 2 CD32 molecules), provided the binding of the complex
is strong enough to allow stable interaction. In fact it has been shown that binding of very

large complexes; which induce multiple crosslinking of CD32 (mimicked by coated
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time dependent. When the aCD32 antibodies are added to the B cells 4 days after aCD40

plus IL-4 stimulation, no inhibition of Ig production is seen. In Figure 16 it is shown that

also antigen-specific induction of antibody production is inhibited by aCD32 treatment of
B cells.

In nature, IgG molecules control the response of B cells through interaction with
CD32. Especially the effects of IgE antibodies, which in general have a positive effect on
(CD23 positive) B cells, can be counteracted by IgG molecules. This prevents the organism
from hyperreactive immune reactions to antigens. In allergj, where IgE antibodies are
abundantly present, clearly the natural IgG antibodies have failed to control the immune
response. Interestingly, in man IgE and IgG4 are regulated by the same interleukin, namely
IL-4. However, 1gG4 has the lowest affinity of all human IgG subclasses for CD32.

The present invention concerns fusion proteins comprising
a) one or more antigens and _
b) one or more moieties, such as from antibody molecules, interacting with human
Fcy receptor II (FcyRI) (CD32),
hereinafter briefly named "the fusion proteins according to the invention”.
The fusion proteins according to the invention overcome the problems due to the low
affinity of human IgG molecules to CD32. By combining an aCD32 antibody having a

K, <10 with antigen, both negative (B cells) and positive effects of natural IgG molecules
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They also knock out the effector function of mast cells which carry IgE-specific parts

of the fusion protein. They have the following unique characteristics:
1) silencing of B cell-mediated antigen presentation (arresting induction of Th2 cells);
2a) arresting IgE switch induction;
2b) arresting Ig production in B cells;
3) stimulating the T cell compartment through interaction with monocytic cells and/or
dentritic cells (stimulation of Thl cells); and
4) silencing of mast cells carrying IgE specific for parts of the fusion protein.
They comprise a) one or more antigens and b) one or more moieties, such as from
antibodies, interacting with human Fcy receptor II.
The parts of the fusion protein which interact with the Fcy receptors II may e.g. be
either
1) complete or incomplete (modified) human or humanized IgG antibody moicties, as long
as interaction with these receptors is still possible, which implies that the whole or part
of the Fc fragment should be present; or
2) human or humanized aCD32 antibody moieties, or parts thereof, e.g. Fab fragments,
which still specifically recognize and bind to FcyRII (CD32) antigen such as expressed
on B cells, mast cells, monocytes and dentritic cells,
e.g. manipulated human or humanized aCD32 or IgG antibody moieties, or parts thereof,
which recognize FcyRIl (CD32) with higher affinity than the native aCD32 or IgG

antibodies.
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preferred. The fusion protein should specifically bind to CD32 and contain one or more,
e.g- two or more T cell epitopes for one or more antigens/allergens. To allow for correct
antigen processing, DNA stretches slightly longer than the actual T cell epitope should
preferably be included in the preparation of the fusion proteins.

For fusion to gene coding for the aCD32 antibody, preferably short DNA sequences
derived from cloned genes of major allergens are used, such as house dust mite major
allergen I (Der P1) or birch pollen allergen (Bet V1). These ﬁhor'_c DNA sequences contain
the genetic code for one or more T cell epitopes which after processing appear on the
surface of antigen-presenting cells and therefore induce an immune response in the
responding allergen-specific T cells. For Der P1 the majority of the T cell epitopes can be
found in the sequence at positions 101-143 in amino acid one-letter code (SEQ. ID. No.1):

QSCRRPNAQRFGISNYCQIYPPNANKIREALAQPQRYCRHYWT
101 110 120 130 140

Especially, the amino acid sequence at positibns 101-131 in amino acid one-letter
code (SEQ. ID. No.2):

QSCRRPNAQRFGISNYCQIYPPNANKIREAL
101 110 120 130

contains at least three T cell epitopes, which bind to a number of HLA class II

molecules.
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methods, e.g. in the following way: a gene segment containing the antigen-binding

site and parts of the Fc region down to the CH2 exon of an aCD32 monoclonal
antibody (e.g. clone IV.3) is PCR-amplified from e.g. IV.3 cDNA and cloned.
Appropriate RNA is purified as a source for PCR-amplification, e.g. from house dust
mites for amplification of the Der P1 gene. The allergen gene is co-ligated with the
isolated heavy chain segment into an appropriate mammalian expression vector such as
p350. In addition, the complete corresponding light chain gene of e.g. IV.3 is isolated
and cloned into an appropriate mammalian expression vector such as p345, which has
features similar to p350. Both recombinant plasmids are used for co-transfection in
e.g. COS cells to allow release of the resultant recombinant fusion protein into the
culture medium. Purification of the product is done preferably by immunoaffinity
purification, based on anti-light chain éntibody columns, which are readily available in
large quantities.

Alternatively, a single chain antibody specific for CD32 (scFv) derived from an
appropriate phage display library, e.g. as described by De Kruif et al., Proc. Natl.
Acad. Sci. USA 92 (1995) 3938-3942 can be used to make a recombinant fusion
protein with the genes of cloned allergens (Figure 6). DNA is extracted from binding
phages and a DNA fragment containing a semi-synthetic VHDJH region fused to one
of the VL chainé via a flexible linker (scFv fragment) is isolated and cloned. Fusions
with e.g. the Der P1 gene are accomplished using defined synthetic oligonucleotides
coding for T-cell epitopes from Der P1 and other major allergens selected by their high
(T cell) crossreactive potential in order to cover as many patients as possible with one
fusion protein. These oligonucleotides are co-ligated with the scFv antibody fragment

into an appropriate mammalian expression vector. The recombinant vector, e.g. a
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humani zed aCD3Z or 1gG antibody noieties, or parts thereof, which .

recogni ze Fcl erth§ RispltanCOGoN paptein inipytified férhitkn cejl supemateriiee.gatyl inumurCEEmity r
::gC% Eggg} 8ggllgschromatographyve}?dgs%/riggg zzalb8ovc. _6-

The antigens may berht resilan Eehectddstpicd bRy he eRprefiad g, iEHECIIS, dspdcidtg \fbing
epitopes for T cells _on the sequences present in the fusion protein. Any
antigen to whi dpreg srads 3’i°8“"[5’é?f‘i hreyer, Qg’ﬁbﬁﬂ“e\mstfﬁr Pigauciien by respmbinant gene

hypersensi ti vi tyhnRRAed hre 2o GpPropattl Sefkcially Ghhedonf T Sf‘? g@&)pwaren@m, c

dermatitis, allergic asthma, allergic rhinitis and gic con{unctivitis.

The nost conmori-eekgrer is madsedh for glycesylation. die:a0R3d qwtibndiss cap be obBined le.gpol | en,
grass pollen, HRm a%gﬁ}ﬁﬁ Qgﬁﬁage I%ﬁs‘f)bay library which contains only F(ab) fragments of the

natural antibody. However, the source of the genetic material which codes for either

antibody or antigen/allergen is not critical.

Preparation by chemical cross-linking may also be carried out by known
methods, e.g., for a fusion protein between Mc.a-CD32 and Der P1, by using the
methods described by Calsson et al. [Biochem.J. 173 (1978) 723-737], Cumber et al.
[Meth.Enzymol. 112 (1985) 207-224] and Peeters et al. [IImmunol.Meth. 120 (1989)
133-143].

Briefly, Der P1 and Mc.a-CD32 are separately derivatized with SPDP at molar
ratios of 1/20 and 1/5 respectively for introducing 2-pyridyidisulphide residues. After
mild reduction and desalting by gel chromatography, the SPDP-derivatized
Mc.a-CD32 (whose disulphide groups are reduced to thiol groups) are incubated with
the SPDP-derivatized Der P1 at a molar ratio of 1/1.6. The resulting
Der P1-Mc.a-CD32 product is then purified, for example by gel filtration on e.g.
Superose-12 and by anion exchange chromatography on e.g. FPLC Mono-Q.

The starting materials are either known or may be prepared according to known

procedures or analogously to known procedures or analogously as described herein,

e.g. in the Example. ®



of these allergens has one or nore "major allergens"” (e.g. for house dust
mte the nmajor allergen is Der P1l; for birch pollen the major allergen is
Bet V1). However, conplete antigens are not necessary, because the fusion
protein wll only induce T cell responses, and T ce dto
smal | (8-12 aﬁ?%g%g%¥hs | ong) peptides. Therefore a selectroLE/Fh$%%gF

epi topes can be included in the fusion protein for each allergen, thus
reduci ng the size and nol ecul ar wei ght of theg conplex. Thus the fusion
proteins nmay be produced fromone or nore T cell epitope - containing DNA
stretches, rather thafusidnpfoleids a8@REiRg tthe iMRnESTRE QEuldoF 2 SRévention
CNerIapprng cross-reactive epitopes between allergens are preferred The
fusion protein @W@UF@P‘@B@&WF@EI"'F ypagiautarly of Gpsaballgrgdesc dhisaion upersnmen fas

e.g. two or nor

all ow for corr §E$§Iﬁ%éﬁwﬁt€%§§§'#ﬁhﬁ%ﬁﬁﬁs¥%§%H)gg sﬁﬁgﬁ% ?é o ﬁ%%géeguf{%an
the actual T cdtdm aphtaapspostmlaiemrmm atbbryalleegens) cItusd poksible lb}h&lepnaﬂmalraft i on
of the fusion protei . I(:ior sl on 10 gene codi Png for the %gDSZ

ont1 body. - pr of SEBEYFAE inypricnt Stenrili. Ben s Jaf) durarsh BE MR RIS ASEG:
maj or al | er gensgininetely, bysddedinigerifod SBichusbteli ﬁrﬁudﬁﬁD%\&ﬂngeﬂé hgiie Bach of Der
Pl) or birch pollen_ aller These short sequences,_contain

(Bet. VI)
the genetic codkestallergens. g’Fer}FFB bly the @é%"l“ REYIFing aererdipg W%f"c"éﬁ’“%r‘&@é’:?s‘?sﬁﬁ
appear on the fsuiht ?F@eﬁfonadawogeeatﬁmsermm@g lﬁewﬁmﬁl@ﬁu&r&s@é&r& foguce an
| mune response I n responding allergen-specific T ce . For Der PI
the majority ofallemgy eg. @emﬂke‘p’ Qf@p@hhs(hacha gie§ mwtn mﬂreallsqueme the

ecrrPrACrFar SR SRR e DR B g s ordn by )

120 1F0r these indicationd 4 appropriate degages will, wf colrs, amr'yrdnparcling

sNge;e:nce at ngsiti S 101%%%\%@%% %Tefclie tgost £9 Oft(lBF%phcanon

120 and H0intendedl indiosrionl Howaedr, inlpefdal] satisfabroppreblsamde inditartd tdi nd

to a nunber of HLA ¢lagss Il nolecule
be obta?ncﬁ with one to three vacc;'snatxons over 1-2 years, but if necessary repeated

additional vaccinations can be done. It is indicated that for these treatments the fusmn_
proteins of the invention may be administered in dosages and with an application

schedule similar as conventionally employed.

The invention therefore also concems the use of a fusion protein as defined
above in the prevention and/or treatment of allergies, including food allergies, and
a method of treating allergies which comprises administering to a subject in need of
such treatment a prophylactically or therapeutically effective amount of a fusion
protein as defined above together with at least one conventional pharmaceutically
acceptable carrier or diluent, as well as fusion proteins as defined above for use as a

pharmaceutical, especially as an anti-allergic agent.

The fusion proteins according to the invention may be admixed with
: conventional pharmaceutically acceptable diluents and carriers and, optionally, other
excipients and administered parenterally, intravenously or enterally, e.g.
intramuscularly, or subcutaneously. The concentrations of the fusion protein will, of
course, vary depending i.a. on the compound employed, the treatment desired and the

nature of the pharmaceutical form.
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The fusion between e. g aCD32 and antigen(s) can be effected either at the

protein |evel ‘&(FE’Z&I}? fusion) or at the gene |evel (reconb%{dl%{, oYk Lon

protein), and vention also conprises a process for pr u0|ng Esi on

proteins as defined above. It is carried out in conventional manner, and
preferably conprises the use of reconbinantygpene techni ques or cheni cal
cross-1inking. Reconbi nant fusion proteins are preferred.

Preparation usi ng TRGAVEMIGR Hus 4RO Endl&des PhatrfiseutiB)l damp6sifitrsedmpritingy known
met hods, e.g. in the follown ene segnment containing_ the

ant i gen- bi ndi nigsiosjpraeig 44 dp@pegsabg\re wa@gwcw%gqglsw avipharmageyicaiyaceepidhleot an
aCD32 nnnoclon mqg%mpﬁgy (e.g. clone IV.3) is PCR-anplified frome.qg.

I V.3 cDNA and cloned propriate RNA is purified as a source for

PCR-anpl i fi cati on,It éurther Eonoemi apsaestufot therprepzmtifonrof amnddicfainemt againstodlletgies Der
P1 gene. The aILe ene .is co-l.igated ég, t he, isol eavy chain
segrent i nto AN IPBRRIeATHR B AuPE AT Al abetsr BB REaNE  5350. I n
addition, the ginRhRhEcaNP abRpiabRGaftitr bi Bilient hial m:eg@e%qufuﬁmgproke\h &is
isolated and cloned into an appropriate manmal i an expression vector such

as p345, whi chdefined abqvsifay b nz@inm apfafe o2 medigamesy for the proNention FpA/E HEMERt ar e

used for co-tranaf.a6id fRddthe fgo(ganc% cells to allow rel ease of the
resul tant reconbi nant fu5|on protein into the




culture nmedium Purification of the product is done preferably by

i munoaffinity purification, based on anti-light chain antibody col ums,
which are readily available in Ilarge quantities. Al ternatively, a
single chain aFEiP specific for CD32 (scFv) derived froman_ _appropriate
phage display Il %8 e.g. as described by De Kruif et al., ng@gggqu_
Acad. Sci. USA 92 (1995) 3938-3942 can be used to nake a reconbi nant fusion
protein with the genes of cloned allergens (_F1i19_ure 6). DNA is extracted
from bi nding phages and a DNA fragnment containing a sem -synthetic VHDIH
region fused to onerhOfoiodne\ oS M@ drfigl bl e l'inker (scFv.fragnent)
is isolated and cl oned.0 Flti@}goénbg&mﬁl?% e. g?é%tlLe r Pl gene are acconplished
usi ng defined synthetic oligonucleotides coding for T-cell epitopes from

Der P1 and ot her jor allerge | ec by.their high (T cell)
crossreactive p i af“?‘ifq?%%?%lgﬁﬁgar@é{;ﬁgz 3&“‘1‘?&&/ patients as possible with
one fusion pr én. TABEE o | gonuclﬁoti des are co-ligated with the scFv
anti body frag i nt 3MUETRHSFBIBEICSY e marmmal i an expressi on vector. The
reconbi nant VECBOR, €. ® cell receptor WO 97/ 07218

PCT/ EP96/ 03616 pe; viP! asiiidt alierest 8Pbixchigolesf ected into appropriate cells

such as COS anaggx CHOpgHhd &rﬁgqg;ugﬁnresul tant fusion protein is purified
fromthe cell supernatant, e.g. by rmunoaffinity chronatography as

descri bed aboveCNBR cyanobromide

Der P1 major allergen of house dust mite (Dermatophagoides pteronyssinus)
DPT antigen of house dust mite
DTT dithiothreitol

EBV Epstein-Barr virus
ELISA enzyme-linked immunosorbent assay

FACS fluorescence-activated cell sorter
FeyRII human Fcy receptor II (= CD32)
Fig. Figure number

FPLC fast pressure liquid chromatography
GaM goat anti-mouse antibody

HAc acetic acid

HLA human leukocyte antigen

HPHT hydroxyapatite

IC immune complex

Ig immunoglobulin

IL-12 interleukin-12

LST lymphocyte stimulation test

min minutes

MR molar ratio

PBS phosphate-buffered saline

PCR polymerase chain reaction

p-NPP p-nitrophenylphosphate

sd standard deviation
SPDP N-succinimidyl 3-(2-pyridylthio)propionate

In the following Example, which illustrates the invention without limiting it, all

temperatures are in degrees Celsius.



The resul tant gene construct nmay be expressed e.g. in CHO cells, especially
for large scal e production; however, other systens for production by

r econbi nant gene techni ques are al so appropriate, especially when only T
cell epitopes e. there is no need for glycosylation, CD32
ant i bodi es can wﬁﬁ?glned e.g. froma human | g phage displaf%Fﬂﬁygﬁyﬁhhlch
contains only F(ab) fragnents of the natural antibody. However, the source
of the genetic material which codes for elthq£ ant i body or antlgen/allergen.
is not critical. Preparatlon by chen1ca| Cross- I|nk|ng may al so be
carried out by maéﬂ { g : ) :
and Der P1, by using the Dy

173 (1978) 723-7371, Cuunna_et al. [Meth. Enzynol. 112 (1985) 207-224] and
Peeters et al. [J.Inmunol.Meth. 120 (1989) 133-143]. Briefly, Der P1
and M. a-CD32 are separately derivatized with SPDP at nolar ratios of 1120
and 1/ 5 respectA)vdethdddir introducing 2- pyridyl di sul phide residues. After

m | d reduction and_desaltin gel chromat ograph t he SPDP—derlvatlzed
M. a- CD32 (whose dPstP Pﬁ%g\sméquw dtg MeagD3 G%WHJSWIE PR pPifupstional

b d h ‘ktﬂa Ehe “ng h
Irggﬂl ?lt (ra]g \gef' IS& n§P éD%gm lyl%guct I's t ﬁl’ aEéDﬁf ééﬂa{z{tég:gg?mp %i/tﬁge;r ©
filtration -on SPHP 6@&0@@81@ wwmwllamwmmwangmdmmpmmwpm e.g.
FPLC Mo b

10 Q st AR gy T4 Bl 1 ShbSlopBRI e Y e

prepared accor & nown proceadures or Wh procedures
or anal ogously mpetmmatizleédfldmcmﬁ (wRosg. d:sulplﬁdeegrﬁmmﬁ feduced to thiol groups)

are incubated with the SPDP-derivatized Der P1 at a molar ratio of 1/1.6. The resulting

Der P1--Mc.a-CD32 conjugate is purified by gel filtration on Superose-12 and by
anion exchange chromatography on FPLC Mono-Q.

B) Materials:

a) SPDP: molecular weight 312.4; 25.61 mM stock solution (8 mg/ml) in
dimethylformamide, prepared immediately before coupling.

b) Der PI: purified by immunoaffinity chromatography on Mc.a-Der P1(4C1/B8/3F8)
covalently coupled to CNBR-Sepharose 4B. Molecular weight 28 kD; isoelectric
point 5.0 (PHAST-IEF); sterile filtered, diluted in PBS.

c) Monoclonal anti-CD32(IV.3): isotype: mouse IgG2b-k chain; molecular weight
150 kD; isoelectric point 6.2 (PHAST-IEF); purified from culture mediuvm
supernatant on Protein-A and HPHT and dialysed against PBS.

Reaction mixture A:
To 1.2 ml of Der P1 solution (0.84 mg) is added 23.4 ul of SPDP stock solution

(20 molar excess) and the mixture is stirred in a 2.5 ml conical reactive vial (Pierce)
for 45 minutes at room temperature (22°). The reaction mixture is filled up to 2.5 ml
with PBS and unconjugated SPDP and released N-hydroxysuccinimide is removed by
desalting on a 9.1 ml Pharmacia PD-10 disposable desalting column (Sephadex G-25)
equilibrated with 50 ml of PBS. After application the fraction containing the
2-pyridyldisulphide-activated Der P1 is eluted and pooled with 3.5 ml of PBS. The

concentration is about 0.17 mg/ml, corresponding to 0.6 mg.
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The fusion proteins according to the invention are useful for the
prevention a atment of allergies, particularly of f i es.
It is not unccr:grrégn #of pati ents who suffer from anaphyl act i @gﬁ% to a
particular allergen, also to suffer fromsuch a response to one or nore
other allergens. It is possible by the nethod,of the present invention to
desensitize such a patient in respect of two or nore allergens

si mul t aneously E%g@m& '&?%Qﬁzk%g oaséﬁgﬁtu‘aan W’ﬁtﬁ%ﬁ 'y_&fgéuﬁhdlg anti gens agai nst
each of these allergens refera the Tusion proteins according to the
invention will be usd80 pi gampieis fiilﬂd\)-@rmﬂéﬁ +arvdthoPBS aediSrshof 150 mM BTGy in
newborn childre [ f or ., of a hed
allergies in paﬂ@%t@ P\?\%Stﬁ%P%?Sf/@é%gﬁ%iogtagé’yﬁgp%' E‘Q‘,\f( ?}ea\slﬁﬁl aﬁe‘ p (are)
included int heaMmamIbardetbmﬁhmbpmhahng lﬂﬁeubsorbence at BFDﬂmt(hm extinction

i ndi cations the appr 05, Wi | | oyr se y depen upon,
for exanple, th®° B&F Pcd.?géliw ggﬁ‘fﬁ 5‘?‘145 n C?F@é‘?}'“‘fﬁ'él%g% €of

appl i cation angsithe, F&tzﬁﬂéﬁﬂrzh@b 943 hﬁfﬁncn@‘.i’éé’edﬁf074'(90r9fc&ﬁrfaxl din¥idh) @k act ory

results are indicated to be obtalned one to three vaccinations over
1-2 years, but §ubstiwionsdegrog iy egledatedjas héM@ll%mdM%@hm/MnhD@aW be done.
It is indicated that for these treatnments the fusion proteins of the
invention may be adm nistered in dosages and with an application schedule

simlar as convResctiemmixtyredipl oyed. The I nvention theref ore al so

andior treatmont of T St ML Er afRgt it el in SRR 8o M grol B&™ o7

solution (5 molar excess) and the mixture is stxrred for 45 min at room temperature.

The reaction mixture is applied on a 2.5 ml Pierce GF-5 disposable desalting column
(equilibrated with 10 ml of 0.1M Na-acetate/HAc buffer, 0.IM NaCl, pH 4.5). After
application, the desalted fraction is eluted and pooled with 1.5 ml of acetate buffer

(pH 4.5) and filtered with a 0.22 pm MILLEX-GV (low protein binding) filtration unit.

Introduction of SH-groups:

Protein-bound 2-pyridyldisulphide groups are converted to protein-bound thiol
groups by reducing with DTT. 1.5 ml of desalted sample is incubated under stirring
with 1 ml of 62.5mM DTT (diluted in acetate buffer) at room temperature for
30 minutes (final DTT concentration 25mM). Because 2-pyridyl disulphide increase
their electrophilicity at acidic pH the reduction can still be carried out at low pH,
where native protein disulphide bounds will not be affected.

For the measured OD 343 nm increase of 0.447, the substitution degree is
calculated as 7 Mol thiol groups / Mol Mc.a-CD32.

The reaction mixture is applied on a Pharmacia PD-10 column (equilibrated with
50 mi of PBS) and after application, the desalted fraction is eluted and pooled with 3.5
ml of PBS. The sample is concentrated to 0.6 ml with a CENTRIPLUS-10 (YM10
membrane) concentration unit. The concentration is about 3.1 mg/ml, corresponding to
1.86 mg.



a nethod of treating allergies which conprises admnistering to a subject

i n need of such treatnent a prophylactically or therapeutically effective
anount of a fusion protein as defined above together with at | east one
conventional pharmaceutically acceptable carrier or diluent, as well as
fusi on protei nSVQLY&HW ned above for use as a pharmaceuti cal PFCHERSERYS| y
as an anti-allergic agent. The fusion proteins according to the

i nvention may be adm xed with conventional pharnaceutically acceptable
diluents and carriers and, optionally, other “excipients and adm nistered
parenteral ly, ighray iurenterally, e.g. intranuscularly, or

subcut aneousl y. ‘f‘he concentratrons of the fusion protein will, of course,
vary dependi ng i . a. 38rmk (@6cogiefUPer Rinfpyndiaetdisulphide resivatedhandd®6 imldd-86 mae)t he

g‘gfrf {gggg; 0%2?5%@1&@3%&2%%&1—& Vied) are mixed N B @424 8 mi Pierce reactjye vial for

The invention tRupuf 4 Godrh edmisteAue (22 YRAE US hodk at P4 TRE hioRieGla£ BB Si Ng a
fusion protein as defined above together with at | east one pharmaceutically

accept abl e car r F Po/ N¢.a-(di3e in the reaction mixtureisrl.¢/bn dBe Aeupling rgedsist or t he
preparation of goxRei8 dySdas@fiiy tS inchdale600D%343 nm due the increase of released

pyridine-2-thione:
Time 0D (343 nm)
Start 0.1112
15min 0.1257
30min 0.1342
45min 0.1412
60min 0.1470
75min 0.1519
120min 0.1590

D) Purification of conjugate:

Superose-12 :

The reaction mixture (3.9 ml) is filtered with a 0.22 pm MILLEX-GV filtration
unit and concentrated to 0.5 ml with a Centriplus-10 concentration unit, The final
concentration of the conjugate is 3.7 mg/ml, corresponding to 1.9 mg.

The sample is applied on a Superose-12 (HR10/30) column (Pharmacia)
equlibrated with PBS. Bed volume 24 ml; flow rate 0.2 mi/min; volume/fraction
0.4 ml; recorder chart speed 1.5 mm/min; pressure 0.3 MPa; scanning wavelength
280 nm. The eluted high molecular weight fractions are divided according to the
elution profile in 3 pools:

1.2 ml Pool A: fraction# 21-23
1.2 ml Pool B: fraction# 24-26
1.2 ml Pool C: fraction# 29-31

The pools .are sterile filtered (0.22 pm MILLEX-GV) and stored under sterile
conditions at +4°. The total protein concentration is about: Pool A: 100 pg/ml;
Pool B: 200 pg/ml; Pool C: 390 pg/ml.



whi ch conprises mxing a fusion protein as defined above together with a
phar maceutically acceptable carrier or diluent, and the use of a fusion
protein as defined above for the manufacture of a nedi canent for the

prevention and/or treatnment of allergies, including food all ewi es.
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The foll owi ng abbreviations are used herein: 15 aCD32 anti body to CD32
(anti-CD32 anti body) Ag antigen APC'~ anti gen-presenting cell

BCR B celég&%% Bet V1 mej or all ergen of birch pollen BSA
bovi ne serum al R cyanobrom de Der Pl maj or all ergen of
house dust mite (DérmiadfdoohGaBoepg)pisalidysed apaing 20 ¥ Tof ethanolamitelEN of
house' dust mt ?).OID;%[-EJaM buffelg ;I)I& @OO ;tmfy peulnlfi%li by ion-exchance chromatography on
FPLC-Mono Q (HR5/5) anion exchanger. Starting buffer A: 20 mM ethanolamine/HC],
0.01%NaN, pH 9.0; limiting buffer B: A + 0.5 M NaCl pH 9.0; flow rate 1 ml/min,
volume/fraction 1 ml; recorder chart speed 5 mm/min; pressure 1.2 Mpa; scanning
wavelenght 280 nm. After application, a linear gradient program is started for
30 minutes (conductivity 50 - 1260 uS/cm). The relevant peak is eluted in fraction #8
(at 340 pS/cm). The protein concentration is about 45 pg/ml (OD 280 nm, E,, 14.0).
The sample is dialysed against PBS and sterile filtered. The protein concentration of
the final purified material is 20 pug/ml (OD 280 nm).

E) Analytical determinations:

a) Total protein concentration:

Total protein concentrations are estimated according to Bradford, using BIO-RAD

Protein Assay Kit I; standard: bovine IgG.

b) Determination of Der Pl1, of Mc.a-CD32 and of Der P1--Mc.a-CD32 conjugate
by ELISA:

Solid phase ELISAs are performed in PVC microtiter plates. The coating buffer
0.1 M NaHCO,/Na,CO,, 0.01% NaN, pH 9.6, PBS with 0.05% Tween-20 is used as
washing solution and 2 % fetal calf serum in washing buffer as diluent for samples,
biotin- and enzyme conjugates. The substrate is 1 mg/ml p-NPP diluted in
1 M diethanolamine/HC] buffer pH 9.8. The stopping solution is 2 M NaOH. All
incubation steps are done in a humidified chamber. Equipment for sample processing
and OD rcadiné at 405 nm is Beckman Biomek-1000 laboratory workstation.

Quantitative evaluation: Beckman Immunofit; curve fitting: 4-parameter logic.



EBV Epstein-Barr virus ELISA enzyme- | i nked i mmunosor bent assay

FACS . fluorescence-activated cell sorter Fc[err]RII human Fcy receptor
Il (= CD32) Fi g Fi gure nunber FPLC fast pressure liquid

chr omat ogr aphy goat anti-nouse antibody HAc acetic

HLA hurraﬁv?%m%’c“yt e antigen HPHT hydr oxyapatite | CPCT/EP%/“"’q]ﬁrrune
conplex 1g I mmunogl obulin 1L-12 I nterl eukin-12 LST

| ynphocyte stimulation test mn mnute|s6 VR nolar ratio PBS
phosphat e- buf f er ed sal i ne PCR pol ymerase chain reaction p- NPP

p-ni trophenyl ph%'jp o of Der P R@d®y: d devi ati on SPDP

N- succi ni m dyl -pr| | 0) propi onat e In the foll ow ng

Exanpl e, which il I Ufseating: e@OtMi/elerMe-n‘tDﬁmri’l(/ﬁﬁﬂidgt}lgi'mm\tem@t|at +4% |After
temperatures arg,inf d¢88 ffer Sdmpis' s added:

a) Der P1 (starting material for coupling) (250-0.49 ng/ml) as standard
b) Superose-12 Pool A (4000-7.81 ng/ml)
¢) Superose-12 Pool B (4000-7.81 ng/ml)
d) Superose-12 Pool C (4000-7.81 ng/ml)

Incubation for 2 hours at +37°. After washing, 100 pl/well
Mc.a-Der P1{4C1/B8/3F8)-Biotin conjugate diluted 1/500 is added and incubated for
2 hours at +37°. After washing, 50 ul/well streptavidin-alkaline phosphatase conjugate
diluted 171000 is added and incubated for 1 hour at +37°. After washing, 100 pl/well
substrate is added, incubated for 60 minutes at 37° and stopped. Quantitative
evaluation from standard curve:

Superose-12 Pool A: 16.1 pg/ml
Superose-12 Pool B: 54.9 pg/ml
Superose-12 Pool C: 135 pg/ml

b)2) Determination of Mc.a-CD32 (mouse 1gG2b) (Fig. 8):
Coating: 100 pl/well goat Pc.a-Mouse IgG2b (Southern) 5 ug/ml overnight at
+4°, After washing, 100 ul/well sample is added:

a) Mc.a-CD32 (starting material for coupling) (1000-1 96 ng/ml) as standard
b) Superose-12 Pool A (8000-15.63 ng/m!)
c) Superose-12 Pool B (8000-15.63 ng/ml)
d) Superose-12 Pool C (8000-15.63 ng/ml)

Incubation for 2 hours at +37°. After washing, 50 ul/well goat Pc.a-Mouse .
IgG2b-alkaline phosphatase conjugate (Southern) diluted 1/1000 is added and
incubated for 2 hours at +37°. After washing, 100 ul/well substrate is added,
incubated for 15 minutes at room temperature and stopped. Quantitative evaluation
from standard curve: |

Superose-12 Pool A: 17.7 pg/ml
Superose-12 Pool B: 58.8 pg/ml
Superose-12 Pool C: 190 pg/mi

Evaluation of molar ratioc Der P1 / Mc.a-CD32 in conjugate accord ELISA:

Superose-12 Pool A: 4.9/ 1
Superose-12 Pool B: 5.0/ 1
Superose-12 Pool C: 3.8 / 1
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Exanpl e: Preparation and purification of Der P1l--nonoclonal anti-CD32
fusion otein A) Met hod: Der P1 is coval ent

r I
conj ugat ed to“f\%?-’é{]:’e&z by using SPDP, a bifunctional coupl q&"?@iﬁé?‘nt. In
brief, Der P1 and Mc. a-CD32 are separately derivatized with SPDP at nol ar
ratios of 1/20 and 1/5 respectively for i nt_rﬁd_uci ng 2-pyridyl di sul phi de
residues. After mld reduction and desalting by gel chromatography, the

SPDP- deri vati I‘ﬁm&tigpgg%g#g_ - Qi PSlS @ oups are reduced to thiol
groups) are iztﬁg)uba ed w € B -dé‘r'Tuvlergia‘Zéd Der P1 at a nolar ratio of
1/1.6. The resulting Der P1l-M.a-CD32 conjugate is purified by gel
filtration on r - 12, andy b I on chromat ography on FPLC
Mono-‘Q B) @gﬂZr@iﬁ?‘é‘g' Mgf%ﬁ@:%?%%%y?ﬁgﬁdm 312.4; 25.61 nM stock
solution (8 nmg/ m )Cdating: 100ipuWeel Wit a-Den P (SEI8) PO pRAnlasieinighe di #4%!| Afidref or e
coupling. Db) Der. P1; i fjed | 1waf finity chromatography on M. a- Der
P1 (4C1/B8/ 3F8‘)’asg““gcb‘?}£¢‘]’ré‘mli V"@%HI atélrgy‘[?o CNBR- Sephar ose 4B. Ml ecul ar
wei ght 28 kD; isoel @¢Det P1 (starting material for coupling) (4000-7.81 ng/mi)

b) Superose-12 Pool A (4000-7.81 ng/ml)

c) Superose-12 Pool B (4000-7.81 ng/ml)
d) Superose-12 Pool C (4000-7.81 ng/ml)

Incubation for 2 hours at +37°. After washing, 50 ul/well goat Pc.a-Mouse

IgG2b-alkaline phosphatase conjugate (Southern) diluted 1/1000 is added and
incubated for 2 hours at +37°. After washing, 100 ul/ well substrate is added,
incubated for 30 min at room temperature and stopped. Mc.a-Der P1 - bound
Der P1--Mc.a-CD32 conjugate is detected by the Mc.a-CD32 partition in each

Superose-12 purified fraction pool.

b)3)2) Coating: Pc.a-Mouse IgG2b (Fig. 10):
Coating: 100 pl/well goat Pc.a-Mouse IgG2b (Southern) 5 pg/ml overnight
at +4°. After washing, 100 pl/well sample is added:

a) Der P1 (starting material for coupling) (1000-1.95 ng/ml)
b) Superose-12 Pool A (8000-15.63 ng/ml)
c¢) Superose-12 Pool B (8000-15.63 ng/ml)
d) Superose-12 Pool C (8000-15.63 ng/ml)

Incubation for 2 hours at +37°. After washing, 100 ul/well Mc.a-Der
P1(4C1/B8/3F8)-Biotin conjugate (mouse IgG1) diluted 1/500 is added and incubated
for 2 hours at +37°. After washing, 50 pul/well streptavidin-alkaline phosphatase
conjugate diluted 1/1000 is added and incubated for 1 hour at +37°. After washing,
100 ul/well substrate is added, incubated for 60 min at 37° and stopped.

Pc.a-Mouse IgG2b - bound Der P1-Mc.a-CD32 conjugate is detected by the Der P1

partition in each Superose-12 purified fraction pool.



point 5.0 (PHAST-1EF); sterile filtered, diluted in PBS. c¢) Monocl onal
anti-CD32(1V.3): isotype: nouse | g&b-K chain; nol ecul ar wei ght 150 kD
i soelectric point 6.2 (PHAST-I1EF); purified fromculture nmedi um

super nat ant on A and HPHT and di al ysed agai nst PBS.

m xture A Vﬁ;%%s%&z m of Der Pl solution (0.84 ng) is adﬂ%ﬂEgﬁk%SG
[err]] of SPDP stock solution (20 nolar excess) and the mxture is stirred
ina2.5n conical reactive vial (Pierce) _for 45 minutes at room
tenperature (22[err]). The reactlon mxture is filled up to 2. 5 n1 W th
PBS and unconjugil. : ' 4 ed by

G 25) equilibra ptesistat i on the fraction

<Al ; pidecy ' - &P
cont ai ning the mr@%cﬁwa {;vr&qﬁ@ﬁu r‘f‘ SaciiZ chnjubafl i B8 SR spoﬁ%‘. ng

with 3.5 M of PBS conce atton 1's corr

to 0.6 ng. purified/$tacioh Pééld & estimated with a natwe PHAST gel 4-15% gradxcnt
PCT/ EP96/ 03616

Estimation of (Fhermgeaip)dseramption pogs: 1000 &R W 30KD. Wltﬂlné%‘feptﬂglﬂe A

100 [err]l sanpidtecufir Welghtantiard proteid (ki PHatmatid)h PBS and 50 [err]l of 150
mM DTT
Detection:  silver staining (Silver staining kit, Pharmacia) (Fig. 11)

Evaluation:
Superose-12 Pool A: band at MW 700 kD
Superose-12 Pool B: band at MW 460 kD, 330 kD
Superose-12 Pool C: band at MW 330 kD, 170 kD

The molecular weight of the final FPLC-Mono Q purified Der P1--Mc.a-CD32
conjugate is estimated as 330 kD (Fig. 12).

F) Test results:

- a) Antigen-specific_sti tion of T cell clone CFTS4:3.1 with aCD32 De
fusion protein:

The above chemicaily linked aCD32 (Medarex clone 1V.3) with purified
Der P1 is used to stimulate Der P1 - specific T cell clone CFTS4:3.1 in different
cor;centrations using a standard LST. In a first set of experiments pool A and pool B
from the chemically fused preparation are used, pool A containing a single band of
700 kD (2 aCD32 molecules fused with 10 Der P1 molecules), and pool B consisting
of two bands, at 460 kD and 330 kD (1 aCD32 with 10 Der P1, and 1 aCD32 with
5 Der P1 molecules, respectively).

In a second set of experiments the purified protein from pool C is used,
consisting of a siﬂgle band of approximately 330 kD (1 aCD32 molecule fused with
5 molecules of Der P1). Monocytes and B cells are preincubated for 1 hour at room
temperature with the various fractions as indicated in Figures 13a and 13b. As
control stimulation 100 pg/ml of DPT is added to T cells plus antigen presenting
cells during the complete culture period. B cells are able to stimulate CFTS4:3.1

with DPT but not.with the pool A, pool B, or pool C, whereas monocytes are able to



diluted in PBS is added. The concentration of pyridine-2-thione rel eased
after DIT addition can be determ ned by neasuring the absorbence at 343 nm
(rmol ar extinction coefficient: 8080 Merr]cnierr]) and corresponds to the
i ntroduced 2- 5,9 | - di sul phide residues. For a measured OD 343 nm

i ncrease of O. l%gafirrect ed for dilution) the substituti onP%ﬁ‘Pg@qlg
calculated as 1.5 Mol 2-pyridyldisul phide / Ml Der P1. Reaction m xture
B: To 0.5 m of M.a-CD32 solution (442 ng) is added 5.5 [err]| of
SPDP stock solution (5 nolar excess) and the mxture is stirred for 45 mn
at room t enpergiiife CFT5$3N8&08 DPT dfl it fool A, sw!n,eangeo@c.znﬁs Bdnfinin€" C€
GF-5 disposabl e desalting colum (equilibrated wwth 10 mM of 0.1M

Na- acet at e/ HAGh® previons figdings witlomatupaliI1g0 liergonf camplexgp pifercedttp ahovet He desal t ed

fraction is el . i . . { f .4.5). and
filtered with %"ﬁ%‘“?é’?“? h"i%‘ﬂ?fgé"é%gt qu“\}v‘ﬁé)‘%@tcb | R kr?g”fﬁﬁ%“af"%ﬁ
unit. | nt r arbt aédessarryf siftitd- il foactions are stimulafingpthei Teddls eqehally well. :

2- pyridyl di sul phi de groups are converted to protein-bound thiol groups by
reducing with DIT. 1.5 nl of desalted sanple is incubated under stirring
with 1 m of §3 iabh deGbk Wiadledis) acetate buffer) at roomtenperature for
30 mnutes (fina T concentration 25mM) . Because 2-pyridyl disul phide
increase their elPagfipbppman tongillarg ce!&ﬁmémpﬂaleﬁewmeﬁ%oi a9f Tbtninghe | | be
carried out at &ﬁ%rh : ' [ i-des. ho WLl not be
affected. P éﬁ}é%%?hag%ggﬁr e é(%agglggﬁir%ﬁle%g?égg‘ Eh%t?l%’. %ﬁ}g& "m%
substitution dadicated concensrationd @ligd 4hAfter Bdays thieshipagnasans of thé/ohltuves. are CD32.

The reaction mixture.i,s. appli.ed on Ci D- 10..C m ui.l Lbrat ed
W th 50 m ofeRid? 1 o8 e Gonf A FRST fiiBodies Belidel B el 6P el Lt e
and pool ed Wi tgioduckion M a @bseRiBfendéMowSAMPFR. 15 itGO KW tha! &/n Fab Grafméflis Wi th a
CENTRI PLUS-10 (YMLO nenbrane) concentration unit. The concentration is

about 3.1 ny/ rffom gk Medasemelrnyl¥-3 arejablestonighibit IgE synthesis. This indicates that
B cells which are not activated via their BCR can be blocked in their antibody
production by monomeric interaction with CD32. For B cells which are stimulated in
an antigen-specific way, co-cross-linking between CD32 and BCR is necessary. This
implies that e.g. in allergy where B cells take up antigen (e.g. Der P1) through IgE
and CD23 and subsequently become stimulated Der P1 - specific Th2 cells leading to
IgE production by the B cells, these B cells can be shut down by interaction with
CD32 on the B cell surface. Indeed, even in cognate B cell T cell interaction, aCD32
antibodies block antibody synthesis (Fig. 16).



WD 97/ 07218

PCT/ EP96/ 03616 - 14 - @]
Coupl i ng procedure: 3.3 mM (0.56 ng) of Der Pl (pyridine-disul phide
activated) and 0.6 nml_ (1.86 ng) of M.a-CD32 (SH activated) _are m xed and
stirred in a 3" ce reactive vial for 2 hours at room PEHERPAIfe
(22) and 15 hours at +4[err]. The nolecular ratio of Der P1/ M.a-CD32 in
the reaction mxture is 1.6/ 1. The coupling %ﬁaction is nonitored by
measuring the increase of OD 343 nm due the fncrease of rel eased

pyri di ne- 2-t hi one: Ti ne QD (343 nm Start
0.1112 15mn 0. 1257 30m n 0.1342
45m n 0. 1412 60m n Tahld 470 75m n 0. 1519
120m n 0. 1594 S— -
Stimulation % CD80 | % CD40 { % HLA-DR
day O (freshly isolated) 1 26 99
day 1 IFN-y 31 - 82 99
day 1 IFN-y + aggregated IgG 13 61 99
day 1 IFN-y + aggregated IgG + aCD32 32 82 99
e

Monocytes (91% CD14 positive) derived from a normal donor by elutriation
are incubated with 100 U/ml IFN-y for 24 hours in the presence or absence of
5 ug/ml aggregated human IgG (coated to the wells, overnight at 4%) and/or 10 pg/ml
monoclonal mouse anti-human aCD32 (Medarex IV.3), and subsequently stained for
the indicated markers for FACS analysis. The IFN-y - induced up-regulation of
CD80 and CD40 can be inhibited by heavy cross-linking of Fcy receptors by
aggregated human IgG on the monocytes. Preincubation with aCD32 counteracts the
inhibition by aggregated human IgG, indicating that
1) the inhibition by the aggregated human IgG is mediated through CD32, and
2) mere binding to CD32 does not cause the down-regulation of the co-receptors.

HLA-DR expression is not influenced by the treatments.



D) Purification of conjugate: Superose-12 The reaction mxture (3.9
m) is filtered with a 0.22 [err] MmMLLEX-GV filtration wunit and
concentrated to 0.5 m with a Centriplus-10 concentration unit The final
concentration Qf chHCOm ugate is 3.7 nmg/m, corresponding to 1.

The sanple is on a Superose-12 (HRlO/ 30) col um (Pharprﬁ'sféﬁpa‘) 3616
equlibrated with PBS. Bed volune 24 m; flowrate 0.2 m/mn;

vol une/fraction 0.4 nl; recorder char t speed,, 1.5 nmm m n; pressure 0.3 Mra;

scanni ng wavel ength 280 nm The eluted hi gﬁ )l ecul ar wei ght fractions are
di vi ded accordiﬁ%g !'! g profile in 3 pools: 1.2 m Pool
A: fraction# 21- aihrfolor o g ) & Pool B: fraction# 24-26 1.2

m Pool C fraction# 29-31 The pools are sterile filtered (0.22 :
[err]m M LLEX- ed d Ie cond| t +4. Thet ot al

pr ot ei'n concenM ! oot SN A0 Terabion 1o anyger
[err]g/m; Pool C:. 390prkehtation: n1 WO 97/ 07218

PCT/ EP96/ 03616 L - 15-

FPLC- Mono Q Panel A = fluorescence; Panel B = proliferation.

EBV B cells were pulsed with pre-formed IC's, consisting of a constant concen-
tration of IgE (4 7.5 pug/ml,@® 5.0 pg/ml, W 2,5 ug/ml) and variable concentrations of
Der-P1-(3)NIP.

In panel A binding of the pre-formed IC's to the B cells is shown. IC's with an
identical MR are connected with a line and the actual MR (0.1, 0.25, 0.5, 1, 7) is
indicated in arabic numbers next to the line. IgE binding reached a plateau at
Der P1 concentrations of around 0.2 pg/ml. IgE binding in the absence is
Der P1-(3)NIP is shown in the dotted box on the lower part of the right Y-axis.

In panel B antigen presentation by irradiated EBV-B cells pulsed with the same
IC's is shown. Here, the connecting lines indicate complexes made with identical IgE
concentrations, to emphasize that antigen presentation was not influenced by the MR
of the IC's (correlation coefficient =.0.96). Also monomeric complexes [highest
Der P1-(3)NIP concentration of each line] were efficiently presented to the T cells.
No stimulation of T cells was seen with any of the used Der P1-(3)NIP
concentrations (hatched area) in the absence of IgE molecules. Data shows

3H-thymidine incorporation on day 5 (mean + sd of triplicate wells).

Figure 2: Comparison of antigen presentation with non-pulsed B cells:

Free Der P1-(2)NIP left in the culture medium during the whole stimulation
period induced a dose-dependent stimulation of the T cells. Autologous (irradiated)
EBV-B cells were used as antigen-presenting cells. IgE present in the complexes did
not significantly enhance antigen presentation, but both IgG1 and IgG3 present in
IC's prevented antigen presentation of Der P1-(2)NIP to T cells as compared to free
Der P1-(2)NIP. Results are presented as 3H-thymidinc: incorporation on day 5

(mean + sd of triplicate wells).



1 mM of Pool C (390 [err]g) is dialysed agai nst 20 nM of ethanol am ne/ HO ,
0.01 % NaN3 buffer pH 9.0 and purified by ion-exchance chromat ography on
FPLC- Mono Q (HR5/5) ani on exchanger. Starting buffer A® 20 nM
ethanolamne/HO , 0.01 % NaN err] pH9.0; limting buffer B:

Nad pH 9.0: fYOXPRE 1 mi/min, volune/fraction 1 m: reco?&@f“&%‘aﬂ‘
speed 5 mmmn; pressure 1.2 I\/pa scanning wavel enght 280 nm After
application, a linear gradient programis st g ted for 30 mnutes
(conduct|V|ty 50 - 1260 pS/icn). The reI evant peak is el ut ed in fraction #8
(at 340 [err]SMhﬁm ; 0! S Lgkédt (OD 280
nm E[err] 14 e sanp g e filtered.
The protein conceni® theiabsengs of I, ﬁuaﬁaﬂ Tmllumm&tmnefquadi when 20 [err] g/ m

oD 280 A
((:oncent r Q.trrl) on: IgEbeﬁ.%?é? pr O% é-?pﬁé’(%%ncg‘?ls%él! gfllﬁ%thogl %@&fg%%r}éﬁégﬁ gg’go(ra ng to
Bradf ord, usi ngoabrax% thpsmeeummm;ea& to 4 doseidepeadén inttisiviomer | gG. b)

Det er mi nati on of Der M. 2 con ate

by ELI SA: ' faédeﬁﬁ'&g"é’ EE?"BI&&‘%H@ 05%’1’ f“bﬁgﬁt&fgﬁ g@cbﬂsﬁ%m@#m% ates.
The coating buan&{ 1o §& reddniNAHEOL ke miialued £dmlﬁ{erdfrr &n@%&fﬁﬂ}ﬁh&.pH 9.6, PBS
with 0.05% Tween-20 is used as washi ng solution and otetal calf serum

i n washi ng buf fP@?—m%tlbamﬂ ofepulsing’ of thepB cells with theilgG3 @nmpmeotmjm{fal‘ es.

The substrate i NER er pH
9.8. The stoppld?fge;}%o E&on i'e ‘ﬂd‘ﬁﬁaﬁc@% P&ﬂlwngugﬁ n"@?ﬂﬁ{bgf% lggér?é in a
hum di fied chamidr antigem presentdtioh dn treaabsénee pf fgleasd algp w&hdlg(B—BM)N@’ at 405

nmis Beckman Bi or’rFk 1000 | aboratory workstation. Quantitative eval uation:
Becknman | munof PPt ve fitti ng: 4-paraneter |ogic.

M: 3-mediated antige tation by fresh human monocytes:

Human monocytes are pulsed with preformed IgG3-Der P1-(3)NIP complexes
(ratio 1:1) for 1 hour on ice in the absence or presence of non-rejevant aggregated
human IgG. The pulsed monocytes are subsequently washed and mixed with
HLA-DP matched T cell clones specific for Der P1, and after 5 days proliferation is
measured as >H-thymidine incorporation. IgG3 complexes presented by human
monocytes induce an allergen-specific T cell response which can be blocked by
aggregated IgG, indicating specificity of the IgG3 interaction with the monocytes.

Data are shown as mean + sd of triplicate wells.

Figure 5: DPT-specific T cell proliferation; influence of aCD32 or aggregated
human 1gG on antigen presentation:

Human EBV B cells are pulsed with (closed bars) or without (open bars)
250 pg/ml of DPT overnight. After irradiation the B cells are mixed with T cells
from a Der Pl - specific T cell clone and the cells are allowed to proliferate for 5
days. In the presence of different concentrations of aCD32 antibodies cross-linked by
GaM a dose-dependent inhibition of proliferation is seen. The same effect is
observed when aCD32 or non-specific aggregated human IgG is coated to the culture

wells.



WD 97/07218

PCT/ EP96/ 03616 - 16 - b)1l)
Det ermi nation of Der P1 (Fig. 7): Coating: 100 [err]l/well M. a-Der
P1(5H8) 10 [er{yb njy overnight at +4[err]. After washing, 100 [err]l/well
sanple i s addefyP a) Der Pl (starting material for cod 03616
(250-0.49 ng/mM) as standard b) Superose-12 Pool A (4000-7.81

ng/ m) c) Superose-12 Pool B (4000- 7#& ng/ m) d)

Super ose- 12 Pool C (4000-7.81 ng/m) ibation for 2 hours at +37.

Af ter washi ng, r I . ﬁ é‘ 4 g E ﬁ?% % ]Hgate
diluted 1/500 i O & ﬁlelr‘ Af rMC:on?b Eftﬁ Qgt/eﬁg t'\:&% Et QEY 5 i ng, 50
[err]l/well streptavi dfrag : alizps elisplagHbgave diluted 1/1000 is
added and i ncubate hour at +37[ er After 100 [err] |/ well
substrate is addeddmeﬁ:ré‘ﬂl]ﬁ’ Bgnt Gan B‘b"&‘f‘“ﬂﬁ‘]tl from3 Pl?ﬂmgfﬁﬂlagt CL‘
Quantitative ev@dseritled ® rjernmsaaamdafdé N, V&e d Sci, USA Z%M)@sﬁs-é&fool A
16.1 [err]g/m Super ose- 2 Pool 4.9 Terr]g/n

Super o0se- 12 PooHowever, 3gy F@lw@/(ﬁ; part of a molecule) efficiently m%eracting with human
CD32 can replace the 2CD32 Fab fragment. Allergen may be any protein or

combination of proteins that cause(s) allergy. In addition the allergen(s) may be
replaced by fragments of the allergen(s) which contain T cell epitopes. The
recombinant protein can be produced in any expression system available, independent
of glycosylation and other post-translatory modifications. Such fusion proteins may
also be used for diseases which are characterized by (over)production of unwanted Ig
molecules such as in theumatoid arthritis, graft-versus-host disease or any other
disease in which autoantibodies play a role. In these cases allergens can be replaced
by a simple non-defined linker to combine the two aCD32 moieties, however the best
results will be obtained when allergen is replaced by the "autoantigen” that causes

the disease.

Figure 7: Determination of Der P] in Superose-12 purified Der P1--Mc.a-CD32
conjugate fraction pools by Sandwich-ELISA

Figure 8: Determination of Mc.a-CD32 in Superose-12 purified Der P1--Mc.a-CD32
conjugate fraction pools by Sandwich-ELISA

Figure 9: Detection of Der P1--Mc.a-CD32 conjugate in Superose-12 purified
cti ols by Sandwich-ELISA:

Coating: Mc.a-Der P1.

Figure 10: jon o er P1--Mc a-CD32 conjugate in Superose-12_purified

fraction pools by Sandwich-ELISA:
Coating: Pc.a-mouse IgG2b.



b)2) Determ nation of M. a-CD32 (nmouse |Ig&b) (Fig. 8): Coating: 100
[err]l/well goat Pc.a-Muse |g&b (Southern) 5 pg/m overnight at +4. After

washi ng, 100 [err]l/well sanple is added: a) Mc.a-CD32 (starting
material for couplin (1000-1.96 ng/mM) as standard b
Super ose- 12 POWODWO( 00-15.63 ng/m) c) Superose- 1 FPFgPepels

(8000-15.63 ng/m) d) Superose-12 Pool C (8000-15.63 ng/m)
| ncubation for 2 hours at +37. After washi Ng.,p490 [err]l/well goat
Pc. a- Mouse | g&b- al kal i ne phosphat ase conjugate (Southern) diluted 1/1000

| s added and igg%%}ﬁq 96r Raifhfbof faltichs fronf Podi’a MRS €0, 100 [err]l/well

substrate is a , I ncubate r m nutes at room tenperature and
st opped. Quantit at ibane &v330ung PenP¥ r om st andard curve: Super ose- 12
Pool A 17.7 [err] §amd 2: 50 ng Mc.a3UPa2 ose- 12 Pool B: 58.8 [err]g/m -
Super ose-12 Pool CLad8: $08rng jgirimolecular weight matke®n of nolar ratio Der P1 /
M. a- CD32 i n conj u@ahe4:a8000igdstartihdMaterial for Super§¥éper ose- 12 Pool A: 4.9 / 1
Super ose-12 Pool BlLafe §: 100lng Superose-12 Papres0se-12 Pool C 3.8 / 1 WO
97/ 07218 Lane 6: 100 ng Superose-12 Pool B
PCT/ EP96/ 03616 Lane 7: 200 ng Superose-12 Pool C

Lane 8: 250 ng high molecular weight markers

High molecular weight markers:

669 kD : thyroglobulin

440 kD : ferritin

232 kD : catalase

140 kD : lactate dehydrogenase
67 kD : bovine serum albumin

Figure 12: Silver staining of purified fusion protein from Pool C:

Lane 1: 250 ng high molecular weight markers
Lane 2: 45 ng FPLC Mono-S purified material.

Figures 13a and 13b: Ag-specific T cell proliferation:

Fig. 13a: APC - Mo 250495 and CFB4:2
Fig. 13b: Influence of monomeric purified CD32/Der P1

Chemically linked aCD32 (Medarex clone IV.3) with purified Der P1 was used
to stimulate Der P1 - specific T cell clone CFTS4:3.1 in different concentrations
using standard LST [Van Reijsen, F. C. et al. (1992) J. Allergy Clin. Immunol. 90
184]. In a first set of experiments (Fig. 13a) pool A and pool B from the chemically
fused preparation were used: pool A containing a single band of 700 kD (being
2 aCD32 molecules fused with 10 Der PI molecules) and pool B consisting of two
bands at 460 kD and 330 kD (being 1 aCD32 fused with 10 Der P1, and 1 aCD32
with 5§ Der PI molecules, respectively).

In a second set of experiments (Fig. 13b) the purified protein (CP230595)
from pool C was used, consisting of a single band of approximately 330 kD
(1 aCD32 molecule fused with 5 molecules of Der P1).

Monocytes and B cells were preincubated for 1hour at room temperature with
the various fractions as indicated in the Figure. As control stimulation 100 pg/ml

DPT was added to T cells plus antigen-presenting cells during the complete culture



- 17 - Db)3) Detection of Der Pl --M. a-CD32 conjugate: b)3)1) Coati ng:

Mc. a-Der P1 (Mouse IgQ&a) (Fig. 9): Coating: 100 [err]l/well M. a-Der
P1(5H8) 10 [err]g/mM overnight at +4[err]. After washing, 100 [err]l/well
sanpl e i s added; a) Der P1 (starting material for cou I|n

(4000-7. 81 ng/"RP 7707218 b) Superose-12 Pool A (4000-7.81 H %;‘16

c) Superose-12 Pool B (4000-7.81 ng/m) d) Superose-12 PooI C
(4000-7.81 ng/m) I ncubation for 2 hoyjs at +37[err]. After washing,

50 [err]l/well goat Pc.a-Muse | g&b-alkali e ‘phosphat ase conj ugat e

(Southern) dil ﬁéh%? ';’Ucé\gg%ﬂngl%%&dg%dmé‘d}%hg?:@%;ﬁiﬁdin linct g%?%{oﬁ ég&an*ﬁd o ter

washi ng, 100 [err ubstrate 1s add I ncu mTn at room
t enper at ure antiwsl9pfteds days. a-ddearibPd (VarbBeijsen Beal., Riprak . Bc@BGRerc @bleugat e i s

detet €01y L1l CERESAY o B HEL SRS o 5.l i "

[err]l/well g%bndagteﬁm iogﬁzrkma(tesmmsn)wﬂn DP"rrahﬂ/vmh $DOE AN pEAIB, aaa
+4[err]. After washing, 100 [err]l/wel | sanple I s added:; a) Der P1

(star'ting nat e#90hC- {HHS FTRSPINGE 1O previgns n%gSnW9tural IgG allergeg)complsathse- 12
Pool A (8000- I /m
d?OSupeE ose- 1%{% BE%&hQ% ?qéo’o%-ei é?m‘i‘#@ R%%§g‘%33fgl§tad&t&? ﬁr&ﬁco%?sngt :

+37. After wasthatigr adtipen [Sémnl]atmmlej' imoNhbcytes Pegsslinkingid i @e 3R CBBBt in
conj ugate ( m)ur%glecl:lge%]‘ 1)s ngl Lelf:léses ry,1 éngcoeoali fsrac?'%rqse glex% equalf}cetfpe%ltiveedat stimulating
the T cells.

Figure 14: Inhibition of IgE and, respectively, IgG1 synthesis:
Purified human tonsillar B cells were stimulated with aCD40 and IL-4 as

described in Armerding, D. et al. Iinmunobiology 188 (1993) 259-273 in the presence
and absence of commercially available aCD32 antibodies added in the indicated
concentrations. After 9 days the supernatants of the cultures were tested for IgE and
IgG1 content as described (Armerding, D. et al., supra). Results are shown as
antibody production of 3 pooled fractions of 9 replicates (mean + sd). All aCD32
antibodies inhibited IgE as well as IgG1 production in a dose-dependent way.
Inhibition of IgM and IgA was comparable.

Figure 15: Inhibition of JgE synthesis:

Purified human tonsillar B cells were stimulated with aCD40 and IL-4 as
described in Armerding, D. et al., supra in the presence and absence of a
commercially available aCD32 antibody (Medarex IV.3) or an Fab fragment thereof,
added in the indicated concentrations. After 9 days the supemnatants of the cultures
were tested for IgE and IgG1 content as described (Armerding, D. et al., supra).
Results are showh as antibody production of 3 pooled fractions of 9 replicates (mean
+ sd). Both complete and Fab fragments from the Medarex clone IV.3 were able to
inhibit IgE synthesis (IgG1, IgM and IgA).



for 2 hours at +37. After washing, 50 [err]l/well streptavidin-alkaline
phosphat ase conjugate diluted 1/1000 is added and incubated for 1 hour at
+37. After washing, 100 [err]1/well substrate is added, incubated for 60
mn at 37 and stogﬂﬁg. Pc. a- Mouse 1 g&b - bound Der P1-M. a-CD32 conj ugate
is detected by WAhe"B&® P1  partition in each Superose-12 puri FFEEF¥PE T on
pool . WD 97/ 07218

PCT/ EP96/ 03616 o - 18 - ¢)

Det erm nati on of the nol ecul ar wei ght of Der %ﬁl--l\/b.a- CD32 conj ugate by
native pol yacr gﬁ%gﬁ:g%gx%@gﬁ@m ﬁh&i@omﬁgg@i& '.‘1%1232: The nol ecul ar

wei ght of the r --Me. a- conjugates 1n the Superose- 12 purified
fraction pools is ddumanatopsilanBidells arcepulsed withgIoserbbars)- o 3oighgnta@pembars)
(Pharnmaci a) (se at,i on e. 1000, kD .- 150 compared. t o _natd ve, high
nol ecul ar wei gh?ﬁs't‘%m‘ggf Qigg’df‘é‘i‘%?‘g ‘%ﬁ?’t“f ﬁ%ﬂ"ﬁ’g%iBa eﬁgﬁﬁxgﬁ‘ﬂ?&r@ 1 g‘ﬁllsver
stai ni ng (Sil vefromtaADér FIQ- sgetific Aheslingionea(CRISHS.1) kd tievalls afel aiowed to

Super ose-12 Pool A; band at MV 7Q0 kD Super.gse-12 Pool B: band at MWV 460
kD, 330 kD  Seiplfeseandprpdice aptibodins for,P dgygs 2T R gays, g spppgmatants efhtée

mol ecul ar wei ghgyRitestvide tesledkorfTBE and/REG1 Shmétt!ak ldERrib&l inFArmeMing 1814841,
supra. Results are shown as antibody production of 3 pooled fractions of 9 replicates
(mean + sd). In the presence of different concentrations of aCD32 antibodies a
dose-dependent inhibition of IgE production is seen. This indicates that even in

cognate B cell T cell interaction, aCD32 antibodies block antibody synthesis.



conjugate is estimted as 330 kD (Fig. 12). F) Test results: a)
Antigen-specific stinmulation of T cell clone CFTS4:3.1 wth aCD32 Der Pl
fusion protein: The above chemically |inked aCD32 (Medarex clone 1V.3)
with purified Der Pl is used to stinulate Der P1 - specific T cell clone
CFTS4: 3.1 in dWMO80BAE concentrations using a standard LST. PRTEPPHPELS set
of experinents pool A and pool B fromthe chemcally fused preparation are
used, pool A containing a single band of 700 (2 aCD32 nol ecul es fused
with 10 Der Pl nol ecul es), and pool B consistTng of two bands, at 460 kD

and 330 kD (I ag{éz mij.lo Der P1, and 1 aCD32 with 5 Der P1 nol ecul es,
. egquence nsim . PP .
respectively). econd set of experinments the purified protein

frompool Cis used, consisting of a single band of approximtely 330 kD (1
aCD32 nol ecul e fused with 5 mol ecules of Der P1l). Mnocytes and B cells are
pr ei ncubat ed foltl RERNFRAL ;NE9§HPEEB§fature with the various fractions as
indicated in Figures 13a and 13b. As control stimulation 100 [err]g/m of
DPT is added to T cekls QbpiSrcaipip.gen presenting cells during the conplete
culture period. B cells are able to stinmulate CFTS4:3.1 with DPT but not
with the pool A pool B, ) PBYE:C52RAR?% c4&nonocytes are able to
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stinulate CFTS4: 3.1 with DPT and with pool A, pool B, and pool C This
confirns the previ findings with natural 1gG allergen conpl rred
to above. In a |S{7|;622§8thi s indicates that for antigen sti nurg’t“ﬁ'@ﬁ’ggé?%he
nonocytes CD32 crosslinking is not necessarry, since all fractions are
stinmulating the T cells equally well. b) Inhibition of |IgE synthesis:
Purified human tonsillar B cells are stire8ated with aCD40 and IL-4 in the
presence and absence of commercially avail able aCD32 anti bodi es, added in
the indicated concentrations (Fig. 14). After 9 days the supernatants of
the cultures are tested for IgE and 1gGL content. Al aCD32 anti bodies
inhibit I1gE as well as 1gGl production in a dose-dependent way. In Fig. 15
it is shown that even Fab fragnents fromthe Medarex clone 1V.3 are able to
inhibit I1gE synthesis. This indicates that B cells which ape nof activated
via their BCR can be blocked in their antibody production By noRoneric
interaction with CD32. For B cells which are stinulated inFan

anti gen-specific way, co-cross-linking between CD32 and BCR i s decessary.
This inplies that e.g. in allergy where B cells take up anﬁﬁerﬁ’(e. g. Der
P1) through |IgE and CD23 and subsequently becone stimul ated Der P1 -
specific Th2 cells leading to I gE production by the B cell thﬂs& B cells
can be shut down by interaction with CD32 on the B cell suf¥ace< ®ndeed,
even in cognate B cell T cell interaction, aCbh32 anti bodi e® bl ogk anti body
synthesis (Fig. 16). 1 o
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Table 1 Stimul ation % CD80 % CD40 %
HLA- DR da shly isol at ed) 1 26

day 1 | FN-[er ?‘Y‘Q”(’M‘% 31 g2  PCT/EPISO3GE
day 1 IFN-[err] + aggregated |gG 13 61 99
day 1 IFNy + aggregated 1gG + aCD32 32 82 99

Monocytes (91% CD14 positive) derived frgm.a normal donor by elutriation
are incubated with 100 Unm IFN[err] for 24 hours in the presence or
absence of 5 [err]g/m aggregated human 1gG (coated to the wells,
overnight at 4) and/or 10 [err]g/m nonocl onal nouse anti-human aCD32
(Medarex 1V.3), and subsequently stained for
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the indicated markers for FACS analysis. The IFN-[err] - induced

up-regul ation of CD80 and CD40 can be inhibited by heavy cross-I|inking of
Fcy receptors by aggregat &“ m“ul“ﬂﬂ wu!te nonocyt es. Preincubation with
aCD32 count erg‘ft%u&h% inhiT | '\ dat ed human 1 gG indicating that
1) the inhibit Xt §/1 t he aggredat &d hunan 1gG i s nedi at ed th'F%WEfF?G’ %, and
2) mere binding to CD32 does not cause the down-regul ati on of the

co-receptors. HLA- DR expression is notgdnfluenced by the treatnents.
WD 97/ 07218 .

PCT/ EP96/ 03616 - 21 -

Expl anati on of the Figures: Figure 1. Binding of Der-Pl-(3)N P conpl exes
to CD23 in rel &ldims: t 0 antigen present ati on: Panel A =
fluorescence; Panel B = proliferation. EBV B cells were pulsed with

pre-formed IC s, consisting of a constant concen- tration of IgE ([err] 7.5
[err]g/ m,[err]. Busion protelrgéothprisingr r] 2,5 [err]g/m) and variable
concentrations of Der-Pl -éS%NI P. I n panel A binding of the
pre-formed | C s PoPTefE BOrEaptigens @down. 1Cs with an

b) one or more moieties interacting with human Fcy receptor I (FcyRIT) (CD32).

2. Fusion protein according to claim 1 in which the antigens are allergens in

atopic dermatitis, allergic asthma, allergic rhinitis or allergic conjunctivitis.

3. Fusion protein according to claim 1 which is produced from one or more
T cell epitope - containing DNA stretches, rather than from the genes for the

complete antigens.

4. Fusion protein according to any one of claims claims 1 to 3 in which the moieties
interacting with FcyRII are human or humanized aCD32 antibodies, or parts of these
antibodies which still specifically recognize and bind to FcyRII (CD32) antigen.

5. Fusion protein according to any one of claims 1 to 3 in which the moieties
interacting with FcyRII is/are human or humanized IgG antibodies, or parts of these
antibodies which still interact with FcYRII (CD32) antigen.

6. Fusion protein according to any one of claims 1 to 3 in which the moieties
interacting with FcyRI is/are manipulated human or humanized aCD32 or IgG
antibodies, or parts thereof, which recognize FcyRII (CD32) with higher affinity than
the native aCD32 or IgG antibodies.

7. Pharmaceutical composition comprising a fusion protein according to claim 1

together with at least one pharmaceutically acceptable carrier or diluent.



identical MR are connected with a line and the actual MR (0.1, 0.25, 0.5,
1, 7) is indicated in arabic nunbers next to the line. |IgE binding reached
a plateau at Der Pl concen’ ” d 0.2 [err]g/m. IgE binding in
the absence i (3)N mmmﬂ mﬂme dotted box on the |ower part
of the right 3“52"[/%7%]8 kn W8 ant kgen presentation bk}cT’F?géﬂ?“&Fed
EBV-B cells pulsed with the sarre IC s is shown. Here, the connecting |lines
i ndi cate conpl exes nmade with identical |IgE capcentrations, to enphasize
that antigen presentation was not influenced by the MR of the IC s
(correlation cogf =

P1- (3) NI P Concenit fr”lé’tE fsggéro?m%'g’é f“@ﬁﬁ%’?@% m“ é‘(rﬁﬁm‘ S?‘@’Z‘%'{n?““?’ﬁ%‘l e 1
celI's. No sti musatof eacombinntcgehé SBCVAmqussumhvthhl ram,s-lmkmghe used Der

P1-(3) NI P concentrations (hatched area) in the absence of |gE nol ecul es.
Dat a 'shows 3H-thymi di ne i ncorporation on day 5 (nmean + sd of triplicate
wel |'s). Fi gur93 Bse Gibmtmrou Jesteinfacedrtlingad clim 6iAttRd preventibs Bndirrdatthént df B
cells: !15‘ “%o‘)E‘ipleft in the culture nmediumduring the
whol e sti mul ati rgb“ér(f‘l‘} dingfoed alleigistse- dependent stimul ation of the T
cell's. Autol ogous (irradiated) EBV-B cells were used as antigen-presenting
cells. IgE present_in the conpl exes did not significantly enhance antigen
presentation, bi®% B of 4 (ysion pratein acDreing e plaim b forche npneﬁaemteeﬂ anti gen
presentation of n Pl- (2) NI P.
Results are pr esgeaﬁl anﬂ“ %éﬁ-fﬁ‘;&’ngl %‘g&&f\%%?mgrr g?g%eﬁggéa a{u(ggg rrean + sd of
triplicate wel Izél):rgxes)

11. Fusion protein according to claim 1 for use as a pharmaceutical.

12. Method of treating allergies which comprises administering to a subject in need
of such treatment a prophylactically or therapeutically effective amount of fusion
protein according to claim 1 together with at least one conventional pharmaceutically

acceptable carrier or diluent.

13. Process for the preparation of a medicament against allergies which comprises
mixing a fusion protein according to claim 1 together with a pharmaceutically

acceptable carrier or diluent.
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Figure 3: Inhibition of antigen presentation by 1gGDer Pl -(3)NP

conpl exes: In_the absence of 1gG3, a good T cell stinulatli i
found when I&'I‘:’-%@plﬁl-(S) NI P conpl exes are used. Titrati onn%ﬁ'i‘pp?‘g&(g;ﬁfred

| g&3-Der P1-(3)NIP conplexes in the sane (1:1) ratio leads to a

dose- dependent inhibition of |gE-nedi atl?ﬂ5 antigen presentation. |In order
to have this effect the 1gG3 conplexes need to be present in the culture
mediumat the tinme of T cells stinulation. Preincubation or "pulsing” of
the B cells wi W& | gG3 conpl exes is not successful due to the |ow
affinity of 1g@& for CD32 on the B cells. Asimlar inhibition is seen

with antigen presentation in the akepusenouaf¥ | gE and al so with

| gG3-'BSA- (3) NI P conpl exes. °Fi gure 4: 19gG3-nedi ated antigen presentation

by fresh human rmno%yt es.h'°n 0 Hufan mﬁocytﬁ’s ar@pul seg:vm'th pr ef or med
| gG3-Der P1-(3)NIP € 3 K T Ivtor Ihouronmgeees i n t he absence
or presence of n&n-felevant aggregated human I1gG The sed nonocytes are
subsequent |y wasBed| afa mY\x@d’ wih HLA-DP matched T ce cl ones specific
for Der P1, and gfter 5 d?{s proliferation is neasured 3H t hym di ne
i ncorporation. |§G3| conplexes presented by human nonoc S i nduce an
al l ergen-specifilk Tjcell respgonse which can be bl ocked aggregated 119G
i ndi cating specigic{ty of the |\g&3 interaction with the pOo&ytes. Data
are shown as mea& sd of triplhcate~vells. Fi gure 5: T-&Ppecific T cell
proliferation: imflpence of aGBGZ;_-‘a(,aggregat ed auman 1gG on
anti gen present @i op: N e =
e prg
Y e
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Human EBV B cells are pulsed with (closed bars) or w thout (open bars) 250
[err]g/mM of DPT overnight. After irradiation the B cells are mxed with T
cells froma Der P1 - specific T cell clone and the cells are allomed to
proliferate forygoygais. I N the presence of different concentrations

aCD32 anti bodi es cross-linked by GaM a dose-dependent |nh|blfF¥ﬁW%WB“5
proliferation is seen. The sane effect ﬁg&gbserved when aCD32 or

non- speci fi ¢ aggregated human 1gGis coa to the culture wells.

WD 97/07218

PCT/ EP96103616 gjoure 2: - 23 -
Fi gure 6: Exanple% o% reconbi nant fusion proteins between aCD32 scFv (Fab)
fragnent (s) derived froma phage display |ibrary: The Fab fragnents

can be obtained froma phage display library such as described by De Kruif
et al., Proc. Natl. Acad. Sci. USA 92 (1995) 3938-3942. However, any

nol ecul e (or part of a nolecule) efficiently interacting with human CD32
can replace the aCbh32 Fab fragnent. Allergen nay be any protein or

conbi nati on of proteins that cause(s) allergy. In addition the allergen(s)
may be replaced by fragnents of the allergen(s) which contain T cel

epi topes. The reconbinant progg Re.praduced [n any expressi on system
avai |l abl e, i ndependent of glycosyl ation and other post-translatdry

nodi fications. Such fusion pr oﬁ ns W—Der-P1-(2)N|P

60 [ =~ Der-P1-(2)NIP/igE
50  —*—Der-P1-(2)NIP/IgG1

40 r —e—Der-P1-(2)NIP/iga3 /I
30 | |

20
10
0

CPM
(Thousands)

0 107 10° 10" 102 10° 104

[DerP1(2)NIP] ng/mi



al so be used for diseases which are characterized by (over)production of
unwanted Ig nolecules such as in rheumatoid arthritis, graft-versus-host

di sease or any other disease in which autoantibodies play a role. In these
cases allergens can be replaced by a sinple non-defined Ii gebi ne
the two aCD32WRS/8t&s, however the best results will be ogngfEr];gﬂm\Aﬁen
allergen is replaced by the "autoantigen" that causes the disease.

Figure 7. Determ nation of Der Pl in Sugfﬁpse-12 purified Der P1

--M. a- CD32 conjugate fractiOon pools by Sandw ch-ELI SA Fi gure
8. Determ nation of M.a-CD32 in Superose-12 purified Der Pl --M. a-CD32
conj ugat e fracEigaie ool s by Sandwi ch- ELI SA Figure 9: Detection of Der

Pl --M. a- CD32 conjugate in Superose-12 purified fraction pools
by Sandw ch- ELI SA: Coating: M. a-Der P1. Figure 10: Detection of
Der P1--M. a-CD32 conjugate in Superose-12 purified fraction
pool s by Sandw ch- ELI SA: Coati ng: Pc.a-nmouse | gQ&2b.
1 ug/mi [Der P1]; 7 ug/mi [IgE]
25
201
*\
15F s
= &
% 'é’ ; ; corr.coeff=0.99
£ 101 o
= ]
x\!\
5f {
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0 —

[lgG3/Der-P1-(3)NIP] pg/ml
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PCT/ EP96/ 03616 - 24 - Figure
11: Silver staining of fractions fromPool A B and C Lane 1. 350 ng
Der P1 L 4120 Ng M. a- CD32 Lane 3: 500 ng hi gh nol ecul ar
wei ght mar kerswg%ﬂlﬁane 4: 500 ng starting material for Sup¥rERSAI616
Lane 5: 100 ng Superose-12 Pool A Lane 6: 100 ng Superose-12 Pool B
Lane 7: 200 ng Superose-12 Pool C Lane 8. 250 ng hi gh nol ecul ar

wei ght markers H gh nol ecul ar wei gdy16rar ker s: 669 kD:

t hyrogl obulin . £40 kD: ferritin 232 kD. catal ase 140 kD

| act at e dehydro%é 67 kD:. bovine serumal bumin Figure 12: Silver
staining of purified fusion protein from Pool C Lane 1: 250 ng high
nmol ecul ar wei ght markers Lane 2: 45 ng FPLC Mono-S purified material .
Figures 13a and 13b: Ag-specific T cell proliferation: Fi g.
13a: APC - M 250495 and CFB4: 2 Fig. 13b:  Influence of
nmononeric purified CD32/ Der P1

80
EZ 1gG3-Der-P1-(3)NIP

70
Il 19G3-Der-P1-(3)NIP + Aggregated IgG
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Chemcally |inked aCD32 (Medarex clone IV.3) with purified Der P1 was used
to stinmulate Der P1 - specific T cell clone CFTS4:3.1 in different
concentrations using standard LST [Van Reijsen, F. C et al. (1992) J.
Allergy din. WB§+ 90 184]. In a first set of experinment i.d. )
pool A and pool @?%Pnthe chem cally fused preparation wer eﬁéﬁgﬁlﬁgﬁa A
containing a single band of 700 kD (being 2 aCD32 nol ecul es fused wth 10
Der PI nol ecul es) and pool B consisting of two bands at 460 kD and 330 kD
(being 1 aCD32 fused with 10 Der P1, and5/1@CD32 with 5 Der Pl nol ecul es,
respectively). .. s N a second set of experinents (Fig. 13b) the purified
protein (@2305@%—‘%0m pool C was used, consisting of a single band of
approximately 330 kD (1 aCD32 nol ecul e fused with 5 nol ecul es of Der P1).
Monocytes and B cells were preincubated for lhour at roomtenperature with
the various fractions as indicated in the Figure. As control stinulation
100 [err]g/mM DPT was added to T cells plus antigen-presenting cells during

the conplete culture WO 97/ 07218
PCT/ EP96/ 03616 30 - - 25 - period.
T cell stinmulation was asured.as 3H-thym di ne i ncarporation (nean ._Er-'rﬂla'nk
sd of 4 wells) after &f¢ays as Hescribe Van Reijsen et al., supra
cells were able to stimyl ate :CFTS4: S.Clija@/iéﬁ‘d?ﬁ‘f but not vFededhe po
pool B, or pool C, wh24¢as | }
21 F ) :
;'E 18 : :
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(1 E | !
E 121 : E
9 | !
! [
6 : :
af ;' ;
0 . f

medium
Aggr. H-IgG

aCD32 1 ug/ml
aCD32 3 ug/ml
aCD32 7 ug/ml
aCD32 1 ug/ml



nmonocytes were able to stinulate CFTS4:3.1 with DPT and with pool A, pool
B, and pool C This corresponds to previous findings wth natural 1gG
al | ergen conpl exes [ Bheekha Escura, R et al., Imunol ogy (1995) 86 343].
In addition this indicates that for antigen stinulation by JE3aeybRss
crosslinki ngw9%328 t han 2 CD32 nol ecul es is not necessary, since al

fractions were equally effective at stinmulating the T cells. Fi gure 14:
Inhibition of 1gE and respectively. |eGl synthesis: Purified human
tonsillar B cells were stinulated with 0 and IL-4 as described in

Armerding, D. et al. | mmunobiol ogy 188 93) 259-273 in the presence and
absence of cogﬂﬁ%§%ally avai | abl e aCD32 anti bodi es added in the indicated
concentrations. er 9 days the supernatants of the cultures were tested
for IgE and 1gGL content as described (Arnerding, D. et al., supra).

Resul ts are shown as anti body production of 3 pooled fractions of 9
replicates (neausioh prildeiaCdasastihgdbesacnin bfdedilighr s -welpk 2agabgGl
production in a dose-dependent way. Inhibition of 1gMand | gA was

conpar abl e. Figure 15: Inhibition of IgE synthesis: Purified human
tonsillar B cells were stinulated with aCbD40 and |IL-4 as described in
Arnmerding, D. et al u i3 the presence and absence of a comrercially
avai | abl e aCD32 ant?%%% Bﬁ%@%%rex IV.3) or an Fab fragnent thereof, added
in the indicated coﬂﬁéﬁgr SRS, After 9 days the supernatants of the
cultures were tested,fQLak@fF and 1gGl content as described (Arnerding, D.

et al., supra) . Results-are shomqr s anti body production of 3 pooled
fractions of 9 repl i cosrmmmmEmm—"y r'% sd). Both conplete and Fab fragnments
fromthe Medarex clone 1V.3 werah;bye to inhibit 1gE synthesis (1gGl, |gM
and | gA). f
‘-.-'-"".Complete allergen
fl-l-,.'-.‘, or
0~ combination of T cell epitopes of
'% 1 or more
Light chain ‘- different allergens
IIIII!!I ‘Q.
f" =
"-l“

Heavy chain

Fusion protein consisting of aCD32 Fab-allergen or
allergen-aCD32 Fab

aCbh32 antibody
or Fab fragment

[ F R R N BN K

X _\i
h_ ! |
4J',’
“Wmiemn w1
- ‘.Complete allergen
f
’-.-'~l-|-‘ or
o~ combination of T cell epitopes of
(]
.‘ 1 or more
i different allergens
.\



WD 97/ 07218

PCT/ EP96/ 03616 - 26 - Figure
16: DPT specific IgE induction: influence of aCD32: Human tonsilar B
cells are pulsed with (closed bars) or w thout (open bars) 256 fwEbdetd 1 of
DPT over ni ght woM708218j rradi ation the B cells are mixed with T cells froma
Der P1 - specific T cell clone (CFTS4:3.1) and the cells are allowed to
proliferate and produce anti bodies for 9 days. After 9 days the
supernatants of the cultures were testeg/for IgE and 1gG3 content as
described in Arnmerding, D. et al., supra. Results are shown as anti body
production of ¥igmoled fractions of 9 replicates (mean sd). In the
presence of different concentrations of aCD32 anti bodi es a dose-dependent

inhibition of IgE pr odwt.i..%émﬁqas«%npn-ﬁm&rFnueiusaspaﬁmblﬂat-s@w:ehp cognate B

cell T cell interactiond a 2 antibodies bl ock antibody synthesis.
1.4 4 _'. ' .-.'":-o
1.2 4 , S0
1.0 4 95
] P
o DA
:E: 0.8 S
D R
o S
o 0.6 4 9
o : ," o
0.4 S8
] T
A A @
0.2
J o @O
CoRe g @O
O'O k) l_-.r":"ll'l'l R L 2NN 3 l""lll LB 1 1 4 lllll] ¥ L ¥
1 10 ng/ml 100 1000

Der pl (SDS195) starting material for coupling
Superose-12 Pool A
Superose-12 Pool B

4 b o0

Superose-12 Pool C




WD 97/07218 PCT/ EP96/ 03616

- 27 - Sequence listing (1) GENERAL | NFORMATI ON: (i)
APPLI| CANT: (A) NAME: Sandoz Ltd. (B) STREET:
Li chtstrasse 35 (© CTY:. Basle (B) $&QPPR¥3616
Switzerland YO8 (o POSTAL CODE (ZIP): CH 4002 (G
TELEPHONE: 61- 324 5269 (H TELEFAX: 61-322 7532
(A) NAME: Mudde, Ceert C (B) STREET: Ruzi ckagasse 88-104 /
Haus 39 (© CATY: Vienna 8/16 (E). COUNTRY: Austria
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1. Fusion protein conprising a) one or nore antigens and b) one or
nore noieties interacting wth human Fcy receptor Il (Fc[err]RII) (CD32).
2. Fusion protein according to claim1 in which the antigens are all ergens
in atopic derpatitis, allergic asthma, allergic rhinitis or aIIergic
conj unctiviti sWOSTNRIB £ 5 o protein according to claim1 whiFEAEPE/BEHduced
fromone or nore T cell epitope - containing DNA stretches, rather than
fromthe genes for the conplete antigens. 4. Fusion protein according
to any one of clainms claims | to 3 in whirﬁ‘h the nmoieties interacting with
Fc[err]RII are human or humani zed aCD32 é“eoodi es, or parts of these

ant i bodi es whi cBgs®ildi specifically recognize and bind to Fc[err]RI | (CD32)
anti gen. 5. Fusion protein according to any one of claims 1 to 3 in
which the noieties interacting with Fc[err]RIl is/are human or humani zed

| gG anti bodi es, or parts of tFhewd B esiisi(B6BAYLwWhi ch still interact with
Fc[err]RI| (CD32) anti g& 6. FusSton protern according to any one of
claims 1 to 3 in which thg. moieties interacting with Fc[err]RII is/are
mani pul at ed human or humaryi zed aCD32 or 1gG anti bodi&s Mederexaf¥.8) t her eof ,
whi ch recogni ze Fc[err] R8sl (CD32) with higher affinjty than the native
aCD32 or 1gG anti bodi es. , ~+— immunotech (2E1)
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7. Pharmaceutical conposition conprising a fusion protein according to
claim1l together with at | east one pharmaceutically acceptable carrier or
di | uent. WD 97/ 07218 PCT/ EP96/ 03616

31 - 8. Process for producing a fusion protein according to claim21 which
conpri ses the W@S¥H8 r econbi nant gene techni ques or chem calPCT/EP96/03616
cross-1inking. 9. Use of a fusion protein according to claim1l in the
prevention and/or treatnment of allergies (including food allergies).

10. Use of a fusion protein according tosejgi m1 for the manufacture of a
medi canment for the prevention and/or treatnent of allergies (including food
al | ergi es). Figure 15:
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11. Fusion protein according to claim1 for use as a pharnaceuti cal . 12.
Met hod of treating allergies which conprises admnistering to a subject in
need of such treatnment a prophylactically or therapeutically effective
anount of fusiqn rotein according to claim1 together with at | east one
convent . onal p%‘?ﬂﬁ‘yéﬁti cally acceptable carrier or diluent.PCTER§/03616
Process for the preparation of a nedi canment against allergies which
conprises mxing a fusion protein according to claiml together with a
pharmaceutically acceptable carrier or thilGent.

Figure 16:
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