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PEPTI DE | MMUNOGENS FOR VACCI NATI ON AGAI NST AND TREATMENT OF ALLERGY 1.
Field The present invention relates to peptide inmunogens, and is directed
to inhibition of interactions which would normally cause the triggering of
‘mast cells and basophils induced by cell-bound IgE |inked to _an allergen
resul ting i n WA873t¥Mbase of pharnmacol ogical |y active nmedi at orFCTEPIHBIOES 55
t he de novo synthesis of cytokines involved in the regulation of allergic
and inflammatory reactions. It concerns imunogeni c nol ecul es including a
noi ety of a BSWL7 m not ope peptide and their use. 2. Background Allergic
synpt ons are brought about through the rel ease of pharmacol ogically active
medi ators, notably histam ne. |eukotrienes and enzynes, fromcells into
surroundi ng ti ssue and vascul ar structures. These nediators are normally
stored or synthesized de novo in special cells known as nmast cells and
basophi | granul gepties IMMNDGERS IFOR VACCIMATION ABRINSTHAND. JREATMENTOFEALLERGY Ue
whi | st basophils circulate within the vascul ar system These cells:
synt-hesi ze and store nmediators within the cell, unless a specialized
sequence of qyg%&% occurs to trigger its release. The role of

I mmunogl obul i n | gE) antibodies in nediating allergic reactions is well
known. IgE is a conpl ex arrangenent of pol ypeptide chains which, as in
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case of | gE, mediators as well as the de novo synthesis of cytokines involved in the regulation of allergic

'

and inflammatory reactions. 1t concemns immunogenic molecules including a moiety of a

BSW17 mimotope peptide and their use.

2. Background

Allergic symptoms are brought about through the release of pharmacologically active
mediators, notably histamine, lcukoﬁienes and enzymes, from cells into surrounding tissue and
vascular structures. These mediators are normally stored or synthesized de novo in special cells

" Known as mast cells and basophil granulocytes. Mast cells are dispersed throughout animal
tissue whilst basophils circulate within the vascular system. These cells synthesize and stare
mediators within the cell, unless a specialized sequence of events occurs to trigger -its release.

The role of immunoglobulin E (IgE) antibodies in mediating allergic reactions is well
known. IgE is a complex arrangement of polypeptide chains which, as in other
immunoglobulins consists of two light and two heavy chains linked together by disulphide
bonds in a "Y" shaped configuration. Each light chain has two domains, 6ne variable (V))
domain linked to a domain with a relatively invariant amino acid sequence termed a constant
domain (Cy). Heavy chains, by contrast, have one variable domain (V) and in the case of IgE,
four constant domains (Cyl, Cy2, Ci3, Cu4, also known as Cel, Ce2, Ce3, Ce4). The two
“arms” of the antibody are responsible for antigen binding, having regions where the

polypeptide structure varies. and are termed Fab’ fragments or F(ab’)2, which respresents two



four constant domains (CJerr]l, (err]2, (err]3, (err]4, also known as
Clerr]1, (err]2, Cerr]3, (err]4). The two "arns" of the antibody are
riesponsi bl e for antigen binding, having regi ons where the pol ypeptide
structure vari-es. and are terned Fab' fragnents or F(ab')2, which
respresents two WO 97/ 31948 :
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or central axis of the antibody contains a fixed or constant sequence of
peptides and is termed the Fc fragnment. The Fc fragnent contains

I nteractive sites which enable the anti bodysto communi cate with ot her

I mmune system nol ecules or cells by binding to their Fc receptors. Fc
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receptor FceR1 is accomplished by a complex protein-protein interaction involving various
parsts of the third heavy chain constant region domain (Ce3) of IgE, and the
membrane-proximal, immunoglobulin-like domain (02) of the FceRlIee subunit.

Although residues within the Ce3 domain of the IgE heavy chain constant region, and
regions belonging to the 02 domain of the FceRlo: receptor, have been identified which are
important for binding, the detailed mechanism of the binding process are still obscure.
Experi:hemal evidence has been provided by fluorescence energy transfer measurements as
well as X-ray and neutron scattering that human IgE adopts a bent structure which is speculated

to contribute to the uniquely high affinity of IgE for FceRI (Kd ~ 10"'° M). Moreover, this bent

structure is also postulated to be responsible for the equimolar complex between IgE and cell

" bound or soluble FceRla, although the IgE molecule would provide identical epitopes on the
two Ce3 domains for receptor binding. This monovalency is a functional necessity if receptor
triggering in the absence of allergen is to be avoided (Figure 1). Interactive sites, depending on
their function, may already be exposed and therefore able to bind to cellular receptors.
Altemnatively, they may be hidden until the antibody binds to the antigen, whereupon the
antibody may change in structure and subsequently expose other active sites which can then
trigger a specific immune activity. Based on data obtained from circular dichroism spectra, a
conformational rearrangement affecting Ce3 upon receptor binding has been proposed as an
explanation for the 1:] stoichiometry of the Fce/FceRI complex on the cellular surface.

For allergic (immunological) release of histamine within the organism from mast cells

and basophils, an IgE molecule must Jock onto or attach itself with its Fc portion to the cellular

Fc receptor site, thus securing the IgE molecule to the mast cell or basophil. The Fab’ portions



Experimental evidence has been provided by fluorescence energy transfer
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a particular conpatible antigen . ]
' anti-histamines or steroids or attempts to desensitize patients; these approaches are not adressed

to the basic IgE-mast cell/basophil interaction. Other approaches have been concerned with the
production of polypeptide chains capable of blocking the binding of the IgE antibody to the
Fc receptors on the cell surfaces and displacing IgE from binding sites upon which IgE is
already bound. Moreover, investigations have been carried out in order to define the nature of a
“putative "effector” site within the IgE Fc region, which was speculated to provide an
immunological signal which triggers mast cells/basophils for mediator release.
Using recombinant IgE fragments as immunogens for the generation of a protective
anti-1gE vaccine has also been tried and shown to be effective. The main argument against such
a vaccine results from the fear that using large IgE fragments for immunization could initiate
not only the production of inhibitory antibodies but also generate crosslinking and thereby
anaphylactogenic antibodies in the patients (Figure 2). _
A strategy to overcome this problem would aim at the identification of the smallest IgE
; fragment possible, ideally consisting of the receptor binding site only, which is buried within
the IgE/ FceRI complex after binding and therefore no longer accessible for crosslinking by the
vaccinc-generatéd immune response. Attempts to reconstruct such a complex molecular entity

' seem unlikely to be succcséful in view of the spatial distances of the various Cé3 regions

involved in IgE/ FceRl interaction.



al l ergen). Wien such an interaction occurs, the mast cell or basophil is
automatically triggered to rel ease histamne to the | ocal environnent,

mani festing famliar allergic synptons. O her biochem cal events follow in
a |l ate phase reaction, resulting in de novo synthesis and rel ease of

cyt oki nes and other nediators [Ravetch, J.V., and J.P. Kinet, Ann. Rev..
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€ nt'l"l'ﬁé’ antibody displays an interesting profile of biological activitics, as summarized in Figure 3.
BSW17 or BSW 17-like antibodies circulating within the vascular system protect from allergic
reactions by - o
a) inhibiting the triggering of mast cells and basophils through competitive inhibition of the

IgE/gERI interaction and |
b) lowering serum IgE levels through downregulation of IgE synthesis at the B cell level.

BSW 17 "mimotope" peptides have now been identified by random peptide phage

- display library screening, i.e. peptides which mimic at least part of the compilex conformational
epitope on the IgE molecule. Chemically synthesized mimotope peptides coupled 10 an
immunogenic carrier protein can be used e, g. as vaccines for the specific generation of
antibodies in an allergic host which inhibit mast cell/basophil wriggering by blocking
IgE/FceRIa binding and/or IgE synthesis. As mimotopes of an anti-IgE antibody they induce
an immune response which results in the production of BSW17-like antibodies in the host.
Since BSW17 has been shown to be non-anaphylactogenic, inhibitory 1o IgE/ FceR1 binding
and IgE synthesis on B cells, these antibodies raised against the BSW 17 mimotope-based
vaccines have analogous protective properties. The immune response is very specific since, in
contrast to the “classical vaccine approach”, no IgE-derived protein fragments are present

which could generate crosslinking antibodies in the immunized patients (Figure 4).



seemunlikely to be successful in view of the spatial distances of the
various Clerr]3 regions involved in IgEl Fc[err]Rl interaction. WO --
97/ 31948 PCT/ EP97/ 01013
-4- 3. Sunmary of the Invention It has now been found that the problens
intrinsically linked to the "classical" vacci ne approach are -overcone by
using BSWL7 m OO W48 f or active i mruni zation, either as chenREAVERF7/01013
synt hesi zed peptides coupled to appropriate carriers, or as recomnbi nant
fusion constructs (e.g. with ovalbumn, 1gG etc.). BSW7 is a nonocl onal
anti body which recogni zes a confonational epstope on Fc[err] with at |east
part of it residing within Cerr]3. The hybridoma cell |ine producing
nmonocl onal ant i bodyThSYiehtiba thub 66titeMis RafuhGién indieuRl Bsprdiag 1996 Wi th
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ni cr ogr gani sis (@ @A et Pe gkt of A B 7 oumotepe peptigpard ant i body di spl ays an

I nteresting prahi ' ' ; VA 'e‘iﬁspo AR ideN Figure 3.
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protect from ah¢reinafies briely-named Stheymeunpgans pf e inyertin®”t r i ggeri ng of mast
cells and basophils through conpetitive inhibition of the IgE/ |IgER

I nteraction and b) |lowering serum | gE | evel s through downregul ati on of |gE
synthesis at the B Ceiporient(e) preferably consists of up to five, preferably one or two, especially one

moiety of a BSW17 mimotope peptide. Component (b) preferably is a conventional
immunogenic carrier as set out hereunder, espﬁcia!ly BSA or KLH.

The BSW17 mimotope peptide in component (a) preferably is up to about 1S amino
acids altogether, it is e.g. one of the sequences (A) 10 (Q) (Seq.id.no. 1 to no. 17) hereafter.
However, it may appropriately include further components for hapten-carrier binding, e.g. to
facilitate coupling to component (b) or further processing. Thus, when the BSW17 mimotope
peptide is cyclic, the two ends can e.g. be held together by two additional cystein residues
forming a disuifide bridge, or the ends can be chemically crosslinked, e.g. with lysine; or when
the BSW 17 mimotope peptide is linear, the carboxy terminal amino acid may conveniently be
blocked by amidation, and/or the amino terminal amino acid may conveniently be blocked by
acetylation. Further, the BSW17 mimotope peptide moieties in component (A), e.g. the
preferred moieties (A) to (Q) hereafter, may be flanked in the immunogens of the invention by
a few, preferably one or two, additional ancillary groups, such as acetyl, cysteine or lysine,
and/or an additional coupling group, such as DC or BSS, e.g. as set out for the specific
immunogens of the invention disclosed in Example 8 hereunder as conjugates (2) to (4), (6) to
(11}, (13) and (14).

The antibodies elicited by'thc immunogens of the invention, in contrast to the
antibodies produced by hybridoma BSW17, will be endogenous and thus, in a patient, human;
they may be used for prophylactic treatment. '
They may be prepared by appropriately coupling components (2) and (b) as defined

above.



BSW 17 "m not ope" peptides have now been identified by random pepti de phage
display library screening, i.e. peptides which mmc at |east part of the
conpl ex confornmati onal epitope on the IgE nolecule. Chemcally synthesized
m not ope peptides coupled to an i munogenic carrier protein can be used
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| gE/ Fc[err] R [err] binding and/or IgE synthesis. As nm nptopes of an
anti -1 gE anti body they induce an inmune response which results in the
production of BSWL7-1ike antibodies in the jgost. Since BSW 17 has been
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named "the inmmunogens, of the invention". nponent (a) preferably consists
of up to fiveclighingmeeigy|®)-one or two, especially one

They especially are in the form of a conjugate of at least one BSW 17 mimotope peptide

moiety (a) and an immunogenic carrier moiety (b).

Preferred BSW17 mimotope peptide moieties, i.e. component (a), of the immunogens

of the invéntion essentially consist of or contain an amino acid sequence selected from

Ile-Asn-His-Arg-Gly-Tyr-Trp-Val (A) (Seq.id.ne. 1),
Arg-Asn-His-Arg-Gly-Tyr-Trp-Val ®B) {Seq.id.no. 2),
Arg-Ser-Arg-Ser-Gly-Gly-Tyr-Trp-Leu-Trp C) (Seq.id.no. 3),
Val-Asn-Leu-Thr-Trp-Ser-Arg-Ala-Ser-Gly (D) (Seq.id.no. 4),
Val-Asn-Leu-Pro-Trp-Ser-Arg-Ala-Ser-Gly (E) (Seq.id.no. 5),
Val-Asn-Leu-Thr-Trp-Ser-Phe-Gly-Leu-Glu » {Seq.id.no. 6),

- Val-Asn-Leu-Pro-Trp-Ser-Phe-Gly-Leu-Glu G) (Seq.id.no. 7),
Val-Asn-Arg-Pro-Trp-Ser-Phe-Gly-Leu-Glu (H) (Seq.id.no. 8).
Val-Lys-Leu-Pro-Trp-Arg-Phe-Tyr-Gin-Val D (Seqg.id.no. 9),

' Val-Trp-Thr-Ala-Cys-Gly-Tyr-Gly-Arg-Met ) (Seq.id.no. 10),
Gly-Thr-Val-Ser-Thr-Leu-Ser (K) (Seq.id.no. 11),
Leu-Leu-Asp-Ser-Arg-Tyr-Trp _ w (Seq.id.no. 12),
Gin-Pro-Ala-His-Ser-Lev ly _ M) {Seq.id.no. 13),
Leu-Trp-Gly-Met-Gin-Gly -Arg (N) (Seq.id.no. 14},
Leu-Thr-Leu-Ser-His-Pro-His-Trp-Val-Leu-Asn-His-Phe-Val-Ser (O)  (Seg.id.no. 15),

- Ser-Met-Gly-Pro-Asp-Gin-Thr-Leu-Arg P) (Seq.id.ne. 16), or

Val-Asn-Leu-Thr-Trp-Ser (Q) (Seq.id.no. 17).



noi ety of a BSWL7 m not ope peptide. Conponent (b) preferably is a
conventional imrunogenic carrier as set out hereunder, especially BSA or
KLH. The BSWL7 ni not ope peptide in conponent (a) preferably is up to about
15 am no acids altogether, it is e.g. one of the sequences (A to (Q
(Seqg.id.no. 1 to no. 17) hereafter. However, it may appropriately include
further conponemb9e7swus hapten-carrier binding, e.g. to facilitBEHERGENIENg
to component (b) or further processing. Thus, when the BSW7 m not ope
peptide is cyclic, the two ends can e.g. be held together by two additional
cystein residués formng a disulfide bridge.7-0or the ends can be chemcally
crosslinked, e.g. with lysine; or when the BSW 17 m notope peptide is

| i near, the carboxy term nal am no acid nay conveniently be bl ocked by

am dation, and/or the am no term nal am no acid nmay _conveniently be bl ocked
by acetyl ation. FurMprerprefeines Bs()1D)and6Bbabeove esncrially (MiaBd (L i n conponent
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peptide as defined above, whereby the antibody domain is reactive also with the sequence of

amino acids on the heavy chain of IgE which comprises the natural epitope recognized by

- BSW17. Such ligands can be generated in mammals as polyclonal or monoﬁlonal antibodies;

they preferably are in the form of monoclonal antibodies, preferably in the form of an

Fab® fragment or an F(ab'), fragment thereof.

It further concerns a process for the preparation of an immunogen of the invention,
comprising covalently coupling )
a) at least one moiety of a BSW17 mimotope peptide with
b) a moiety capable of eliciting an immune response against that peptide.

It also concerns immunogenic molecules as defined above, for use as a pharmaceutical, -
c.g. in the treatment of IgE-mediated diseases such as allergy and atopic dermatitis.

It further concerns the use of immunogenic molecules as defined above in the
preparation of pharmaceutical compositions, especially vaccines, against IgE-mediated
diseases, in panicular allergy and atopic dermatitis.

It further concemns a method of prophylactic or curative immunization against
IgE-mediated diseases such as allergies and atopic dermatitis comprising the administration of
a therapeutically effective amount of immunogenic molecules as defined above to a patient in

need of such treatment.

The immunogens of the invention, while being substantially incapable of mediating
non-cytolytic histamine release, are capable of eliciting antibodies with strong serological
cross-reactivity with the target amino acid sequences of the Fc region of IgE. They are thus

useful in, or as, vaccines.
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-6- 4. Detailed explanation The i nmmunogens of the invention are e.g. in the
formof a polymeric peptide or a reconbi nant fusion protein, whereby a
nononeri ¢ conponent of the polyneric peptide. or one partner of the fusion
protein, constitutes a noiety of a BSW 17 m notope peptide (a) and the
remai nder of tweopsis$eric peptide or fusion protein constitutREI/RE9Z0I083TLNE
response - eliciting noiety (b). They especially are in the formof a
conjugate of at |east one BSW17 mi notope peptide moiety (a) and an

| mmunogenic carrier noiety (b). Preferred BQW 17 m notope peptide noieti es,
i.e. conponent (a), of the imunogens of the invention essentially consi st
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"Passive" immunization is achieved by administering anti-BSW17 mimotope
antibodies, either polyclonal or monoclonal, to a patient suffering from IgE-mediated chsease,
prefcrably by injection.

Polyclonal anti - BSW 17 mimotope antibodies can be prepared by administering

_immunogen of the invention, preferably using an adjuvant, to a non-human mammal and
collecting the resultant antiserum. Improved titres can be obtained by repeated injections over a
period of time. There is no particular limitation to the species of mammails which may be used
for eliciting antibodies; it is generally preferred o use rabbits or guinea pigs, but horses, cats,
dogs, goats, pigs, rats, cows, sheep, etc., can also be used. In the production of antibodies, a
definite amount of immunogen of the invention is e.g. diluted with physiological saline
solution to a suitable concentration and the resulting diluted solution is mixed with complete
Freund's adjuvant to prepare a suspension. The suspension is administered to mammals, e.g.

. intraperitoneally, e.g. to a rabbit, using from about 50 pg to about 2500 ng immunogen of the
invention per administration. The suspension is preferably administered about every two
weeks over a period of up to about 2-3 months, preferably about 1 month, to effect
immunization. Antibody is recovered by collecting blood from the immunized animal after the
passage of 1 to 2 weeks subsequéntly to the last administration, centrifuging the blood and
isolating serum from the blood.

Monoclonal anti - BSW17 mimotope antibodies may e.g. be human or murine. -
Preferably, the patient will be treated with an Fab' fragment preparation from murine
monoclonal antibody or a chimeric human-mouse antibody (comprising human Fc region and
mouse Fab’ region) so as to minimize any adverse reaction to the foreign animal
immunogiobulin. Murine monoclonal antibodies may be prepared by the method of K&hier
and Milstein (Kdhler, G. and Milstein, C.. Nature 256 [1975] 495), e.g. by fusion of spleen




val - Lys- Leu- Pro- Tr p- Ar g- Phe- Tyr - A n- Val

(1) (Seq.id.no. 9),
Val - Trp- Thr- Al a- Cys-A y-Tyr-d y- Ar g- Met (J) (Seq.id.no. 10),
Q@ y- Thr-Val - Ser - Thr - Leu- Ser (K) (Seq.id.no. 11).
Leu- Leu- Asp-Ser-Arg-Tyr-Trp (L) (Seqg.id.no. 12),
A n-Pro-Ala-H s-Ser-Leu-Qy (M - (Seq.id.no. 13),
Leu-Tr p- A y- Met w owatdgs- Ar g (N) (Seq. i d. PCI/ERS7)01013
Leu- Thr - Leu- Ser- Hi s- Pro- Hi s- Trp- Val - Leu- Asn- Hi s- Phe-Val - Ser (O '
(Seq.id.no. 15), Ser-Met-dy-Pro-Asp-Adn-Thr-Leu-Arg (P
(Seq.id.no. 16). or Val-Asn-Leu-Thr-Trp-Ser .. (Q

(Seqg.id.no. 17). WD 97/ 31948

PCT/ EP97/ 01013 L &Ginthlisd e #ith af pprograle MAthe MikloARARER lin€ SRBMeR Y
(A) and (D). Tﬁgﬂsl%fl‘@ﬂ |ng{r: e{féao c%ncer ns phar n%ceut ?Tc%l conposi tions,

especi al | y vacanetlsss nwlbpntxhaedgaraMnmg%momlmhmMsS.M¢ rednstion byid an
adjuvant. It al oncerns. |.i gf Les or fragrrents derived

t herefrom di recf(g)dgg v&g\@é)m ope pep I'es used in "passive

i muni zati on" (qepcael:m@;BWlﬁdehybmdmahmbody or anti body fragnments al so
recogni ze the na} uLaI epi t.ope f.gr BSW 17 on human I gE;, nanely, it concerns
l'i gands corrprish[ir)g y *n specific for a noiety of a BSW7

m not ope pepti d@)aahuﬁﬁfi hmma@nw\hereby the anti body domain is reactive

also with the sequence of
5 q) human x human-mouse heterchybridomas; and

(6) repertoire cloning (phage display).
Human x human-mouse heterohybridomas are the most preferred, and involve combining

.favourable characteristics of both human and murine parental cell types. Human-mouse

heterohybridoma cell lines have been rendered suitable for B cell fusion (Teng, NN.M. et al.,
Proc. Natl. Acad. Sci. USA 80 [1983] 7308).

When used for immunization, antibody can be introduced into the host most
conveniently by intramuscular injection. Any conventional liguid or solid vehicle may be
employed which is acceptable to the host and does not have adverse side effects on the host nor
detrimental effects on the vaccine. Phosphate-buffered saline (PBS), at a physiological pH, e.g.
about pH 6.8 10 7.2, preferably about pH 7.0, may be used as a vehicle, alone or with a suitable
adjuvant, such as an aluminium hydroxide - based adjuvant. The concentration of
immunogenic antigen may vary from about 50 pg to about 500 ug, preferably from about
200 pg to about 300 pg per injection, in a volume of solvent generally of from.about 0.25mlto
about 1 ml, preferably about 0.5 ml. Multiple injections will be required after the initial

injection and may be given e.g. at annual intervals.

As regards “active” immunization, this is preferred for human use, but other
mammalian species may be treated similarly, using analogous mimotopes corresponding to the
IgE of these specie, as e.g. in the dog. The term “immunogenic carrier” herein includes those
materials which have the property of independently eliciting an immunogenic response in a
host animal and which can be covalently coupled to polypeptide either directly via formation of
peptide or ester bonds between free carboxyl, amino or hydroxyl groups in the polypeptide and
corresponding groups on the immunogenic carrier material, or alternatively by bonding through

a conventional bifunctional linking group, or as a fusion protein.




am no acids on the heavy chain of IgE which conprises the natural epitope
recogni zed by BSW17. Such |ligands can be generated in manmal s as

pol ycl onal or nonoclonal antibodies; they preferably are in the form of
nonocl onal anti bodies, preferably in the formof an Fab' fragnent or an
F(ab')2 fragment thereof. It further concerns a process for the preparation
of an i Mmunogemoofafelle | nventi on, conprising coval ently coupl pegEsIDI13

| east one noiety of a BSWL7 m notope peptide with b) a noiety capabl e of
eliciting an i nmune response agai nst that peptide. It also concerns

i mmunogeni ¢ nol ecul es as defined above, fojquse as a pharnaceutical, e.g.
in the treatnent of |gE-nedi ated di seases such as allergy and atopic

L Phe by oo A fiblcE O/ e Pt Snce: ok AENAARBA: URBORM Afrodbuilfs! "o

above in the prepara arnmaceut 1 cal conpositions spet
vacci nes, agdienoiglobipk: hvamcydnan (pirdiadalyKeyhole ;Imnpat Hehmcyaainl [KILEE)): pmhmst opi ¢

dern‘atitis. It further concerns arrethodo hyl agt curati
i muni zat i on &Y °‘P§Eaﬁ§&rga?s§ﬁ“%ﬁ’%‘3%‘§ %E%P@F‘gfm% Y’c%%

dermatitis compies] Ninnlle PIFIgOPSO200N 1Bl SH1R06A Y3 LOR Ay of Fect | ve
amount of i nmunogenic ‘eCll és as deflned above to a patient in need of
such treatne m_ﬂﬁayg_qjmﬂﬂdg%ﬂs 5115-5?8161' purifiediprioducts mmfepdiﬂvnge.wlygmmc adid;y

i ncapabl e of rredl no | st ami gase e capafl e of
el ol ting andrBBRRans S by biommt SebiitadyShe S orliiee) 8, Reenile
target amino ﬁﬁq:lﬁbsﬁﬂﬁbmﬁ pﬁodﬂéedtlhﬁlg kdéphtetigitaxoid dr tétarins tokoRYasdmtuhbgesicleareies!|
in, or as, vaccines.
material (Lepow M. L. et al., J. of Infectious Diseases 150 [1984] 402-406; Coen Beuvery.
E.etal., 40 [1983] 39-45) and these toxoid materials can aiso be used’

in the present invention. The purified protein derivative of tuberculin (PPD) is particularly

preferred for utilization in the "active” immunization scheme since (1) it does not induce a T-
cell response itself (i.e. it is in effect a "T-cell hapten”), and yet behaves as a fully processed
antigen and is recognized by T-celis as suck; (2) it is known to be one of the most powerful
hapten “carriers” in the linked recognition mode; and (3) it can be used in humans without
further testing. _

As hapten-carrier binding agents, those conventionally employed in the preparation of

antigens can be employed, e.g. those set out above, or in the Examples hereunder.

The process of the invention for covalently coupling component (a) to moiety (b) can be
effected in known manner. Thus, for examplé, for direct covalent coupling it is preferred to
utilize bis-N-succinimidyl derivatives, more preferably bis(sulfosuccinimidyl)suberate (BSS) as
coupling agent. Glutaraldehyde or cérbodiimide. more preferably dicyclohexyl-carbodiimide
(DC) or 1-ethyl-3-(3-dimethylaminopropyl) carbodiimide may also be used for covalent
coupling of peptide (a) to immunogenic carrier material (b).

The amounts of hapten and hapten-carrier binding agent [i.e. component (a)] and carrier
[ i.e. component (b)] can be readily ascertained in conventional manner. It is preferred that the
carrier be employed in an amount of about I to about 6 times, preferably about 1 to about 5
times the weight of the hapten, and the hapten-carrier binding agent be employed in an amount
of about S to about 10 times the molar equivalent of the hapten. After reaction, the carrier is

. bound tb the hapten via the hapten-carrier binding agent to obtain the desired antigen composed



W7/ 31948 : PCT/ EP97/ 01013
-8 The initial dose of immunogen (e.g. fromabout 0.2 ng to about 5 ny,
especially about 1 ng) is for exanple adm ni stered intranuscul arly,

foll owed by repeat (booster) doses of the sane 14 to 28 days | ater. Doses
wi |l of course depend to sone extent on the age, weight and general health
of the patientwdemsuusiszati on nay be "active" or "passive". |n PewEPsrniors

i mruni zation the patient receives i munogen of the invention and thereby an
anti-hlgE response is actively induced by the patient's i mune system
"Passive" inmunization is achieved by adm nygtering anti-BSW7 m not ope
anti bodi es, either polyclonal or nonoclonal. to a patient suffering from

| gE- nedi at ed g # @nide-cvief @nipiixY ThE réstitat ihMBnogeR bY the iVRhtich tah be @&ﬁ/ itdiated
m not ope anti bodies can be prepared by adm nistering i nmunogen of the

i nvention, pr&feanyentionalanangera sy dialysis, gelifiltrationofsadtionation peacipitationy etc.

collecting the res i . 1] R be oht ai,ned b
repeated injecti onwﬁ%g?%ﬁwwﬁwgﬁwﬁ%"b%‘f"tvf%q{?f'grmmey
limtati on t 0 Appepegte pemiienfor nwerasebmportint(2) may elgebelidamified by siréenlrigiof gandom
Por ses.  cat s, PHSDs PES el yBBeL ahy il ipbciifia s By pmeiioral s Bise usea
In the pr'o_ducpioeedmfs, agt fdp oytilie peptitles] dlyitid solid ph@e piocedurd ﬂﬁ@l&ﬁﬂ%ﬁ'ﬂa&bel!—i&%wn
invention is gfa . diluted with physi.olo |§§I .saline solution to a suitable
concentration 'ﬁﬂ’ct M&P‘E‘F‘H@B%aﬂ@ﬂg% piified psing apeptidomimetic g@iegy by e
Freund' sI adj uwﬂfg@gﬂﬁmmwﬁ@; The suspension is adm nistered
0o mammual s, e.g. _



intraperitoneally, e.g. to a rabbit, using fromabout 50 pg to about 2500
pg i nmunogen of the invention per adm nistration. The suspension is
preferably adm ni stered about every two weeks over a period of up to about
2-3 nonths, preferably about 1 nonth, to effect inmunization. Antibody is
recovered by collecting blood fromthe i nmunized aninmal after the passage
of 1 to 2 weekswwourbssguently to the | ast adm nistration, centrpdt/gberdize
bl ood and isolating serumfromthe bl ood. Mnocl onal arti - BSWL7 ni not ope
anti bodies may e.g. be human or nurine. Preferably, the patient will be
treated with an Fab' fragnment preparation f_i.p.m muri ne nonocl onal anti body
or a chineric human-nouse anti body (conprising human Fc regi on and nouse
Fab' region) ny adverse reaction to the foreign ani mal

i mmunogl obul i Ek Lg“m&lﬁ Al anti bodi es may be prepared by the nethod
of Kohl er and M I stel n (Kohl er, G and MIstein, C Nature 256 [1975] 495),

.g. by f f . 97/
I?’CT/ EPES?/ 8%2&&&— ﬁ?egac&pn %ﬂ&%ﬂ’gﬁlag@%’?cﬁp‘&ﬁ%roprlate nouse

nyel oma cell line. Nunerous net hods may be utilized to raise human
nonocl onal anti bodies, includin grgr oducti on by (1) Epstein-Barr virus
(EBV) - transEiguse?d: p-Elassical aer? wacringppproachy B | ynphocyt e hybri di zati on;

(3) human-nuri ne hybrl dommas;

Figure 3: Biological activity profile of BSW17

Figure4: BSW17 mimotope-based immunotherapy

Figure 5: Phage-displayed BSW]? mimotopes specifically recognize BSW17

Figure 6: Phage-displayed BSW17 mimotopes inhibit ISE/BSW17 binding

Figure 7: Binding of a chemically synthesized BSW 17 mimotope peptide to BSW17

Figure 8a: Recognition of cyclic BSW17 mimotope GEFCINHRGYWVCGDPA - KLH
(BSS) conjugate (SDS 236) and Fee (500-509) - KLH (BSS) conjugate (SDS 237)
by BSW17

Figure 8b: Recognition of various BSW17 mimotope conjugates by BSW17

Figure 9a: Specific recognition of BSW17 mimotope conjugates [BSA (DC)) and
Fee (500-509) conjugate [KLH (glutaraldehyde)] by BSW17

Figure 9b: Specific recognition of BSW 17 mimotope conjugates [KLH (DC); Lys]
by BSW17



(4) human- human hybri domas; (5) human x human- nouse het erohybri domas; and
(6) repertoire cloning (phage display). Human x human- nouse

het er ohybri donas are the nost preferred, and involve conbining favourable
characteristi.cs of both human and nurine parental cell types. Human-nouse
het er ohybri doma cell |ines have been rendered suitable for B cell fusion
(Teng. N.N.M avoet31948°r oc. Natl. Acad. Sci. USA 80 [ 1983] 73PCFEPSHNGNL3
used for imrmuni zation, antibody can be introduced into the host nopst
conveniently by intramuscul ar injection. Any conventional liquid or solid
vehi cl e may be enpl oyed which is acceptabl eejgo the host and does not have
adverse side effects on the host nor detrinmental effects on the vaccine.
Phosphat e- buf f L i AR KBBRIeE §hmb p}gypcdn' Adicedtn @Bbbits iR idat 8
to 7.2, pref ermmﬁ}ﬁpﬁ—l 7. g,gEmay %e use%llg?%@verﬁ!is%l 2?‘&& one o?&\lf_\}wﬁ a
sui tabl e adj uvant, sucBS¥1Gmimetopagoniugatesi{ldr oxi de - based adjuvant. The
concentration of immunogenic antigen may vary from about 50 pg to about 500
[err]g. preferably fromabout 200 pg to about 300 pg per injection, in a
vol ume of sol vEigareitbe rAxiti-unmhn IEE immaixoespodsedbduced inorabliits afterlinmiunizatied withbl y
about 0.5 nl. NUItiplewFftlons wll be required after the initial

i njection and may be give e%?otg?eca?ﬂﬂﬁﬁtfs tervals. As regards "active"

i mruni zation, this is preferred for human use, but other mamualian species .
may be treated sim|arly, using anal ogous m notopes corresponding to the

| gE of these sHigurell:y e&!‘@?tc{smf%ﬂﬁg’g{" mimolqpe Aptibodics geRsEAlsS ip rabbits by
herei n includes those nRhfthizadich Whi ch have the property of independently
eliciting an inmunogeni ¢ response in a host aninmal and which can be
covalently coupled to polypeptide either directly via formation of

Figure 12: Isotype specificity of the anti-human IgE response in BSW17

mimotope-immunized rabbits
Figure 13: Competition of anti BSW17 mimotope serum with BSW17 for IgE binding
igure 14: Binding of affinity-purified anti BSW17 mimotope antibodies to hIgE

Figure 15: Test of rabbit anti BSW 17 mimotope sera and affinity-purified anti BSW17
mimotope antibodies for anaphylactogenicity on human blood cells:

- R2/0, R4/0: pre immune sera of rabbits kZ and R4 prior to BSW 17 mimotope vaccination;

- R2/SDS214, R4/SDS213: sera of rabbits R2 and R4 65 days after primary immunization;

- antiSDS213. antiSDS214: affinity-purified anti - BSW17 mimotope antibodies;

- R2/0 PC, R4/0 PC: positive triggering control (PC) in the presence of rabbit serum.

Sampie concentrations:
A = 0.1 pg anti - BSW17 mimotope antibodies (or equivalents in complete rabbit sera) per ml
B = 1.0 pg anti - BSW17 mimotope antibodies (or equivalents in complete rabbit sera) per mi

C = 5.0 ug anti - BSW17 mimotope antibodies (or equivalents in complete rabbit sera) per‘ml.



I T B0

peptide or ester bonds between free carboxyl, am no or hydroxyl groups in
t he pol ypeptide and correspondi ng groups on the i nmunogeni ¢ carrier
material, or alternatively by bonding through a conventional bifunctional
l'i nki ng group, or as a fusion protein. WD 97/ 31948

PCT/ EP97/ 01013 -10- Exanples of such carriers include: albumns, such as
BSA; gl obul i nsyolohgisag! obul i ns; henogl obi ns; henocyani ns ( par ecraesamdiprs
Keyhol e Li npet Henmpbcyanin [KLH]); proteins extracted fromascaris, e.g.
ascaris extracts such as those described in J. Immun. 111 [ 1973] 260- 268,
J. I'mun. 122 [1979] 302-308. J. Inmmun. 98 ({,967) 893-900, and Am J.
Physiol. 199 [1960] 575-578 or purified pro ucts thereof, polylysine;

pol ygl utam c S&idé.k%§Lne-glutanlc aci d copol yners; copolyners cont ai ni ng
| ysine or or ; ‘c. Recently, vaccines have. been produced using

di phteria toxoid or tetanus toxoid as inmunogenic carrier material (Lepow
M L et al., A¢ of Infectious D seasaset@®50 [ 1984] 402-406; Coen Beuvery. E
et al., Infection and | munity 40 [1983 3945) and these toxoid naterials
can also be uAMP in the present inve HB rified protein derivative

of tubercul inggRPD) is particularly Bbﬁf,@gehﬁﬁiaj’bwtl lization in the
“active" immunizati on schene since (1) it does not |nduce a T- cell

response itseBBS(i.e. it is in effecbistgulfqsueginimidylisy , and yet behaves
as a fully pr 3§Is,ed antigen and is mngy b&iév'du%c@& Dihe(2) It
is known to bggone of the nost power lgl:f))ten caattlrr In 2 he |enked

recognition node; and (3) it can be usW;nutdmmﬁxﬂlwﬂg&@lﬁnﬂm-hdﬁﬂerﬂal
Allergy 41 [1986] 457-465; S.Miescheret al.,

Int.Arch.Allergy Immunol. 105 [1994] 75)
BSW 17 mimotope peptide a peptide mimicking the natural epitope on human IgE
- recognized by the monoclonal anti-human IgE antibody
BSW17

cfu _ colony—formiﬁg units
DC dihexylcarbodiimide
EBV .Epstein-Barr virus
ELISA enzyme-linked immunosorbent assay
FceRI high-affinity receptor I for the constant region of IgE

. FCS fetal calf serum
gam . goat anti-mouse
gar goat anti-rabbit
h human
HEPES ' N-2-hydroxyethylpiperazine-N'-2-ethanesulfonic acid
HRP horse raddish peroxidase (= POX)

HSA ' human serum albumiri

IgE immunoglobulin E
PTG ' isopropyl-3-D-thiogalactoside
KLH keyhole limpet hemocyanin
Le27 a monoclonal anti-human IgE antibody (Allergy [1986],

supra; Int. Arch.Allergy Immunol. [1994] supra)
LB-plates Luria-Bertani medium plates



further testing. As hapten-carrier binding agents, those conventionally
enpl oyed in the preparation of antigens can be enployed, e.g. those set out
above, or in the Exanples hereunder. The process of the invention for

coval ently coupling conponent (a) to noiety (b) can be effected in known
manner. Thus, for exanple, for direct covalent coupling it is preferred to
utilize bis-N svwgewsuoss dyl derivatives, nore preferably PCT/EP97/01013

bi s(sul fosucci ni m dyl )suberate (BSS) as coupling agent. d utaral dehyde or
carbodiim de, nore preferably dicycl ohexyl-carbodiimde (DC) or

| - et hyl - 3-(3-di met hyl am nopropyl) carbodiin@e may al so be used for

coval ent coupling of peptide (a) to i nmunogenic carrier material (b). The
anmount s of hapmot%c? en-carrier pgﬂgydgg,mqﬂhm{gsapkaﬁgmgmgt (a)] and -
carrier [i.e. conponen )] can be readily ascertained in conventional
manner. It is preferred that the carrier becoafamnayengl ¢pitopgofanantivodyimelenuiet
1 to about 6 tiges, preferably about Loes the weight of the
hapt en, and thg apten-carrier bindi n@%@%ﬁ%ﬂﬁe@nﬂ%ed in an anount of
about .5 to aboPEG10 tines the nol ar epelyathylencglycd! t he hapten. After
reaction, the rier is bound to the_hapten. via.he h n-carrier binding
agent to obtai FO%he desired anti gen CB?‘FB% “WW’%&T 8 )
PCT/ EP97/ 01013pph a peptide-carrier cpirifiedprotdifidefivative bfdibertuliiuinogen of the
invention can he readily isolated in conventional manner, e.g. by dialysis,
gel filtrationthB3actionation preci pi fesembigantdpgman ipterlegkindar ot i on of the
starting mat erRpl plafg®y be effected i Nnr@RivARhddEGpIAGNNET .

RPMI1640 standard cell culture médium (Sigma, St. Louis, USA)
SB-medium Sodium - Bacto medium (Pharmacia, Uppsala, Sweden)
sLt soluble leukotriene .

TBS _ Tris-buffered saline

vCs VCS M13 helper phage (Stratagene, USA).



Appropriate peptides for use as conponent (a) may e.g. be identified by
screeni ng of random pepti de phage display libraries, and readily

synt hesi zed e.g. by conventional solid phase procedures, e.g., for cyclic
pepti des, by the solid phase procedure enploying the well-known "F-noc"
procedure, or may alternatively be identified using a peptidom netic
strategy by sWPSEIMY of randonly synthesized pepti des. WBCT/EPS Vo83
PCT/ EP97/ 01013 -12- Explanation of the Figures: Figure 1: Interaction
between IgE and its high affinity receptor IgERI Figure 2: "d assical"
anti-1gE vacci ne approach Figure: Biologig# activity profile of BSW7
Figure 4. BSWL7 m not ope-based i mmunot herapy Figure 5: Phage-di spl ayed BSW

17 m not opess_sggﬁh?iggal |y recogni ze BSW 17 Figure 6: Phage-displayed BSW.7
m not opes i nhi E/ BSWL7 binding Fiqure 7: Binding of a chemcally

synt hesi zed BSWL. 70 rﬂ?%@ll%@s fm'ai- WW*BW@P@W@% butra ap 43y {imititsorope,
cyclic BSWL7 LORGe ‘I&—F?;L usKLH (BSS) conj ugate (SDS 236) and
Fclerr] (500 509) - KL BSS) conjugate (SDS 237) by BSW 7 Figure 8b:
Recogni tion of various BSWL7 m not ope conj ugates by BSW7

Example 1: Anti-allergic potential of the anti-| oclonal antibody BSW17

~ Asamodel for testing the anti-allergic capacity of BSW17 and BSW17-like antibodies
generated in human patients by active immunization with BSW17 mimotope peptides, the
effect of BSW17 on the histamine release of human basophil-like cells, obtained from bone
marrow cells cultured with rhil -3, is shown.

Mononuclear cells are prepared from bone marrow from patients requiring femur bone
head replaoemexit by Ficoll-Hypaque density sedimentation (1.077 g/ml; 400 g). 5x10° cells/ml
are cultured in RPM11640 medium containing 15% FCS and 2 ng/ml human rhil.-3. After 6
days of culture at 37° in 5% CO;, an equal volume of medium containing rhil-3 is added. On
day 12, cells are harvested and used for passive sensitization and histamine release assay.
Approximately 5x10° cultured bone marrow cells are incubated in HA buffer (20 mM HEPES;
pH=7.4; 0.3 mg/m] HSA) with SO0 ng/ml of human IgE in the presence or absence of a 50-fold
excess of monoclonal anti-IgE antibody in a total volume of 1 ml. After incubation for 2 hours
at 37°, cell supernatants are used to measure histamine during passive sensitization. Cell pellets
are used to trigger histamine release. To determine the extent of direct histamine release, the
passively sensitized bone marrow cells are resuspended in 0.3 ml of HCM buffer (HA buffer
containing 0.6 M CaCls and ' mM MgCl» and incubated with 0.1 pg/mi of the
anaphylactogenic monoclonal anti-IgE antibody Le27. The amount of histamine in the
supernatant and in the cellular sediment is measured in a Technicon Autoanalyzer I
(Technicon, Tarrytown, New York, USA). Percentage of histamine release is calculated
[according to the formula: histamine release (%) = histamine in the supernatant divided by
histamine in the supernatant + histamine in the cell pellet, multiplied by 100}. Percentage of
histamine release during passive sensitization is calculated [according to the formula: histamine
release (%) = histamine in the supernatant (after passive sensitization) divided by histamine in

the supernatant (after triggering) + histamine in the supernatant (after sensitization) + histamine



Figure 9a: Specific recognition of BSWL7 m notope conjugates [BSA (DC)] and
Fc[err] (500-509) conjugate [KLH (gl utaral dehyde)] by BSWL7 Fi gure 9b:
Specific recognition of BSW17 m notope conjugates [KLH (DC); Lys] by BSW7
WD 97/ 31948 PCT/ EP97/ 01013
-13- Figure 10a: Anti-human IgE i mmune response induced in rabbits after

i mruni zati on Wiwdneo W7 ni not ope conjugates (1) Figure 10b: ARGEERIWEING gE
i mmune response induced in rabbits after inmunization with BSW17 m notope
conjugates (2) Figure 11: Serumtiters of anti BSW.7 m notope anti bodi es
generated in rabbits by inmunization Figureg7l2: |sotype specificity of the
anti-human | gE response in BSWL7 m not ope-i mmuni zed rabbits Figure 13:
Conpetition of_ ant] ' EX Al opd ngtﬁﬁnbﬁu&ag Fi gure
14: Bindi ng of" g‘#%“n&tﬁyéﬁlﬁpﬁ?&egy?r@l BS\%?JB%%; ope anti bodies to hlgE
Figure 15: Teghlclhted plbirfiing nd the REWAIA: specific bistmine raleass d % =% rtal pispaming yelegse,
anti BSWL7 m notope anti bodi es f.or anaphyl actogenicity on human bl ood
cells: - RZIOW%WWC?%W%FM’ rabbits R2 and R4 prior to BSWL7

m not ope vacci nati on; :

The results of three independent experiments are summarized in Table 1:

Table 1: Effect of anti-IgE antibodies on histamine release of sensitized bone
marrow cells
Specific histamine release (%)**
Experiment | Experiment 2 Experiment 3

Sensitized with* A B A B A B
IgE(control) 3.0 10.3 43 11.0 1.5 36.5
+BSW17 3.6 3.1 3.0 1.5 44 0.9
+Le27 11.0 2.7 8.7 1.7 15.7 3.8

*) Human bone marrow cells cultured with rhiL-3 (2 ng/ml ) are passively sensitized with IgE
(0.5 ug/ml ) or with IgE and anti-IgE antibodies ( 0.25 ug/ml )

**) A: Histamine release during sensitization
B: Histamine release after triggering with the monoclonal anti-IgE antibody Le27

(0.1 pg/ml).

The data in Table 1 clearly shows that bone marrow cells incubated with IgE and
BSW 17 do not release histamine during sensitization but inhibit subsequent triggering with
Le27. Bone marrow cells incubated with IgE and Le27 are triggered already during passive
sensitization to an extent that no more histamine can be released during the second incubation
with this anaphylactogenic monoclonal antibody. Bone marrow cells passively sensitized in the
absence of either monoclonal anti-IgE antibody, however, effectively release histamine after

subsequent triggering with Le27.



- R2/SDS2 14, R4/ SDS213: sera of rabbits R2 and R4 65 days after primary

I mruni zation; - anti SDS213. anti SDS214: affinity-purified anti - BSW7

m not ope anti bodies; - R2/0 PC, R4/0 PC. positive triggering control (PC
in the presence of rabbit serum Sanple concentrations: A = 0.1 [err]g anti
- BSW 17 mi notope antibodies (or equivalents in conplete rabbit sera) per
m B =1.0 [ewOQegamsi - BSW 17 ni notope anti bodies (or equivBRCEEPS/G1013
conplete rabbit sera) per mMm C = 5.0 [err]g anti - BSW7 m not ope

anti bodi es (or equivalents in conplete rabbit sera) per ni. WO 97/ 31948
PCT/ EP97/ 01013 -14- Abbreviations: Ac -18- acetyl AMS
anmoni um sul phat e BSA bovi ne serum al bum n BSS

bi s('sul f osucci ni niyckuh be bhRIEEE tHRWIBSW 17 by itself is non-anaphylactogeni®And SfBSW17
monocl onal anti body directed against the CH3 epitope of native Ig

(J. Knut t i - MulPresectelburgan basophjls frgm histarping gelgase; induced by triggesieg agents. Therefbre, the

I nt.Arch. Al l 1 . . ' . - .

peptide mm ?E%i%%hé@% %B%%Jem éﬁéﬁwm’mlﬁ&}ﬁﬂﬁ with BSW17'
mimotope peptides can be expected to protect immunized hosts from the development of

allergic reactions.

Example2: Random peptide phage display library screening and selection of
positive clones

Bacteriophage particles specifically recognized by BSW17 are idemiﬁed by biopanning
of phage libraries displaying linear or circular random peptides from 6 to 15 amino acid
residue"s in length fused to phage peptides pIll and pVIII, respectively. For amplification of
phage libraries, 2 ml of a liquid culture of E.coli XL-I blue grown in SB medium to
ODsgo = 1.0 are incubated with 10'® phages for 15 minutcs.at room temperature. 10 ml of SB
medium containing 10 mg/ml of tetracycline and 20 pg/ml of carbenicillin are added and 10 ul,
1 pJ and 0.1 yl, respectively, are plated on LB plates containing 100 pg/mi of carbenicillin. The
culture is incubated at 37° with vigorous shaking for one hour, then 100 ml of SB containing
10 pg/ml of tetracycline and 50 pg/ml of carbenicillin are added and incubation is continued for

.one hour. 10" cfu of VCS M13 helper phage are added. After 2 hours with vigorous shaking at
37°, kanamycin is added to a final concentration of 70 pg/ml and incubation continued
overnight. After oentrifug_'ation at 4000 g and 4° for 20 minutes, supernatants are mixed with:
38 ml of an ice-cold sterile filtered solution of 12 % NaCl and 16 % PEG 8000, cooled on ice
for 30 minutes and centrifuged for 30 minutes at 10000 g at 4°. The phage pellet is solubilized
in 2 ml of TBS containing 1.5 % casein and stored at 4°. For biopanning, Costar RIA plates
{Costar 3690) are coated over-night at 4° with 20 pg/ml of BSW17 in 0.1 M carbonate buffer,
pH 9.6. and thereafter blocked with TBS containing 1.5 % casein. 2 x 10'' cfu of phages are
added and incubated at 37° for 2 hours, then washed ten times with PBS /0.1 % Tween 20. The
wells are rinsed with water and the bound phages eluted with a total of 200 pl of 0.1 M HCl,
pH 2.2 for 10 minutes. Eluted phages are neutralized with 2 M Tris base and amplified as

described above.



recogni zed by the nonocl onal anti-human | gE anti body BSW7 cfu

colony-formng units DC di hexyl car bodi i m de EBV
Epstein-Barr virus ELI SA enzyne-|inked i munosor bent
assay FceRl high-affinity receptor | for the
constant region of IgE FCS fetal calf serum gam
goat anti - NouS ewQM/31948 goat anti-rabbi t RCI/EP97/01013
human HEPES

N- 2- hydr oxyet hyl pi perazi ne-N - 2-et hanesul foni c acid HRP

horse raddi sh peroxi-dase (= POX) HSA -19- human serum
al bum n I gE I mmunogl obulin E I PTG

i sopropyl -[err ka%%é%&@& 8 oRiive Bloffls'30 pt of a E.coli XL-1 blue liquid culture 8¥A% ©

| i npet henocyani n a nonocl onal antT-human | gE
anti body (Al | eSBymédisih € ODgwyiera) art incubmerhwidi | ptefia 10dilnton of uasplified phages after
LB-plates the 3rd round of panninlg_ LthEri lg-nﬁgﬂtgsayt iroorTrz‘? (tjénlljp@r tlxrg,t n plated on LB plates
containing 100 pg/ml of carbenicillin and grown overnight. Colonies are randomly picked and
plated on LB plates containing 100 pg/ml of carbenicillin. After 4 hours at 37°, nitroceliulose
filters soaked with 10 mM of IPTG are put on top and incubation continued overnight at 32°.
Filters are removed and incubated at 37° for 30 minutes in a CHCls-atmosphere. Bacterial
debris are removed by incubating the filters in 50 mM Tris, pH 8, 150 mM NaCl,

5 mM MgClz, 3 % BSA, 100 U DNAasel and 40 mg lysozymé per 100 ml for 1 hour, blocked
in TBS containing 1.5 % casein and incubated over night with BSW17-POX (BSW17 coupled
to POX) in TBS containing1.5 % casein. Filters are washed with TBS, TBS/0.5 % Tween 20
and then TBS for 10 minutes each. For staining the strips are incubated in 600 pig of 4-chloro-

1-naphthol per ml and 0.042 % of hydrogen peroxide in TBS.

Example 3: = Characterization of phage ggrticles displaying peptides which mimick the
natural BSW17 epito SW17 mimoto) tides

Various phage particles displaying circular peptides consisting of seven, eight or nine
amino acids and linear peptides consisting of ten and fifteen amino acid residues, respectively,
have been found to bind to BSW17. The nucleotide sequence of the DNA encoding these
peptides was determined. According to their homology among each other as well as to
homologous regfons within Fce, 3 groups of phages displaying peptides recognized by BSW17

could be deduced from the DNA sequence. An overview is shown in Table 2:



W 97/ 31948

PCT/ EP97/ 01013 -15- m not ope peptide a peptide which m m cks at
l.east part of the conformational epitope of an antibody nol ecule PBS
phosphat e- buf f ered sal i ne PEG pol yet hyl enegl ycol
POX horse radi sh peroxi dase (= HRP) PPD

purified prot avasuza9as/ati ve of tuberculin rh IL-3 PCT/EP97/01013
reconbi nant human interleukin-3 R A plates

r adi oi nmunoassay pl ates RPM 1640 -20- standard cell culture
medi um (Sigma, St. Louis. USA) SB-nedi um Sodi um - Bacto
medi um ( Phar maci a. Uppsal a. Sweden) sLt sol ubl e

| eukot ri ene TBS . Tris-buffered saline VCS

VCS ML3 hel perphage (Stratagene, USA). WO 97/ 31948

PCT/ EP97/ 01013 -16- 5. Exanples
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In the foll ow ng Exanples, which illustrate the invention but in no way
limt its scope, references to tenperature are in degrees_Cel sius. Exanple
1: Anti-allergic potential of the anti-hlgE nonoclonal anti body BSWL7 As a
nodel for testing the anti-allergic capacity of BSW7 and BSW 17-1i ke

anti bodi es generated in human patients by active immunization with BSW7

m not ope pepti A¥QITBIMB of f ect of BSWL7 on the histani ne rel eas®CIEMwVMDIB
basophil -1i ke cells, obtained frombone ma#2dew cells cultured with rhlL-3.

i s shown. Mononuclear cells are prepared from bone marrow f$f,om pati ents
requiring femur bone head replacement by Ficoll-Hypaque der®ity '
sedinentation (1.077 g/m; 400 g). 5x10[err] cells/m are C§I teired in RPM ]
640 nedi um cont ai ning 15% FCS and 2 ng/m human rhlL-3. After 3 days of
culture at 37 in 5% CJerr], an equal volume of nedium cont%irﬁn 2 1 8
added. On day 12. cells are harvested and used for passive serfi anzgl_}ion
and hi stam ne rel ease assay. Approximately 5x 10[err] cultl_EeEEb(me_grarrow
cells are incubated in HA buffer (20 mM HEPES; pH=7.4; 0. 3§rgﬁ§r1 '548;9 with
500 ng/m of human IgE in the m@gesence or absence of a 50-fQl B.exteds of
monocl onal anti-1gE antibody irga total volume of 1 ni. Af€er &nfib&ion
for 2 hours at 37[err]. cell sU®ernatants are used to rreascﬁeﬁ"ni@a_@ ne -
during passive sensitization. Il pellets are used to tri gers higst &ri ne

rel ease. To determ ne the extegf of direct histam ne rel easg, hg; pa&ssivel y
sensitized bone marrow cells arg resuspended in 0.3 m of ulel e (HA
buffer containing 0.6 MCaCI[e@] and 1 MM Mg [err] and i rEu t§d wth 0.1
[err]g/ M of the anaphyl act ogef@&c nonoclonal anti-IgE anti Iﬁ)d L&27§ The
amount of histamine in the supginatant and in the cellul ar'g@ed mgnt & s
measured in a Techni con Autoanglyzer || (Technicon, Tarrytgn'g N&w Eor k,

USA). Percentage of histan ne %éleaseis cal cul ated s £ 'é_ )
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[according to the fornula: histamne release (%9 = histamne in the

super nat ant divided by histamne in the supernatant + histamne in the cell
pellet. multiplied by 1001. Percentage of histanmne rel ease during passive
sensitization is calculated [according to the formula: histam ne rel ease

(%9 = histam nﬁ, supernatant (after -passive sensitizati Lvided by
892{3 i - - o % 701013

histamne in t natant (after triggering) + histam ne i

supernatant (after sensitization) + histam ne WO 97/ 31948

PCT/ EP97/ 01013 -17- in the cell pellet, nmultiplied by 100]. Anti-IgE
antibody - specific histamne release is ca®2ul ated [according to the
formula: specific histamne release (%9 = %total histam ne rel ease, m nus

% spont aneous hi stAﬁﬂlebemfefage]rabhﬂefme%’mlﬂ’éemnﬁ!melthﬂmedvdmng roup A
experinents a = gE
anti bodi es onhﬁlhsé@mr&he r%%gggﬁg%éﬁgn?péﬁéﬁwﬁgﬂﬁg% e fclil eC| fic

hi st am ne r el pesitive{y3dharged potar aminot acitls. This chargEdisaibutiemseets tobees&nﬁdrfo:ment 3
Sensitized w :

| gE( cont r ol ) hge\lﬂge@gnition sinc?L gn%done wl&clédiffers in tff Ig’@ino-termiil'la\ssfrom this f§§§§§
+BSW 7 proves 13 oﬁly very weaklydbirdd 1o BSW8170 No consecihive stretch offanfino acids wlﬁr 9 +
L27 11 2.7 8.7 1.7 15.7 3.
sxgmﬁcam sequence homology can be found in Fee. Alignment by pattern similarity, howevcr
allows allocation of these peptides to a stretch of amino acids ranging from position 500 10 508
within the Ce4 domain. The decapeptide Fce 500-509 has been postulated by
Stanworth et al. [Lancet 336 (1990)1279] to be involved in mast cell triggering by receptor-
bound IgE.

Peptides belonging to group B also are highly homologous among each other.
Furthermore, their amino-terminal part is almost identical with émino acid positions 370-375 of
Fce. This sequence is part of Ce3 and contains or is adjacent to a region which has been shown
to be involved in binding of IgE to its high affinity receptor. This finding explains the inhibiton
of the IgE/IgERI interaction by BSW17.

It can be concluded that the complex conformational epitope recognized by BSW17
contains conformational structures represented by amino acid stretches 500-508 (within Ce4)
and 370-375 (within Cg3) of the IgE molecule (numbering according to E.A.Padlan and

. D.R.Davies, Molecul.immunol. 23 (1986) 1063). Antibodies generated in an individual by
immunization with mimotopes from groups A and B above coupled to an immunogenic carrier
molecule will thus protect from allergic reactions by blocking the binding of IgE to its high
affinity receptor and/or triggering the degranulation of target cells.

Peptides summarized in group C _of the table exhibit no significant homologies among
each other nor with Fce. Therefore, they represent “genuine mimotopes' mimicking the three
dimensional structure recognized by BSW17. Using these mimotopes as imxﬁunogens thus

will also result in the generation of anti-allergic, BSW17-like antibodies in the immunized host.

The generation of a BSW17-like immune response specifically directed against the
BSW 17 epitope on human IgE is shown for selected mimotopes in the following Examples 4
10 6:



*) Human bone marrow cells cultured with rhiL-3 (2 ng/m ) are passively
sensitized with Ig (0.5 [err]Jg/m ) or with IgE and anti-IgE anti bodies (
0.25 [err]g/m) **) A Histamine release during sensitization B: H stam ne
rel ease after triggering with the nonoclonal anti-IgE antibody Le27 (0.1
[err]g/m). The dat n Table 1 clearly shows that bone marro

I ncubated with PJ%:’%% BSW 17 do not rel ease histam ne duri ng%’?ﬁo?ﬂi on
but inhibit subsequent triggering with Le27. Bone marrow cells incubated
with IgE and Le27 are triggered already during passive sensitization to an
extent that no nore histanmine can be rel eas®8¥ during the second incubation
with this anaphyl actogenic m)nocl onal antl body. Bone marrow ceI I S paSSI vel y
sensitized i nExhmpled;enBa iapes-displs BSAYi17 mi Septides Arechpecificalk
effectively rel ease hi swmbsequent triggeri ng Wi t h Le27. WO
97/ 31948 PCT/ EP97/ 01013
-18- It can be concluded that a) BSWL7 by itself i s non-anaphyl act ogeni c

and b) BSWL7 protegts. human baso mne J ase d.b
tri gg)eri ng aggnt s. ﬁ’fﬁﬂ\%”é’“"?ﬁ&%’éﬁ%&ﬁ@?’&ﬁ Fepf %P?ﬁﬁ@?%syl n
al lergic pati ﬁfstmohe/-&céﬂewanmmm@ﬁtmwgtmb-ﬁBWth vaal {4 des can

be expected tg protect immunized hosts fromthe devel opnent of | ergic
reactions. Segq.id.no. 18; second cione = clone 18 in Fig. 5 = Cys-Ile-Asn- 1s-Arg~Gly-Tyr-’I‘rp-val-cys

= Seq.id.no. 19) to the antigen-specific hypervariable regions of BSW17 is demonstrated by

ELISA. 10 ug of BSW17 and various monoclonal antibodies are coated to the wells of
COSTAR plates foliowing standard ELISA procedures. After blocking with BSA, the wells are
incubated with 100 ul of standard ELISA incubation buffer containing bacteriophage particles
obtained from phage-infected bacterial culture supernatants with a phage titer of 10° cfu/ml.
After washing, the plates are incubated with 5 pg of horse raddish peroxidase (HRP) - coupled
anti-M 13 antiserum (Pharmacia, Uppsala, Sweden) in incubation buffer. All incubations are
carried out at room temperature for 1 hour. After final washing, phage particles bound to the
coated antibodies are visualized via the bound HRP-anti M13 serum by chromogenic substrate
development following standard ELISA procedure. Figure 5 shows that mimotope phages
very specifically bind to BSW17 and to no other antibodies, such as 8E7, 3G9 and 5H10 which
are also monoclonal anti-Ce3 antibodies and which have been generated by using recombinant
- Ce3 as immunogen, nor to SHS/F8 which represents another monoclonal antibody which is
directed against the extracellular portion of human FceRIo. As negative non-antibody control,
recombinant FceRI o-chain and as positive control, wells coated with polyclonal anti-M13

antiserum are included.

Example 5:

the binding of BSW17 to IgE

The specificity of the mimotope - BSW17 interaction is further demonstrated by
showing that the attachment of mimotope-displaying phage particles interferes with the
BSW17/IgE binding. Bacterial cells are grown in SB containing 10 ptg/ml of tetracycline and
30 pg/mi of carbenicillin to ODggg = 0.4, then VCS M13 Hélpcr phage is added and incubation



Exanpl e 2: Random pepti de phage display library screening and sel ection of
positive clones Bacteriophage particles specifically recognized by BSW7
are identified by biopanning of phage |ibraries displaying |linear or
circular random peptides from6 to 15 am no acid residues in |length fused

t o phage peptides 7pI [l and pVII1, respectively. For anplification of phage
libraries, 2 n"OA™44 quid culture of E coli XL-1 blue grown NV ERTMY3um
to OD)err] = 1.0 are incubated with 10[err] phages for 15 mnutes at room

tenperature. 10 ml of SB medium containing 10 ng/m of tetracycline and 20

[err]g/mM of carbenicillin are added and 1G24-err]l, 1[err]l and 0.1 [err]l.
respectively, are plated on LB plates containing 100 [err]g/m of

car beni ci | | i n.cofitired @drt2 Hoarsias 37°0Thindtanainydin 8 ddided tb afinghvontentralicikofi MY pighhl aide

hour, then 10Q of SB.containj O [errlag/m of tetracycline and 50
Lo gl i of - cafbin oRiTd sresniahiy PAoes R AR W polaencgloeln Sof
hour. 10[err] paipiatbs MCSoabdabAti I R SEER 1 R0, ANESAbonAle! thiffelpH 914 ahd WidnD

vi gorous shaking ‘at 37[err]. kanalr‘gci n is added t I nal conhcentration of

0 f
70 [err]g/ni dietkedwith IBS santaiping @@mﬂmﬂgﬁm'{a“aab@mwmation at
4000 g and 4] Of . ' raak ' ] n
I ce-cold ster ﬁ’@"ﬁ'{“ﬁ% 3WE?W§P&§%%%@%W§W§G%%‘§a
on ice for 30 RiArplitesinshedresemierof incrpasing conc@firatibmsdfeondibe REDRE (gamiardicurvd)or
phage pellet is solubilized in,?2 of . TBS cont ai ni 1.5 % casein an
rored at 4. mipeepaiamemestis AllexprrmeaR sreberfied oam T bRRE s
over - ni ght at afd washéd Miinds with DO1% NSCP 0005 BIWeks 20/ cubin phedih aiitf 4300 Wel? was
buffer, pH 9.6. and thereafter blaocked with TBS containing 1.5 % casein. 2

x 10[err] cfu W%’é‘és’f'%ﬁ“é%@&é&“&‘ﬁﬂ incubated at 37[err] for 2 hours,
water and the bound ore BReSFLESY S FIES S cidhe 1 T2 = CRRERVOIIE £ |
pH 2.2 for 10 Seqdhned3s: BaREWRORindis; 6aclonedtof Fig. 5 CINHRG YWY T =iSeqidise. 190 d
anplified as (see Example 4 above) inhibit the binding of BSW17 to IgE. Figure 6 shows the binding of

251 labelled IgE to BSW17 in the presence of BSW17 mimotope - displaying phage clones.
Closed circles show a standard inhibition curve by unlabelled IgE to allow an estimation of
inhibition of labeled IgE binding in the presence of 10" cfu/ml of phage particles. The
inhibition achieved with the phage clones is equal to non-labelled IgE concentrations of 1

pg/ml and 1.7 pg/ml, respectively.

. Example6: Induction of an epito: ific immune reacti immunization of
rabbits with mimotope-displaying phage clones

To test the feasibility of a BSW17 mimotope-based vaccine approach, rabbits are
immunized with phage particles displaying BSW 17 mimotope peptides and helper phage
VCS M13 as control, respectively. 10 cfu of freshly prepared phage particles are dialyzed
against PBS at 4°. 1 ml is emulsified with complete Freund's adjuvant for the first
immunization, or with 1 ml incomplete Freund's adjuvant for boosting. Immunization is
repeated subcutaneou§ly every 14 days. Afier the third boost, 12 mi of blood are taken, clotted
for 4 hours at room temperature in glass vials and centrifuged for 10 minutes at 2000 g. The
supernatants are tested for the presence of anti-human IgE antibodies by ELISA. Human IgE
from three different individuals (SUS11-IgE; PS-IgE; WT-IgE) is diluted in PBS ata



descri bed above. WD 97/ 31948

PCT/ EP97/ 01013 -19- For the selection of positive clones 50 [err]]l of a
E.coli XL-1 blue liquid culture grown in SB-nediumto O)err] = 1.0 are
incubated with 1 [err]l of a 10[err] dilution of anplified phages after the
3rd round of paan .;Z% fgor 15 minutes at roomtenperature, then ypgmsofdis LB
pl at es cont ai ni ng 8 [err]g/nml of carbenicillin and grown overnight.

Col oni es are randonly picked and plated on LB pI ates containing 100
[err]g/m of carbenicillin. After 4 hours aés nitrocellulose filters
soaked with 10 mM of I PTG are put on top an |ncubat|on conti nued overm ght
at 32[err]. Filters are renoved and. i ncubate ‘gwg 37 for @’?ﬂ? r~?ute
CHCl [err] - at moeeperafrationnf S0 efml and d iyl aliguojs are. anfo giroceliinse se ‘S

filters in 50 ﬂMkIabﬁ'Bﬁ’Hnﬁaxmﬁé@SWbN@ﬂfor P! n/wﬁt@emhxsau%@ﬁamﬂmy
DNAasel and 40 ng |ysozynme per hour, bl ocked in TBS contai ni ng

1.5 % casei n aoitainieg b3 feehseiy and ﬁF%FdWWSBBWWDP@MMI?TB%W%QQS
PO 100 TES oM@k Ma T8 f3f fOARRIMRS cdch Defppitl Goll RN AR it 3. 000 T *°

Tween 20 and s each. taining the strips are
i ncubat ed in 6IBS gemaihigg d).ﬁ % caskin@nd incibatewfpid hairs. Washing anchstaifing 4Vpetfouhed as

hyd d B le.3: Ch terjzati rticl
G Sp Sy n. perteaitety AT VAT RRE 2rike poNAa) BP0 Bangnized v YORAET Bilarf 560
pepti des) Var e sndatnunidel rabbRSshdwdveak irdugtion dgainbitiumian IME iakeicensi st i ng

of seven, eight or njne
d presumably reflecting naturally occuring anti-rabbit IgE autoantibodies crossreacting with

human IgE. However, in addition to a massive immune response to the bacteriophage pVIIl
coat protein, sera of rabbits immunized with BSW17 mimotope phages also contain strongly
clevated levels of antibodies which specifically recognize human IgE:

Table 3: Anti-IgE response in rabbits immunized with BSW17 mimotope displaying

phage
B Recognition of IgE (relative OD)
Rabbit serum SUS11-IgE - . | PSIgE WT-IgE_
nonimmune 20+ 0.3 20+ 0.2 20+ 1.0
VCS M13 helper phage 20+ 0.6 20 1.0 3.0+ 0.5
PhBSW.6-9 (=clone 1) - 50+ 0.2 80+ 0.6 |1 210 1.0
PhBSW.29-8 (= clone 18) 165 £ 0.7 90 + 04 250 £ 1.0

BSW 17 epitope specificity of these antisera can be demonstrated in a competition
ELISA: nitrocellulose strips are prepared as described above and incubated with rabbit serum
at a dilution of 1:50 in TBS containing 1.5 % casein overnight. After washing, mAb BSW17
labeled with horse raddish peroxidase (BSW17-HRP) is added in a 1:50000 dilution in .

TBS containing 1.5 % casein for 4 hours. Subsequent washing and staining is performed as
described. As can be seen from Table 4, the binding of BSW17-HRP 1o IgE preparations from
various sources is inhibited by sera from the rabbits immunized with BSW17 mimotope
phagcs, while serum from rabbits immunized with helper phage do not show any inhibitory
effect:



resi dues,

respectively,

PRl

WD 97/ 31948
PCT/ EP97/ 01013 -21-
PCT/ EP97/ 01013 - 22-

sequence.

[err]

WD 97/ 31948
Table4: Inhibition of BSW17/ IgE interaction with sera of rabbits immunized with

as to honol ogous regions within
ges displ ayi ng peptides recogni zed by
An overview is shown in Tab

-26-

am no acids and |inear peptides consisting of ten and fifteen am no acid
have been found to bind to BSW17. The nucl eoti de
sequence of the DNA encoding these peptides was determ ned. According to
honol ogy anong each ot her as wel |l
Fc[err], 3 gr

be deduced frgﬁ?
97/ 31948

BSW17 mimotope phages
Recognition of different IgE (% inhibition)
SUS1I-IgE | WT-IgE | PS-IgE Zavasal-IgE
VCS M13 helper phage | 0 0 Y 0
PhBSW.6-9 34 65 63 51
PhBSW.29-8 52 65 48 47

pErgkdnGE ]

PCT/ EP97/ 01013

In the following Examples 7 and 8, the feasibility of using chemically synthesized
mimotope peptides coupled to carrier protein as immundgen for the preparation of an

anti-allergy vaccine is shown:

Example 7: A chemically synthesized BSW17 mimotope peptide binds to BSW17 with -
high affinit

To confirm that the bacteriophage-derived portion of the BSW17 mimotope phages can
be omitted without destroying the biological activity of the mimotope peptide sequence, the
. following peptide is chemically synthesized, comprising the cyclic BSW 17 mimotope
octapeptide (A) [shown in linear form in Table 2, Group A, second clone as peptide (A) with
two additional Cys (Seq.id.no. 19), and containing here the 7 additional adjacent bacteriophage-
derived amino acid residues Gly-Glu-Phe- and -Gly-Asp-Pro-Ala as flanking sequences

included to facilitate correct folding of the circular mimotope peptidel:
Gly-Glu-Phe-Cys-lle-Asn-His-Arg-Gly-Tyr-Trp-Val-Cys-Gly-Asp-Pro-Ala  (Seq.id.no. 27)

After synthesis by standard technique this peptide is cyclized via the two cysteins and
fluorescence-labelled with Rhodol Green. Binding to increasing concentrations of BSW17
immobilized in microtiter plate wells under ELISA conditions is determined by fluorescence

measurement and is shown in Figure 7.



As can be seen from Table 2, the carboxy-term nal parts of the peptides
fromgroup A are highly conserved and the am no-term nal parts, though nore
degenerated, contain positively-charged, polar am no acids. This charge

di stribution seens to be essential for BSW17 recognition. since one clone
which differs “%E&?ﬁ @gmno-termnus fromthis feature proves tpsceRPyroi63y
weakly bind to 17. No consecutive stretch of amno acids with
significant sequence honol ogy can be found in Fc[err]. Alignnent by pattern
simlarity, however, allows allocation of tg;se peptides to a stretch of

am no acids ranging fromposition 500 to 508°within the (Jerr]4 domain. The
decapeptide Fc[err] 500-509 has been postul ated by Stanworth et al. [Lancet
336(1990) 1279] to be involved in mast cell trlggerlng by receptor- bound

| gE. Peptldesggghgﬂg;ng.|»Lu;u Bviit YW1 hindiabtopk peptides euspled T sl csreieh
other. Furthernore, their ' I identical with am no
acid positions 370-375 B e oce o oe— rt of CJerr]3 and

contains or is adjacent to a reglon mhlch has been shown to be involved in
binding of IgE to its high aff|n5@¥$receptor Thi s finding egglqlns t he
i nhi'bi ton of the | JEipgsaRmMqtepepe enobymghmmcsmdzqﬁcs@l ledmmpagganiea t

conf or mht | onalt et ARl Bhe Sfbl St G e paRiamil ol FL el PG bF B g comier

(within (Jerr ]paommrﬁll@ﬂmgstiﬁdz(rd\pmhednxa@[(&m]sawm Chemisyvof Rrotein Conjugation and
(nunbering acc rd|n Pa Vi.es Nble

(1986) 1063). S@'ﬁ%‘?g %3”1 o igerom e Mrgs?ﬂpﬁmsmws
m not opes fr o A and B above coupl ed to an inmunogenic carrier

nol ecule will thus protect fromallergic reactions by blocking the binding
of IgE to its -hBlaraldshyde equPlRg ept or and/or triggering the degranul ation of

target cells. . pc(dihexylcarbodiimide) coupling
- BSS [bis(sulfosuccinimidyl)suberate) coupling

- lysine crosslinking

The resultant mimotope conjugates are:

(1) PI =linear KTKGSGFFVF - BSA (glutaraldehyde)

(2) P4 =linear ACINHRGYWVC - BSA (DC)

(3) PS5 =linear AcCRSRSGGYWLWC - BSA (DC)

(4) SAFI-KLH = cyclic GEFCINHRGYWVCGDPA - KLH (DC)

(5) SAF2-KLH = linear KTKGSGFFVF - KLH (DC)

(6) SAF3-KLH = linear VNLPWSFGLE - KLH (DC)

(7) SAF3-Lys = linear VNLPWSFGLE - lysine crosslinking

(8) SAF4-KLH = linear VNLTWSRASG - KLH (DC)

{9) SAF5-KLH =VNLTWS - KLH (DC)

(10) SDS214 = cyclic GEFCRRHNYGFWVCGDPA KLH (BSS)
(11) SDS213, SDS227, SDS236, SDS"SZ cyclic GEFCINHRGYWVCGDPA - KLH (BSS)
(12) SDS237, SDS253 = linear KTKGSGFFVF - KLH (BSS)
(13) SDS242, SDS254 = lincar VNLPWSFGLE - KLH (BSS) and
(14) SDS243 = linear VNLTWSRASG - KLH (BSS),



Peptides sunmarized in group C of the table exhibit no significant

honol ogi es anong each other nor with Fc[err]. Therefore, they represent
"genui ne m notopes” mmcking the three dinmensional structure recognized by
BSWL7. Using these m notopes as i nmunogens thus will also result in the
generation of ' ergic, BSW7-1ike antibodies in the i ' .
The generati onﬁg’?bgﬂégw 17-11 ke i nmune response specifically ?Jrré?%é&(}gﬁ
agai nst the BSW 17 epitope on hunman IgE is shown for sel ected m notopes in
the follow ng Exanples 4 to 6: WO 97/ 3194

PCT/ EP97/ 01013 - 23- Exarrpl e 4: Bacteri ophag% di spl ayi ng BSWL7 mi not ope

peptides are s eC|f|caI ogni zed by BSWL7 Bi d| of m notope peptides
G508 s Gronaegen moleculef

di spl ayed by Y}ﬁQrﬁ 6!' nee gpmy epard b respequiyels. | in
Fig. 5= Cys-/ aa;ydb%éiﬂuiyf,aﬁpnn hﬁ'usTrp Val -Cys = Seq.id.no. 18;
second clone = cI one ‘18 in Fig | e- Asn- Hi s- Arg- A y- Tyr-Trp- Val - Cys

= Seq. i d. no. 19)) Q(?lmemqacgbﬁo@:ﬁ&o lheh‘mﬁmlgﬁasmm 38: gredibe LanceBH®PO] i s
denonstr at ed ?&1& vari ous nonocl onal anti bodi es
are coated tog%‘%%ufeﬁﬁrggog?&%&#%ﬁ%?ﬁ es f"g%vm ng standard ELI SA

proc eldur ?S' Af(s)ere(::I ISIAGR2KKI, xmlﬁtsa&ﬁ@p%ﬁc;efe&qﬂdlm 28, eoupkai tb K1 HbwDCleoilihg; and
par 1l 65 obt A1 AEE Fbéi%@éﬁﬁh#&%m&ﬁ@%ﬁﬁemcwﬁiﬁiﬁwwt .

a phage titer cafplihglerr]cfu/m .

The other peptides'are immunogens of the invention, namely:
- (2) (P4) is N-acetylated peptide (A) (Seq.id.no. 1) with an additional Cys a1 the C-terminus
(Seq.id.no. 29), coupled to BSA by DC coupling;
- (3) (P5) is N-acetylated peptide (C) (Seq.id.no. 3) with an additional Cys at the C-terminus
(Seq.id.no. 30), coupled to BSA by DC coupling;
- (4) (SAF1-KLH) is the peptide of Example 7 (Seg.id.no. 31), cyclized via a disulfide bridge
formed by the wwo flanking Cys, and coupled to KLH by DC coupling;
- (6) (SAF3-KLH) is peptide (G) (Seq.id.no. 7), coupled to KLH by DC coupling;
- (7) (SAF3-Lys) is peptide (G) (Seq.id.no. 7). coupled by lysine crosslinking;
- (8 ('SAF4-KLH) is peptide (D) (Seq.id.no. 4), coupled to KLH by DC coupling:
- {9) (SAF5-KLH) is peptide (Q) (Seq.id.no. 17) coupled to KLH by DC coupling:
- (10) (SDS214) is the first peptide of group A in Table 2, with the same 7 adjacent
bacteriophage-derived amino acid residues as the peptide in Example 7 (Seg.id.neo. 32),
cyclized, and coupled to KLH by BSS coupling;
- (11) (SDS213, SDS227, SDS236, SDS252) is the same peptide as (4) above (Seq.id.no. 31),
cyclized, and coupled to KLH by BSS coupling;
- (13) (SDS242, SDS254) is peptide (G) (Seq.id.no. 7), coupled to KLH by BSS coupling; and
- (14) (SDS243) is peptide (D) (Seq.id.no. 4), coupled to KLH by BSS coupling. R

_ Figure 8a shows that both the cyclic BSW17 mimotope - KLH (BSS) conjugate (11),
i.e. SDS236, and the Fce-derived “original” epitope motif (12), i.e. SDS237, i.e. Fce (500-509}
coupled as linear peplide to KLH (BSS), are recognized by BSW17 in a dose-dependent



After washing, the plates are incubated wth 5 [err]g of horse raddish
peroxi dase (HRP) - coupled anti-ML3 antiserum (Pharmaci a, Uppsal a, Sweden)
in incubation buffer. Al incubations are carried out at roomtenperature
for 1 hour. After final washing, phage particles bound to the coated

anti bodies are_visuallzed via the bound HRP-anti ML3 serum by pelhmpongeni
substrate deve‘P’Bﬁﬁé%fol | owi ng standard ELI SA procedure. Figure 5 shows

t hat m not ope phages very specifically bind to BSWL7 and to no ot her

anti bodi es, such-as 8E7, 3 and 5H10 which_are al so nonocl onal anti-CE3
anti bodi es and whi ch have been generated byz%si ng reconbinant Cerr]3 as

i mmunogen. nor to 5H5/F8 which represents _another nonocl onal nt'gody %gifch
i s directed ageinnet whilefresdfiH skawsiodinging. Misrotitsy pigts sﬁ'i‘?["@?‘??wtt' HE[F2AL
negative non-qntd KT AGAT BchFiRa doféchlraidiBoPBEW 725
posi ti ve cont %@9&&9@3‘2%%@% W %ﬁ&rgio yC o‘ﬁg{ﬁgﬁ%siﬁ{ 3 antiserumare

i ncl uded. ExarBouad atiboBpistdetectepivity goatdnt masss I3G-HRMzamipGritRIDThesta shawn
i Mot ope - BOBTEERS SEE ! PP i ekl o Y SES (R Aotk oilE
attachment of m notFgRRe 8b SEthMiiiey ERISA) datp abthined with varions BEWAY mintdtopehe  BSW
17/1 gE binding. Bacterial cells are grown in SB containing 10 [err]g/ m of
tetracycline &nejugBey@ppipgathe W?ﬂ‘g@‘ﬂi"éﬁ"g Fsvare é“ﬂ’ﬁ%ﬂ“}’ g wéuf%e n VCS M
é?C)T? ELB?; Oggigﬁ{c@}_&%@w@l&% QatdB WithB g eack\6F e mihSdFe conjugates, or free KLH, and
incubated with 10 pg of BSW17. Bound antibody is detected with gamigG-HRP. The data
shown represents means of duplicates minus background binding to uncoated (BSA-blocked)
wells. In conirast to free KLH, each BSW17 mimotope conjugate is found to be recognized by
BSW17. However, from repeated experiments carried out over several weeks it becomes clear
that the KLH conjugates coupled via DC are less stable and gradually lose their binding
capacity for BSW17. In contrast, BSW17 mimotope conjugates obtained by BSS coupling
prove to be stable even at +4°.
In Figures 9a and 9b it is shown that BSW17 mimotopes coupled to KLH or BSA are
specifically recognized by BSW17 and not by the non-related monoclonal antibodies 3G9
(anti-human Ce3) and SH5/F8 (anti-human Rlct). Again, microtiter plate wells are coated with
5 pg each of the mimotope conjugates shown and incubated with 10 pg of the corresponding
monoclonal antibody. Bound antibody is detected with gamlgG-HRP. The data shown

represents means of duplicates minus background binding to uncoated (BSA-blocked) wells.

Example 9: Immunization of rabbits with BSW17 mimotope conjugates results in the

in vivo generation of anti human IgE antibodies

To confirm the specificity of the immunogenicity of the BSW 17 mimotope conjugates,

rabbits are immunized wilh a set of mimotope/carrier preparations as outlined below:
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continued for 2 hours at 37 Then kananycin is added to a final
concentration of 70 [err]g/m and incubation continued overnight. Phage
particles are precipitated with pol yethyl eneglycol. Soft RIA plates are
coated with 20 [err]g/m of BSW7 in 0.1 M carbonate buffer pH 9.6 and then
bl ocked vvith minng%casein Human IgE is [err]l-] dby

t he chl oram ne- c?ﬁlg%od and 100000 cpm per well are used for Bxﬁ%%

BSWL7 coated to the RIA plates in the presence of increasing concentratl ons
of non-labelled IgE (standard curve) or phage particles, respectively. Al
experinments are performed at roomternperatire and pl ates are washed 3
tinmes with 0.9 % Nad + 0.05 %Tvveen 20, cut in pieces and each wel | was

measured in a¥af= ~Yal=
CRRHFIW!PWSS” Seq i d. no. G

Fig. 6 = clonBabbitdfo.Fig. 5 BjugRIGRAY 29- 8 i n
Fig. 6= clone18 of Eig 5 = CINHRGVWWC = Seq id na 19) (see Fxanple 4
above) inhibit the binding of BSWL7 to | gE Fi gure 6 shows t he bi ndi ng of
[err]I-1labelIRY IgE to BSWL7 in t 6E)FBRSH4ce of BSWL7 mi notope - displ aying
phage cl ones.REI osed circles show(l)s8Id8R14r d i nhi bi t i cTedanimotogey unl abel | ed
IgE to all ow R® estimation of inhiti)tSpsRIdf | abel ed 1 gE binding in the
presence of 1Rgerr] cfu/nl of phaga)smws213l es. The inhibition achieved with
t he phage clones is equal to non-labelled |IgE concentrations of 1 [err]g/m
and 1.7 [err]g/m, respectively. Exanple 6: Induction of an

epi t ope-speci f¥ ¢ | mune reaction )zation of rabbits with

m not ope- di spl&yi ng phase cl ones B8P lipker f easi bi | iKhH eentepl BSW 17

m not ope- based vacci ne approach, (EBEIRS23re i mmuni zed with phage particles
di spl ayi ng BSWML7 mi not ope pepti de§l2f&PFHper phage VERANB® a%0%ont rol ,
respectively. 71012 cfu of freshly (6y SpdBKLEhage particles are di al yzed

13 {(7) SAF3-Lys
14 (13) SDS242 Ce3 mimotope
16 ' (13) SDS242
17 ~ (13) SDS254
18 (7) SAF3-Lys
5 (8) SAF4-KLH Ce3 (370-379)
8 (8) SAF4-KLH
19 _ "(14) SDS243
20 (14) SDS243
12 (4) SAF1-KLH
15 (4) SAF1-KLH Ce4 mimotope

Rabbits are immunized with 200 ug of the corresponding conjugate preparation
dissolved in a total volume of 500 pl of phosphate-buffered saline (PBSdef.) by s.c. injection.
For the first immunization samples are mixed 1:1 with compiete Freund’s adjuvant
(rabbits R1 - R4) or TiterMax (Sigma; rabbits ! - 20). Prior to the initial immunization, 5 m! of
blood samples are taken. Boosting is performed on days 21 and 28 after the first injection using
incomplete Freund’s adjuvant. Blood samples are taken on day 28 and 49 and serum is '
prepared from all samples.

The generation of an anti-human IgE immune response in the immunized rabbits is
monitofed by ELISA: microtiter plate wells are coated with 5 pg of human IgE (SUS-11; JW8)
and incubated with 100 ul.of serum samples, diluted 1:50 with ELISA incubation buffer.

Rabbit antibodies bound by the immobilized human IgE are detected by incubation with goat



against PBS at 4. 1 mM is emulsified with conplete Freund' s adjuvant for
the first immunization, or with 1 m inconplete Freund s adjuvant for
boosting. Imunization is repeated subcutaneously every 14 days. After the
third boost, 12 ml of blood are taken, clotted for 4 hours at room
tenperature i I ials and centrifuged for 10 mnutes at 20Q4

super natants QP’ 9?l§§%‘gd for the presence of anti-human |IgE anti boglgggﬂ;'gj;
ELI SA. Human- I gE fromthree different individuals (SUSI |-1gE, PS-IgE;
WI-1gE) is diluted in PBS at a WD 97/ 31948 _
PCT/ EP97/ 01013 -25- concentration of 50 [eT3r11 g/ and 1 [err]l aliquots are
dotted onto nitrocellulose. Nitrocellulose is_blocked in TBS containing 1.5

% casein for anthibbit IEQHBP(easieGotRP: Theimragyed Oy vales prsrarshied P figgeag-ait o,
casein and i ”%%ﬁ#&&?id%ﬁﬁﬁiﬂ%& seriHnt\¢hch SorBpdrdinEaabbit) dillisd 1:585THe dafa given

Tween 20 and m nutes each. Devel opling goat anti-rabbit-HRP"s
1: 1. 000 di | ut mdFigurey B andriOhireriresgnts niganyajuesof duplicate measusements. Figures Hiaand .

control +abbi 10 Sl se PRl Badin SFRiERE i RGeS ol W12,

rabbits show ﬁhim@a;éoaﬁtghﬂwﬁhﬁﬂaiemtwmilgiﬁa'nrlglﬁ.hei r sera. presunably

reflecting naturally occuri anti-rabbit | gE autanti bodi.e ossreacting

with human | gE ity of Sk ey BFTCTEPLAnHERIS P TFAReTIG® P I GRTER B

bact er i ophagepdpiftié hsef aimmisgen &hd Husian ISE, réspEitivel§, drdalbd dst@thivddity HBIW fusing

m not ope phages, al so contain strongly elevated | evel s of antihodi es which

speci fical | y scsigbigrm dilytiops for ingpbation with immobilized KLH, mimotope peptide - BSA
conjugate and human IgE. respectively. Two examples of such serum titer determinations are
shown in Figure 11, for (11), i.e. SDS 213, and for (10), i.e. SDS 214, respectively.

The above Example demonstrates the applicability of BSW17 mimotope conjugates as

~ immunogens for the induction of an anti - human IgE response.

Example 10: The anti-hIgFE response induced in rabbits immunized with BSW17
' mimotope conjugates is isotvpe-specific and competes with BSW17 for
IgE binding

The isotype specificity of the anti - human IgE immune response in the immunized

rabbits is monitored by ELISA: microtiter plate wells are each coated with 3 ug of human IgE
* (SUS-11), IgA. IgG, and IgM. respectively, and incubated with 100 pl of serur samples,

dijuted 1:50 with ELISA incubation buffer. Rabbit antibodies bound by the immobilized
human antibodies are detected by incubation with goat garlgG-HRP. The measured
ODyys values are corrected by the read-out obtained with 1:50 diluted pre-immune serum of
each corresponding rabbit, diluted 1:50. The data given in Figure 12 represents mean values of
duplicate measurements. As can be seen, the immune response generated in rabbits by
immunization with BSW 17 mimotope conjugates is specific for IgE. apart from a partial
recognition of human IgM by the serum of the rabbit immunized with (10), i.e. SDS214.

In a competition ELISA it is further shown that rabbit anti-SDS214 antiserum is able to

partially compete with BSW17 for IgE binding. Microtiter plate wells are cach coated with



Table 3: Anti

-1 gE response in rabbits imunized with BSW7 m not ope

di spl ayi ng phage Recognition of IgE (relative OD) Rabbit serum

SUS I I-1gE
2.0 0.2

PS-1 gE WI- 1 gE noni mmune 2.0 0.3
2.0 1.0 VCS M 13 hel per phage 2.0 0.6 2.0 1.0

PhBSW 29 PhBS\%&(?i%’(’i%)Clonﬁalé 0. 75'0 09.20 0.480 2560 ICU%?&}T%'O

PhBSW 29- 8 (
epi t ope speci

ficity of these antisera can be denonstrated in a conpetition

ELI SA: nitrocellul ose strips are prepared as descri bed above and incubated
with rabbit serumat a dilution of 1:50 .in3#BS containing 1.5 % casein

overni ght. Af
(BSW | 7- HRP)
for 4 hours.

can be seen f

ter washing, mAb BSW 17 | abel ed with horse raddi sh peroxi dase
! $18 ofi margan lsEeﬁSI;!Sﬁ boand emwrunqtmeti witr 59806 BSX Hionipcubmionbutierei n

PR L7, A7 ol forRiu e SaieipS iR S R, 15

various soEr Chgubatioh lalﬁf&n kawyomggﬁmm RatditiahSbodiesboandtsl uhitredtedBSWL 7
m not ope ages, Wi ser rabbi t W th he hage do
ot Show oy e iymah Jebgnd 1% pgacobdiod wBS A7 i méeym ation with

PCT/ EP97/ 0 10 1§bat g&12G-HRP. The data given in Figure 13 represent mean values of duplicate

measurements.

Example 11: The anti-hIgE an enerated in rabbits b ization with
BSW17 mimoto j be purified by affinity chro h
using mimoto €0 harose as affinit

This Example demonstrates that the anti-hIgE response induced in rabbits by
immunization with BSW17 mimotope conjugates is identical with the specific
anti-mimotope peptide response.

Immunoaffinity purification of rabbit polyclonal anti-BSW 17 mimotope antibodies:
a) Ammonijum sulfale precipitation:

To 22 ml of rabbit antiserum {60 mg/ml of total protein according to Bradford,
BSA-Standard, BIO-RAD) 5.5 g of solid AMS (25% w/v) is added, the mixture is stirred for

_ 3 hours and incubated ovemight at room temperature. The precipitate is removed by

centrifugation at 18000 rpm (Sorvall) for 45 minutes and washed with 25 ml of 25 % AMS
aqueous solution (w/v). The washed precipitate is centrifuged again under the same conditions,
dissolved in 10 ml of PBS, 0.05 % NaNj, pH 7.2, and dialysed against 5 | of the same buffer
overnight at +4°.

b) Immunoaffinity chromatography:

The dialysate is filtered on a 0.2 pm Millex-GV filter unit (Millipore) and applied to 2
Pharmacia XK16/30 column filled with 10 m] of CH-Sepharose 4B covalently coupled to 5 mg
of BSW 17 mimotope peptide SDS227 at a flow rate of | mi/min with PBS, 0.05% NaNj as
running buffer. After application and elution of the unbound protein fraction, specifically
bound antibody is eluted with 0.1 M glycine/HCI buffer pH 2.8. The eluate (fractions #12-20 in
9 mi) is trapped under stirring for immediate neutralization to pH 7.4 with 3.3 M TRIS/HAc,
0.8% NaN, pH 8.0 (50 pi/ml) and finally dialysed against 3 1 of PBS, 0.05% NaN3, pH 7.2



Table 4: Inhibition of BSWL7/ IgE interaction with sera of rabbits
I mmuni zed with BSWL7 m not ope phages Recognition of different I1gE (%

inhibition) SUSII -Ig W-I1gE PS-1gE Zavasal -1 g VCS ML3
hel per phage O 0 0 0 PhBSW 6-9

34 6 63 51 PhBSW 29-8 _ FCX/EP97/01013
65 4%09‘”31948 47 In the followi ng Exanples 7 and 8, the

feasibility of using chem cally synthesized m notope peptides coupl ed to
carrier protein as imunogen for the prepargtion of an anti-allergy vaccine
I's shown: Exanple 7: A chem cally synthesi"2€d BSWL7 m not ope & peptide

binds to BSWL7 wth high affinity To confirmthat the bacteriophage-derived

portion of theveaightat mglm%P@%&g@Q“‘c'a'ﬁg’Hﬂ agrordingQ W‘?b'fﬂﬁ’ugiﬁfgg'ﬂ‘%i‘? %Of he

bi ol ogi cal ac%t%-hgjecé@@mm?gmggg pItR iSRBUENTH, the follow ng peptide
esl zed,

is chenically syt conprising the cyclic BSWL7 ninotope octapeptide
(A) [shown in |i neaffiityr-puiifiediigh fracionsagre tgprechfor §laFdrindiag bhsuégﬁ- Pligrotite plats)

with two additiqnal S id.n : ey . :

addi t'i onal adj“ﬁ@%?ff cﬁ%ﬁ“e”rﬁ@'ﬁﬁ%ﬁgm er |vg§ﬁk}%&ﬁ%gﬁﬁ£%€g&%wé-w&hﬁﬁe-
and - A y- Asp- Bf the phsificiantit SR Ifjartiserumrund anti SD5+214 dntiseruims cespedtively. Bound>ct
folding of the circul ar m notope etidﬁ% )

G y- G U- Phe- Cyatinodiisdetesterl sty agrieBoftg ; The data shpwein Fignee I mprssepts pean values

(Seq.id.no. 2gqhfiiches A¥RhIBSictn M¥mIheRigaretint BN RitBUGIes Mirflicd R itheiiitii-BSW17
cyclized via the two cysteins and fl uorescence-| abell ed w th Rhodol G een.

Bi ndi.ng to i neximatopes affinity eelnmp are dese-dependsnily repognized by human IgE. Only low
background binding activity is observed with samples of the column flow through. This data

demonstrates that the anti-hIgE activity induced in the rabbits is identical with the antibodies
directed against the mimotopé peptide.

Example 12: The anti human IgE antibodies generated in rabbits after immunization

with BSW17 mimetope conjugates are non-anaphylactogenic on human
blood cells

It is shown here that the anti-IgE antibodies generated in rabbits by immunization with
BSW 17 mimotope conjugates are non-anaphylactogenic on human blood basophils. As test
systerri. the commercially available CAST sLt ELISA kit (Biihimann AG, Allschwil,

" Switzerland) is used. In this assay the release of soluble leukotriene (sLt) from human basophils
as a consequence of triggering the cells by anaphylactogenic agents is determined following the
experimental protocol provided by the supplier. The read-out of the assay is given as pg sLt
present per ml of human white blood cell supernatant after incubation of the cells with the test
sample, as determined by comparisbn with a standard curve. The standard curve is obtained
using a serial dilution of standard sLt in a competition ELISA. sLt background levels resulting
from spontaneous sLt release from the blood cell preparation (PB = “patient blank*) and
maximum sLt that can be released from a given blood cell preparation (PC = “patient control* ;
obtained after triggering of the cell samples with 2 crosslinking anti-IgERIa antibody) are
included in each test as negative and positive controls, respectively.

Complete sera from rabbits immunized with BSW17 mimotope conjugates as well as

the affinity-purified anti-BSW 17 mimotope antibodies described in Exémple 11 are tested for



imobilized in mcrotiter plate wells under ELISA conditions is determ ned
by fluorescence neasurenent and is shown in Figure 7. WO 97/ 31948
CT/ EP97/ 01013 -27- Exanple 8: Chemcally synthesized BSW7 m not ope
eptides coupled to a carrier protein are specifically recognized by BSW7
Various m not gpeoRipls des are chenical ly synthesized and couppgfmbéroors
i munogeni c carrier proteins. The coupling reactions are perfornmed at a 1:1
mass ratio of peptide and carrier protein, follow ng standard procedures
(Shan S. Wng, Chemistry of Protein Conjuggtion and Cross-1linking, CRC
Press [1993]). Conjugates obtained fromtHhe'foll ow ng coupling variants are

Ersgp?[)?g:(sljl f uﬁ%{e?ql:ﬁdef%de] gougl i, ng , B)CMdl he@fl car bod| I, g@eﬁwg ing -

resul tant m rggiep for Hﬂ@frﬁmﬁ{aﬂen whHole ftiman mbaiets:*ra u@tﬂﬁﬁﬁ %Apmcessed
(gl utaral dehyde) (2) | i near Acl NHRGYW/C - BSA (DC) (3) P5 = |inear
Ac RSRSGGYW. v\@tncﬂssmogqmg to the protocol of the CAST ELISA kit. The results are summarized in

Figure 15 and show that neither non-purified rabbit serum containing the anti-hIgE antibodies
generated by immunization with BSW17 mimotope conjugates, nor the affinity-purified

anti - BSW17 mimotope antibodies. have the capability of triggering human blood cells for
leukotriene release; they are thus non-anaphylactogenic. This is an absolute prerequisite for the
application of BSW17 mimotopes in a human anti-allergy vaccine.



(4) SAFI-KLH = cyclic GEFCI NHRGYW/CGDPA - KLH (DC) (5) SAF2-KLH = |i near
KTKGSGFFVF - KLH (DC) (6) SAF3-KLH = linear VNLPWSFGLE - KLH (DC) (7)
SAF3-Lys = linear VNLPWSFGE - |ysine crosslinking (8) SAF4-KLH = |inear
VNLTWBRASG - KLH (DC) (9) SAF5-KLH = VNLTWS - KLH (DC) (10) SDS2 14 =

cyclic GEFCRRI—%é - KLH (BSS) (11) SDS2 13, SDS227, S 52
'= cyclic GEFC %%%%P - KLH (BSS) (12) SDS237, SDS253 = Pﬁ’é%g?mi%z
KTKGSGFFVF - KLH (BSS) (13) SDS242, SDS254 = |inear VNLPWSFGLE - KLH ( BSS)
and (14) SDS243 = linear VNLTWSRASG - KLH (BSS), WO 97/ 31948

PCT/ EP97/ 01013 -28- whereby (1), (5) and (I are reference i nmunogen

nol ecul es prepared by, respectively. glutaral digéde, DC and BSS coupl i ng;
thus: (1), i.e. Pl, is amno acids 5008 nee | human |1 gE, Seq.id.no. 28,
see The Lancet [1990] supra, coupled to BSA by gl utaral dehyde coupl i ng;
(5), 1i.e. SAFZnGENERALINVORMATIONDStI de, Seq.id.no. 28, coupled to KLH by
DC coupling; and (12), i.e. SDS237 and SDS253, is that sane peptide.

Seq.id.no. 28, ¢9uPPESCARTKLH by BSS
(A) NAME: Novartis AG
(B) STREET: Schwarzwaldallee 215
(C) CITY: Basle '
(E) COUNTRY: Switzerland
(F) POSTAL CODE (ZIP): CH-4058
(G) TELEPHONE: 61-324 5269
(H) TELEFAX: 61-322 7532

(ii) TITLE OF INVENTION: PEPTIDE IMMUNOGENS
(iii) NUMBER OF SEQUENCES: 32

(iv) COMPUTER READABLE FORM:
(A) MEDIUM TYPE: Floppy disk
(B) COMPUTER: IBM PC compatible
(C) OPERATING SYSTEM: PC-DOS/MS-DOS
{D) SOFTWARE: PatentIn Release #1.0, Version #1.25 (EPO)

(v) CURRENT APPLICATION DATA:
APPLICATION NUMBER: WO PCT/EP97,....

(vi) PRIOR APPLICATION DATA:
(A) APPLICATION NUMBER: GB 9604412.8
(B) FILING DATE: 01-MAR-1996

(vi) PRIOR APPLICATION DATA:
(A) APPLICATION NUMBER: GB 9617702.7
(B) FILING DATE: 22-AUG-1986

(2) INFORMATION FOR SEQ ID NO: 1:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 8 amino acids
(B) TYPE: amino acid _
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: peptide
(iii) HYPOTHETICAL: YES
(iii) ANTI-SENSE: NO
(v) FRAGMENT TYPE: internal
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 1:

1le Asn His Arg Gly Tyr Trp Val
1 5



coupling. The other peptides are inmunogens of the invention, nanely: - (2)
(P4) is Nacetylated peptide (A) (Seq.id.no. 1) wth an additional Cys at
tthe C-termnus (Seq.id.no. 29), coupled to BSA by DC coupling; - (3) (P5)
i's N-acetyl at ed peptlde (CO (Seq.id.no. 3) with an additional Q/s at the
C-term nus ( Seg s 30). coupled to BSA by DC coupling: - /x(rg‘%ﬂ»
-KLH) is the peptl,ée of Exanple 7 (Seq.id.no. 31), cyclized V|a a |suH|de
bridge formed by the two flanking Cys, and coupled to KLH by DC coupling; -
(6) (SAF3-KLH) is peptide (G (Seq.id.no. é coupled to KLH by DC
coupling; - (7) (SAF3 Lys) is peptide (Q ‘@ eq.id.no. 7), coupled by |ysine

crossl i nking; D e |de (D) (Seq.id.no. 4), coupled to
Wi O kel L)

KLH by DC coéﬁ g Spusdm eptlde (Q (Seq.id.no. 17) coupled

"s the first peptide of group Ain

to KLH by DC co‘U

Table 2, with t hdAL ke 1 ﬁcterl ophage-derived am no aci d residues
as the peptide ch XA l.d.no. 32), cyclized, and coupled to KLH
by BSS coupl i ng; %'t%%z? SDS236, SDS252) is the same
peptide as (4) 3k %% cycl i zed. and coupled to KLH by BSS
coupling; - ( %) PP ) peptide (G (Seqg.id.no. 7), coupled to
KLH by BSS co ‘%h~ SD8243) Is peptide (D) (Seq.id.no. 4),
coupled to KL & e 8a shows that both the cyclic BSW17

m not ope - KLH 8 -‘&" and the Fc[err]-derived

"original" epi {ope E [ ; E%j %S&lﬁ%? Fc (500-509) coupl ed as

l'inear peptide tofeHACRSEL s ﬂf@ @f}COM #8eh RK1BSWL7 in a dose-dependent
1 5

(2) INFORMATION FOR SEQ ID NO: 3:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 10 amino acids
(B) TYPE: amino acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: peptide
(iii) HYPOTHETICAL: YES
(iii) ANTI-SENSE: NO
(v) FRAGMENT TYPE: internal
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 3:

Arg Ser Axrg Serx Gly Gly Tyr Trp Leu Trp
1 5 10

_{2) INFORMATION FOR SEQ ID NO: 4:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 10 amino acids
(B) TYPE: amino acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: peptide
(iii) HYPOTHETICAL: YES
(iii) ANTI-SENSE: NO
{v) FRAGMENT TYPE: internal
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 4:

Val Asn Leu Tﬁr Trp Ser arg Ala Ser Gly
1 5 10

(2) INFORMATION FOR SEQ ID NO: 5:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 10 amino acids
(B) TYPE: amino acid
(C) STRANDEDNESS: single



WD 97/ 31948
PCT/ EP97/ 01013 -29- manner, while free KLH shows no binding. Mcrotiter
plate wells are coated with 1 [err]g each of SDS236, SDS237 or free KLH and
i ncubated with increasing concentrations of BSWL7. Bound antibody is
detected with I -nouse 1gG HRP (gam gG HRP). The data myﬂg
represents rrea‘ggng?ﬁg%pl | cat es' m nus background binding to uncoate 701013
(BSA-bl ocked) wells. Figure 8b sunmmari zes ELI SA data obtained with various
BSWL7 m not ope conjugates coupled to the cay. i er protein using several

chemi cal coupling procedures. Mcrotiter pldie wells are coated with 5
[err]g each of th ] : & conj ugates, or free KLH, and incubated with 10
[err]g of BSW ]IZ Y 3¢ it@gdet ected with gam gG HRP. The data
shown represen .E) Tﬁ‘,,'ﬁ] T m nus background bi nding to uncoated

( BSA--bl ocked) o ]

is found to be"

to free KLH, each BSWL7 m not ope conjugate
W.17. .However, from repeated experinents
carried out oveigvg

& 0, Ie.that the KLH conjugates
coupl ed via DC SsS ggé e and gr é%%éllﬁyﬁ?b%e their binding capacity
for BSW17. In confipSien BWl pLBi g%oggrp%m%ro$ghned by BSS coupling

prove to be stable even at +4[err In Figures 9a an It is shown that
BSWL7 m not opes coupled to KLH or BSA are specifically recognized by BSW7
and not by th@)mPORMATION FORSEQTB Nonsi bodi es 3& (anti-human CE3) and
5H5/ F8 (anti - hugpSEQUENCE CHARAMOTERIBTIC®t i ter plate wells are coated with
' (A) LENGTH: 10 amino acids
(B) TYPE: amino acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: peptide
(iii) HYPOTHETICAL: YES
(iii) ANTI-SENSE: NO
(v) FRAGMENT TYPE: internal
(xi}) SEQUENCE DESCRIPTION: SEQ ID NO: 6:

Val Asn Leu Thr Trp Ser Phe Gly Leu Glu
1 5 - 10

(2) INFORMATION FOR SEQ ID NO: 7:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 10 amino acids
(B) TYPE: amino acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: peptide
(iii) HYPOTHETICAL: YES
(iii) ANTI-SENSE: NO
(v) FRAGMENT TYPE: internal
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 7:

Val Asn Leu Pro Trp Ser Phe Gly Leu Glu
1 .5 10

(2) INFORMATION FOR SEQ ID NO: 8:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 10 amino acids
(B) TYPE: amino acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: peptide
{iii) HYPOTHETICAL: YES
(iii) ANTI-SENSE: NO
{(v) FRAGMENT TYPE: internal



5 [err]g each of the m notope conjugatés shown and i ncubated with 10 pg of
t he correspondi ng nonocl onal anti body. Bound anti body is detected with

gam gG HRP. The data shown represents neans of duplicates m nus background
bi ndi ng to uncoat ed (BSA-bl ocked) wells. Exanple 9: [|nmmunization of
rabbits with ) ot ope conjugates results in the in vivo ' of
anti human Ig %’?’?%es To confirmthe specificity of the in%%&%%@?ﬁb%?ty
of the BSWL7 m notope conjugates, rabbits are inmunized with a set of

m not ope/ carrier preparations as outlined bel ow WO 97/-31948

PCT/ EP97/ 01013 -30- Rabbit No. -38- | munogen

Conjugate type RL (10) SDS214 R2

(10) SDs214 . ]C::’[Eerr 4 m not opes R3 (11)
SDS213 R4 (xi) SEQUENCE DESC Iy: SPRIBNG: & 'KLH

(BETEE L, L, yat aem ey oo T RSB RG sew qau K ol 4
1 5 10
d err] 4(500-509) 7 (6) SAF3- KLH

(2) INFORMATION FOR SEQ ID NO: 9:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 10 amino acids
(B) TYPE: amino acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: peptide
(iti) HYPOTHETICAL: YES
(iii) ANTI-SENSE: NO
(v) FRAGMENT TYPE: internal
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 9:

Val Lys Leu Pro Trp Arg Phe Tyr Gln Val
1 5 10

{2) INFORMATION FOR SEQ ID NO: 10:
' (i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 10 amino acids
(B) TYPE: amino acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: peptide
(iii) HYPOTHETICAL: YES
(iii) ANTI-SENSE: NO
(v) FRAGMENT TYPE: internal
{xi) SEQUENCE DESCRIPTION: SEQ ID NO: 10:

vVal Trp Thr Ala Cys Gly Tyr Gly Arg Met
1 5 10

(2) INFORMATION FOR SEQ ID NO: 11:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 7 amino acids
(B) TYPE: amino acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: peptide
(iii) HYPOTHETICAL: YES
(iii) ANTI-SENSE: NO
(v} FRAGMENT TYPE: internal
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 11:

Gly Thr Val Ser Thr Leu Ser
1 5



13 (7) SAF3-Lys 14 " (13) SDS242

. err]3m not ope 16 (13) SDSs242 17

(13) SDS254 18 (7) SAF3-Lys 5

(8) SAF4-KLH Clerr]3 (370-379) 8 (8)
SAF4- KLH 19 (14) SDS243 20 PCT/EP97/01013
(14) SDS243 12 WOIRE (4) SAFI-KLH 15

(4) SAFI - KLH Clerr]4 m notope Rabbits are imunized wth 200
[err]g of the correspondi ng conjugate prepaégtlon di ssolved in a total

vol ume of 500 [err]l of phosphate-buffered 1l i ne (PBSdef.) by s.c.

I njection. For the t'nb | ' nﬁées are mxed 1: 1 with conplete
Freund' s adj uvight . p rvax (Sigma; rabbits | - 20).
Prior to the ini®SRQYHRH , S bl ood sanpl es are taken.
Boosting i s perfor e /SANORTE 08 after the first injection using

I nconpl ete Freund' ' DN%%O icllarrpl es are taken on day 28 and 49 and
serumis prepared P s e generation of an anti-human |gE

I muneé response() dl. its is nonitored by ELISA® mcrotiter
plate wells are, g of human I gE (SUS-11; JWB) and

I ncubated with SRl er'um sanples, diluted 1:50 with ELI SA

i ncubation buf f fit&sapound by the i mmobilized human I gE are
detected by inc i‘ EQﬁENggD@S&mmN SEQ ID NO: 12:

Leu Leu Asp Ser Arg Tyr.Trp
1 5

(2) INFORMATION FOR SE@ ID NO: 13:
(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 7 amino acids
(B} TYPE: amino acid '
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: peptide
(iii) HYPOTHETICAL: YES
(iii) ANTI-SENSE: NO
(v) FRAGMENT TYPE: internal -
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 13:

Gln Pro Ala His Ser Leu Gly
1l S

(2) INFORMATION FOR SEQ ID NO: 14:
. (i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 7 amino acids '
(B) TYPE: amino acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: peptide
(iii) HYPOTHETICAL: YES
(iii) ANTI-SENSE: NO
{v) FRAGMENT TYPE: internal
{xi) SEQUENCE DESCRIPTION: SEQ ID NO: 14:

Leu Trp Gly Met Gln Gly Arg
1 5

(2) INFORMATION FOR SEQ ID NO: 15:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 15 amino acids
(B) TYPE: amino acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear



WD 97/ 31948 :

PCT/ EP97/ 01013 -31- anti-rabbit 1gGHRP (garlgG HRP). The neasured O)err]
val ues are corrected by the read-out obtained with pre-inmmune serum from
each corresponding rabbit, diluted 1:50. The data given in Figures 10a and
10b represent syopanomal ues of duplicate measurenents. Figures pt@ErensiolOb
clearly denonstrate the induction of antibodies in rabbits immnized wth
vari ous BSW 17 m not ope conjugates which are directed agai nst human | gE.
Sefumtiters of the newy generated anti bodjges with respect to the KLH
carrier, the peptide used as immnogen and hunman I gE, respectively, are

al so determ ned by EUSA. using serial serumdilutions for incubation wth

i mmobi |ized KL tigeBSA conj ugate and human | gE.
A serumtlter determ nati ons are shown in

respectively.

Figure 11, forg: and for (10), i.e. SDS 214, respectively.
The above Exanpil,$pfe qtm;&grmpl icability of BSW7 m m)t ope

conj ugat es as igSRQUMHNCE DESCHIPTIONSSEQIDOROats:anti - human | gE response.
Exanpl e 10: The anti-hlgE response induced in rabbits innmunized with BSW7
m not ope conj ugat dseu Thrs dieppSespHisf Proaiils chrmalak Iwiu IAsBSHAE Pbe | gE

bi ndi ng The isotypke SpeCIfICI ty ob the anti - human 1E i mune response in
t he i muni zed rabbfak Se¥ nonitored by ELISA: microtiter plate wells are

each coated with 33Yerr]g of human IgE

(2) INFORMATION FOR SEQ ID NO: 16:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 9 amino acids
(B) TYPE: amino acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(it) MOLECULE TYPE: peptide
(iii) HYPOTHETICAL: YES
(iii) ANTI-SENSE: NO
(v) FRAGMENT TYPE.: internal
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 16:

Ser Met Gly Pro Asp Gln Thr Leu Arg
1 5

(2) INFORMATION FOR SEQ ID NO: 17:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH.: 6 amino acids
(B) TYPE: amino acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: peptide
(iii) HYPOTHETICAL: YES
(iii) ANTI-SENSE: NO
(v) FRAGMENT TYPE: internal )
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 17:

val Asn Leu Thr Trp Ser
1 5

(2) INFORMATION FOR SEQ ID NO: 18:
(i) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 11 amino acids
(B) TYPE: amino acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: peptide

(iii) HYPOTHETICAL: YES

(ii1) ANTI-SENSE: NO



(SUS-11), IgA 1gG and 1gM respectively, and incubated with 100 [err]| of
serum sanples, diluted 1:50 with ELI SA i ncubation buffer. Rabbit antibodies
bound by the i mmobilized human anti bodi es are detected by incubation with
goat garlgG HRP. The neasured ODferr] values are corrected by the read-out
obtai ned with %Y]ég,dﬂ bigut ed pre-immune serum of each correspondpPOYEPEIBING,

di luted 1:50. ta given in Figure 12 represents nmean val ues of
duplicate neasurenents. As can be seen, the inmune response generated in
rabbits by inmmunization with BSW 17 m notop _ﬁéconj ugates is specific for

| gE. apart froma partial recognition of hurran 1 gM by the serum of the

rabbi t immnizedV\i‘, B 5 DS214. In a conpetition ELISA it is
further shown t g% Eﬁ %?ﬁ |s able to partially
conpete with BS cr ?e:r plate wells are each coat ed

with = WO 97/ 3194&:3( Arg Arg His Asn Tyr Gly Phe Trp Val Cys
PCT/ EP97/ 01013 -32-1'1 [err] g of husan | gE (SUS-11) andoei t her incubated

with 5 [err]g of BSWL7 or incubation buffer without BSWL7. After washing,
100 [err]l of @INFORSAIIONFORSEGIDMNOL12d 1:50 with ELI SA incubation
buffer, is added;fSEQUENCE.CHARACTERISTICS: Rabbit anti bodi es bound by
untreat ed i mobi | | @ ENGEH: 10pdmiandcidgE prei ncubated with BSW 17 are
det ect ed by i ncubafB)XYPH: amimpoeid gar | gG HRP. The data given in Figure 13
represent nean val(®STRANDEDNESSmsinglasur ements. Exanple 11: The anti-hlgE
ant i bodi es gener at @) TOPOLMOGYlinday i mruni zation with

(ii) MOLECULE TYPE: peptide

(iii) HYPOTHETICAL: YES

(iii) ANTI-SENSE: NO

(v) FRAGMENT TYPE: internal

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 19:

Cys Ile Asn His Arg Gly Tyr Trp Val (]‘:'gs
1 5

(2) INFORMATION FOR SEQ@ ID NO: 20:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 11 amino acids
(B) TYPE: amino acid :
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: peptide
(iii) HYPOTHETICAL: YES
(iii) ANTI-SENSE: NO
(v) FRAGMENT TYPE: internal
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 20:

Cys Thr Arg Leu His Thr ély Tyr Trp Val Cys
1 5 10

(2) INFORMATION FOR SEQ ID NO: 21:
(i) SEQUENCE CHARACTERISTICS:
{A) LENGTH: 11 amino acids
(B) TYPE: amino acid
{C) STRANDEDNESS: single
{D) TOPOLOGY: linear
(ii) MOLECULE TYPE: peptide
(iii) HYPOTHETICAL: YES
{iii} ANTI-SENSE: NO
(v) FRAGMENT TYPE: internal
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 21:

Cys Thr Leu Ser Val Phe Gly Tyr Trp Val Cys
1 S 10



BSWL7 m not ope conjugates can be purified by affinity chromatography using
m not ope peptide coupled to Sepharose as affinity reagent This Exanple
denonstrates that the anti-hlgE response induced in rabbits by inmmunization
with BSWL7 m notope conjugates is identical with the specific anti-m notope
pepti de respomagerisagunoaf finity purification of rabbit polyGicanerainii - BSW
17 m notope anti bodies: a) Amoniumsulfate precipitation: To 22 m of
rabbit antiserum (60 ng/mM of total protein according to Bradford,

BSA- Standard. BIORAD) 5.5 g of solid AI\/S_Q 5% w v) is added, the mxture
Is stirred for 3 hours and i ncubated overnight at roomtenperature. The
precipitate is renoved by centrifugation at 18000 rpm (Sorvall) for 45

m nut es and ' 9 .aqueous solution (wv). The
washed pr ecié@ﬁ%ﬁfb ﬁ)ﬁ&'\ﬁﬁder t he sane conditions,

di ssol ved in 10 r%}" ., pH 7.2, and dial ysed agai nst 5| of
the sanme buffer | mmunoaffinity chromatography: The
dialysate is filt

5 qEénMIIex-GVfiIter unit (MIIlipore) and
applied to a Phar@geopPotiode m filled with 10 m of CH Sepharose 4B

coval ently coupghy OLEWE%%Wem nmot ope peptide SDS227 at a flow rate
of 1m/mn w t@nsspofuiatcAeN®Er] as running buffer. After application
and el ution ofghHhentERNER: Rbotein fraction, specifically bound antibody is
eluted wth 0. v MRAGMENT INYEE: hwdrher pH 2.8. The eluate (fractions #12-20

in 9 nl) is traaPSEQUENTE BESCRIPTION SEQMENOaRe neutralization to pH 7.4
with 3.3 MTRIS/HAc, 0.8% NaN[err] pH 8.0 (50 [err]l/m") and finally

di al ysed agai nst %}’E SexrpHst @w&gﬁm Gaa The Leu ?gg Cys

{a
3

(2) INFORMATION FOR SEQ ID NO: 23:
(i) SEQUENCE CHARACTERISTICS:
{A) LENGTH: 9 amino acids
(B) TYPE: amino acid _
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(i1) MOLECULE TYPE: peptide
(ii) HYPOTHETICAL: YES
(iii) ANTI-SENSE: NO
{v) FRAGMENT TYPE: internal
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 23:

Cys Leu Leu Asp Ser Arg Tyr Trp Cys
1 S

.(2) INFORMATION FOR SE@ ID NO: 24:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 9 amino acids
(B) TYPE: amino acid
(C) STRANDEDNESS: single
- (D) TOPOLOGY: linear
(ii) MOLECULE TYPE: peptide
(iii) HYPOTHETICAL: YES
(iii) ANTI-SENSE: NO
(v) FRAGMENT TYPE: internal
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 24:

Cys Gln Pro Ala His Ser Leu Gly Cys
1 5

(2) INFORMATION FOR SEQ ID NO: 25:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 9 amino acids
i (B) TYPE: amino acid



WD 97/ 31948 _ _

PCT/ EP97/ 01013 -33- overnight at 4[err]. Total protein is about 1 ng/mn
according to Bradford, BlIgG Standard (BIO RAD). The recovery fromtotal
protein applied is about 0.7% Affinity - purified IgGfractions are tested
for hlgE bi ndi @ dwsisdsl SA. Mcrotiter plate wells are coated WPCTEP97/01013

i ncreasing concentrations of human | gE (JWB) and incubated with 5 [err]g of
the purified anti-SDS-213 anti serum and anti SDS-214 anti serum
respectively. Bound antibody is detected w YR garlgG HRP. The data shown in
Figure 14 represents nean values of duplicates. As can be seen fromthe
Figure, the 19gG angh g mgs%ﬁg the anti - BSWL7 m notope affinity
colum are dose- dqg@ 1loGy-aaRean zed by human IgE. Only | ow background

bi ndi ng acti vi tﬁl)lﬁogﬁ@m gagpl es of the colum flow through. This
dat a denonst r atgs HYPOTHRTIOAL gE activity induced in the rabbits is

i dentical with (glhqu@msmggeﬁodl rected agai nst the m notope peptide.
Exanpl e 12: The @ydRAGMBENT TYPEaRdrRari es generated in rabbits after

i mruni zati on w i) SSYYENCEDESCRIPTION:SEQ@ D NG 280n- anaphyl act ogeni ¢ on
human bl ood cells It is shown here that the anti-IgE antibodi es .generat ed
in rabbits by i mugysateonTwbt @1 B GIn @ dergc EMsugat es are

non- anaphyl act ogenllc on human bl oot basophils. As test system the

comercially available CAST sLt ELI SA k| t éBuhI mann AG Al l schw |,
(2) INFORMATION FOR SEQ ID :

(i) SEQUENCE CHARACTERISTICS
(A) LENGTH: 9 amino acids
(B) TYPE: amino acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
{(ii) MOLECULE TYPE: peptide
(iti) HYPOTHETICAL: YES
(iii) ANTI-SENSE: NO
(v) FRAGMENT TYPE: internal
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 26:

Cys Gly Thr val Ser Thr Leu Ser Cys
kN S :

(2) INFORMATION FOR SEQ ID NO: 27:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 17 amino acids
(B) TYPE: amino acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: peptide
(iii) HYPOTHETICAL: YES
(iii) ANTI-SENSE: NO
(v) FRAGMENT TYPE: internal
{xi} SEQUENCE DESCRIPTION: SEQ ID NO: 27:

Gly Glu Phe Cys Ile Asn His Arg Gly Tyr Trp Val Cys
1 ' 5 10
Gly Asp Pro Ala

15

(2) INFORMATION FOR SEQ ID NO: 28:
(i) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 10 amino acids
(B) TYPE: amino acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(i1) MOLECULE TYPE: peptide

(iit) HYPOTHETICAL: NO



Swtzerland) is used. In this assay the rel ease of soluble |eukotriene
(sLt) from human basophils as a consequence of triggering the cells by
anaphyl act ogeni c agents is determ ned foll owi ng the experinental protocol
provi ded by the supplier. The read-out of the assay is given as pg sLt
present per nwm$7iigd8an white bl ood cell supernatant after i nPOEPIANMOBS
the cells with the test sanple, as determ ned by conparison with a standard
curve. The standard curve is obtained using a serial dilution of standard
sLt in a conpetition ELISA sLt backgroundghevels resulting from

spont aneous sLt release fromthe blood cell preparation (PB = "patient

bl ank") and negiyANTESENSRBaNocan be rel eased froma given blood cell
preparation (PGyFRAGMENT TPPR!#tdmal Obt ai ned after triggering of the cell

sanples with a(,gySE%UENdngQQMImmmtggpody) are included in each
test as negative and positive controls, respectively. Conplete sera from

rabbi ts i muni zed Lyist FhBSWys 7Gly rfan By AieuPhaeeVadsPhel | as the
affinity-purifiedlanti-BSW 17 mi rbtope antibodi es dek@ribed in Exanpl e 1]
are tested for WO 97/ 31948

PCT/ EP97/ 01042 INFORMATION FOR SEQID BO: 2% | triggering and thus for
anaphyl act ogeni(esmlmmi‘p @Wmc% source for basophils, freshly

t aken whol e hunafAbLBNGTE: 9amipepeidy donor is used and processed strictly
according to the (B CYPEAmBo acde CAST ELI SA kit. The results are summuari zed
in Figure 15 and ¢ 3% 808%on- purified rabbit serum containing the
anti-hl gE anti{}B tri‘%n’rmni zation with BSW7 m not ope

conj ugates, nql EPPT%ed :

(iii) ANTI-SENSE: NO
(v) FRAGMENT TYPE: internal
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 29:

Ile Asn His Arg Gly Tyr Trp Val Cys
1 S

(2) INFORMATION FOR SEQ ID NO: 30:
(i) SEQUENCE CHARACTERISTICS:
{A) LENGTH: 11 amino acids
(B) TYPE: amino acid
{C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: peptide
(iii) HYPOTHETICAL: YES
(ii1) ANTI-SENSE: NO
(v) FRAGMENT TYPE: internal
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 30:

Arg Ser Arg Ser Gly Gly Tyr Trp Leu Trp Cys
1 5 10

(2) INFORMATION FOR SEQ ID NO: 31:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 17 amino acids
{B) TYPE: amino acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: both
(i1) MOLECULE TYPE: peptide
(3ii) HYPOTHETICAL: YES
(iii) ANTI-SENSE: NO
(v) FRAGMENT TYPE: internal



anti - BSWL7 m notope anti bodi es have the capability of triggering human

bl ood cells for |eukotriene release; they are thus non-anaphyl act ogeni c.
This is an absolute prerequisite for the application of BSWL7 m notopes in
a human anti-all er8¥ vacci ne. WD 97/ 31948

PCT/ EP97/ 01013WOMB1MBquence |isting (1) GENERAL | NFORMATI ON; PET{ERI7A1013
APPLI CANT: (A) NAME: Novartis AG (B) STREET: Schwarzwal dallee 215 (C) C TY:
‘Basle (E) COUNTRY: Switzerland (F) POSTAL CODE (ZIP): CH 4058 (G
TELEPHONE: 61-324 5269 (H) TELEFAX: 61-322-48532 (ii) TITLE OF | NVENTI ON:
PEPTI DE | MMUNOGENS (iii) NUMBER OF SEQUENCES: 32 (iv) COVPUTER READABLE
FORM (A) MED Usi)SEQUENCEDRESCREWION: SEQ ID NO: 31

Gly Glu Phe Cys Ile Asn His Arg Gly Tyr Trp Val Cys
1 5 10
Gly Asp Pro Ala

15

(2) INFORMATION FOR SE@ ID NO: 32:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 18 amino acids
(B) TYPE: amino acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: both
(ii) MOLECULE TYPE: peptide
(iii) HYPOTHETICAL: YES
(iii) ANTI-SENSE: NO
{v) FRAGMENT TYPE: internal
(xd) SEQUENCE DESCRIPTION: SEQ ID NO: 32:

Gly Glu Phe Cys Axg Arg His Asn Tyr Gly Phe Trp Vval
1 5 10.
Cys Gly Asp Pro Ala

15



(B) COWUTER: | BM PC compatible (C) OPERATI NG SYSTEM PC- DOS/ Ms- DOS ( D)

SOFTWARE: Patentln Rel ease #1.0, Version_# 26) (v) CURRENT

APPLI CATI ON DATA: APPLI CATI ON N@¥BER" Vi f.. (vi) PRROR

APPLI| CATI ON D@; :_ﬁéaA APPLI CATI ¢ 41P. 8 (B) FILING DATE:

01- MAR. 1996 ( 6’ APPL| CATI A CA—APP CATI ON NUNVBERT/EER//01013
9617702.7 (B) FILING DATE: 22- AUG 1996 (2) | NFORMATION FOR SEQ ID NO 1:

(i) SEQUENCE CHARACTERI STICS: (A) LENGTH 8 amino acids (B) TYPE: anin
acid (C) STRANDEDNESS: single (D) TOPOLOGY46t| near (ii)——l\&ECUL‘E'TVP/E:—O—,
peptide (iii) HYPOTHETI CAL: YES (iii) ANTI-SENSE: NO (v) F r \“\
i nternal (xi)CI&IYIENCE DESCRI PTION: SEQ I D NO  1: mmmm‘““ﬂ

) * < L L s ¥

L. An immunogenic molecule comprising

(a) at least one moiety of a BSW 17 mimotope peptide and

(b) a moiety capable of eliciting an immune response against that peptide.

2. An immunogenic molecule according to claim 1 wherein the BSW17 mimotope peptide
is cyclic, whereby the ends are held together by two additional cystein residues foiming a
disulfide bridge, or the ends are chemically crosslinked, or wherein the BSW17 mimotope
peptide is linear, whereby the carboxy terminal amino acid may conveniently be blocked by

amidation and/or the amino terminal amino acid may conveniently be blocked by acetylation.

3 An immunogenic molecule according to claim I in the form of a polymeric peptide or a
recombinant fusion protein, whereby one monomeric compound of the polymeric peptide, or
one pariner of the fusion pfotcin, constitutes the moiety of a BSW17 mimot9pc peptide, and the
remainder of the polymeric peptide or fusion protein constitutes the immune response-eliciting

moiety.

4. . Animmunogenic molecule according to claim 1 in the form of a conjugate of a BSW17

mimotope peptide and an immunogenic carrier.

S. An immunogenic molecule according to claim ! wherein the BSW17 mimotope peptide

moiety essentially consists of or contains an amino acid sequence selected from
De-Asn-His-Arg-Gly-Tyr-Trp-Val ' (A),
Arg-Asn-His-Arg-Gly-Tyr-Trp-Val (B).
Arg-Ser-Arg-Ser-Gly-Gly-Tyr-Trp-Leu-Trp (C),
Va!-Asn-Lzu-Thr—Txp—Scr;Arg-Ala-Ser-Gly (D).
Val-Asn-Leu-Pro-Trp-Ser-Arg-Ala-Ser-Gly (E),
Val-Asn-Leu-Thr-Trp-Ser-Phe-Gly-Leu-Glu (F).
Val-Asn-Leu-Pro-Trp-Ser-Phe-Gly-Leu-Glu (G).
Val-Asn-Arg-Pro-Trp-Ser-Phe-Gly-Leu-Glu O (H),

" This Slieet Has Been R"Tlaced-
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-

Ile Asn Hs Arg Ay Tyr Trp Val 1 5 9/39

PCT/ EP97/ 01013 -36- (2) | NFORMATION FOR SEQ ID N0 2: (i) SEH%HWH'“""III"IW

CHARACTERI STICS: (A) LENGTH. 8 amino acids (B) TYPE: amino a
STRANDEDNESS: single (D TOPOLOGy —tTrnear—t+rr—MSeECULE TYPE: ﬁ%t ide (iii)

HYPOTHET! CAL: WAST319#8 ANTI - SEN TYPE: inte 13

SEQUENCE DESCRI PTI ON: SEQ | D NOjL2-__Ar’g Ay Tyr Trp Val 1

5 (2) I NFORVATION FOR SEQ ID NO 3: (i CHARACTERI STI CsS:

-47-
Val-Lys—Leu-Pro-Trp-Arg-Phe-Tyr—Gln—Val ' @,
Val-Trp-Thr-Ala-Cys-Gly-Tyr-Gly-Arg-Met ),
Gly-Thr-Val-Ser-Thr-Leu-Ser (X),
LeuJ.eu—Asp—Scr—Arg— yr-Trp _ (L),
Gin-Pro-Ala-His-Ser-Leu-Gly M),
Leu-Trp-Gly-Met-Gln-Gly-Arg ™),
Leu-Thr-Leu-Ser-His-Pro-His-Trp-Val-Leu-Asn-His-Phe-Val-Ser 0),
Ser-Met-Gly-Pro-Asp-Gin-Thr-Leu-Arg (P), and
Val-Asn-Leu-Thr-Trp-Ser | Q.
6. A pharmaceutical composition comprising an immunogenic molecule accqrding to any

one of claims 1 to 5 and an adjuvant.

7.  Aligand comprising an antibody domain specific for a moiety of a BSW17 mimotope
peptide as defined in any one of claims 1 to 5, whereby the antibody domain is reactive also
with the sequence of amino acids on the heavy chain of IgE which comprise the natural epitope
recognized by BSW17.

8. A ligand according to claim 7 which is in the form of a monoclonal antibody or an
Fab'or F(ab") fragment thereof.

0. A process for the preparation of an immunogenic molecule according to claim 1
comprising appropriately coupling (a) a moiety of 2a BSW17 mimotope peptide with (b) a

moiety capable of eliciting an immune response against that peptide.

10. An immunogenic molecule as defined in any one of claims 1 to 5, for use as a

pharmaceutical in the treatment of lgE—mediatéd diseases.

11.  Use of an immunogenic molecule as defined in any one of claims 1 to 5 in the preparation
of a vaccine against allergy.

This Sheet Has Been Rerlac,ed




(A) LENGTH: 10 amino acids (B) TYPE: am no acid (C) STRANDEDNESS: single
(D TOPOLOGY: linear (ii) MOLECULE TYPE: peptide (iii) HYPOTHETI CAL: YES
(ii1) ANTI-SENSE: NO (v) FRAGVENT TYPE: internal (xi) SEQUENCE DESCRI PTI ON:
SEQID NO 3: Arg Ser Arg Ser Ay Ay Tyr Trp Leu Trp 1 5

10 (2) | NFORVAWO SR SEQ | D NO 4: (i) SEQUENCE CHARACTERI STCTEEPIT/AI013
LENGTH: 10 am no acids (B) TYPE: amno acid (C) STRANDEDNESS: single (D)
TOPOLOGY: linear (ii) MOLECULE TYPE: peptide (iii) HYPOTHETI CAL: YES (iii)
ANTI - SENSE: NO (v) FRAGMENT TYPE: internal (xi) SEQUENCE DESCRI PTI ON: SEQ

I D NO 4:

1/20

Figure 1: Interaction between IgE and its high affinity receptor IgERI
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Val Asn Leu Thr Trp Ser Arg Ala Ser Gy 1 5

10 (2) I NFORVATION FOR SEQ ID NO 5: (i) SEQUENCE CHARACTERI STICS: (A
LENGTH: 10 amino acids (B) TYPE: amino acid (C) STRANDEDNESS: single WO
97/ 31948 PCT/ EP97/ 01013 -37- (D)
TOPOLOGY: i newos('fvm?“NO_ECULE TYPE: peptide (iii) HYPOTHETI CRCT/ERSZOIGL} | )
ANTI - SENSE: NO (v) FRAGVENT TYPE: internal (xi) SEQUENCE DESCRI PTI ON: SEQ
ID NO 5: Val Asn Leu Pro Trp Ser Arg Ala Ser Ay 1 5
10 (2) I NFORVATION FOR SEQ ID NO 6: (i) SEQUENCE CHARACTERI STI CS:

2/20

Figure 2: “Classical” anti-IgE vaccine approach
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(A) LENGTH: 10 amino acids (B) TYPE: am no acid (C) STRANDEDNESS: single
(D TOPOLOGY: linear (ii) MOLECULE TYPE: peptide (iii) HYPOTHETI CAL: YES
(ii1) ANTI-SENSE: NO (v) FRAGVENT TYPE: internal (xi) SEQUENCE DESCRI PTI ON:
SEQ ID NO 6: Val Asn Leu Thr Trp Ser Phe Gy Leu Qu 1 5
10 (2) .1 NFORVAWOVH®R SEQ I D NO 7: (i) SEQUENCE CHARACTERI STPCHEP$7AM013 -
LENGTH: 10 amino acids (B) TYPE: amino acid (C) STRANDEDNESS: single (D)
TOPOLOGY: linear (ii) MOLECULE TYPE: peptide (iii) HYPOTHETI CAL: YES (iii)
ANTI - SENSE: NO (v) FRAGMENT TYPE: internal (xi) SEQUENCE DESCRI PTI ON: SEQ
ID NO 7:

3/20

Figure 3: Biological activity profile of BSW17
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Val Asn Leu Pro Trp Ser Phe Ay Leu Gu 1 5

10 (2) I NFORVATION FOR SEQ I D NO 8: (i) SEQUENCE CHARACTERI STICS: (A
LENGTH:: 10 amino acids (B) TYPE: amino acid (C) STRANDEDNESS: single (D)
TOPOLOGY: linear (ii) MOLECULE TYPE: peptide (iii) HYPOTHETI CAL: YES (iii)

ANTI - SENSE:  NO WO S7BRWENENT TYPE: i nt er nal WO 97/31948 PCT/EPY7/01013
PCT/ EP97/ 01013 -38- (xi) SEQUENCE DESCRI PTION: SEQ ID NO: 8: Val Asn I&rg
Pro Trp Ser Phe Ay Leu Gu 1 5 10 (2)

| NFORMATI ON FOR SEQ ID NO. 9: (i) SEQUENCE CHARACTERI STI CS:

4/20

Figure4: BSW17 mimotope-based immunotherapy
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(A) LENGTH: 10 amino acids (B) TYPE: am no acid (C) STRANDEDNESS: single
(D TOPOLOGY: linear (ii) MOLECULE TYPE: peptide (iii) HYPOTHETI CAL: YES
(ii1) ANTI-SENSE: NO (v) FRAGVENT TYPE: internal (xi) SEQUENCE DESCRI PTI ON:
SEQ ID NO 9: Val Lys Leu Pro Trp Arg Phe Tyr dn Val 1 5

10 (2) | NFORVATWGN7R4AsSEQ | D NO 10: (i) SEQUENCE CHARACTERI STPEfEP47AN013
LENGTH. 10 am no acids (B) TYPE: amno acid (C) STRANDEDNESS: single (D)
TOPOLOGY: linear (ii) MOLECULE TYPE: peptide (iii) HYPOTHETI CAL: YES (iii)
ANTI - SENSE: NO (v) FRAGVENT TYPE: internal (xi) SEQUENCE DESCRI PTI ON: SEQ
I'D NO 10:

5/20

Figure 5: Phage-displayed BSW17 mimotopes specifically recognize BSW17
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Val Trp Thr Ala Cys Ay Tyr Ay Arg Met 1 5
10 (2) I NFORVATION FOR SEQ I D NO 11: (i) SEQUENCE CHARACTERI STICS: (A
LENGTH. 7 amino acids (B) TYPE: amino acid (C) STRANDEDNESS: single (D)

TOPOLOGY: linear (ii) MOLECULE TYPE. peptide (iii) HYPOTHETI CAL: YES (iii)
ANTI - SENSE: NOwep7/s46VENT TYPE: internal (xi) SEQUENCE DESCRIPETIESM 010
ID NO 11: dy Thr Val Ser Thr Leu Ser 1 5 WO 97/ 31948
PCT/ EP97/ 01013 -39- (2) I NFORMATION FOR SEQ ID NO' 12: (i) SEQUENCE
CHARACTERI STI CS:

6/20

Figure 6: Phage-displayed BSW17 mimotopes inhibit IgE / BSW17 binding
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(A) LENGTH: 7 amno acids (B) TYPE: am no acid (C) STRANDEDNESS:

TOPOLOGY:

ANTI - SENSE: NO (v) FRAGMVENT TYPE:

ID NO 12:

FOR SEQ I D NO $820 9#31»48SEQUENCE CHARACTERI STI CS:
(B) TYPE: am no acid (C) STRANDEDNESS:

i near

single (D)

(ii) MOLECULE TYPE: peptide (iii) HYPOTHETI CAL: YES (iii)
(xi) SEQUENCE DESCRI PTI ON: SEQ
S (2)

i nt er nal

Leu Leu Asp Ser Arg Tyr.Trp 1

| NFORVATI ON
(A) LENGTH: 7 podnne7efiss
single (D) TOPOLOGY:

i near

(i)

MOLECULE TYPE: peptide (iii) HYPOTHETI CAL YES (iii) ANTI-SENSE: NO (v)
FRAGVENT TYPE: internal (xi) SEQUENCE DESCRI PTION: SEQ ID NO 13:

Figure 7:

7120

Binding of a chemically synthesized BSW17 mimotope peptide to

BSW17

T 71
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Gn Pro Ala Hs Ser Leu Gy 1 -5 (2) I NFORVATI ON FOR SEQ I D
NO 14: (i) SEQUENCE CHARACTERI STICS: (A) LENGTH 7 amino acids (B) TYPE:
am no acid (C) STRANDEDNESS: single (D) TOPOLOGY: linear (ii) MOLECULE
TYPE: peptide (iii) HYPOTHETI CAL YES (iii) ANTI-SENSE: NO (v) FRAGVENT
TYPE: internal wegbjsi98&UENCE DESCRI PTION: SEQ I D NGO 14: Leu Treeridpe7:00t3
Adn dy Arg 1 5 (2) INFORVATION FOR SEQ I D NO 15: (i)
SEQUENCE CHARACTERI STICS: (A) LENGTH: 15 amino acids (B) TYPE: amino acid
(C) STRANDEDNESS: single (D) TOPOLOGY:: |i near

8/20
Figure 8a: Recognition of cyclic BSW17 mimotope GEFCINHRGYWVCGDPA - KLH

(BSS) conjugate (SDS 236) and Fce (500-509) - KLH (BSS)
conjugate (SDS 237) by BSW17
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WD 97/ 31948 PCT/ EP97/ 01013 (ii)
MOLECULE TYPE: peptide (iii) HYPOTHETI CAL: YES (iii) ANTI-SENSE: NO (V)
FRAGVENT TYPE: internal (xi) SEQUENCE DESCRI PTION:. SEQ I D NO 15: Leu Thr
Leu Ser H's Pro H's Trp Val . Leu Asn H's Phe 1 5 =

10 Val Ser 15 w@y7hRVATI ON FOR SEQ ID NO 16: (i) SEQUENCEPCI/EP97/01013
CHARACTERI STICS: (A) LENGTH. 9 amno acids (B) TYPE: amno acid (C
STRANDEDNESS: single (D) TOPOLOGY: linear (ii) MOLECULE TYPE: peptide (iii)
HYPOTHETI CAL YES (iii) ANTI-SENSE: NO (v) FRAGMVENT TYPE: internal

9/20

Figure 8b: Recognition of various BSW17 mimotope conjugates by BSW17

OD 405
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(xi) SEQUENCE DESCRI PTION: SEQ ID NO 16: Ser Met Ay Pro Asp G n Thr Leu
Arg 1 5 (2) INFORVATION FOR SEQ ID NO 17: (i) SEQUENCE
CHARACTERI STICS: (A) LENGTH. 6 amino acids (B) TYPE: amino acid (C
STRANDEDNESS: single (D) TOPOLOGY: linear (ii) MOLECULE TYPE: peptide (iii)
HYPOTHET! CAL: WES¥i1948) ANTI - SENSE: NO (v) FRAGVENT TYPE: i nt ePCEIEPY7/0i0L3
SEQUENCE DESCRI PTION: SEQ ID NGO 17: Val Asn Leu Thr Trp Ser 1 '

5 (2) I NFORVATION FOR SEQ I D NO 18: (i) SEQUENCE CHARACTERI STICS: (A)
LENGTH: 11 amino acids (B) TYPE: amino acid (C) STRANDEDNESS: single (D)
TOPOLOGY: | i near

10/20

Figure 9a: Specific recognition of BSW17 mimbtope conjugates [BSA (DC)] and
Fce (500-509) conjugate [KLH (glutaraldehyde)] by BSW17
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(ii) MOLECULE TYPE: peptide (iii) HYPOTHETI CAL: YES (iii) ANTI-SENSE: NO

WD 97/ 31948 PCT/ EP97/ 01013 -41- (V)
FRAGVENT TYPE: internal (xi) SEQUENCE DESCRI PTION: SEQ ID NO 18: Cys Arg
Arg Hs Asn Tyr Gy Phe Trp Val Cys 1 5

10 (2) | NFORMAWEDYAeE8 SEQ | D NO 19: (i) SEQUENCE CHARACTERI SPCTEPY0id13
LENGTH: 10 am no acids (B) TYPE: amno acid (C) STRANDEDNESS: single (D
TOPOLOGY: linear (ii) MOLECULE TYPE: peptide (iii) HYPOTHETI CAL: YES (iii)
ANTI - SENSE: NO (v) FRAGVENT TYPE: i nternal

11/20

Figure 9b: Specific recognotion of BSW17 mimotope conjugates [KLH (DC); Lys] by
BSW17
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(xi) SEQUENCE DESCRI PTION: SEQ ID NO 19: Cys Ile Asn His Arg Ay Tyr Trp
Val Cys 1 5 10 (2) | NFORVATION FOR SEQ I D
NO 20: (i) SEQUENCE CHARACTERI STICS: (A) LENGIH 11 amino acids (B) TYPE:
am no acid (C) STRANDEDNESS: single (D) TOPOLOGY: linear (ii) MOLECULE

TYPE: peptide woa?314§POTHETI CAL: YES (iii) ANTI-SENSE: NO (Vv)PEREENENG13
TYPE: internal (xi) SEQUENCE DESCRI PTION: SEQ ID NO 20: Cys Thr Arg Leu
Hs Thr Ay Tyr Trp Val Cys 1 5 10 (2)

| NFORMATI ON FOR SEQ I D NGO 21: (i) SEQUENCE CHARACTERI STICS: (A) LENGTH. 11.
amno acids (B) TYPE: amino acid (C) STRANDEDNESS: single (D TOPOLOGY:

| i near

12/20

Figure 10a: Anti human IgE immune response induced in rabbits after immunization
with BSW17 mimotope conjugates (1)
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(ii) MOLECULE TYPE: peptide (iii) HYPOTHETI CAL: YES (iii) ANTI-SENSE: NO
(v) FRAGMENT TYPE: internal (xi) SEQUENCE DESCRI PTION. SEQ ID NO 21: Cys
Thr Leu Ser Val Phe Ay Tyr Trp Val Cys 1 5

10 WD 97/ 31948 PCT/ EP97/ 01013
-42- (2) | NFORM0ODoEBiokOR SEQ | D NO 22: (i) SEQUENCE CHARACTERPSTEEEI/0101R)
LENGTH. 11 amno acids (B) TYPE: amno acid (C) STRANDEDNESS: single (D)
TOPOLOGY: linear (ii) MOLECULE TYPE: peptide (iii) HYPOTHETI CAL: YES (iii)
ANTI - SENSE: NO (v) FRAGMVENT TYPE: i nternal

13/20

Figure 10b: Anti human IgE immune response induced in rabbits after
immunization with BSW17 mimotope conjugates (2)
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(xi) SEQUENCE DESCRI PTI ON: SEQ ID NO 22: Cys Ser Met Ay Pro Asp @ n Thr
Leu Arg Cys 1 5 10 (2) | NFORVATI ON FOR SEQ
ID NO 23: (i) SEQUENCE CHARACTERI STICS: (A) LENGTH 9 am no acids (B)

TYPE: amino acid (C) STRANDEDNESS: single (D) TOPOLOGY: linear (ii)
MOLECULE TYPE: waspi30e (iii) HYPOTHETI CAL: YES (iii) ANTI- SENSECT/ERY704013
FRAGVENT TYPE: internal (xi) SEQUENCE DESCRI PTION: SEQ ID NO 23: Cys Leu
Leu Asp Ser Arg Tyr Trp Cys 1 5 (2) | NFORVATION FOR SEQ I D
NO 24: (i) SEQUENCE CHARACTERI STICS: (A) LENGTH 9 amino acids (B) TYPE:
am no acid (C) STRANDEDNESS: single (D) TOPOLOGY: |inear

14/20

Figure 11: Serum titers of anti BSW17 numotope antibodies generated in rabbits by

immunization
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(ii) MOLECULE TYPE: peptide (iii) HYPOTHETI CAL: YES (iii) ANTI-SENSE: NO
(v) FRAGMENT TYPE: internal (xi) SEQUENCE DESCRI PTION. SEQ ID NGO 24: Cys
G@n Pro Ala Hs Ser Leu Ay Cys 1 5 (2) | NFORVATI ON FOR SEQ
I'D NO 25: (i) SEQUENCE CHARACTERI STICS: (A) LENGTH 9 amino acids (B)
PCT/EP97/01013

TYPE: am no aciWO97/31888 97/ 31948
PCT/ EP97/ 01013 -43- (C) STRANDEDNESS: single (D) TOPOLOGY: linear (ii)

MOLECULE TYPE: peptide (iii) HYPOTHETI CAL: YES (iii) ANTI-SENSE: NO (v)
FRAGVENT TYPE: i nternal
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(xi) SEQUENCE DESCRI PTION: SEQ ID NO 25: Cys Leu Trp Gy Met dn Gy Arg
Cys 1 5 (2) I NFORVATION FOR SEQ I D NO 26: (i) SEQUENCE
CHARACTERI STICS: (A) LENGTH. 9 amino acids (B) TYPE: amino acid (C
STRANDEDNESS: single (D) TOPOLOGY: linear (ii) MOLECULE TYPE: peptide (iii)
HYPOTHETI CAL: WES9T81948 ANTI - SENSE: NO (v) FRAGMVENT TYPE: i nt ePEHEP?HG1913
SEQUENCE DESCRI PTION: SEQ I D NO. 26: Cys Gy Thr Val Ser Thr Leu Ser Cys 1
5 (2) INFORVMATION FOR SEQ I D NO 27: (i) SEQUENCE CHARACTERI STICS: (A
LENGTH: 17 amino acids (B) TYPE: amno acid (C) STRANDEDNESS: single (D)
TOPOLOGY: | i near
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Figure 12: Isotype specificity of the anti human IgE response in BSW17 mimotope-
immunized rabbits
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(ii) MOLECULE TYPE: peptide (iii) HYPOTHETI CAL: YES (iii) ANTI-SENSE: NO
(v) FRAGMENT TYPE: internal (xi) SEQUENCE DESCRIPTION. SEQ ID NGO 27: dy
Gu Phe Cys Ile Asn Hs Arg Ay Tyr Trp Val Cys 1 5

10 Ay Asp Pro Ala 15 (2) | NFORVATI ON FOR SEQ ID NO 28: (i) SE(g,JENCE
'CHARACTERI STI C®0 $#91948ENGTH. 10 ani no aci ds (B) TYPE: ani no adi§Rey/01013
STRANDEDNESS: single (D) TOPOLOGY: linear (ii) MOLECULE TYPE: peptide (iii)
HYPOTHETI CAL: NO WD 97/ 31948

PCT/ EP97/ 01013 - 44-
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Figure 13: Competition of anti BSW17 mimotope serum with BSW17 for IgE
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(Ti1) ANTI-SENSE: NO (v) FRAGVENT TYPE: internal (xi) SEQUENCE DESCRI PTI ON:
SEQ ID NO 28: Lys Thr Lys Ay Ser Gy Phe Phe Val Phe 1 5
10 (2) I NFORVATION FOR SEQ I D NO 29: (i) SEQUENCE CHARACTERI STICS: (A
LENGTH. 9 amino acids (B) TYPE: amino acid (C) STRANDEDNESS: single (D)
TOPOLOGY: | i newo «m3u948sMOLECULE TYPE: peptide (iii) HYPOTHETI CARCT/EESOI13I )
ANTI - SENSE: NO (v) FRAGMENT TYPE: internal (xi) SEQUENCE DESCRI PTI ON: SEQ
IDNO 29: Ile Asn Hs Arg Ay Tyr Trp Val Cys 1 : 5 (2)

| NFORVATI ON FOR SEQ I D NO 30: (i) SEQUENCE CHARACTERI STICS: (A) LENGTH: 11
amno acids (B) TYPE: am no acid
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Figure 14: _ Binding of affinity - purified anti BSW17 mimotope antibodies to higE
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(C) STRANDEDNESS: single (D) TOPOLOGY: linear (ii) MOLECULE TYPE: peptide
(iii) HYPOTHETI CAL: YES (iii) ANTI-SENSE: NO (v) FRAGVENT TYPE: internal .
(xi) SEQUENCE DESCRIPTION: SEQ ID NO 30: Arg Ser Arg Ser Ay Ay Tyr Trp
Leu Trp Cys 1 5 10 (2) | NFORVATI ON FOR
SEQ I D NO 31: wo0978H8ENCE CHARACTERI STICS: (A) LENGTH 17 am weresrisesb)
TYPE: am no acid (C) STRANDEDNESS:. single (D) TOPOLOGY: both (ii) MOLECULE
TYPE: peptide (iii) HYPOTHETI CAL: YES (iii) ANTI-SENSE: NO (v) FRAGVENT
TYPE: internal . '

13/20

Figure 15:  Test of rabbit anti BSW17 mimotope sera and affinity-purified anti BSW17
mimotope antibodies for anaphylactogenicity on human blood cells
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WD 97/ 31948 PCT/ EP97/ 01013 45- (xi)
SEQUENCE DESCRIPTION: SEQ ID NO 31: @y Gu Phe Cys Ile Asn His Arg Gy
Tyr Trp Val Cys 1 5 10 Ay Asp Pro Ala 15
(2) I NFORVATION FOR SEQ I D NO 32: (i) SEQUENCE CHARACTERI STICS: (A)
LENGTH: 18 aniwo9a0isds (B) TYPE: anino acid (C) STRANDEDNESS: PETHEP01013)
TOPOLOGY: both (ii) MOLECULE TYPE: peptide (iii) HYPOTHETI CAL: YES (iii)
ANTI - SENSE: NO (v) FRAGVENT TYPE: i nterjaahg (Xi ) SEQUENCE DESCRI PTION: SEQ
IDNO 32: Gy Qu Phe Cys Arg Arg Hi s nTyr Ay Phe Trp Val 1

5 10. Cys @y Asp Pro Ala 15

pg/ml sLt
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900- 9862 O ains 1. An i munogeni ¢ nol ecule conprising .( a‘);igaf'er'\\‘s'-as’é{'oﬁe
moi ety of a BO#9BGH not ope peptide of up to 15 am no acids, altoget per,:
which may appropriately include further conmponents for hapt en-carrier
binding, to facilitate coupling to conponent (b) or further processing; or

when the BSWL7 mi notope peptide is cyclic, may have the two ends held
together by two additional cystein residues formng a dﬁm
chem cal |y crosslinked; or when the BSWL7 ni notope pepti ' \

have the car €daims er i nal amino acid bl ocked in anm dat ed?ﬁﬂmﬂmmmmm
amno termnal amno acid blocked in acetylated form or ycbet f [*anked *by
one or two ancillary groups and/or an additional coupling group; and (b) a
noi ety capablie of s ifemivhdp@nRmblevalecompagipnse agai nst that pepti de,

wher eby conponent (a) is other_ than ] . . . X
Lys- Thr - Lys- Gy -asieast@ng-mpistyrefa BEW.17mimgtope pepide iof 1 1 d € 3Mingydgidt ul e

flston protoi n Apestadsy wBHE B heiectectS R fopRelodrbortonstol GRORLARY
one partner of HifliAgl% patilRaRRupling @ CnmponkMSbY BEfurtiet pyocessirg; BEWhen the

m not ope peptide, and the renminder of the polynmeric peptide or fusion
protein constit BS3¥17 mimotapepeptidsissuckic, anaychave tae 1 ends held together by two

additional cystein residues forming a disulfide bridge, or chemically crosslinked; or
when the BSW17 mimotope peptide is linear, may have the carboxy terminal
amino acid blocked in amidated form and/or the amino terminal amino acid
blocked in acetylated form; or inay be flanked by one or two ancillary groups
and/or an additional coupling group; and

.(b) amoiety cﬁpable of eliciting an immune response against that peptide,

whereby component (a) is other than Lys-Thr-Lys-Gly-Ser-Gly-Phe-Phe-Val-Phe.

2. An immunogenic molecule according to claim 1 in the form of a polymerié
peptide or a recombinant fusion protein, whereby one monomeric compound of the
polymeric peptide, or one partner of the fusion protein, constitutes the moiety of a
BSW 17 mimotope peptide, and the remainder of the polymeric peptide or fusion

protein constitutes the immune response-eliciting moiety.

3. “An immunogenic molecule according to claim 1 in the form of a conjugate of a

BSW 17 mimotope peptide and an immunogenic carrier.

4, An immunogenic molecule according to claim 1 wherein the BSW17 mimotope

peptide moiety essentially consists of or contains an amino acid sequence selected from

He-Asn-His-Arg-Gly-Tyr-Trp-Val (A),
Arg-Asn-His-Arg-Gly-Tyr-Trp-Val (B),
Arg-Ser-Arg-Ser-Gly-Gly-Tyr-Trp-Leu-Trp ' <,
Val-Asn-Leu-Thr-Trp-Ser-Arg-Ala-Ser-Gly D),
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3. An i mmunogeni ¢ nol ecul e according tg- cIa|m1 in th
conj ugat e of 20B%YEZ i not ope peptide and :an; ;1 mmunogeni ¢y l ll"ll“
i munogeni ¢ nol ecul e according to claim1- whérein the BS

pepti de noiety essentially consists,of or contains an am no aci d sequence
selected fromlle-Asn-H s-Arg-Qy- Tyr Trp-'

A), Arg-Asn-H
,(Arzy Se;gArgnSelrSY;‘lél w*%&lr%gf a-Ser-Gly (O, (I%b’

Val - Asn- Leu- Thr - ValpAﬁieLeNI@rrNrp—S&e@h@lGly-Leu-Glu (D), (FR00-9862

-2- Val - Asn- Leu- Pro Tr Ser - (B,

Val - Asn- Leu- Thr - ¥ilpA E‘ Pﬁ’éogrg'sseﬁhethu-@u (F), G,

Val - Asn- Leu- Pr o-yFiba L 2 BE Gl T an (G,

Val - Asn- Ar g- Pr o- q}l %g %- gréskggh%y Leu Qlu (H, (ED,

Va: Lys- Lﬁu Zr o- Vﬂﬂ.ﬁbe@ﬁm—Tm—A@@h&dlyr-Gln-Val (), @,

Val - Tr p- Thr a(,ys Tyr y-Ar (J),

d y- Thr- Val - Ser -¥# rpe’ﬁr%la-cys-Gly ‘?‘yr-Gly-Arg-Met (K, @

Leu- Leu- Asp- Ser T an (L),

G n- Pro- Al a- Hi s@ggn:t; Va.l é} Thr-Leu-Ser (M, (K,
Leu-Leu-Asp-Ser-Arg-Tyr-Trp @),
Gln-Pro-Ala-His-Ser-Leu-Gly : M),
Leu-Trp-Gly-Met-Gln-Gly-Arg ),
Leu-Thr-Leu-Ser-His-Pro-His-Trp-Val-Leu-Asn-His-Phe-Val-Ser  (O),
Ser-Met-Gly-Pro-Asp-Gln-Thr-Leu-Arg (P), and
Val-Asn-Leu-Thr-Trp-Ser Q.

5. The immunogenic molecule according to claim 1 wherein the BSW17

mimotope peptide moiety (a) has the amino acid sequence
Gly-Glu-Phe-Cys-Ile-Asn-His-Arg-Gly-Tyr-Trp-Val-Cys-Gly-Asp-Pro-Ala
(Seq.id.no.27) and is cyclic, namely it is peptide Ile-Asn-His-Arg-Gly-Tyr-Trp-Val (A)
with the two ends held together by two additional cystein residues forming a disulfide
bridge and includes the further components Gly-Glu-Phe- and -Gly-Asp-Pro-Ala for

hapten-carrier binding and coupling facilitation.

6. A pharmaceutical composition comprising an immunogenic molecule according

' to any one of claims 1 to 5 and an adjuvant.

7. A ligand comprising an antibody domain specific for a moiety ofa BSW17 .
mimotope peptide as defined in any one of claims 1 to 5, whereby the antibody domain
is reactive also with the sequence of amino acids on the heavy chain of IgE which

comprise' the natural epitope recognized by BSW17.

3. A ligand according to claim 7 which is in the form of a monoclonal antibody or

an Fab’or F(ab’), fragment thereof.
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1, '
Leu-Trp-dy-Met-A n-Ady-Arg (N):,
Leu- Thr - Leu- S@0-4462- Pr o- Hi s- Tr p- Val - Leu- Asn HI s- Phe- Val -Ser. i (0O,

" Ser-Met-dy-Pro-Asp-d n-Thr-Leu-Arg . S (P) and

| 'Yﬁlmﬁggehleg -rrrglre-(l:-trJFeSS::cor di ng to cl'aim 1 +#herein the BS\M? Hlmmmeﬂnﬂlll””m
peptide noiety (a) has the am no acid sequence

A y-d u-Phe-Cys-11le-Asn-Hi s-Arg-Q3 y-Tyr-Trp-Val - Q/s G y- Asp- Pro- AIa
(Seq.id.no.28) and | ﬁaeys%l-& tion d

"lle-Asn-Hi s-Arg-Q y- T;/:r TrpV A Oleintfrz;]!nSi V\gen s%cﬁl%la%cgé%{' Ber by two
addi t i onal cykaimﬂmonmsd@pmpmeigcwpﬂmgmk)fa mieieky ofigBSILY mirbtoge pepiiie

further conpon d.-dy-Asp-Pro-Ala for pten carrier
bi ndi ng and (‘f’d@rﬁi’?ﬁ&“% |°F‘P“lbg? Pﬁ)"ﬂm‘tﬁ‘g an immune fesRoRss 39St that pepside; i on
conpri sing an i mmunogeni ¢ nol ecul e according to any ohe of clains 1.to 5
and an adjuvant. 7. A ligand conprising an anti body domain specific for
a noi ety of a0.BS\AA immuiogenricimgleduleasdefided imany one ofiolaimne tof, forakessd to
5, whereby the antibody domain is reactive also with the sequence of am no
aci ds on t hePasmpsewical it be trymephotigEcmrgirted disAesnat ural epi t ope
recogni zed by BSW7. 8. A ligand according to claim7 which is in the
form of a nonocl onal antibody or an Fab'or F(ab')2 fragment thereof.

11. Use of an immunogenic molecule as defined in any one of claims 1 to 5 in the

preparation of a vaccine against "allergy.
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A process for the preparation of an mrrunogeqa: @’plf-grgulge
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(54) Title: PEPTIDE IMMUNOGENS FOR VACCINATION AGAINST AND TREATMENT OF ALLERGY

(5T) Abstract

Immunogenic molecules comprising (a) at least one moiety of a peptide mimicking the natural epitope on human IgE recognized by

the monoclonal anti-human IgE antibody BSW17, and {b) a moiety capable of eliciting an immune

against that peptide. They are

usefol in, or for the preparation of, pharmaceutical compositions, particularly for the treatment of IgE-mediated diseases such as allergies

and atopic dermatitis, e.g. vaccines against allergy.




