CAT ALLERGEN CONJUGATES AND USES THEREOF BACKGROUND OF THE | NVENTION Field
of the Invention [0001] The present invention is in the fields of nedicine,
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i nportant source of indoor allergens (Lau, S., et al. (2000) Lancet 356,
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Related Art
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[0002] The domestic cat (Felis domesticus) is an important source of indoor allergens
(Lau, S., et al. (2000) Lancet 356, 1392-1397). Indeed, cats are found in about 25% of
households in Western countries and allergy to cats is found in a large part of the population.
The severity.of symptoms range from relatively mild rhinitis and conjunctivitis to potentially
life-threatening asthmatic exacerbation.

[0003] Although patients are occasionally sensitised to several different molecules in
cat dander and pelts, the major allergen is Fel d 1 (i.e. Felis domesticus allergen 1; formerly Cat
1, i.e. Cat allergen 1). The importance of this allergen has been emphasised in numerous
studies. In fact more than 80% of cat allergic patients exhibit IgE antibodies to this potent
allergen (van Ree, R., et al. (1999) J. Allergy Clin Immunol 104, 1223-1230).

[0004] Fel dl is a 35-39 kDa acidic glycoprotein containing 10-20% N-linked
carbohydrates and is found in the pelt, saliva and lachrymal glands of cats. It is formed by two
non-covalently linked heterodimers. Each heterodimer consists of one 70 residue peptide

(known as “chain 1) and one 78, 85, 90 or 92 residue peptide (known as “chain 2”) which are



[ 0005] Treatnent of cat allergic patients is currently effected by
desensitization therapy involving repeated injections with increasing
dosages oWoeabddmerssa crude cat dander extract or short peptrirPemocdersyved from
Fel dl. Lilja et al and Hedlin et al have disclosed a desensitization
programin the course of which crude cat dander extracts have been given to
cat allergic patients (Lilja, Q et al. (1989) J Allergy din Immunol 83,
37-44 and Hedlin, et al. (1991) J Allergy din Immunol 87, 955-964). This
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SUMMARY OF THE INVENTION

[0007] We have, now, surprisingly found that the inventive compositions and vaccines,
respectively, comprising at least one Fel d1 antigen or fragment thereof of the invention, are not
only capable of inducing immune responses against Fel d1, and hereby in particular antibody
responses, but are, furthermore, capable of desensitizing a patient suffering from cat allergy,
and hereby in particular, within a short period of time, indicating the high efficacy of the
inventive compositions and vaccines, respectively. In addition, we have surprisingly found that
Fel d1 of the invention, when covalently linked to the VLP in accordance with the invention,

has dramatically reduced anaphylactic activity as compared to Fel d1 of the invention not



shock in animals and humans to be i mmuni zed. Furthernore, the inventive
conposi tions and vacci nes, respectively, allow the antigen to be given in
much hi ghwo 2desa@730npared with prior art cat allergy treatrmepis/ocoshs ch nmay
in turn inprove the efficacy and/ or shorten the whol e desensitization
program Thus, the inventive conpositions and vacci nes, respectively,

I nduce potent anti-Fel dl inmmune responses but do not trigger an allergic
reaction. [0008] Thus, in the first aspect, the present invention provides
a conposévalantly Whkedho ¥bdRprhils emirtaining ahighalepme df aitigenscithargltimnemegeneaity. f i r st
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one preferred embodiment, the vaccine is devoid of an adjuvant. The avoidance of using
adjuvant may reduce a possible occurrence of side effects relating to the using of adjuvants.
[0010] In one preferred embodiment, the VLP comprised by the composition and the
vaccine composition, respectively, is recombinantly produced in a host and the VLP is
essentially free of host RNA, preferably free of host nucleic acids. It is advantageous to reduce,
or preferably to eliminate, the amount of host, preferably free of host nucleic acids, to avoid
unwanted T cell responses as well as other unwanted side effects, such as fever.

[0011] In one preferred embodiment, the composition of the invention further
comprises at least one immunostimulatory substance, preferably at least one
immunostimulatory nucleic acid. In one further preferred embodiment, the immunostimulatory
nucleic acid is packaged inside the VLP of the invention. The inclusion of immunostimulatory
substances, preferably immunostimulatory nucleic acids, into the composition of the invention
may drives the immune responses towards Thl responses and thereby suppressing the Th2

responses and hence suppressing the production of IgE.



responses and hence suppressing the production of 1gE. [0012] In one aspect,
the present invention provides a nethod of treating cat allergy by

adm ni st ewongodideessonvent i ve conpositi on or vacci ne, respeTEPI@cYeosint 0 a
cat allergic object, preferably human. [0013] In a further aspect, the
present invention provides a pharnmaceutical conposition conprising the

i nventive conposition and an acceptabl e pharmaceutical carrier. [0014] In
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BRIEF DESCRIPTION OF THE FIGURES

[0016] FIG 1 shows the Coomassie stained purifed and renatured Fel d1 fusion proteins
on SDS-PAGE non-reducing gel. Samples in lane 1 had DTT as reducing agent. Samples in
lane 2 had no DTT.

[0017] FIG 2 shows the degranulation of basophils by either the Fel d1 fusion proteins
alone or by the Fel d1 fusion proteins coupled to Q. X-axis represents the concentration of the
corresponding Fel d1 protein. Y-axis represents the percentage of basophiles which have been
degranulated.

[0018] FIG 3 shows the skin prick test results of a cat allergic volunteer who received
QB-FELD1 on day 0, 7 and 14 and the tests were also carried out on day of 0, 14 and 21.

[0019] FIG 4A shows the nasal dose escalation score and nasal overall score (FIG 4B)
of a cat allergic volunteer who received QB-FELD 1 on day 0, 7 and 14 and the tests were
carried out on day of 0, 14 and 21.



[ 0020] Unl ess defined otherwi se, all technical and scientific terns used
herein have the sane neani ngs as commonly understood by one of ordinary
skill in wbeoard7i30 whi ch this invention bel ongs. [0021pcAdjpasantos4Ihe term
"adjuvant" as used herein refers to non-specific stinmulators of the inmune
response or substances that allow generation of a depot in the host which
when conbi ned with the vacci ne and pharnmaceuti cal conposition,
respectively, of the present invention may provide for an even nore
enhanced i mmune r espons®ETAINED DHSCRIPTION QF ARESINGGINTIONused. Exanpl es

i ncl ude conpl ete and inconpl ete Freund' s adjuvant, al um num hydroxi de and
nodi fi ed nuranyl di peptide. Further adjuvants are mneral gels such as
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i ndi vi diRweddt] thgewsn “adjuvant”, as used within the context of this application, refers to an

adjuvant not being the VLP used for the inventive compositions, rather in addition to said VLP.

[0022] Antigen: As used herein, the term "antigen" refers to a molecule capable of being
bound by an antibody or a T cell receptor (TCR) if presented by MHC molecules. The term
"antigen", as used herein, also encompasses T-cell epitopes. An antigen is additionally capable
of being recognized by the immune system and/or being capable of inducing a humoral immune
response and/or cellular immune response leading to the activation of B- and/or T-lymphocytes.
This may, however, require that, at least in certain cases, the antigen contains or is linked to a
Th cell epitope and is given in adjuvant. An antigen can have one or more epitopes (B- and T-
epitopes). The specific reaction referred to above is meant to indicate that the antigen will
preferably react, typically in a highly selective manner, with its corresponding antibody or TCR
and not with the multitude of other antibodies or TCRs which may be evoked by other antigens.
Antigens as used herein may also be mixtures of several individual antigens.

[0023] Antigenic site: The term “antigenic site” and the term “antigenic epitope”, which

are used herein interchangeably, refer to continuous or discontinuous portions of a polypeptide,



[0023] Antigenic site: The term"antigenic site" and the term "antigenic
epi tope", which are used herein interchangeably, refer to continuous or
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i ons, pgﬁﬁﬂlbgﬁgs@&hsgltﬁlg&y% of drifdePEads. O a chemically reactive group such as
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guani di i025r oup, AttachmemdiSity, Fingt: dpiseddreraan, sloplirasa ' firshattablemeny site” sefpriséd er r ed
embodi MmNt Btn @il g};&tﬁiahg oEc‘?ﬁ‘f& &é?a BEHR & h'?éi’uE Qx%ﬁIFﬁﬁ? %dd'éﬁ an&lp Rt site
is the amno group of an such as ysi ne rst attachnent
site isahdoatvbgh thcqucorai htyachmelitrsae snayf teeckinked.nthepfimsf ataaminyntcsrtetrm pud er
surface_of the | e f&rst at t achment Slt? eﬁen n.t he
ﬁotl e an {ui'a

surf acepmtel%’faé)ro ]§/t1 ohantanen%% '% P PSR 8T a\‘/’01 etﬁ)l cally

in a repeltynt:r \assecomdiiry guitatioliteror cbmpmrﬂr(bfoan,rihd)rﬁnémdemntdlgdxegefnn; aictal
attachnent site i oc' ted with.the P, through east. one coval ent
bond i e PR BT rtte ol fealy L s oS abioh G b er r e
elnbodl neabo)fymgrohp,rmlmyirﬁcgama hﬁdrgxyl gﬁ)up,adh girafﬁlkiinyl So6p fhlsﬁﬂl@yl\/grbltp bhe VLP.
Al ternative refe iment the . first attac S

artifi CP%}PWZ%P&dE%re?fp A FrEtor &» mﬁg«ﬁw ora a‘%?mlfélmf regefiye SIQUR bRigs tﬁ&ﬁﬁged

her ei n, af@mRAY RS & the MM rétipt GFGR MBIMo feid Rich befySing. THR At a&h@RAL sitéhs ch is

naturally occurring wth or which is artificial I¥ added to Fel  dl _of
located, typically on the surface, and preferably on the outer surface of the VLP. Multiple first

attachment sites are present on the surface, preferably on the outer surface of virus-like particle,
typically in a repetitive configuration. In a preferred embodiment the first attachment site is
associated with the VLP, through at least one covalent bond, preferably through at least one
peptide bond. In a further preferred embodiment the first attachment site is naturally occurring
with the VLP. Alternatively, in a preferred embodiment the first attachment site is artificially
added to the VLP.

[0026] Attachment Site, Second: As used herein, the phrase "second attachment site"
refers to an element which is naturally occurring with or which is artificially added to Fel d1 of
the invention and to which the first attachment site may be linked. The second attachment site
of Fel d1 of the invention may be a protein, a polypeptide, a peptide, an amino acid, a sugar, a
polynucleotide, a natural or synthetic polymer, a secondary metabolite or compound (biotin,
fluorescein, retinol, digoxigenin, metal ions, phenylmethylsulfonylfluoride), or a chemically

reactive group such as an amino group, a carboxyl group, a sulthydryl group, a hydroxyl group,



the invention and to which the first attachnent site may be |inked. The
second attachnent site of Fel dl of the invention nmay be a protein, a

pol ypept iwe,2o@/epbi de, an am no acid, a sugar, a pol ynecirareod@sosas nat ur al
or synthetic polynmer, a secondary netabolite or conpound (biotin,
fluorescein, retinol, digoxigenin, netal ions,

phenyl met hyl sul fonyl fl uoride), or a chemcally reactive group such as an
am no group, a carboxyl group, a sulfhydryl group, a hydroxyl group, a
guani di a;éualgdmyllpgrohp shustldlnyygrogp,myp, cogtbimatigro thotanfitA pmfetrwereadubdmmnpoﬁé erred
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bond, preferably through at |east one ptide bond. In_a further

embodi mélm is agspeiated Eféthah%liql 4t ahiba invention th@uﬁh%td?aaq NG CovAEHt Poidy PIRfarahln t he

Fel dI ﬂfroﬁéﬂeat' 1836€ @Bé 9@pt1dt3 NboafOtng rfm{ﬁéf teﬂl%f)dlﬁiéﬁtf e &doRM RO B tsite ti1e
second attachnent sitée is artificially added to the Fel dl of the invention

t hr ough nafurajly; reequrﬂwﬂém thedigl ¢l ofjthgiapentigndp |a§@bercﬂm@r pecfareed icpbpdimednsi st s
of a Cy%}eeée%d aﬁﬁ&ﬁlﬁaﬁ@g%ayls éﬂﬁfiahg K?Hed'té tﬂe%?Q1 Bpthre r}ﬁveﬁﬁén fMo gfl tlfﬁﬁer

i nvention by a peptide Coat protein: term "Coat protein"
and t he wihptewr ssich hgjesa lsbyprigse dr akerpativelyponsistpoba @Vﬂemwl’frﬁmbbfﬁhe linkaoli$ cat i on,

refers R er ubunit of a natural capsid of a

Vi rus, IS%S ertg{)% TOP{h%mmP%nﬁJ &\a}n |as capabl e of being incorporated
into a V002uk capsCait protedn: \”IhPtenﬁlO‘mproE'm” ahid thn‘mter@amgwldmmsetdrterrn'l‘rcapsu@r m " Fel
dl of the. i.nve n used. herein fers t ne. Fel protein
or at | 8RR o s apeRPadtf TR0 B o frSief frelool e nBRRLpC Sl Ricaiia Pobal
1 of Febf dlwms,q&efh&bﬂ' dfea RNIA—pahgé ewhich is eapplilt WP dping decocpongped Bikng virns
alternativ isting of an ami no acid sequence as of SEQ ID NGO 22 or a
honol og§ %%s% Rg[ﬁ%e t hereof . The term "honol ogous sequence of SEQ ID

NO 22", [(31)38]Jsed hedt dil nof the ir®etioho The miny‘pepﬂldﬁtlhdﬁmt/eﬂt ”,ad8 use@htreiny t o SEQ
I D NO 22 WhICh i s rﬁ:a]';fier t han 70% 8}16%?9 reater t han 80% nore

pr ef er abf VS&%é?aétrO%F ghrilqersingn gt least dl 52 ably greater than 95% The
term” C'[@UZQ] 1 of ¢ighn qj'of,FeIial UBRCkehAfe Ellaih 1 o el dl’a|a§‘ﬁsd’deﬁ&é1nt1‘éfe?s to a

pol ypept i de encorrpaSS| ng at | east one post-transl ational nodification,
i nci udi ﬁglygtmn e comprising Or alternatively consisting of an amino acid sequence as of SEQ ID

NO:22 or a homologous sequence thercof. The term “homologous sequence of SEQ ID
NO:22”, as used herein, refers to a polypeptide that has an identity to SEQ ID NO:22 which is
greater than 70%, preferably greater than 80%, more preferably greater than 90%, and even
more preferably greater than 95%. The term “chain 1 of Fel d1”, as used herein, should also
refer to a polypeptide encompassing at least one post-translational modification, including but
not limited to at least one glycosylation, of chain 1 of Fel d1, as defined herein. Preferably the
chain 1 of Fel d1, as defined herein, consists of at most 130, even more preferably at most 100
amino acids in total.

[0030] Chain 2 of Fel d1: The term “chain 2 of Fel d1”, as used herein, refers to a
polypeptide comprising or alternatively consisting of an amino acid sequence as of SEQ ID
NO: 23, SEQ ID NO: 25 or SEQ ID NO: 26, or a homologous sequence thereof. The term
“homologous sequence of SEQ ID NO: 23, SEQ ID NO: 25 or SEQ ID NO: 26, as used herein,
refers to a polypeptide that has an identity to SEQ ID NO: 23, SEQ ID NO: 25 or SEQ ID NO:



not limted to at | east one glycosylation, of chain 1 of Fel dl, as defined
herein. Preferably the chain 1 of Fel dl, as defined herein, consists of at
nost 130,wewvers/musie preferably at nost 100 am no aci ds POTIEPR@IG/06(8G930]

Chain 2 of Fel dl: The term"chain 2 of Fel dl", as used herein, refers to
a pol ypeptide conprising or alternatively consisting of an am no acid
sequence as of SEQ ID NO 23, SEQ ID 1 25 or SEQID NGO 26, or a

honol ogous sequence thereof. The tern?"honol ogous sequence of SEQ I D NO
23, SEQ26 »hiidis 2tsator th@EQD Y priskorabRogreasr thaedD%banac mrefevrelﬂyelgsaatemlan §0%y pept i de

t hat has_an |dent BrpEQy - 973 175 r 26 whi ch
IS grea?e‘fe‘{eh r?(ﬁf}ferﬁr%’f%n%t B&angrg%%tere Fc%gnD%% ozfrrgl?e pre era ‘f/relélr eat er
t han 90%ouikhﬁls@vﬁ'd§r mmpoljapepfldrr aﬁbmp@sﬁgtae leabthaie pﬁ)’ét%anﬂbﬁoﬂab modifchtéonn 2 of

Monst olnet e O Rl R nl R Rab FRn drtraa e RERL e RTRRas t alar
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mor e prelfeé?rs‘ﬁwraestﬂ%%ftﬁ%erepé Taply ghast, Péf‘@naﬁ‘f"f}s 5’tt°‘ﬁ£)st 100 amino aci ds

in totalpo3)PO31] Hegld1 Protbih OTR fbnnT*Fel 8B proteit"® las bedPcdif fdfers RSa her ei n,
refers to a_protein cqonp r|S|n9 or alternatively consistin of C 1 of
Fel dl SMEPRYRg of dtepptiyedy copsisingphehaingbof Feldj #ndichgin Fraf Fe)|d1qPrs eé%r n 2 of
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Fel dl and chain 2 lare |'inked via at” | east one disulfide bond. In

of
anot her chaief f Fghdb ﬁﬂ%ﬁhalﬁa%f)f Felh@ agehlinked Yiagatdeashenerdisulfidecbands bijanstheper

di r eCt1 YrofbmodlcthBaifRAC Be.chdifl1 WA GRiPASE 32 BfcPlindlly BF 0 81s €acI31u e
conprises or_alter natively consists of a spacer. erably the Fel

protein casa§a1dé:fel Ak droitein Sirther campsises or abttrnatlvedmsqnsm@f acPpPaqer. rﬁwferablb'éher abl y
at nost g 0 | rotei n,
accordi ng (@Oﬁ%ﬁﬁh |a§\€ﬂé fioﬂr%rewsg'!ésém %11%%94 ?%%ge“ﬁfgn%ui r\%ﬁl' %/aély {gh%s?g uction
of anti bty arpbonftotalaﬂwlcddlynmwmefembm Fbledl prloeimateordihg yo tlmouvantwrg ifel dI
or the recp t .Fel. pro uced accar VP, pr esent
i nventi 6> Fb%p??u%neg "y IVW? (ﬁmuoﬁh(ﬁa &t r%g g?mfo aﬁx%m&rhregn? ' elat]%er lr}g%d

her ei n, natefally scdudrirg Hbﬂ)ﬂypetﬂlé rcﬁbembmamrﬂel;dhg; moduatd mcarzdtng\telEycAd\(b]PEE S§bfng of,
at Ieash}eone nti enl c site of Fel dl . Typically and preferably, the term

" Fel Apve 'é%n used herein, refers to a pol ypeptide conprising or
alter nat[(pozse y COrel sili figgn@nt:aThd eaaﬁlt “He\mnaﬁagrg@m @s SkddeBerin, neftrsdb. a

Pr ef er abl anti enl C sjites e cqval en | i nked, furt her erably
the ant PYSRFRIds cpmarsing of Aligeaativ gly S %@asaé)aﬂaa%ge&&nﬂte ?fﬁﬁ%ﬂ Ich case

a spacermypieiIWesid frifraBR kHBaBint “Bdl tde SfrdgBiént? &as RE&TRSein, el £102D bdypeptide
comprising or alternatively consisting of at least two antigenic sites of Fel d1. Preferably the
antigenic sites are covalently linked, further preferably the antigenic sites are linked by at least
one peptide bond, in which case a spacer between the antigenic sites may be needed. Preferably
the at least two antigenic sites derive both from the chain 1 of Fel d1 and from the chain 2 of
Fel d1. Preferably the Fel d1 fragment, as defined herein, consists of at most 130, even more
preferably at most 100, still more preferably 60 amino acids in total. Typically and preferably,
the Fel d1 fragment is capable of inducing in vivo the production of antibody specifically
binding to either the naturally occurring Fel d1 or the recombinant Fel d1 as produced
according to EXAMPLE 5 of the present invention.

[0033] Linked: The term “linked” (or its noun: linkage) as used herein, refers to all
possible ways, preferably chemical interactions, by which the at least one first attachment site
and the at least one second attachment site are joined together. Chemical interactions include
covalent and non-covalent interactions. Typical examples for non-covalent interactions are

ionic interactions, hydrophobic interactions or hydrogen bonds, whereas covalent interactions



the at least two antigenic sites derive both fromthe chain 1 of Fel dl and
fromthe chain 2 of Fel dl. Preferably the Fel dl fragnent, as defined
herei n, cwowei®73D at nost 130, even nore preferably arcmEroo@6ns4sti|l |
nore preferably 60 am no acids in total. Typically and preferably, the Fel
dl fragment is capable of inducing in vivo the production of antibody
specifically binding to either the na?urally occurring Fel dl or the
reconbi nant Fel dl as produced according to EXAMPLE 5 of the present
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attachment site and the at | éast one second attachnent site through
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with Fe httaa%hmolﬁt slﬂeetylprcaﬁmand)praﬁara‘téy F dmd}aotcxmpssarslys asegseaminalatiyg redisl st s of
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i nker + TP T ke R s L PR BT o R StRE oA Bt BBt ai ns at
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I nvention. The am no acid resi dues of the lin ar e, preferabl , .conposed

of nat uﬁ%ﬁiff gr Banatprgl |qq§n%_ﬁq1¢ﬁ) own in the art, all-LL or all-D or mixtures thereof. Further
preferred embodiments of a linker in accordance with this invention are molecules comprising a

sulfhydryl group or a cysteine residue and such molecules are, therefore, also encompassed
within this invention. Further linkers useful for the present invention are molecules comprising
a C1-C6 alkyl-, a cycloalkyl such as a cyclopentyl or cyclohexyl, a cycloalkenyl, aryl or
heteroaryl moiety. Moreover, linkers comprising preferably a C1-Cé6 alkyl-, cycloalkyl- (C5,
C6), aryl- or heteroaryl- moiety and additional amino acid(s) can also be used as linkers for the
present invention and shall be encompassed within the scope of the invention. Association of
the linker with the Fel d1 of the invention is preferably by way of at least one covalent bond,
more preferably by way of at least one peptide bond.

[0035] Ordered and repetitive antigen array: As used herein, the term "ordered and
repetitive antigen array" generally refers to a repeating pattern of antigen or, characterized by a
typically and preferably high order of uniformity in spacial arrangement of the antigens with

respect to virus-like particle, respectively. In one embodiment of the invention, the repeating



acids or unnatural amno acids known in the art, all-L or all-D or m xtures
thereof. Further preferred enbodi nents of a |inker in accordance with this
i nvent i orwaneoemiasoul es conprising a sul fhydryl group orca/mpPgaies0ses resi due
and such nol ecules are, therefore, also enconpassed within this invention.
Further linkers useful for the present invention are nolecul es conprising a
Cl-C6 al kyl -, a cycl oal kyl such as aéﬁyclopentyl or cycl ohexyl, a
cycl oal kenyl, aryl or heteroaryl noiety. Mreover, |inkers conprising
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to 10 nanoneters, even again nore preferab nanoneters, and further
nor e pr eblypnitniy mac@matecilenerniomeumnestunulito38ipstrzcck saebc eftlesed drynthe pélck aged”
as used . r t o] eJall : =1ol
minos P ol PESEAE 0o Al bibelle RuRQIR PRHAIMRERERE B o0 as
used heembodiinmath, tbest 1edsholicrppltah@hicmeacrdneo]l goleadremmunestigulatdyy salisentasas | y
couplin or _noncoyal,egt . Lonic interactions, hydrophobic
I nterac ?%(ﬁ%e,d lﬁ%}gr%ﬁgﬁ‘gb%%sgggféé?béyl neontcé)?'%mglmsaonn Thcl udes the encl osenent,
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macr onol %L{IE or imrmunostinul atory substances is packaged inside the VLP,
nmost pré& eréliy i n a non-coval ent manner. [0037] Spacer: The term "spacer"”,

as wel | [@sg]ts equinkalpgiitley THeE forine M"Pirysa Phrfitle® Cdsd usdIaGBlein réersUSEdhdier ei n,

refers to a stretch of ami no_acid sequence, which is not nore than 30
morphological form of a virus. In some virus types it comprises a genome surrounded by a
protein capsid; others have additional structures (e.g., envelopes, tails, etc.).
[0039] Virus-like particle (VLP), as used herein, refers to a non-replicative or non-
infectious, preferably a non-replicative and non-infectious virus particle, or refers to a non-
replicative or non-infectious, preferably a non-replicative and non-infectious structure
resembling a virus particle, preferably a capsid of a virus. The term “non-replicative”, as used
herein, refers to being incapable of replicating the genome comprised by the VLP. The term
“non-infectious”, as used herein, refers to being incapable of entering the host cell. Preferably a
virus-like particle in accordance with the invention is non-replicative and/or non-infectious
since it lacks all or part of the viral genome or genome function. In one embodiment, a virus-
like particle is a virus particle, in which the viral genome has been physically or chemically
inactivated. Typically and more preferably a virus-like particle lacks all or part of the
replicative and infectious components of the viral genome. A virus-like particle in accordance

with the invention may contain nucleic acid distinct from their genome. A typical and preferred



am no acids, and which links the N-term nus of one chain with the
C-term nus of another chain ofFel dl. [0038] Virus particle: The term
"Vvirus pawoiedeiy7ss used herein refers to the norphol ogipcalErb@wnvasis a
virus. In sonme virus types it conprises a genone surrounded by a protein
capsid; others have additional structures (e.g., envelopes, tails, etc.).
[0039] Virus-like particle (VLP), as ﬂsed herein, refers to a
non-replicative or non infectious, ferably a non-replicative and
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phage: As used herein, the term"virus-Ilike ﬁartlcle of
however, also encompass virus-like particles of RNA phages, in which the aforementioned

gene or genes are still present but inactive, and, therefore, also leading to non-replicative and/or
non-infectious virus-like particles of a RNA phage. Preferred VLPs derived from RNA-phages
exhibit icosahedral symmetry and consist of 180 subunits. Within this present disclosure the
term “subunit” and “monomer” are interexchangeably and equivalently used within this
context. In this application, the term “RNA-phage” and the term “RNA-bacteriophage” are
interchangeably used. Preferred methods to render a virus-like particle of a RNA phage non
replicative and/or non-infectious is by physical, chemical inactivation, such as UV irradiation,
formaldehyde treatment, typically and preferably by genetic manipulation.

[0042] One, a, or an: when the terms “one”, “a”, or “an” are used in this disclosure, they
mean “at least one” or “one or more” unless otherwise indicated.

[0043] The amino acid sequence identity of polypeptides can be determined

conventionally using known computer programs such as the Bestfit program. When using

Bestfit or any other sequence alignment program, preferably using Bestfit, to determine



a RNA phage" refers to a virus-like particle conprising, or preferably
consisting essentially of or consisting of coat proteins, mutants or
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[0046] Any virus known in the art having an ordered and repetitive structure may be
selected as a VLP or a virus particle of the invention. Illustrative DNA or RNA viruses, the coat
or capsid protein of which can be used for the preparation of VLPs have been disclosed in WO
2004/009124 on page 25, line 10-21, on page 26, line 11-28, and on page 28, line 4 to page 31,
line 4. These disclosures are incorporated herein by way of reference.
[0047] Virus or virus-like particle can be produced and purified from virus-infected cell
culture. The resulting virus or virus-like particle for vaccine purpose should be preferably non-
replicative or non-infectious, more preferably non-replicative and non-infectious. UV
irradiation, chemical treatment, such as with formaldehyde or chloroform, are the general
methods known to skilled person in the art to inactivate virus.
[0048] In one preferred embodiment, the core particle is a virus particle, and wherein

preferably said virus particle is a virus particle of a bacteriophage, and wherein further



[ 0045] This invention provides conpositions of the invention conprising:
(a) a core particle with at |east one first attachnent site, wherein said
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mutants or fragments thereof. VLLP comprises or consists of more than one amino acid sequence
is referred, in this application, as mosaic VLP.

[0052] The term “fragment of a recombinant protein” or the term “fragment of a coat
protein”, as used herein, is defined as a polypeptide, which is of at least 70%, preferably at least
80%, more preferably at least 90%, even more preferably at least 95% the length of the wild-
type recombinant protein, or coat protein, respectively and which preferably retains the
capability of forming VLP. Preferably the fragment is obtained by at least one internal deletion,
at least one truncation or at least one combination thereof. The term “fragment of a recombinant
protein” or “fragment of a coat protein” shall further encompass polypeptide, which has at least
80%, preferably 90%, even more preferably 95% amino acid sequence identity with the
“fragment of a recombinant protein” or “fragment of a coat protein”, respectively, as defined
above and which is preferably capable of assembling into a virus-like particle.

[0053] The term “mutant recombinant protein” or the term “mutant of a recombinant protein”

as interchangeably used in this invention, or the term “mutant coat protein” or the term “mutant



group consisting of: a) RNA phages; b) bacteriophages; c) Hepatitis B
virus, preferably its capsid protein (Urich, et al, Virus Res. 50:141-182
(1998)) owoioes/®msbace protein (WD 92/11291); d) neasl epCrinPa@evsanes, et
al., Gene 160:173-178 (1995)); e) Sindbis virus; f) rotavirus (US 5,071, 651
and US 5,374, 426); g) foot-and-nouth-di sease virus (Twoney, et al., Vaccine
13: 1603 1610, (1995)); h) Norwal k vi rlis (Jl ang, X., et al., Science

250: 1580 1583 (1990); Matsui, S. M, J. din. Invest. 87:1456 1461
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alterations. The invention further includes compositions and vaccines, respectively, comprising

HBcAg polypeptides which comprise, or alternatively consist of, amino acid sequences which
arc at least 80%, 85%, 90%, 95%, 97% or 99% identical to SEQ ID NO:21.

[0056] In one preferred embodiment of the invention, the virus-like particle of the
invention comprises, consists essentially of, or alternatively consists of, recombinant coat
proteins, mutants or fragments thereof, of a RNA-phage. Preferably, the RNA-phage is selected
from the group consisting of a) bacteriophage Qp; b) bacteriophage R17; c) bacteriophage fr; d)
bacteriophage GA; ¢) bacteriophage SP; f) bacteriophage MS2; g) bacteriophage M11; h)
bacteriophage MX1; 1) bacteriophage NL95; k) bacteriophage f2; 1) bacteriophage PP7 and m)
bacteriophage AP205.

[0057] In one preferred embodiment of the invention, the composition comprises coat
protein, mutants or fragments thereof, of RNA phages, wherein the coat protein has amino acid
sequence selected from the group consisting of: (a) SEQ ID NO:1; referring to QB CP; (b) a
mixture of SEQ ID NO:1 and SEQ ID NO:2 (referring to QB A1 protein); (c) SEQ ID NO:3; (d)



Hepatitis B virus. The preparation of Hepatitis B virus-like particles have
been di sclosed, inter alia, in W 00/32227, WO 01/85208 and in WO

02/ 056905voAukdmesodocunent s are explicitly incorporat edCapetos/obos4svay of
reference. Qther variants of HBcAg suitable for use in the practice of the
present invention have been disclosed in page 34-39 WO 02/056905. [0055] In
one further preferred enbodi nents of the invention, a lysine residue is

i ntroduced into the HBcAg pol ypepti del,5 to mediate the linking of Fel dl of
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however, subunits not linked via disulfide bonds to other subunits within the capsid, or

incompletely linked. The capsid or VLP of Qp shows unusual resistance to organic solvents and
denaturing agents. Surprisingly, we have observed that DMSO and acetonitrile concentrations
as high as 30%, and guanidinium concentrations as high as 1 M do not affect the stability of the
capsid. The high stability of the capsid or VLP of Qp is an advantageous feature, in particular,
for its use in immunization and vaccination of mammals and humans in accordance of the
present invention.

[0062] Further preferred virus-like particles of RNA-phages, in particular of Qp and fr
in accordance of this invention are disclosed in WO 02/056905, the disclosure of which is
herewith incorporated by reference in its entirety. Particular example 18 of WO 02/056905
gave detailed description of preparation of VLP particles from Qp.

[0063] In another preferred embodiment, the VLP of the invention is a VLP of RNA
phage AP205. Assembly-competent mutant forms of AP205 VLPs, including AP205 coat

protein with the substitution of proline at amino acid 5 to threonine, may also be used in the



[0058] In one preferred enbodi nent of the invention, the VLP is a npsaic
VLP conprising or alternatively consisting of nore than one am no acid
sequence,wpned@adshy two am no acid sequences, of coat PpPCUEPRIVE/060845 ants or
fragnents thereof, of a RNA phage. [0059] In one very preferred enbodi nent,
the VLP conprises or alternatively consists of two different coat proteins
of a RNA phage, said two coat proteins have an am no acid sequence of SEQ
ID NO 1 and SEQ ID NG 2, or of SEQI1I5 NO 6 and SEQ ID NO 7. [0060] In
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AP205 VLPs, i ncl udi ng AP205 coat

vaccine.

[0065] In one preferred embodiment, the compositions and vaccines of the invention
have an antigen density being from 0.5 to 4.0. The term “antigen density”, as used herein, refers
to the average number of Fel d1 of the invention which is linked per subunit, preferably per
coat protein, of the VLP, and hereby preferably of the VLP of a RNA phage. Thus, this value is
calculated as an average over all the subunits or monomers of the VLP, preferably of the VLP
of the RNA-phage, in the composition or vaccines of the invention.

[0066] VLPs or capsids of QP coat protein display a defined number of lysine residues
on their surface, with a defined topology with three lysine residues pointing towards the interior
of the capsid and interacting with the RNA, and four other lysine residues exposed to the
exterior of the capsid. Preferably, the at least one first attachment site is a lysine residue,
pointing to or being on the exterior of the VLP.

[0067] QP mutants, of which exposed lysine residues are replaced by arginines can be
used for the present invention. Thus, in another preferred embodiment of the present invention,
the virus-like particle comprises, consists essentially of or alternatively consists of mutant Qp

coat proteins. Preferably these mutant coat proteins comprise or alternatively consist of an



protein with the substitution of proline at amno acid 5 to threonine, may
al so be used in thepractice of the invention and | eads to other preferred
enbodi nenye 20d6/MMs0i nventi on. WO 2004/ 007538 descri bes, pcum/grasdsiocosysmr i n
Exanple 1 and Exanple 2, how to obtain VLP conprising AP205 coat proteins,
and hereby in particular the expression and the purification thereto. WO
2004/ 007538 is incorporated herein by may of reference. AP205 VLPs are

hi ghly i mmunogeni c, and can be linked™ith Fel dl of the invention to
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vacci ne. [0065] In one pre erre odi nent, the conpositions and vacci nes
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antlgeq7q%2@y&%mdﬂﬁﬁﬁﬁaggwﬂﬁighBgmgﬁfers to the average nunber of Fel dl

t he i nvehtion wh 'subunit, preferably per coat protein,
of the YM®O] and HartbryRWAgihegabday prmltelmsti@vk/lal@o bEcrashaiNa tplselfiassemblasiport hi s

value is_cal cul.ated r | gLhe,s rs of the
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of the MM.enli, @kl [AkadhNaukISBSRAB7 @15@}355{1@9&6) Al‘ihmd\'{R ¢1rab1%§1r<|siogy B10L238- a
defined,n f. 1ysine resj S thel a h.,a d fi.ned topol ogy
with t h?é%ﬁpg@r PrienonGi Haky” ?&‘ﬂ‘f‘%%%@aﬁﬁ%& Ml UROiQlpgical é‘b‘ii d and
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et al. J Mol. Biol. 244:279-290, (1994)) have been disclosed. The crystal structure of several

RNA bacteriophages has been determined (Golmohammadi, R. et al., Structure 4:543-554

(1996)). Using such information, surface exposed residues can be identified and, thus, RNA-
phage coat proteins can be modified such that one or more reactive amino acid residues can be
inserted by way of insertion or substitution. Another advantage of the VLPs derived from RNA
phages is their high expression yield in bacteria that allows production of large quantities of

material at affordable cost.

[0070] In one preferred embodiment, the composition of the invention comprises at
least one antigen, wherein said at least one antigen is a Fel d1 protein.

[0071] In one preferred embodiment, the Fel d1 protein comprising or alternatively
consisting of a naturally occurring Fel d1. The primary structure of chain 1 is the sequence of
SEQ ID NO 22. Reported variants of chain 1 are Lys29-Arg or Asn, Val33-Ser, Val60-Leu.
The primary structure of chain 2 is the sequence of SEQ ID NO 23, 25 or 26. Reported variants
of chain 2 are Cys7-Phe, Phe15-Thr, Asn19-Ser, Gly20-Leu, Ile55-Val, Arg57-Lys, Val58-Phe
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[0073] In one embodiment, the recombinant Fel d1 protein comprises or alternatively

consists of chain 1 of Fel d1 and chain 2 of Fel d1, wherein said chain 1 of Fel d1 is associated
with chain 2 of Fel d1 exclusively by non-covalent bond, such as hydrophobic interactions.

[0074] In one preferred embodiment, the recombinant Fel d1 protein comprises or
alternatively consists of chain 1 of Fel d1 and chain 2 of Fel d1, wherein said chain 1 of Fel d1
is associated with chain 2 of Fel d1 by at least one covalent bond. In one preferred embodiment,
the at least one covalent bond is a non-peptide bond, wherein said non-peptide is a disulfide
bond or wherein preferably said non-peptide is a disulfide bond. For example, Chain 1 of Fel d1
and chain 2 of Fel d1 can be expressed separately and then combined under condition which
allows the correct disulfide bond formation, such as reshuffling method. Alternatively chain 1
of Fel d1 and chain 2 of Fel d1 can be expressed simultancously in one host, for example by
cloning the genes encoding chain 1 of Fel d1 and chain 2 of Fel d1, respectively, under two

promoters in one plasmid. In eukaryotic expression system, chain 1 of Fel d1 and chain 2 of Fel



| east one antigen, wherein said at |east one antigen is a Fel dl protein.
[0071] In one preferred enbodinent, the Fel dl protein conprising or

al t er nat iwelxgospomsnst i ng of a naturally occurring Fel dipCT/EPROOSOG03AS Y
structure of chain 1 is the sequence of SEQ I D NO 22. Reported variants of
chain 1 are Lys29-Arg or Asn, Val 33-Ser, Val 60-Leu. The primary structure
of chain 2 is the sequence of SEQ ID 23, 25 or 26. Reported variants of
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produce the rec ant rotein. .[0073] i nant
e D ur ® sttt Re Rl PO Buel BRuf P isitiag oh el Seg i S0e2E Bh e b NaBER g
cha:c nF2|SEQ IEENO?B (dY\b?QeDrN(Saﬁ dunat‘aa:SEQJIDQﬁoﬁeJ dl is assgm a';]eg with chai n
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2 of Fel dl, wherein said chain 1 of Fel

embodiment, said Fel d1 protein comprises or alternatlvely consists of amino acid sequence as
of SEQ ID NO:24.

[0078] WO 2004/094639 disclosed a recombinant folded Fel d1 with molecular and

biological properties similar to the natural counterpart and specifically a synthetic gene coding
for a direct fusion of Fel d1 chain 2 N-terminally to chain 1. E. coli expression resulted in a
non-covalently associated homodimer with an apparent molecular weight of 30kDa defined by
size exclusion chromatography, each 19177 Da subunit displayed a disulfide pattern identical to
that found in the natural Fel d1, and having identical fold of natural and recombinant Fel d1.
The recombinant Fel d1 reacted similarly to IgE from sera of cat allergic patients as the natural
Fel d1. Thus, this Fel d1 fusion protein mimics the antigenecity of natural Fel d1.

[0079] In one preferred embodiment the chain 1 of Fel d1 is fused via its C-terminus to
the N-terminus of chain 2 of Fel d1 either directly or via a spacer.

[0080] In one preferred embodiment, the chain 1 of Fel d 1 comprises or alternatively

consists of sequence of SEQ ID NO: 22 or a homologue sequence thereof, wherein said
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disulfide bonds are disrupted. In one further preferred embodiment, said Fel d1 protein

comprising or alternatively consisting amino acid sequence as of SEQ ID NO:24, 55 or 57, in
which at least one, preferably at least three, even more preferably at least five cysteines are
removed by substitution or by deletion.

[0083] In one preferred embodiment, the antigen of the invention comprises or
alternatively consists of a Fel d1 fragment. It is known that possession of immunogenecity does
not usually require the full length of a protein and usually a protein contains more than one
antigenic epitope, i.c. antigenic site. A fragment or a short peptide may be sufficient to contain
at least one antigenic site that can be bound immunospecifically by an antibody or by a T-cell
receptor within the context of an MHC molecule. Antigenic site or sites can be determined by a
number of techniques generally known to the skilled person in the art. It can be done by
sequence alignment and structure prediction. By way of example, one can predict possible a-
helices, turns, inter- and intra- chain disulfide bonds, etc. using a program such as Rasmol. One
can further predict sequences that are buried within the molecule or sequences that are exposed

on the surface of the molecule. Sequences exposed on the surface of the molecule are more
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C-term seimetice daheébeNuttkerndefived bir fohaxam;ﬂe,oéxhﬁshvd Imumgtaﬂmers Idethmt(duyh as via a

spacer 0080] In one preferre , e chain.l of I 1,
ROt g T A gl U e ol £ R A T T
horrg :Egg ?g(%mggme?)t Bﬁéf@}ozfnnnwﬁﬁd@gg]g}ﬁ mldéb]gﬁaicglguenmwamﬁlﬂmﬁlg gpl ohélentity
to (6] r eat t han prerer er..t han or even
more pr é?%ﬁhaswmgv@a%éwset%wsu)e : reFHFCBYfésy ﬁﬁ%@@ﬁ’wéwgéﬁﬁw +‘/?°eﬁ¥ sai d
chai n 2 @fsedgdairdt the GARIEHS RFuétc tl@sﬂt@thll&i)b ir§ lifcl9omBeHeanemnef SEQ
| D NO 53 SeS SIIE ﬁlomgp §b'€1u e)Iaélir) N(?) 26y gr lﬁmf%riollo%ggosg?jence t her eof ,
wher ei nagigeRichiifoPagtier B1SHA érpé‘ cieFainiy AYIgRRIE (S{fe(E) ISSipCEINEralgPVeRkapPIng=Q | D
NG 25 9épt§&QmaDcMs 1%@ ol 1&@@%@@&&1@@&% (é}égf‘efnePﬁNsW&rﬁatﬁés Aidipn 90%

and even nore preferab f‘% greater than 95% In one preferred
ih

embodi méif84) MISlQﬂtStf}ﬁrb ali, :§19§6}M@bﬂﬁwai%ﬁt£7ﬁ%® dl protein, wherein at
| east o yQ]DSl“ f'ﬂeoﬁ%o?&fér&dd%sl{iﬂ}&tﬂgi&?oth@ Eﬁtfg'ﬁﬁ‘béfy th@ym%ﬁti%h' Oy rﬁ@sr Gr

preferab y conservative su n, suc Cys to hr ee
i nt er - chlgratiielydonsigeobatilehgeanc) pmfcrab{y athesst i liﬁépl ﬁpimes,rfmﬂm preferabdy d 1

have beg{'ll sg %ﬁ%pfltbéedderlkfese&ongéﬁa% )) l%ﬁﬂ %&f%t’ lfa tan thge A&%&fﬁ@é ?ﬂgl Z_I.

Cys70(1)- uggesting an anl-para ion o
pepti desf F¢lidli stensen A K, et al. (1997) Biol Chem 378, 899-908). In one

preferr odi uch i sul ond of Fel
di sr upt i@)g?r‘; one urf lnrea&lve %lg §4° rﬁggclj?lave cen BPE e ougl'i‘osuhﬁ’faq:giaéloonds of
Fel provdie amd Bave bdensdmcp«bsedl in prmoramte suith bd inf US 6I2076Qrthé furth pamgiaphiofrent

|1 t h d | f di te
ot ef er r SR i et ) e ot e 167 nd I Biea e pegPorriL B
anot her bprveaf;zeffrreﬁreﬁcﬂamwmférred@fﬁboaan@i T béll epitope € IFelt &disGeletisd &bfda | N one

preferred enbodi.nen ' I proteln is a fusion protein conprising
chain 1gWPﬁ%?SISHPg8%§E§ﬁ§qﬁ 70% Fel fused either directly or via a

spacer, [oW36] €i N affe prddb@enveliidh ﬁbﬁﬂésffbld@mglﬁadj& pb&ucHig ThdgdhRsitibiofRhe

further preferred enbodi nent, said Fel Prot ein
invention comprising (a) providing a VLP with at leas one first attachment site; (b) providing

at least one antigen, wherein said antigen is a Fel d1 protein or a Fel d1 fragment, with at least
one second attachment site; and (c) combining said VLP and said at least one antigen to
produce said composition, wherein said at least one antigen and said VLP are linked through
the first and the second attachment sites. In a preferred embodiment, the provision of the at
least one antigen, i.c. a Fel d1 protein or a Fel d1 fragment, with the at least one second
attachment site is by way of expression, preferably by way of expression in a bacterial system,
preferably in E. coli. Usually tag, such as His tag, Myc tag is added to facilitate the purification
process. In another approach particularly the Fel d1 fragments with no longer than 50 amino
acids can be chemically synthesized.

[0087] In one preferred embodiment of the invention, the VP with at least one first
attachment site is linked to the Fel d1 of the invention with at least one second attachment site
via at least one peptide bond. Gene encoding Fel d1 of the invention, preferably Fel d1

fragment, more preferably a fragment not longer than 50 amino acids, even more preferably



conprising or alternatively consisting am no acid sequence as of SEQ ID
NG 24, 55 or 57, in which at | east one, preferably at |east three, even
nore prefwoablepoadsol east five cysteines are renoved by ealsprdostosmsas or by
del etion. [0083] In one preferred enbodi ment, the antigen of the invention
conprises or alternatively consists of a Fel dl fragnent. It is known that
possessi on of imunogenecity does not_usually require the full length of a
protein and usually a protein contai 72 more than one anti geni c epitope,

i . e. anfasgthan 30 smim®. acillsf is agfram¢ ligatedy calmynterpelfyt ordeefimblylie thieuff orghe@it t o
contain_at.|least one antigenic site th C b ound i nospecifigcally b
o ant 1 15 £ s 5 ARHE MeCoont bl o YEpa B ee ST YERE Rieh sl ecul o,
Ant i genithe iavdneio® o &lat proteig Mmiidntdet Ragements theyeof, tordoat profeint @ wingumse

gener al kno ot | ) erson,in the art. .can,be done b
sequencbgeéll aﬁﬁnﬂsghtma&g) 2@%@3%‘@ pfﬁeeg% dee . tOBQa%é}g Gipe Q)Z 23 lge,relﬁ Ccan
predi ct ifofpstdiddbyavaylfldferesce. turns, inter- and intra- chain disulfide
bonds, etc. using a program sych as sppl . One ¢ further predic
sequencééO%?]nat ar'g o P{egﬁfea}qﬂﬁpﬂ@ﬂgg%@kﬁ?@ear is ﬁ&éﬁ&@@rﬂﬁfﬁ- Urt8C exposed
on the guinmass of a bt PBkRC WuGntsSAOHSRNERE BXRES U RNA phScSAPI(BC ¢n Ghe t he

nol ecul e are norelikely to conprise natural antigenic site(s), and_thus are

usef ul THICHATRESTRY epRodiprat the favien prstfie urther campHses f SRREE: popind@idequence
has beeQ%éé&t R fakdae@, tht RBaPHtbieHe Hagmehth Sr WindtdHid) tHeRtoB sTEARRBCHICARDE furt her
defined by, for exanple, exhaustive nutagenesis nethod (such as al ani ne
scanni néfagmesgenesi s, Cunni ngham BC, \Wells JA. Science 1989 Jun 2;

244( 4908kigo 08 113) onBpréibikots Bfbbfimehl 4P b Lildnd IHhvenihe URE Confoiright at ed
to al anine one by one and the am no acids whose al anine nutations show

r espect compryses od alierdatiyekydéonsysts gssentialiyt ofhm sliyustlikei pasticle gathras tleashenanfitstl t ype
sequenc . j nel J . f tigenic
o to. " AAD R RRE b bieblhe el Gt Minftelol Sk of AU SRE Mo arh Pngil

over | appitaygiape astdes dohaéent boud rgeftiablyfthé covatemtbéndsie quemeepiide haml. bl a
(Ceysen, RNAS Vol 81: 3 -4002 (.1984) and Slootstra.. J.W et .al, (1996)
ol D PErared, modien: ot Bisoisans (el O, ieh Akihirt iy cofhe%anet gen o
t he i nverdférably dgmar arsies gosupa iptedaratsdy ithee hitinoogreus bf adfsigd rdsidlas.t Inoam@ther

referably at, | east t Fel dl i topes, .further preferably at .| east one
opi t ope PIATTCGeaniodimenl iof e presemipaycnion. g Seon0catBEeL S PBRHSEorl ves
f r om chatdferablpisfesulfildry] OGS prefdisbly a ediftydive gotp uka 8picinepes of Fel dl have

been ma t hroughout the Fel dl.. protein.and. haye been di sclosed in prior
arts, sﬁgﬁgbs | lbg V8‘J}’2It§9f8’§?de ephodirhiy PﬁIhf)aanala}oap © g legsh prgyfiystyaftac "ol unm
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second attachment site is a sulthydryl group, preferably a sulthydryl group of a cysteine.

[0091] In one preferred embodiment of the invention, the Fel d1 of the invention is
linked to the VLP by way of chemical cross-linking, typically and preferably by using a
heterobifunctional cross-linker. In preferred embodiments, the hetero-bifunctional cross-linker
contains a functional group which can react with the preferred first attachment sites, preferably
with the amino group, more preferably with the amino groups of lysine residue(s) of the VLP,
and a further functional group which can react with the preferred second attachment site, i.c. a
sulfhydryl group, preferably of cysteine(s) residue inherent of, or artificially added to the Fel d1
of the invention, and optionally also made available for reaction by reduction. Several hetero-
bifunctional cross-linkers are known to the art. These include the preferred cross-linkers SMPH
(Pierce), Sulfo-MBS, Sulfo-EMCS, Sulfo-GMBS, Sulfo-SIAB, Sulfo-SMPB, Sulfo-SMCC,
SVSB, SIA and other cross-linkers available for example from the Pierce Chemical Company,
and having one functional group reactive towards amino groups and one functional group

reactive towards sulthydryl groups. The above mentioned cross-linkers all lead to formation of



by way of reference. In a preferred enbodinent, T cell epitope of Fel dl is
selected froma group consisting of: SEQ ID NO 27-32. [0086] The present

i nvent i orwpross/messof or a nmet hod of produci ng the conposiPCr@mP2@i/otdses

i nvention conprising (a) providing a VLP with at |east one first attachnent
site; (b) providing at | east one antigen, wherein said antigen is a Fel dl
protein or a Fel dl fragnment, with at_|east one second attachnent site; and
(c) conmbining said VLP and said at | dst one antigen to produce said
conposi tn emjdeVtioed efter reaxiion with ltleaming gwupiatd g¢nociwd liskdgd withRha swdfhlydnyk ed
embod m8HL et SO SFosSRRRREs BpbPELIE Pt g W oFiRaS iy

pr ot ei nbpthedntr@luctiin dfaaigitide linkdge betwren tht Feladisdf tienevadonad thé VaBhpent site

is by way of ession,. preterahly by. of  expressian i rial
syt om CHEPEEFG o HOR iR pelotgndia s s Peie RSt ande SEPF R, s
added t o.CESRDI (Pickés). t he purification process. In another approach

particul arly the Fel fragments with no |l.onger than 5 m no aci ds can be
cheni cal[@ziy nt hegi@ %J?“‘[‘{ﬁ!i‘%’rfr’?“‘i'%t’\gﬂ‘%oﬁ}i’é?lﬂ?q gfot[l%mamo CoForpRiEes a

i nvent i @ifker! Pxgindefing\bfl d1sc8éndl RBSHMANSitef dnfSthe Fel ACHBOInvEitof id &chidveked to the
Fel dl of the_i1nhvention with at | east_ one second attachnent site via at

| east offte egsiatige obritnkersprricrably sanagingeat lenst ec REC iaRidewiPlln as gicardr abl y
Fel dl GrRemeR! sitd BéBrdiee i HRb ikclasukds2OMa iRhtidd "ARfeféBah a0pafa® aci ds,
even nore preferablyless than 30 amino acids, is in-frane |igated, either

i nt er nalembodimensrofthy prgsapt fyention, alinkgr iy pwsociated e thadict 1 phthe deyeatiehbndi ng

t he coa rptel t ' t f ' Qe : Lvention
e A b B e R R Al DT
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17 and | ' . . [ I .nreferred
enbod moiet Bt GRGRIRBINE ik MRS o SARERER BiSun tEitby 2 8PSHE = 1 ¢
of a coatsidoe.dhengiherprfaradsembodifeaty therand deet leder is o CyRhke phidge AP205. | n one
further erred.enbodi. ne .t.he fusion protein, further. . copnri,s a

Spacor IGRS] o1 1° SRR 4 hhF wlitip Qehpdth Shilnd WGBS AOPR odnd

nmut ant s investioapbn ite foicdRRhibal ginepeetick,educhllas pF, abarpe tistribd@Oind glyangdatiorefer r ed
enbodi ment of .t present. .inyenti o t he. co Siti C i ses or

o o nagraty Mele RETE Bad iR ars Fype bt f PBeRer st PRbosh GNPt dbe | cmnst
one fi r pteséit timvehti®n) the lihleer | don Rl of @amirio hddds twhereéh Fithed preferabllyn éhel rk@nt i on
with at | east one second attachment_site vi g‘éﬁ%bl east gne_coval elilt bond,

pr ef er aSPRFSEHR & RASH EhPETRRY 2 mostyfl Mz Pre Al0ost 5 gmino acids. In an

again preferred embodiment of the invention, the amino acid linker contains no more than 10
amino acids. Preferred embodiments of the linker are selected from the group consisting of: (a)
CGG; (b) N-terminal gamma 1-linker (e.g. CGDKTHTSPP, SEQ ID NO:58); (c¢) N-terminal
gamma 3-linker (e.g. CGGPKPSTPPGSSGGAP, SEQ ID NO:69); (d) Ig hinge regions; (¢) N-
terminal glycine linkers (e.g. GCGGGG, SEQ ID NO:59); (f) (G)kC(G)n with n=0-12 and k=0-
5; (g) N-terminal glycine-serine linkers ((GGGGS)n, n=1-3 with one further cysteine, (for
example SEQ ID NO:60, which corresponds to an embodiment wherein n=1); (h)
(GkC(G)M(S)I(GGGGS)n with n=0-3, k=0-5, m=0-10, 1=0-2 (for example SEQ ID NO:61,
which corresponds to an embodiment wherein n=1, k=1, I=1 and m=1); (i) GGC; (k) GGC-
NH2; (1) C-terminal gamma 1-linker (e.g. DKTHTSPPCG, SEQ ID NO:62 ); (m) C-terminal
gamma 3-linker (e.g. PKPSTPPGSSGGAPGGCG, SEQ ID NO:63); (n) C-terminal glycine
linkers (GGGGCG, SEQ ID NO:64); (0) (G)nC(G)k with n=0-12 and k=0-5; (p) C-terminal
glycine-serine linkers ((SGGGG)n n=1-3 with one further cysteine, (for example SEQ ID
NO:65, which corresponds to an  embodiment  wherein  n=1)); @

(G)m(S)I(GGGGS)n(G)oC(G)k with n=0-3, k=0-5, m=0-10, 1=0-2, and 0=0-8 (for example



preferred enbodi nent of the present invention, the first attachnment site
conprises, or preferably is, an am no group, preferably the am no group of
a | ysi ne we=nemzssbn anot her preferred enbodi nent of thecpmes@asicosayention,
the second attachnent site conprises, or preferably is, a sulfhydryl group,
preferably a sul fhydryl group of a cysteine. [0090] In a very preferred
enbodi nent of the invention, the at |east one first attachnment site is an
am no group, preferably an am no gro of a lysine residue and the at | east
one secSuQ I@tN@tﬁﬁmelnich girtespands & apwhibhgident wlgerre:inl p—l feéflet,akdl ymémstlr) iy dryl
group of a 00911 I n.one. preferre ventron
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Cross- |Iﬂ g referred enbodi ments, the hetero-bifunctional

cross- | nk wﬁgﬁﬁ? "ns a functional group which can react with the preferred
first ago@ehnent mefeged hﬁlEeE:f accakling v this inRentidA 406 ghiclid linkemr(€)P fgtter abl y

with the ami no groups of sine r srd of the VLP, an furthe
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artificially added to the of the invention, and gptionally al so made
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exanpl e yij Gmﬁs%d%e%ééﬁ b%%ﬁ‘é 2 RRAMYe cfk&%eh@‘ﬂeﬂﬂe&%eﬁdﬂa%ﬂa%?ént group
reactive towards am no groups and one functional group reactive towards

sul f hy dsijd, tapveidmotentiblesteaiobingdranenof tbmbtdklelr amigo kit kethg cauipling wadtiono f or mat i on
of an am ond aft | ] |'i nkage
i ih ¢ nSBTT by arini ik EARE Gibfidhch, GF ARG IP ABEPUPHRNE kel P REFEL " T
pract i cerotdin toneel d\]/e:ralgment ihs oohémﬂxct epreﬁzrmd dmybddhaenrt nthe dolkiert 1so(E|CGG dn

di sul fi ggotg e%eqrred 1men% rt:'h Eaier d! ttt}e C s O r1]1F1s| o(}rll*"le prog'al el (Lil)?

coupl i ng cross Kere Be ongrng { assP PR U

exanpl e fragher. Iarmie ﬁnihboprefeﬁeﬁaﬁﬁb&ﬁem,rthe)mkek &&9{2(]3. Innhecape eff el deﬂrotem

enbodi nen nyvent.i on h a |linker.
o nee Pl b A PogteRegng ot Mo APt R guctifis! EEbrofi Bire erbmsBhe son i s

achi evetladyvd NeteASISAOL bl twan Cabrnginisl ﬂkenmkarmﬁgeroa%sedqorﬁoai of B @wio Neast one

amno acid.suitabhle a cond at nt ordln to t dIS | osures
of thisSRERET E?rPOﬂarPthP%%otF@“mﬂ% i’ae%srrl@r Bresieirerel y gpe ? ﬁent
i nvent i @iminds bt 6HER6nd oF tRSGOU-RHARud. 0 the Fel dI of the |nvent|on by way of

at | east one coval ent bondF pref erably b¥ at | east one, typically one
pepti de [PASAH . Linking of the Fel d1 of the 1nvent10n o the VLP by using a hetero-bifunctional

cross-linker according to the preferred methods described above, allows coupling of the Fel d1
of the invention to the VLP in an oriented fashion. Other methods of linking the Fel d1 of the
invention to the VLP include methods wherein the Fel d1 of the invention is cross-linked to the
VLP, using the carbodiimide EDC, and NHS. The Fel d1 of the invention may also be first
thiolated through reaction, for example with SATA, SATP or iminothiolane. The Fel d1 of the
invention, after deprotection if required, may then be coupled to the VLP as follows. After
separation of the excess thiolation reagent, the Fel d1 of the invention is reacted with the VLP,
previously activated with a hetero-bifunctional cross-linker comprising a cysteine reactive
moiety, and therefore displaying at least one or several functional groups reactive towards
cysteine residues, to which the thiolated Fel d1 of the invention can react, such as described
above. Optionally, low amounts of a reducing agent are included in the reaction mixture. In
further methods, the Fel d1 of the invention is attached to the VLP, using a homo-bifunctional
cross-linker such as glutaraldehyde, DSG, BM[PEO]4, BS3, (Pierce) or other known homo-



Preferably, the linker conprises, or alternatively consists of, the second
attachnent site. In a further preferred enbodi nent, the |inker conprises a
sul f hydr yWwogo@up7s3pr ef erably of a cysteine residue. |n aguotEresocpsasier r ed
enbodi nent, the amino acid linker is a cysteine residue. [0093] The
selection of a linker will be dependent on the nature of the Fel dl of the
invention, on its biochem cal propertjes, such as pi, charge distribution
and glycosylation. In general, flexibt’e amno acid |linkers are favored. In
a f urt hbirfunptiena rerasstliekdoo diithefbctiohal t gneupp resstv towawdsraniine grouhe ot Carkadyl

consi sts_of afrgan cids, wherein further preferably the |inker consists of
at nost & ?S%re? erably at nost 20, nore preferably at nost 15 am no acids.
I n an a@aion] pr ef dareehbr embodineristofahe piesent imventdidngthe ddngpositiom oomdpiisds bt nker
contains, no nore than 10 aminq acids, Preferred e dj.ments.of the.linker
are. sel LTBHNEY GRFTHA SHPY O Aotk Pufcie (et ol o A R RteR, ity armn
1- 1 i nkechdnsicd] .intciablifohk]Noitein At Q@abol¥dSBese ifitedactibrs €8 Rbt@ boGdstitBomt. [Fonker

(e.g. CGGEPKPSTPPGSS P, SEQ | 1 69);. (d). | in regions; (e er m nal
i ne SHmG Bk of the A adhe Bl o thacmisgjion thmbe(arried B RopPyiHathe 5 ang
k=0- 5; Vi®)anblck@tsRingMe I YT bMNBe HIVEALIA ab b Bkplaidid-flsopPrdleinn=l - 3 Wi th one
further cysteine, exanple SEQ I D NO 60, which corresponds to _an
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1- | i nkefyspe. rgsidypR pEtispr@Gpratgny p » Bbagp ; VIchyif steriealliy allawallenfyespecifi¢ nker

(e.g. P i : - i . j ] ipkers

( Goiooe SRR BN v AyErks R irulak B o QEEIR RRBNIP Rinls RO,
gl yci nepssibilite td icolple seveabBEESNper=subBitvThis ablows ffor thh eenarstdmeifreedensé or
exanpl e %E | D NO 65, which corresponds to an enbodi nent wherein n=l)); (q)
(6 n( S) P (G oC(Gk with n=0-3, k=0-5, me0-10, 1=0-2, and 0=0-8 (for
exanpl e8] D NO Ia6eryprefelred embediporisiof the iavendod)akt Petrdl ofhies Biventiorlis k=l ,

1=1, o=l. and.nm=l). .I1n a fucther. preferred. odi nent. the |inker.is added to
the’ Nt PGS ghstgiag rete hoiie i e o fieher RS aR s 3F oSt oBct
of the it]:[i:\/f&:'Fg%) @gihetlzi)ﬁk@:?ﬁéﬂjbgﬁ Fbﬁr;&dﬁ%ih&@sigﬁwwﬁhiﬁ@ieﬂﬁdﬂdfﬁ o0thefi@entidn, & Ithe_

i nvention, referred |inkers according to this jnvention are glycine
li nkers ?S(St‘a‘f ﬁesrflgm plesoatRspteis Af thg VA-Fs ygwﬁr@as% SPQiRePagiculan ldfiR cof PRIGTHent
site, sygbgas N-term nal glycine |linker (GCGEE5) and C-termnal glycine

| i nker ( ). Further preferred enbodi ments are Cterm nal %chine-lysine

linker (WMWGC, SEQlasgriadabre, e lysine eesiduasdre gkpasehen thy sprface of the VLP

of QP coat protein. Typically and preferably these residues are derivatized upon reaction with a

cross-linker molecule. In the instance where not all of the exposed lysine residues can be
coupled to an antigen, the lysine residues which have reacted with the cross-linker are left with
a cross-linker molecule attached to the e-amino group after the derivatization step. This leads to
disappearance of one or several positive charges, which may be detrimental to the solubility
and stability of the VLP. By replacing some of the lysine residues with arginines, as in the
disclosed Qp} coat protein mutants, we prevent the excessive disappearance of positive charges
since the arginine residues do not react with the preferred cross-linkers. Moreover, replacement
of lysine residues by arginine residues may lead to more defined antigen arrays, as fewer sites
are available for reaction to the antigen.

[00101] Accordingly, exposed lysine residues were replaced by arginines in the
following QPcoat protein mutants: Qp-240 (Lys13-Arg; SEQ ID NO:15), QB-250 (Lys 2-Arg,
Lys13-Arg; SEQ ID NO:17), QB-259 (Lys 2-Arg, Lys16-Arg; SEQ ID NO:19) and QB-251;
(Lys16-Arg, SEQ ID NO:18). In a further embodiment, we disclose a Qff mutant coat protein



i nker (CGKKGG SEQ I D NO 68), GGCG a GGC or GGC-NH2 (" NH2" stands for

am dation) linkers at the C-termnus of the peptide or CGG at its

N-t er mi nuwo 2bov/yesser al , gl yci ne residues will be insert edTiereovspcoshal ky

am no acids and the cysteine to be used as second attachnent site, to avoid

potential steric hindrance of the bulkier amno acid in the coupling

reaction. [0095] In one preferred enbodlnent the linker is fused to the

N-term nus of Fel dl protein or Fel 10 fragnent In one further preferred

enbodi nmevith,oné hdditionakigsine ssidu3FB-2HB (AstotOHeys; SEQTDIN@:d6 ) sdiablic fardbtaidile | | nker

I's fused %nquthe C-termnus of Fel dl protein or Fel dl fragment. In one

further® 2°F PSRN AEEMShe |inker is GGC. In the case of Fel dl

prot ei n[eoke! d|Infdn%q&f%ﬁe&@ﬁbbcﬁﬁlbﬁtgofoﬂaetlﬁ\!&nﬂ@i WhE pIipd ef fﬂéalinﬂéhtioﬁli@h Fel
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or only one o he two C-term nus. [0 96] Linking of the Fel of the

i nvent i 6AMPrEses %I"WFOUBWOB@PW@I%H%QI@‘P geulg PQHf‘i’étq)oﬁr&fer‘thbb%“«kﬁg"ﬁk‘é?ld%lebor di ng

to the prGERA i theMRIM AR stflPRAhéRderRIbodRidnO IR ﬁé‘%ﬂﬂohf&gn&forﬁ&&uf% dl of

the invention to the VLP in an oriented fashion. ‘Other methods of |inking

t he Fel pellyglytamigiecid sndéaspplyaspersicapid- VLP i ncl ude met hods wherein the Fel dI

of the gy [ t d

and NHS[ ﬁe F%S‘gﬁla%}% ﬁ?ig% illdr%\%gﬁtAl F\Jfér%gblygaFtnld lgfa%lc%dgt% ]%ﬁt%%?a%égég}t ﬁ’?ou h

r eact i ofiiee bHhost RA:NH |pzcfovably b@ﬂTmcle@A@MSC) ps bsedrhetelm, aéfamsdo thethamdat ofjhosbf t he

i nventi e o] f L4 p e VLP

s Fol | S b apBCREE MifbisHbids ohENE 35 oV s SO BRa abdld

of the pmﬁ’c&alﬂy @rleds Shane3@qige frefidrabily Ielsethdfl |) pgrmsare presdrablytess thak &0l pgyidvin a

het er o- bi functi onal cross-Iinker conpr|5|ng a cysteine reactiyve nnlety and

t her ef ofOTHPE(sTaRpi 5t than § egsrenmercgreisrablyrar Handots ¥R P SIRiTate et i ve

tovar ds gey st ﬂ Afost ﬁ%fe%ﬁislessttﬁanr’\@yg k]perr Iﬂf'g 5&11@&/@1’ eﬁo£ &ds vild Rithih % desent i on

can react, such as described ab Optional I'y, lTow anmounts of a reducing
agent amenfionst uehatext, nrefire to ethet h@h imi whighethe| NLPuist mpmhmaﬂtb’dsprod!lt@ Fel dI

cr oss | (RPN ool ARG}, bEimoller Ky Bl PR LERR o,

known h mmmb iskillad persorain the eg.sTHa uyklealsaanrdfexfadrmmhmh@I deg:mmuqe ghe araaunt v

t owar ds ) car boxyl u h VLP.. 971].
erbod: mEnvk TP’ Bidtie ARt HaRRRs b G Bedtrl, ik s (b in
aI t er naExuaply 1¢ @lﬁﬂiesRGl‘/EBxE)llOSﬁomﬁleﬂ o Ov¢i §, L17$)05 byﬂammblaedlgleb.l Idkeidalf 0 Fel

of the .jnventjon a.chem cal .i cti.o wh SN | east o of
these | ﬁ‘f‘gta{i\élf ?ngl%o']lsvéng@o%F qg&;&rll g mflferaﬁy use rlthe &3‘ Eermlnatlon ofr{ﬁe

amount of RNA, preferably nucleic acids, for inventive compositions comprising VLPs other

than Q. The modifications of the conditions eventually needed are within the knowledge of
the skilled person in the art. The numeric value of the amounts determined should typically and
preferably be understood as comprising values having a deviation of + 10%, preferably having
a deviation of + 5%, of the indicated numeric value.

[00104]  Polyanionic macromolecule: The term “polyanionic macromolecule”, as used
herein, refers to a molecule of high relative molecular mass which comprises repetitive groups
of negative charge, the structure of which essentially comprises the multiple repetition of units
derived, actually or conceptually, from molecules of low relative molecular mass. A
polyanionic macromolecule should have a molecular weight of at least 2000 Dalton, more
preferably of at least 3000 Dalton and even more preferably of at least 5000 Dalton. The term
“polyanionic macromolecule” as used herein, typically and preferably refers to a molecule that
is not capable of activating toll-like receptors. Thus, the term “polyanionic macromolecule”

typically and preferably excludes Toll-like receptors ligands, and even more preferably



exanple, linking of the VLP to the Fel dl of the invention can be effected
by biotinylating the VLP and expressing the Fel dl of the invention as a
strept aviwonedaumron protein. [0098] One or several anti gem/Eredosocises, | .e.
Fel dl of the invention, can be attached to one subunit of the VLP,
preferably of RNA phage coat proteins, preferably through the exposed

| ysi ne residues of the coat proteins (;}f RNA phage VLP, if sterically

al l owabl e. A specific feature of the ALPs of RNA phage and in particul ar of
the @ @u&enmretachdML Frnmsndshmslatolnse spmmcdm lsuld.hy ag d‘oddlkpl ecq@rerl@lamknt i gens
per subunit . Thi enerati S r
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i nvent i Gpolyhidnid kﬁdoﬂioh:cﬁie’(:}astueed’lhemES irefere, to hamomgulbethat Bdebe kapableof her t he
N-term nus .or the. CG-term.nus, of the F of the i.nvention, or. a .natural
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to an aftdlfen, Hese RNAjpeferably; sk auchgie @ﬁdﬁaw e chesy R A-rprefseblyr besk - | i nker

are | ef LuMéit Beids O @Steinh HRY RN’R' Fektlyphdstmitest 4st Benh @ec@ﬁﬂa?ﬁstﬁfc%@ after
the derivatization step. This |eads to di sappearance of one or several

posi ti vas Bied hefem, rofis @Hh%%vaer Rieferablyenvecksic aptsls,tth@ ascoriginally synthasigedbabi ity
of the ‘tﬂe%ostBh‘lé%RWAa em&abw HEe1QE aLilke Iﬂaysmf‘evéreﬁﬁd%kﬁcg\éﬂg}xcgle zggdgi\rl @hyfml as in

t he di scl osed coat protein nutants, Wwe prevent
di sappesghangessdunthg fogirecedure ofrgdeping asichménatingthg ragiowit|of RN&s préfiesablyiouolaie r eact

W th thepl %{pgésalﬁlg%nﬁ E)Pe?e?aqlggg‘%{ & of R fQUEHy %‘d PEQnpR], theYsthel 6 theS! dues

by argininé ues ma nore de |ne |gen arpréys as fewer
sites aRéTAa\méfbran'enubbrc geglsc toap e tshortened anthegiemnd{w(smdt]lreﬁthumfdnngcy,

exposed resi dues re. re b m n in.the fpll ng_ Qocoat
or ot o n HiEd;foulch N5 fesuﬂt? RO SEpei il AP odficbd of ot RAAS:
LysI 3- AhmtnﬁiEE@c hE&INGC 17) , - 259 (Lys 2-Arg, Lysl6-Arg; SEQ ID NO 19) and

& mut alt ek Q?l@%@?%%oa’%egn@e b R B copod pent, e fsel ose a

10 Lys; coifdise® biNEhcl GLP havid Eh@&lbsedﬁ@PCQ’KHRQOOIS/O@OOQ'ﬁledf‘HygﬂﬂeI’sarﬂtemighye airays of

antigen 0010 In_one preferred. enbodi nent of the. i ventl t he VLP of
t he ?nvéﬁq[b }, é)]()S and thus tBe ent?re apl()jhcatq:[))n % incorporated herein y way o reference

Reducing or eliminating the amount of host RNA, preferably host nucleic, minimizes or
reduces unwanted T cell responses, such as inflammatory T cell response and cytotoxic T cell
response, and other unwanted side effects, such as fever, while maintaining strong antibody
response specifically against Fel d1.

[00107] In one preferred embodiment, this invention provides a method of preparing the
inventive compositions and VLP of an RNA-bacteriophage — Fel d1 of the invention, wherein
said VLP is recombinantly produced by a host and wherein said VLP is essentially free of host
RNA, preferably host nucleic acids, comprising the steps of: a) recombinantly producing a
virus-like particle (VLP) with at least one first attachment site by a host, wherein said VLP
comprises coat proteins, variants or fragments thereof, of a RNA-bacteriophage; b)
disassembling said virus-like particle to said coat proteins, variants or fragments thereof, of said
RNA-bacteriophage; c¢) purifying said coat proteins, variants or fragments thereof, d)
reassembling said purified coat proteins, variants or fragments thereof, of said RNA-
bacteriophage to a virus-like particle, wherein said virus-like particle is essentially free of host

RNA, preferably host nucleic acids; and e) linking at least one antigen of the invention with at



reconbi nantly produced by a host and wherein said VLP is essentially free
of host RNA, preferably host nucleic acids. In one further preferred

enbodi nenvo 20dwoocsnposi tion further conprises at | east eoe/APISAHISINI C

macr onol ecul e bound to, preferably packaged inside or enclosed in, the VLP.
In a still further preferred enbodi nent, the polyanionic macronolecule is
pol yglutam c acid and/or polyaspartic acid. [00103] Essentially free of
host RNA, preferably host nucleic acidds: The term "essenti al | y free of host
RNA, pr d&dastr @dol s;cdndytttactumnesm tcsaits VLA sobtesisd ﬂtmnstep (d) dhearﬁlrthcr proferreadrount  of
host RNA o ch anount
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RNA, pr &P8, egv%ﬁrm Breferably; te lmla%osreﬁlgf%m gubsigressigja Qf%ldqﬁé BT tigandne art .
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nucl ei ¢ acids, in accordance with the present invention is_described in
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preferably, used for the déterm nation of the amount fg RNA, preferably

nucl ei c ua@fthglated §pGr w@mmg/ehgs)@wwdﬁq @nd (1@ @rp Mgy of/pubstapgerefr(ak Kn Qb.
The nodgggl@?t(é)ogf (@f guigi@ondl tions eventually needed are within the
e

know ed rson in the art. The nuneric value of the
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of hlgh at|v Iar rLs£3,48P et| 0
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repetitiOpt mcﬁuﬂjlmmlmodﬁnmlmery nualetolelds yhaodo nmrmﬁtpmmahieghylafed@p(}mbta‘thabes of

| ow rel cu ol yan Iecyle shoul,d hav

ol eoul Benisclied B hE pritat rossBEpbar vd T2 L Tk T ittt s BeE: *3000

Dal It on hedingifdts 004 fhloléélﬂif: edstalisdsyd oﬁl(i;&hrlﬂv &la&tenﬁﬁﬁﬁke@fﬂlldn@ﬂlers-ﬁhﬁléoﬁﬂm) It f
po yanlonlc HBCYO ecu e S lUse reln, I ca n pr rerers

to a nofdisafes amplgeu agclﬁa% ey%lm S@?J‘ 3&% PQI&F‘iIeKG atSBF‘?“){‘F ER@hPE@@ @ﬁgty Thus,

t he ter mug)eliychatiestides i Ghichided RGHinghe definition of nucleic acid. The bond between the

nucleotides is typically and preferably phosphodiester bond. Nucleic acids comprising

modifications of bonds, for example, phosphorothioate bond, are also encompassed by the
present invention.

[00110] In one preferred embodiment, the immunostimulatory substance is mixed with
the recombinant VLP. In another further preferred embodiment, the immunostimulatory
substance is bound to, preferably packaged inside, the VLP of the invention.

[00111] Detailed descriptions of Immunostimulatory substance, particularly
immunostimulatory nucleic acid, more particularly oligonucleotides comprising unmethylated
CpG have been disclosed in WO 03/024480, 03/024481 and PCT/EP/04/003165. Methods of
mixing the immunostimulatory substances with the VLP-antigen have disclosed in WO
03/024480. Methods of packaging the immunostimulatory substances inside the VLP have been
disclosed in WO 03/024481. The entire applications of WO 03/024480, 03/024481 and
PCT/EP/04/003165 arc therefore incorporated herein by way of reference. VLP can generally

induce and/or enhance the immune system. However, the term “immunostimulatory substance”,



typically and preferably excludes Toll-like receptors |igands, and even
nore preferabl yfurthernore excludes i mmunostinul atory substances such as
Tol | -1i kewoeo@esss | i gands, i munostinul atory nucl ei ¢ 2CTEP2008060845

| i popol ysacchrides (LPS). More preferably the term "pol yani onic

macr onol ecul e” as used herein, refers to a nolecule that is not capabl e of
i nduci ng cytoki ne production. Even aige preferably the term "pol yani onic
macr onol ecul e excl udes i mrunosti nul &t’ory substances. The term
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exanple, the size of t pre erably nucleic aC|§ may be shaortened or
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t he anp@prur prOTREoRISMpPTaBRAsly pr efiRs thﬂ_qﬂnwaet@tlen o€ the dnvgntive cpmppsiy B¢ 055009
filed by rﬁlh%dﬁim e rh@l%lrpﬂ:fégzw)g spéclﬁgggrﬁuﬁi%gs 508 it BEnE Rshde or

appllcatlon I's 1 ncorporated herein by way of reference. Reducinhg or
el i mi nasubstpnedséhat pldem gensfation of a BppaL ipthe hegt ahlich whentcombinké with the veceinges or

reduces aHJ‘iiﬂ@&el%@utTca&%xﬁ oo HopEdtively. 6 V\gﬁr{aéeegi i!g@é ﬁ%ﬂ il sz)vﬁﬁlf!)r neyRPnse and

cyt ot oxi c respo such as fever,
whi | e rrmommhalilqegllmmWsmnm body response specifically against Fel dl

[ 00107] ne preferred enb invention.. ow de od oi‘
prepari r[u(égd]tl %]e i nvlgnﬁ1 ?ti\;?‘?ar p(r:%rp(%seln%m?)glﬁnse néﬂﬂg V\%ﬁyle RRY 5‘606%?%8 V%]%e - Fel
dl of tiA: edweetapécos, feaher of rthesqxrﬂeﬁthvemone[sotﬂm hight in)mmrogehm@d ohytha host

and wherein said VLP is ssent e of.. host
e e e Sposdioncienits i 1R AR BROO Ryl 1R 200i0BRE of Ak sl BAY ka8
\él rus- | I[)k@mﬂ):fididcmd:m}e oYkit em':dtdhe&hng east uding of hdjﬁ¢an&t Thaahthe Qﬂ?ﬁilﬁtﬁtl@y a
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t o sai dof@adjuRhOlofhd SameVRibrd Phidr Rf céﬁmb&lsly@raﬁ?@f the @fimf@itidtion of the

vaccine.

[00115] The invention further discloses a method of immunization comprising
administering the vaccine of the present invention to a human and to non-human mammal, such
as dog or cat. Without the intention to limit the present invention by the theory, injection of the
vaccine composition of the invention to a cat may neutrolizing Fel d1 and therefore reducing
the amount of Fel d1 in cat saliva.

[00116] The vaccine may be administered by various methods known in the art, but will
normally be administered by injection, infusion, inhalation, oral administration, or other
suitable physical methods. The conjugates may alternatively be administered intramuscularly,
intravenously, transmucosally, transdermally, intranasally, intraperitoneally or subcutancously.
Components of conjugates for administration include sterile aqueous (e.g., physiological saline)
or non-aqueous solutions and suspensions. Examples of non-aqueous solvents are propylene

glycol, polyethylene glycol, vegetable oils such as olive oil, and injectable organic esters such



RNA- bact eri ophage; c) purifying said coat proteins, variants or fragnents

thereof; d) reassenbling said purified coat proteins, variants or fragnents

t her eof , wbD 28@i/@d788NAbact eri ophage to a virus-1|ike parti ece/Eredvsneisas sai d

virus-like particle is essentially free of host RNA, preferably host

nucleic acids; and e) linking at | east one antigen of the invention with

at| east one second attachnent site tg, said VLP obtained fromstep (d). In a

further preferred enbodi nent, the reég%enbling of said purified coat

pr ot ei nss cthgk oleate. iiamiersi pagerbisive drdseingsodan hesused foeintmeasei skint peemeabdseand of at

| east on&mgqnxﬁ or Hacronnlecule [ 00108] In one preferred enbodi nent,

t he conp05|f fﬂg "Hvention further conpri ses at | east one
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m xtures of substance of (a), (b), (c), (d (e), (g9), (h (i).
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acid of bacterial origin; (b) a nucleic acid of viral origin (ci a nucleic
aci d coapt b@pﬂgls%m%yplat%am@@%ﬂy,fthe gampositign QHthe PEseny RISBLGAEIVEY ) a

single o' 1@%@ r ff&q'afda)'l'hq rQ#Sﬁs%b uﬁﬁéégln% rtﬁ,ed&ftalo ﬁ&@ﬁ%ﬂﬂh@&%ﬁo&@ mot i f.

| munostinul atory nucl eic acids that do ‘not Contaln nrret hyl at CpG not i f
have beerd hhns@thgsmsiufptwntovﬁ&lﬁomtlb@dl@ss 2 mafop corapamaenslie allargin@@H@BO72. The term

" | ej . d" , |
coval ont1 H nied oS ebePE B hepli FloBichPa PrafuEHLE GRIRARR o Bbrohd 2l 1 o
nucl eot mlutecs)nmositlokoess tanght in elﬁeepreiscmt alvsqmml dndcanlaecgﬂtdbleophatm@eymoabwner Thus,

ol i gonugl.eot i des i.ncl hi_n e defini.tion of .nucl ek The
bond bet%en apstie Gf e ddyen ﬁ%ns‘sﬁ\‘ﬁ“‘?“tfré%??né% Vidpads i Pl |‘°‘y°‘pnhos gb‘g“ster

bond. Noaitgihe salis) bisffet) mﬁjmvmts; g)r ot butsahcas nshjcﬁ atecdesligabld for imp@Iingeahe
phosphor hi oat.e,bond, a enc by.th resent inventio
001507 cfioisng” s Eriueiee JTPIEnt. AR AR TIPS dP yPISPSEEngE. | o
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the i nosti mul at ory substanc y packaged i nsi de,
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| munos{agTudat or YrHeURSnBHNE Rachesth prdebds@be Producing the composition of the invention

comprising the steps of: (a) providing a core particle with at least one first attachment site,

wherein said core particle is a virus-like particle or a virus particle; (b) providing at least one
antigen with at least one second attachment site, wherein said at least antigen is a Fel d1 protein
or a Fel d1 fragment, and (c) combining said core particle and said at least one antigen to
produce a composition, wherein said at least one antigen and said core particle are linked
through the first and the second attachment sites.

[00120] In a further preferred embodiment, the step of providing core particle with at
least one first attachment site comprises further steps: (a) disassembling said core particle to
coat proteins, mutants or fragments thereof, of said core particle; (b) purifying said coat
proteins, mutants or fragments thereof; (c) reassembling said purified coat proteins, mutants or
fragments thereof, of said core particle, wherein said core particle is essentially free of host
RNA, preferably host nucleic acids. In a still further preferred embodiment, the reassembling of
said purified coat proteins is effected in the presence of at least one polyanionic macromolecule

or at least one immunostimuolatory nucleic acids.



i mrunostinul atory nucleic acid, nore particularly oligonucl eotides

conpri sing unnet hyl ated CpG have been disclosed in WO 03/024480, 03/024481
and PCT/ BRPOQ4édi03B65. Met hods of mi xi ng the i mMmunost i nulPatr@pyosobminnces
with the VLP-antigen have disclosed in WO 03/024480. Met hods of packagi ng

t he i munostimul atory substances inside the VLP have been disclosed in WO
03/024481. The entire applications of, WO 03/024480, 03/024481 and

PCT/ EP/ 04/ 003165 are therefore incorpgdr ated herein by way of reference. VLP
can genévHRlly i nduoesec aspdétothe ameatianeprovidesi amethed sfnssingrthe édonpmsitions offthe t er m

| mmnosl}vie&'ignall'oor 1.3VS¢.3utE:ris t e?‘n%?o%"tteaaan u%aetd ﬂléli ; h{-nnat hae Sl n%v c)a(r%' Ofre}epaibf aid
appl i catll on, rel 8re roean mmunost ft af%’ry S I5S e & R8T B8 ngyt?'ue VLP
used f omairineal israteintanvea degiposi tions, rather in addition to said VLP.

[00112] . The,inclusion of | nost.i mul at ory subst ances, . pref erapl

| oinosd Tl oy R 8 et MR HEeng Seerhed i RiFe B St GmpRiRas oy
dL i veﬁ olR@ichiitAtNR iR8RO BR&, tHeVivdlton Plovides ﬁﬁl‘tﬁeﬁseadi‘fdthé hemp&yt(ijosluﬂnh@ssi ng
the Th2.responses, [00113] In one_aspect, the inventio rovi des a vacci ne
conpri siM§H99eiog a%%gpv}fi'}%‘}lre ot & SRR, oo ettt crat alledy In agamRRlent i on
provi desyhereiisibcriBlyGRidMidnshd) & 4 MenmHQMRAsEL i on of the invention and a
suitable buffer. In one preferred enbodi nent, the vaccine cqonposition

further (XD i sesingpe pwses thisieveatiprrarides afed dj fysioni reeteincryAtigpe ehsth bt | east

one adj ¥ pAtd1NRY chah 8RY FECHUfusddViPhn hiftino GEIALsPATRR WHAGOKS YheN-ténirRS of he
adm ni stration of the inventive conposition. The term "adjuvant"” as used

her ei n PB4 ehain wish ther{--topainus pangthenchain, gvherear saidamippmeif pacessanpiste oppan
subst an t : heNn 9k | K j maoconbi ned
Gfiot B34 s dﬁﬁde@pﬁivp%;% h@) pI@fer%(l)}ﬁQQQS Ffaférmy hesh %ﬁ}%{bw@g%e

with the vaccine ceut’ica nposi tfon, respect ,

pr esent piofiratly i16120nprpfopablyy il 3td 7 f prefecablye Veh7 amine st zastlach, iandnwherciresgybnse.
[001 14 r_pr I . \éaé‘ﬁ? i Lo ;s devoid
of adj uvkuask{ﬁ. ﬁﬁ%“;ﬁvngﬁta%gé@g?ﬁg?ﬁ%ﬂ%@ £ ?latéﬁgroesen rf]lsnﬁlg'rr??iq@én&ii tgl%%l %lg hi gh

i Munog€@GEIGSY; wf thie e-terowmme sift ¢hom, 2 ef SEQ ADt NO:28b 28 nr 260 hindagiheremnsasd The
avol dange, of,dd3ath AGIMANL T8 i SENES 1. PORRLBI §pgeurr ence of side
effects re zlﬂlng FPe u3|png of ~adj uvan CPIGRUSY e admi nistration of the

vacci ne [@f124]he | rWeR0049004639 dischméd Babid] \udidn jroeincyatidkingocain 1 wad dhairt 2
adm ni steri at |l ea one adjuvant to the s tjent prioL ta,
comt oo s5\oGRa TRl s Hen e &8 SCH B 0 bR mEFom e fs) The
[ gvent | prefdrabily hﬁé SQbﬁﬁ&mq&?fBraE@tlthB Srhinb RIGMRI 1Z Afrthenstated b @Eﬁigingly a
adm ni sterjng the vaccipe _of the present..invention to a n and to
non- hun%ﬂn%%?mﬂ?or& PEPH sd%eégn%rm@%&e. SigRifiras ; COpSHRINS K Pl HPE’EE‘?&- ﬁ?W?ﬁef t he
pr esent wox»a094839 Risl td\@sdldie Bhkor 1dngbaBid PamBb atibe
[00125] WO 00/20032 discloses the baculovirus expressed recombinant Fel dl

comprising chain 1 and chain 2 expressed in series and linked together by a glycine/serine
linker (GGGGS);. WO 00/20032 also reported that the immunoreactivity of rFel d1 for IgG and
IgE antibody is improved dramatically by expressing the allergen in baculovirus, compared
with the allergen expressed in E. coli.

[00126] The Fel dl1 fusion protein of the invention can be produced either in a
prokaryotic expression system or in an eukaryotic expression system, such as a baculovirus
system. In one preferred embodiment, said Fel d1 fusion protein of the invention is produced
from E. coli.

[00127] In one preferred embodiment, the spacer comprised by the Fel d1 fusion protein
of the invention consists of an amino acid sequence having 10, 11, 12, 13, 14, 15, 16, 17, 18,
19, or 20 amino acid residues.

[00128] In one preferred embodiment, the spacer comprised by the Fel d1 fusion protein

consisting of an amino acid sequence having 2, 3 or 4 times of GGGGS repeat.



vacci ne conposition of the invention to a cat may neutralizing Fel dl and
therefore reducing the amount of Fel dl in cat saliva. [001 16] The vaccine
may be aowonbei®rsd by various met hods known in the art pchwmpr20usiobosasr mal |y
be adm nistered by injection, infusion, inhalation, oral admnistration, or
ot her suitable physical nethods. The conjugates may alternatively be
adm ni stered intranuscul arly, intravepously, transnucosally, transdermally,
intranasally, intraperitoneally or sulfcutaneously. Conponents of conjugates
for adm[®i182lr at i dn ong ptafidEdsnbdodinent theedham 3 of kel d1 phgtstho Netgingials &fethé ne) or
non- aqueous §8%u%¥&£%“%n%)suspensions. Exanpl es of non-aqueous solvents are
pr opyl ene glych, poneP%ﬁTene gl ycol, vegetable oils such as olive oil,
and i nj ¢atiadl e orlganothergutferred embddimere) thy Chan ¢ aiff Eel dlaisrat eteN-Grmbns ofiSi ve

dressings can be used to increase skin per ility and, ephance ant.i gen
Sboor pt AB i pBBPI Lk isBLoro s prretorFy Rt bl o RgiR FrodR's

" phar magfldagiddrin B. caticept abl e” if their adm nistration can be tolerated by
a reciplent individual. Furgher, the vacci f. the invengtion will be

Sdr ni SUGHSH i aln"qnﬁéfﬁszp@a—terre%rﬁmﬁw@cfherv]@? dhfurign Profeins of thginveptidht ¢ hat
pr oducesompikes bk aflindhiel RiRBLE tlccBif Rt the g\ ddAbSNE &Y (a) ¥RE 10F NOBAUINE
response is not_ a limting factor of this disclosure, Wthout the intention
to Iinm (OFRQ I} EQent at}dr{v)egw 8 N5 T e frgentionifprgherpromidat aicleotidsgsAuanss i on,
the i nvepdamg i i fusiBnPadteih BE e nvdRid ) REbR rofBrQISMBRINENL, 92 igvtRliyPes,
which bind to Fel dl and thus preventing Fel "dl to be seen by |gE bound to
mast celProyidgs aueleafide equencerprcodingta fistop nseteis; ofuithe Aneatian gelectddelremthosi ti on
of the  di t It shhg i Jhl. responses,
Uppr o5 P () N B e s N 37 e

| gE ant ifusthei preferred mmpedimensntho Kelnd1 fusiomprotaigpicthe sxentionris prof@d i8E. ¢oli. one
aspect, pf B ki, rb%HecPEBH]ﬁ% nt 2l R3f SRR !p?&lein%g%"i%bédﬁ% c8r§§9?§ek 3t ng the
conposi t1on as ught "1 n the present 1nvention and an acceptabfe

phar mac eldrnatevklycansisteof. an\dem aciktsiquanco df SIEQ@ IID NE 5T, ivdwreirssagtifusion ptogrired t 0 an
indiVid%?&bak%mﬂ%qu% &% %IEQ%p1mhich contains salts, buffers, adjuvants,
or other su stancespmﬂlc are®desirabl e for i nproving the efficacy of the
conj ugaf@i13Bxanpllasneispae] the irvkstiohpirdvadels €orfanrse ubthe iFal dir fagient ploteimoftthie

phar maceutical,. c ositipns ar rovided in nunmerous sources including

REM NGT NI ARt PrdrspnERlcgaballepi , A ed., Mack Publishing Co.,
(1990)). [00119] The invention teaches a process for producing the
conposition of the invention conprising the steps of: (a) providing a core
particle with at |east one first attachnment site, wherein said core
particle is a virus-like particl egxaMPIVES us particle; (b) providing at

| east one

EXAMPLE 1
Preparation of QP VLPs of the invention by disassembly/reassembly in the presence of

different polyanionic macromolecules resulting in reassembled Qp VLPs

(A) Disassembly of prior art Qp VLP
[00133] 45 mg prior art QB VLP (2.5 mg/ml, as determined by Bradford analysis) in PBS
(20 mM Phosphate, 150 mM NaCl, pH 7.5) purified from E. coli lysate was reduced with
10 mM DTT for 15 min at room temperature under stirring conditions. Magnesium chloride
was then added to 0.7 M final concentration and the incubation was continued for 15 min at
room temperature under stirring conditions, which led to the precipitation of the encapsulated
host cell RNA. The solution was centrifuged for 10 min at 4000 rpm at 4 °C (Eppendorf 5810
R, in fixed angle rotor A-4-62 used in all following steps) in order to remove the precipitated



antigen with at | east one second attachnent site, wherein said at |east
antigen is a Fel dl protein or a Fel dl fragnent, and (c) conbining said
core partwoleocanasssai d at | east one antigen to produce aCT@mPRP@si0t0893,
wherein said at | east one antigen and said core particle are |inked through
the first and the second attachnment sites. [00120] In a further preferred
enbodi nent, the step of providing corg particle with at |east one first
attachment site conprises further steps: (a) disassenbling said core

parti cl @NAofromake slwioa Tig, supetha@mnit Scoataidingatjeredidased, Himiceio QP ht wrateth, oas e
particle; rifying said.coat proteins, mutants or fragnents thereof;
(¢c) reaé‘%eél(‘rfgll)tpgé“glg tQEHpIYE Py Efag%¥epﬁTot eins, nutants or fragnents thereof,
of said core particle, wherein said core particle is essentially free of
host RNA, preferably host. nucleic acids.. In a still further preferred
embodi ment, the r@%&%ﬁ%ﬂ%af b Qifoat pavinFRYeRtieR SEChpReGeaToTRIq85PlY fitt ed i n

the pregerceeiusih ch@®amtogipBy POl yani oni ¢ macronmol ecul e or at |east one
i mmunost 1 nuol atory nucleic acids.[00121] In one aspect, the invention

provi de$03Het HOW perpapm Pf throdisaspisaldy foaghian, spntpinig|the, digteris goptarrotsinevent i ng

and/ or H683Li PR and rbskfu@lhdsPcdll RRATRLs diM&S B1 9inPkRbChalfu Sabighivmymal s
a human or a do@gf [00122],1p|n one aspect, the invention teaches the use of

t he i nvéplpwid re am st was doaged enter@cifclapberese T celwoe hdvl 628peat, Amershanhvent i on
provi de%iJSQi%m%eB‘.erﬂéséghﬂﬂn WHE QRIS biRRnAa @Hﬁ«‘ 2b 'ﬂ%{?%&iﬁﬁl ﬁh%Ephfa!&eouffef
a e cat allergy manmal ,

manuf acture o i canent Tor treatnent o In-a

wher ei npPrBfldeahitipn sditht pewndmbati proteinrwaseascamplishefoly, a (@D L2gljent tp hmMaspect ,
this in i j Fe. fusi 2] i 84 i f Fel
o "SR BB 030 S B o URREAEI g £
N-term n_ﬂsppaxfx. @5 enl CHiwi chromatdgraphg w@s taried owtsit comatampératurcckigh o flowhae of n sai d

am no agi d,spac consists of an am cid vence having 10- 30,

o et or asiy g 35 lhe SRRy S mERo BT R I HRNERIC VL NS Bl v 15 20,

pr ef er alph0i33]3- I, thepseedrelr sadpl the isplaled @Bricowd padteinl (the slutkd dmcti@nflomider ation sai d
fusion protein is not f usi on _protejin conprising in 1. of | D NO 22
fused t RFOHGH vipoyes oalRi BT G Binsl fud SoperbRenios-308 Hishesin (R0, "5 or
26 and BDhEmEi Ané&ehath Biosdidnat)yeglilivtsttd® with 20V Bodism §eNpB&S 2 d50 MMOSiNOVI I UsS
expressi on . ystem&[00124] W02004094639, di scl oses Fel dl fusion pr o%ei n by
i nki ng “BIAg{S PH exhd heaiomatgigphy, was parrigdput abroary teperatyrs witha BB Aeth of r ogen

bond and sanihr dnd REPAYsEBande- wWas rih¥torrd at DEOTArh ah@® 280 nid! Ba8{dAB oy 5 hltverd,
parti cul ar {}referably 1to 3 amno acids. It further states that

sur pri sePlifetpda bond or a short peptide does not induce significant
constrains or unfolding. However

(C1) Reassembly of the QB VLP by dialysis

[00136]  Purified QP coat protein (2.2 mg/ml in 20 mM sodium phosphate pH 6.5), one
polyanionic macromolecule (2 mg/ml in water), urea (7.2 M in water) and DTT (0.5M in
water) were mixed to the final concentrations of 1.4 mg/ml coat protein, 0.14 mg/ml of the
respective polyanionic macromolecule, 1 M urea and 2.5 mM DTT. The mixtures (1 ml each)
were dialyzed for 2 days at 5 °C in 20 mM TrisHCI, 150 mM NaCl pH 8, using membranes
with 3.5 kDa cut off. The polyanionic macromolecules were: polygalacturonic acid (25000-
50000, Fluka), dextran sulfate (MW 5000 and 10000, Sigma), poly-L-aspartic acid (MW 11000
and 33400, Sigma), poly-L-glutamic acid (MW 3000, 13600 and 84600, Sigma) and tRNAs

from bakers yeast and wheat germ.

(C2) Reassembly of the QB VLP by diafiltration
[00137] 33 ml purified QP coat protein (1.5 mg/ml in 20 mM sodium phosphate pH 6.5,
250 mM NaCl) was mixed with water and urea (7.2 M in water), NaCl (5 M in water) and poly-



W02004094639 faisl to disclose linker Ionger than 9 am no acids. [00125] WO
00/ 20032 di scl oses the bacul ovirus expressed reconbi nant Fel dl conprising
chain 1 aw0 20évaioms3® expressed in series and |inked togePoeErkycmcos4s

gl ycine/ serine |inker (GGGGS)3. WD 00/20032 al so reported that the

i mmunoreactivity of rFel dl for 1gG and IgE anti body is inproved
dramatically by expressing the allergen in bacul ovirus, conpared with the
al l ergen expressed in E. coli. [0012 The Fel dl fusion protein of the

i nvent i @fglutammmr(ﬂmglmbm vertdr W i8|46@0)pThwk\@hymrtdfctheemp:tlEswh$50 mysidehw or in
an eukar tic e Dress such a cul ovirys one

pr ef erreécl bt tlo ht ° sal elilen][cflw?ru5| §mg(r"(%) RioKT 30?@?‘%&2’?“ on" %

pr oducednd oarmﬁml pdbuL-gl[laﬁﬂczadld | Thean& e ehe thea difittae aemobdm tehperapacer

conprised.b e f inventi qn_consi- gt s of. an
oo aar ket Tt B, 3 S np. ahiivings SRoss oy 550 i,
am no aeghdla p&ﬁiﬁﬁu ﬂé&vlv rhtd GfﬂZS}nMnnn ane tgeftar fled fierkios ?ﬁmfh&us uising a%ﬂﬁ@i

conpris t he Fe usi o consi sting of an am no acid sequence
havi ng g&%g% fa%%f%‘é@@?%%ﬁ%ﬁg ‘éFS [00129] In one preferred enbodi nent,
the chain 2 of Fel dl is at the N—term nus of the fusion protein of the

i nvention. [00130] In another preferred enbodinent, the chain 1 of Fel dIl
is at the N-term nus of the fusion protein of the invention. In one further
preferred enbodi nent, the fusion pxainvgerE2S produced fromE. coli. [00131]

In one very pref erred enbodi ment, the Fel dl fusion protein of the
i nvention comprises an ami N vieq assesehly e B20SNIdRst ed from t he group

consisting of: (a) SEQ 1D NG 54; (b) SEQ ID NO 55; and (c) SEQ ID NO 57.

The invepti further i des nucl eoti de sequence encoding the Fel dl
fusi on g&b ‘H"fu t“f%gpﬁ{r?@éﬁ?ﬁtBWt °™Mn one preferred enbodi ment, the invention

provi des nucleotlde sequence encoding a fusion protein of the invention
ol et s RGP, SENEOF s i LR A Rl s R
fusi on [Brootiesxtractj wakemixod evithi 0.0 n'nISOpr 6 M T iand Encubatkd forl BO mite af wodnher
D RSB Tl WISoErbaf b ST ePRSLEL bbbl B B °°°
wher ei n66aCd caudinigOpregipitdtioh Nofothet DETirédueéti icodt protefiisO dHE atrbid nitxtufeOwas
][ Sgll gﬁ] ﬁ?tgltﬂg %1 @c?tg]f ! ’alf&%&l {})\(/)88 tg,I 1%nmf[1)1 V‘!&%gd Ih%rsu&r#a%a%t 9V];S scarJ: 3 ng |
the pellet was dispersed in 20 ml of 1 M Urea/20mM Na Citrate pH 3.2. After stirring for
30 min at room temperature, the dispersion was adjusted to pH 6.5 by addition of 1.5 M
Na,HPO, and then centrifuged (rotor Sorvall SS34, 10000 g, 10 min, 20 °C) to obtain
supernatant containing dimeric coat protein.
[00139]  Cation exchange chromatography: The supernatant (see above) was diluted with
20 ml water to adjust a conductivity of approx. 5 mS/cm. The resulting solution was loaded on
a column of 6 ml SP Sepharose FF (Amersham Bioscience) which was previously equilibrated
with 20 mM sodium phosphate pH 6.5 buffer. After loading, the column was washed with
48 ml of 20 mM sodium phosphate pH 6.5 buffer followed by elution of the bound coat protein
by a linear gradient to 1 M NaCl over 20 column volumes. The fractions of the main peak were
pooled and analyzed by SDS-PAGE and UV spectroscopy. According to SDS-PAGE, the
isolated coat protein was essentially pure from other protein contaminations. According to the
UV spectroscopy, the protein concentration was 0.6 mg/ml (total amount 12 mg), taking that 1
A280 unit reflects 1.01 mg/ml of AP205 coat protein. Furthermore, the value of A280 (0.5999)
over the value of A260 (0.291) is 2, indicating that the preparation is essentially free of nucleic

acids.



invention for diagnosis and treatnment of cat allergy. EXAMPLES EXAMPLE 1
Preparation of Qo VLPs of the invention by disassenbly/reassenbly in the
pr esence wo 2docidessent pol yani oni ¢ macronol ecul es resul t iPog/EPROGmBIENDI ed
@ VLPs (A) Disassenbly of prior art Q@ VLP [00133] 45 ng prior art Q VLP
(2.5 ng/m, as determ ned by Bradford analysis) in PBS (20 mM Phosphat e,
150 MM NaCl, pH 7.5) purified fromE. _coli |lysate was reduced with 10 nM
DIT for 15 min at roomtenperature umder stirri ng condi tions. Magnesi um
chloride was then added to 0.7 Mfinal concentration and the incubation was
continued for 15 mn at roomtenperature under stirring conditions, which
led to the precipitation of the encapsul ated host cell RNA The sol ution
was cen(B) f ufesgmblyrof 1P2R9 NLB8 4000 rpm at 4 OC (Eppendorf 5810 R, in fixed
angle rotor A-4-62 used in all followng steps) in order to renove the
preci pitatedRNA fromthe sol ution. The supernatant, containing the.

r el eased0149lrerdsenply dpdhe phsghcsi of anyenolyzatopicrmicromplequis: Jhgtcbysh protein

purifi cabbin BéhRBove Bis Bufilnhicd 3hll RBnRhtrdB e b{IFEOBta PoRILEShcAHratiah bPN
exchange chromat ography and by si ze excl usi on chromat ogr aphy 00134% The

super natl arg/mbin 20yaMajod masphesphata kb 615 800 Hlcadthagselbiien varemited@ithS0¢da

protein pr.qt-ej S| I . I 1:15 in
hater £ APy Balohll R BRed Bl 48R3k 4 1HiSlan e The TinanliRSe fhesithita

SP- Seph3L¥s én the noigturmnwasy( shkkivh b Bon-Geduting ADSFRAGER] b sizecrchision HRLCA uim was
equilib e with 2 di um phosphat e buf.f e H,7. The

ot | on TSKE B0 e RE . ey Creith SOkt Rl Bl Wibcoal™ (sedih «o 20
MM sodi phosphzas 56 NaGDEH MY waxdistdrfot Hedifd®Ramhdist he protein was col | ect ed

i f ti | )f . 2 .. Th h h i ed t
bt Foom RHADler FPEo PG PraTRe P PRt oy A AAE oL R OGP A8t e
Toni £ Or byt (2R 20 aRaEn HRAJARI pil 7.9 NP SERAD B L50R of Macl s@bt ed

coat protein (the eluted fraction fromthe 'cati on exchange col um) was
| oaded §olntiannS M um sptegrsotutian, St ad pylyglBtatd@ adiiRstodk saiwtiony(R 26@/16Din ARG, ni |,

Soa um SRVo AP ke 25 P of e TP BT ey BECRN of ot T
t enper akamipRrathrb. T fol@on aif @edRfenbl&l VP i theamfknir® vas BESw By 66n-veGcii@ni t or ed

at 260 nm_and 280 nm Fractjons of 5 ngl were collected. .
SDS-PAGE and by size exclusion HPLC. The coat protein in the mixture was almost

completely incorporated into the VLPs, showing a higher assembly efficiency than the AP205

coat protein assembled in the absence of any polyanionic macromolecule.

EXAMPLE 3
Cloning of Fel d1 fusion proteins

[00142] Genes encoding Fel d1 chain 1 and chain 2, respectively, were made by PCR-
amplification using overlapping DNA-primers as shown below. Forward (F) and reverse (R)
primers are indicated. Fragments were ligated into pCRII-TOPO vector (Invitrogen) and
transformed into XL.1-Blue. Inserts of Fel d1 chain 1 and chain 2 were sequence verified.
Primer Sequence 1F: SEQ ID NO:34;

Primer Sequence 2R: SEQ ID NO:35

Primer Sequence 3F: SEQ ID NO:36

Primer Sequence 4R: SEQ ID NO:37

Primer Sequence 5F: SEQ ID NO:38

Primer Sequence 6R: SEQ ID NO:39



Cd ) Reassenbly of the QbVLP by dialysis [00136] Purified Qb coat protein
(2.2 mg/mM in 20 nmM sodi um phosphate pH 6.5), one pol yani oni ¢ macronol ecul e
(2 mg/ M wo 20@0®r33p urea (7.2 Min water) and DIT (0.5 FcrmrPeaices)s4ser e

m xed to the final concentrations of 1.4 ng/m coat protein, 0.14 ng/m of
t he respective pol yanionic macronol ecule, 1M urea and 2.5 nM DIT. The
mxtures ( 1 m each) were dialyzed for 2 days at 5 0Cin 20 nmM Tri sHO ,
150 mM NaC pH 8, using nenbranes w t3% 3.5 kDa cut off. The pol yani oni c
macr onoPaowt Bsjuewee §F: $IOQ WYIN4Q ur oni ¢ aci d (25000- 50000, Fluka), dextran

sul fat e (.M 5000 and. S, gma) , pol y-L-aspartic acid (MV 11000 and
33400, 5?151%?":‘1“%%%%-gﬁgﬁgﬁépacid ( MW/ 3000, 13600 and 84600, Sigma) and

t RNAs f PamebBdqaee PEaSEQ EdNOMEat germ (C2) Reassenbly of the QoVLP by
diafiltratio 00137] urjfied Qo coat protein (1.5 mg/m in 20 nM
sodi um %Hﬂlgbﬁ‘ﬁg“ﬁmﬁia%éé}b%y%nﬁ NaCl) was mixed with water and urea (7.2 M
in water), NaC (5 Min water) and polyL-glutamc acid (2 ng/m in water,
MN 846%(5312 The vol ume of the mixture was 50 ml and the final

concent Fatd FHEOBFONSIRES: onponent s were 1 ng/m coat protein, 300 mv Nadl ,
1.0 M ur@a4and 0.2 féferd@l e broddin! wdtiicBaia @l £ thelNQerfintls Ut d \d@Sctt
diafiltrated at roomtenperature, against 500 m of 20 nmM TrisHO pH 8, 50
nM NaCl chaippi Puslgotideseducaess cgpding EEBP 1 wanrreated by faliging aysrisntcstensioiy r at e
of 2.5 WAL PCR LdinPprird?d¢ Dhik&l(SEd PWNQO:44)r ati on apparatus using a Pellicon
XL nmenbrane cartrim%(ra Bi omax 5K, M| lipore). EXAMPLE 2 In vitro assenbly

of AP2050ffs (AF

extract) was m xed w

Iiegqfi.:&)t the prasein Anthoehaiohat e Y-tgrminue dussd [dirextlyagittent| v
20 M ofu AP 3 0Nucrdode Q%qﬁéﬂé:g gn((r?iliin fFiﬂb@as'cFEaféﬁ%z éﬂh&ﬁg

%&:ﬁa% Eif%ﬂsl%n QbE)

ate or 30 mh at

0.5 MDIT a 1 NCU

room t efpBrugingpemes 1341 GEQGIDWNRAS), 1ds<(SEQdBANQ:A6) andd 2% k (SHQIDWO:47hen
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10000 g fust@viaianl0 (SGEL), ankd (AEGY)pemivataaidispavas raipstiaclgcwitiathd chdie 1pel | et

was dispersed in m.of 1M U ea/ 20mM Na Citrate 2. After stirring
for 30 B el Rl Bnaplie i RadodrapBeeihB g sBLRT oy uigdiflonid ' o)

addi ti om ofeatt. the MIONaRihP@éidarod thé1dl amainé racids gpatef betioverssOPERI hutdgiddsis 10000
9. 10 M Berkh). B il 9138 s BERO2 @Rt SoMHa! E P VTS hla 5334 25t e -
SEQ ID NO:49) were used. For the 1-10 spacer two primers (primer 1-5aa, SEQ ID NO:50 and
primer 2-5aa). The resulting PCR fragment was circularized by ligation. It is resistant to Dpn I
digestion, which only recognizes sequence containing methylated adenine, while the plasmid
template was digested by Dpn 1.
[00146] FD12-10aa and FD12-15aa refer to proteins with chain 1 at the N-terminus fused
via a 10 (GGGGS); or 15 (GGGGS); amino acid spacer, respectively, with the chain 2 at the C-
terminus. Fusion FD12-10aa and FD12-15aa were similarly produced as described above. For
the 15 amino acid spacer primer FD2-10aa (SEQ ID NO:51) and primer FD1-5 aa (SEQ ID
NO:52) were used. For 10 amino acid spacer primer FD1-5aa and FD2-5 aa (SEQ ID NO:53)

were used.
EXAMPLE 4
Bacterial expression and purification of His-tagged Fel d1 fusion proteins

[00147]
in EXAMPLE 3 were subcloned into a T7 based expression system pET-42T(+), modified from

The nucleotide sequences encoding various Fel d1 fusion constructs as described



[ 00139] Cation exchange chromat ography: The supernatant (see above) was
diluted with 20 mM water to adjust a conductivity of approx. 5 nS/cm The
resul t i ngveabasiivessowas | oaded on a colum of 6 nml SP Sephames@clbosginer sham
Bi osci ence) which was previously equilibrated with 20 mM sodi um phosphate
pH 6.5 buffer. After |oading, the colum was washed with 48 ml of 20 niM
sodi um phosphate pH 6.5 buffer foll &\g%d by elution of the bound coat
protein by a linear gradient to 1M over 20 columm vol unmes. The
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concent kag gd)vd%for'r zlﬂ:adtiﬂloﬁalrzo ofds At 2OASRAH dstediand 1yaéd li?’ ﬂlcaﬂlod il ndfvddis 0di um
phosphat e pH_ 6 of that solution was mxed with 50 m of 5M Nad
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reassenph@doVLPS TH cﬁdﬂ%e&b%&éﬁa@ 8 wadBMlgiYo 5O Wil WalivdyssbufAGEmand by
si ze exclusion HPLC. A TSng 000 PWKL coI um aTosoh Bi osm ence),

equi | i bprkeldifilaticctions ) pgerepshi&diagen) wes e thg ﬂyswewasmbm@d for
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roomtenperature. The formation of reassenbled VLP in the m xture was shown
by non-reduci ng SDS- PAGE and by size exclusion HPLC. The coat protein in
the m xture was al nost conpletely incorporated into the VLPs, show ng a
hi gher assenbly efficiency than t EXAMBAUSS coat protein assenbled in the

absence of any p %(ﬁ\/PhE 3. oni.ng of Fel
fusi on proteins ?%%%ﬁ H’@‘ﬁ"e ﬁ%ﬂaﬁﬁnﬁ&‘}z fysiop p ‘ﬂ‘é‘ %hal n 2,
respectively, were made by PCRanplification
[00150] Ni**-affinity purified FELD1-HC consists of a variety of mixed-disulfide
bridged species from 15 kD to 20 kD. Native folding of FELD1-HC was achieved by
intramolecular reshuffling the disulfide bonds with oxidized glutathion (GSSG, Applichem)

and reduced glutathion (GSH, Applichem) at a molar ratio of 1:1. The reaction was performed
for 24 hours immediately after elution of FELD]1 in the elution buffer by adding 2.5 mM GSSG
and 2.5 mM GSH at room temperature. Refolded FELD1-HC showed a single band at a
molecular weight of 15 kD under non-reducing condition (FIG. 1, the first panel, lane 2). The
potential free sulthydryl groups of FELD1-HC were alkylated using iodoacetamide (Sigma).
Probes were treatd with 5 mM iodoacetamide in 20 mM ammonium bicarbonate at pH 8.0 for

15 minutes at room temperature.

[00151] Refolded FELD1-HC was further purified to homogeneity by size-exclusion
chromatography (SEC) (Superdex 75 pg, Amersham Pharmacia Biosciences) equilibrated in
PBS.

[00152] FELDI1-10aa-HC and FELD1-15aa-HC were renatured by substantially the same

method as described above (FIG. 1, the two middle panels).



usi ng overl appi ng DNA-priners as shown bel ow. Forward (F) and reverse (R
primers are indicated. Fragnents were ligated into pCRII-TOPO vector

(I'nvi t rogeoro@md7inansf orned into XLl -Blue. Inserts of pEelepdéocobmumn 1 and
chain 2 were sequence verified. Prinmer Sequence |F. SEQ ED NO 34; Priner
Sequence 2R SEQ ED NGO 35 Priner Sequence 3F: SEQ I D NO 36 Priner Sequence
4R. SEQ ED NGO 37 Prinmer Sequence 5F: %EQ I D NO 38 Priner Sequence 6R SEQ
ED NO 39Pri ner Sequence 7F. SEQ ID Né 40 Prinmer Sequence 8R SEQ ED NO 41
Primer S@ﬂiﬁe]nce Qﬂ-'ativSEQdidg NOFDR2-PHdarktC v%qzwe'rweﬂ $ioRtarlgHQ fecEhuliing 3hé-el dl
fusion go 001 ref er o)l ei.n wth ai at the
N-term ;&lugl% use ho’?# Jdvxgl.E% ‘Hﬂa ‘Q%'E‘ e ns%tqaurelﬂlgfarsa lgngggl%ng FELD
1 was crdat eldtldinFBIﬂ liaaﬁgiswaﬁj'ﬁﬂddﬂlﬁtahml EDIlZéS%}efElﬂlﬂgﬂmffhg(SpmﬁMﬂTnsll

the Nt ST AP 2P GaaNach AR kel mapEBTR50 orfhatiet SEE el e b CABL G g
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N-termnus fused via a 10 (GEGES) 2 or 15 (GEEGES) am no acid spacer,
respectively, with the chain 1 at the CGterm nus. Plasm d contai ni ng

nucl eoti de sequence encoding FELDI was used as tenplate to create the 10
amno acids or the 15 anmino aci dsgxpag@ig §y i nverse PCR nut agenesi s
(I1PCRM. For the 1-15 spacer two primers (prinmer 1-1GCaa, SEQ |D NO 48 and
primer 2- 5aaFelsBdusion poteips pragecagnizady eptigpe- eneeifie momoelpnat antibodiss pr i ner s
(primer |-5aa, SEQ ED NO 50 and primer 2-5aa). The resulting PCR fragnent

was circularized by ligation. It is resistant to Dpn | digestion, which
only ret@yhitizes skhglhandteg ofdiel dl fisieg preteing inatoatparishartp meturahkiglld (hd dd) asni d

Lo pr ot & Ap RS Hlrbfio hpfhod trhf i peirta W3 BRGyBPERISARA%: (7' T
( GGGEGES) i Fehil hBLESA Idt (SPXGE4), frane bdeart hiatedhpologies (Cardif, UK)RI n 2 at the
Cterm n'[’(§0155] Briefly, the anti-Fel d1 mAB 6F9 supplied as a 2 mg/ml stock solution was
diluted 1:1000 in 50 mM carbonate-bicarbonite buffer pH 9.6. Microtiter wells were coated
with 100 pl of the diluted mAB 6F9 per well at 4°C overnight. Plates were washed three times
with PBS-0.05% Tween20 (PBS-T) and then blocked with 100 pl blocking buffer (1% BSA

&

(Sigma) in PBS-T). Then the microtiter wells were incubated for one hour with 100 pl of Fel d1
fusion proteins or nFel d1 standard (Indoors technologies; UK) using doubling dilutions from
80-0.16 ng/ml. The nFel dl reference was sub-standardized from the CBER cat dander
reference E10, which contains 13.47 U/ml Fel d1 (1 unit = 4 mg protein).

[00156] Plates were then washed and 100 pl diluted (1:1000 in 1% BSA/PBS-T)
biotinylated anti-Fel d1 mAB 3E4 antibody was added and incubated for 1 h at room
temperature. Plates were washed three times with PBS-T using 100 pl diluted (1:1000 in 1%
BSA/PBS-T) Streptavidin-Peroxidase (Sigma S5512, 0.25 mg reconstituted in 1 ml destilled
water). After 30 minutes incubation at room temperature wells were washed three times with
PBS-T. Detection was performed with OPD substrate solution and 5% H,SO, as stop solution.
The absorbance was measured using ELISA reader (BioRad) at 450 nm and for calculation of
arithmetic means and standard error of the mean (SEM) EXCEL software (MS Office;
Microsoft) was used. The results are shown in TABLE 1. Thus the recognition of Fel d1 fusion
proteins and nFel d1 by epitope-specific mABs reflects the high similarity of antigenicity of
both proteins.



Fusi on FD12-10aa and FD12- 15aa were simlarly produced as descri bed above.
For the 15 am no acid spacer prinmer FD2-10aa (SEQ ED NO 51) and pri ner
FD1-5 aa w6E@¢ 7340 52) were used. For 10 am no aci d space®rEpPpeocnsis4sDl - Saa
and FD2-5 aa (SEQ I D NO 53) were used. EXAMPLE 4 Bacterial expression and
purification of Hi s-tagged Fel dl fusion proteins [00147] The nucl eotide
sequences encodi ng various Fel dl fusjon constructs as described in EXAMPLE
3 were subcloned into a T7 based expr3§ssi on system pET-42T(+), nodified
fronpl agWBLEQET- 42a( +) (Novagen). The C-term nus of the fusion constructs
wer e fusegto_a HStag-Seq vencefaltonwed by GoC—an—ammg _aci g tnker

cont ai ni? 1§d8§f)§‘f“éﬁ neg %ﬁlﬁgdsecjncﬁg ]t'ZQ:aﬁhen.Fm.lglaf‘he r@éﬂﬁf‘ﬂéﬁcorstructs

are named accordi ngly by addi ngf HEHC' at theHend. [00148] FELD - HC,
| ahrd—EDI2-15aa-Ho Were—expressed—and

FELD ': ELD 1:33 H PACE— T A3

Qaa-HC—and—HELD 1215
purifi e_gaafy (PE@J} Y|l owi n%‘ The“pl asnPd was .ransf7oér med iinto E%T;%l( DE3). The

expressiopyovas i ndyced by adding 1 nMIPTGto the cultute at OD600 qf app.
1. Thelculture was Igrown for an additional Q0 hours at 200C_harvestled and
| ysed by sonication in native lysis buffer (50 mM NaH2PO4, 300 mM NaCl, 10
mM i m dazole pH 8.0). [00149] The clarified bacterial |ysate was brought to
50 M with native lysis buffer. 5 m nickel-nitrilotracetic acid (N -NTA)
agarose (Q agen) was added and the |ysate was incubated by inverting for
one hour at 4C. Unspecifically boﬁgﬁhﬁfﬁﬁ?i ns were renoved by washing 4
times in native lysis buffer. Bound protein was el uted by resupension of

t he Ni - NTA agar ose Uonplihgrif Felfd 1fusion poteinsfté ¥EP§ @ived/fidiat@PO4, 300 mM Nad ,
250 mM i mi dazole pH 8.0). EXAMPLE 5 Oxidative folding disulfide bonds in
purified Fel dl fusion proteins [00150] N 2+-affinity purified FELD -HC
consi st sob77a vara ebltiéd ofrlEdMIQBUWILP Gie HBPES GRS pACIMPE HEPES) 150 K1t o 20
kD. Native folding of FELD -HC was achi eved b% i ntramol ecul ar reshuffling
the di stNefldd! Bahges wpacted gxittyp 2efaldymalen exfesn (71 &3dd) oA gMPH-Fistye) 4039 educed
gl ut at hinfphrésGRH5 ARithi HREAY. SMPIR Wi ltflen R 8 50fmNI: stock dABoER & HigAYRS
performed for 24 hours imediately after elution of FELD in the elution
buf f er Bylfoxéigi Reaction prodnatssereadielyzedsgamptame changes A PBE msae 4t diglesis maif ol ded
FELD - HC.: sho j el .

o edte g Coued B e Akt SREA A Bir, W) DRI e Rt
free sukbithgtdegh tapmeratre ofa FROGIfoldicxages of buffknytb acagdonumixhge.i odoacet ani de

(Si gna) 100158] Before coupling Fel d1 fusion proteins to SMPH-derivatized Qp VLP, FELDI,
FELD1-10aa, FELD1-15aa, and FD12-15aa, respectively, as obtained from EXAMPLE 5 was

incubated with TCEP (Pierce, Perbio Science) in equimolar amounts for 30 minutes at room
temperature.

[00159] Fel d1 fusion proteins was added in a 5-fold molar excess to a 143 pM solution
of SMPH-derivatized QP VLPs. Reaction volume was 650 pl and multiple reactions were
performed in parallel. Reactions were incubated for 4 hours at room temperature with shaking.
After coupling, aliquots were centrifuged at 16,000 x g for 3 minutes at 4°C to pellet insoluble
material. The supernatants were pooled in fresh tubes. The coupling of Fel d1 fusion proteins to
QP VLP was assessed by reducing SDS-PAGE.

[00160] Coupling of Fel d1 fusion proteins to the reassembled Q VLP (obtained from
EXAMPLE 1) is substantially the same as described above.

EXAMPLE 8
Coupling FELDI1, FELD1-15aa and FD12-15aa to HBcAg1-185-Lys



Probes were treatd with 5 nM i odoacetam de in 20 mM anmoni um bi car bonat e at
pH 8.0 for 15 mnutes at roomtenperature. [00151] Refol ded FELD - HC was
further pwoi2becad7430 honogeneity by size-excl usi on chr oneCog@ra@ep6(sHEC)
(Superdex 75 pg, Anersham Pharnmaci a Bi osci ences) equilibrated in PBS.

[ 00152] FELD -1 Qaa- HC and FELDI - 15aa- HC were renatured by substantially the
sane nethod as descri bed above (FIG 1, the two m ddl e panel s).[00153]
Native fol di ng of FD12-15aa- HC was achieved simlarly by reshuffling the

di sul fide bonds with oxidized glutathion and and reduced glutathion at a

nol ar of 10.1.. After t 12- 15aa wast fold iluted in
FD12- 1536d18e1f ol d?c°ns‘6“°ft‘f’ f%{[,% Arﬁvlnl?F[i °’6‘ﬁ°5§‘.°§ £ v Kd |
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hours. Refol ded. FD12- 15aa showed. a si e _bhand @t a_nol ecul ar vvelg)é(i of 20
kD conpafstys ¥LP 20 et Elepess HOmM el rpgi 4t 19rsagled foppesminutes) with a ).
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kit (6F9/ E4) from I ndoor bi ot echnol ogies (Cardiff,” UK). {00155] Briefly,
t he ant reaFlel with thapeagmyinguiplfyl idd pbipined 1p EAMPLE % d theotauplingnropgtion the ut ed

1: 1000 r I r e S were
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W th 1090 iﬁ%}(l ng buffer (1% BSA (Signa) in PBS-T). Then the microtiter
vel |'s were Pncubat ed for one hour with 100 m of Fel dl fusion proteins or
nFel dl standard (Indoors technol ogies; UK) using doubling dilutions from
80-0.16 ng/m . The nFel dl reference was sub-standardi zed fromthe CBER cat
dander reference EIQ, which contains 13.47 Um Fel dl ( 1 unit = 4 ng

protein). [00156] Plates were theEXmeIeEmand 100 M diluted (1:1000 in 1%

BSA/ PBS-T) biotinyl ate and
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EXAMPLE 7 for QB VLP. Before coupling Fel d1 fusion proteins to SMPH-derivatized AP205
VLP, FELDI1, FELDI1-15aa and FD12-15aa obtained from EXAMPLE 5, respectively, is

incubated with TCEP (Pierce, Perbio Science) in equimolar amounts for 30 minutes at room
temperature.

[00163] Fel d1 fusion proteins is added in a 5-fold molar excess to the 143 pM solution
of SMPH-derivatized AP205 VLPs. Reactions are incubated for 4 hours at room temperature
with shaking.

[00164] Coupling of Fel dl fusion proteins to the reassembled AP205 VLP (obtained
from EXAMPLE 2) is substantially the same as described above.

EXAMPLE 10

Production of bacteriophage Qf based inventive composition

[00165] A 601 culture of E. coli AB259 (5x10’ cells/ml) was grown for 2-3 hours at 37°C
under intensive aeration (1 volume of air / volume of culture:‘minute) to obtain a culture of

about 2-4x10° cells/ml. Clarified QB phage lysate was inoculated at a multiplicity of infection



PBS-T. Detection was perfornmed with OPD substrate solution and 5% H2SO4 as
stop solution. The absorbance was neasured using ELI SA reader (Bi oRad) at
450 nm amwtof0e6/a330ul ati on of arithmetic nmeans and st ansamrdresoco608es t he
mean (SEM EXCEL software (M5 Office; Mcrosoft) was used. The results are
shown in TABLE 1. Thus the recognition of Fel dl fusion proteins and nFel
dl by epitope-specific mABs reflects the high simlarity of antigenicity of
both proteins. TABLE | EXAMPLE 7 Coupl 1ng of Fel dl fusion proteins to VLPs
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Centrifugation was performed using a Beckman Ti-70 (8x38.5) rotor, at 55 000 rpm for 20

hours. The phage particles were subsequently dialyzed against 20 mM Hepes, 150 mM NaCl,
pH 7.4 buffer to be used in chemical cross-linking steps as described in EXAMPLE 7..

EXAMPLE 11

Preparation of GA phage based inventive composition

[00166] A culture of 12 1 E. coli Q 13 Hfr RNASse I' culture in M9 medium containing
2% casein hydrolysate, 0.5% Yeast extract, 0.2% glucose was grown to an ODs40 nm of 0.6-0.7,
which corresponds to approx. to 2x10° cells/ml, and infected with GA phage at a multiplicity of
infection of 10-20. The culture was grown for further 2.5 — 3 hours at 37°C yielding approx.
10" phage particles in the total culture. The cells were lysed by adding 1-2% v/v of CHCl; and
incubating the culture for 15 minutes. The lysate was clarified by centrifugation for 30 minutes
at 5000 rpm on a Janetzi K26 rotor. The phage particles were precipitated with ammonium
sulphate (60% saturation) from the culture media during several days at 4°C. The suspension
was first decanted, and the precipitate isolated by centrifugation for 30 minutes at 6000 rpm in
a Janetzki K26 rotor. The pellet was resuspended in NET (20mM Tris pH7.8, 150mM NacCl,
5mM EDTA) buffer, and the particles extracted by several cycles of centrifugation and



nol ar excess of SMPH (Pierce), diluted froma stock solution in DMSO, at 25
0C on a rocking shaker. The reaction solution is subsequently dialyzed

tw ce forwd bnemvsssagai nst L of 20 mM Hepes, 150 mM NaClecTmH200680@us5 4 OC.
The di al yzed HBcAgl - 185-Lys reaction mxture is then reacted with the
reconbi nant Fel dl obtained in EXAMPLE 5. In the coupling reaction the
FELD , FELDI - 15aa and FD12-15aa, respectively, is in twfold nolar excess
over the derivatized HBcAgl- 185-Lys ¥VLP. The coupling reaction proceeds
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sol ut i 0po@pmSREHEEHdn¥ Boh@Rhg \ExpGids %Pépod?@ﬁ@ha@ rA6E froMCHRAE B fga[ 4
hours at_ roomtenperature W th shaking. [00164] uplin % of Fel fusion

pr ot ei n&iltragion REer AiephaEeRs 4B colmn g h‘?/Ehﬁged’B‘f“éﬂeﬁé’Gfef%“BWﬂ Keiatyzed as%nst
subst antyjagh hyd 1 &)&%ﬂ%gﬁorM§&rl bed above. EXAMPLE 10 Production of
bact eri ophage based i nventive conposition [00165] A 601 culture of E
col i ABJ?@D6Z]5X 10 7Thsedondifien pf mplny ofvirel ﬂé)tquBm&)rh@msst;o the badteriephaga QB et ensi ve
aeratio [ vol ume, .of cu ur ) culture
of " about s igt iy lhe Ao V5 TPUEE epidalt & B Moo S Rel it V%
mul tipl MAMPIOEN nfectionof 5, and Cal 2 was added to a final concentration
of 2.2 mMM After an adsorption phase of 5 mnutes, aeration was intensified
(1.5 volunes of air / volume of culture-mnute) The cells were further
grown for 3 hours, until OD O reagchgtparsbabl e val ue, yielding 4-6xl 0 12
phage particles in the culture. These were purified as follows. E coli was
| ysed by addi ng 10 RB-Kehdifugion pretgins grechighdy immypoggieomymee/ 1 cul ture and
EDTA to a final concentration of 20 mM The |ysate was clarified by
centrifugation in a cooled flowthrough centrifuge, the phage

[00168] BALB/c mice were immunized sc with 50 ug of QB-FELD1 obtained from

EXAMPLE 7 or 50 ug of Q3 mixed with recombinant Fel d1 (obtained from EXAMPLE 5) on
days 0, 14 and 21 and blood was taken on days 0, 21 and 28. Fel d1 specific antibodies were
measured by ELISA using FELD1 for coating (10 ug/ml). In brief, 96-well F96 that were pre-
coated at 4°C overnight with 10 pg/ml FELD1 in 0.1 M NaHCO3 pH 9.6 were used. Plates

were washed four times with PBS-Tween20 and background was reduced by incubating the
plates 2 h at 37°C in blocking buffer (2% BSA, (Sigma) in PBS-Tween20). The serum was
diluted in serum dilution buffer (2% BSA, 1% FCS in PBS-Tween20). Twofold dilution steps
were done and incubated for 2 h at room temperature on ELISA plate shaker. Plates were
washed five times and 1:1000 diluted detection antibody (anti-mouse IgG HRPO coupled
(Sigma)) was incubated for 1 h at room temperature. Plates were washed five times with PBS-
Tween20 and detection was performed using OPD substrate solution (0.066 M Na,HPO,, 0.035
M citric acid pH5.0 containing 10 mg OPD (Fluka) and 8 pl of 30% H,0, (Fluka) per 25ml)
and 5% H>SO4 in H,O as stop solution. The absorbance was measured using ELISA reader at
450 nm and for calculation of arithmetic means and standard error of the mean (SEM) EXCEL

software (Microsoft) was used.



particles sedinented fromthe | ysate by amoni um sul phate precipitation
(500 g/1, yielding approx. 66% saturation). The suspension was first
decant ed,weandodgidvesspr eci pitate i sol ated by centrifugati orcir@mpr286/0608351t €S

usi ng a Janetzki K26 centrifuge with WR. rotor 6x500nm at 6000 rpm or in
a Beckman J21 C centrifuge using a JA-10 rotor. The pellet was
resolubilized in NT buffer (0.15 MNaCl, 0.1% Trypton) and clarified by
centrifugation. The supernatant was precipitated with amoni um sul phate
(500 g/ 100dd9led, aPPFBEKDI Gftusiaedimidei showed d halfipaxdaalpibsaptiones1 20900 ahdéd by
centrif 'on I zed i.n buffer and clarifi agai n

cont 1 1 d9H00 By PRGBS, Fapcclibyan GBS, B SPOUTFROYEL paSTECH Ik
super naigEMEINY 1 HitthR®Gadh Idw teAH 7000 At 6080 at dhy 20 Fay 98, 2cspedivagn type 35 rotor
at 32 000 rpm The sedi nented phages were resuspended In NT buffer and
purified by ultracentrifugati on over a conventional continuous CsC
gradient. Centrifugation was perforned using a Beckman Ti-70 (8x38.5)
rotor, at 55 000 rpm for 20 hours. The phage particles were subsequently
di al yzed agai nst 20 mM Hepes, 150 nM NaCl, pH 7.4 buffer to be used in
chem cal cross-linking steps as déX4MPb&d3in EXAMPLE 7.. EXAMPLE | |
Preparati on of GA phage based inventive conposition [00166] A culture of 12
1E. coli Q 13 Hfr RNASs#énhumgdtionoémiae Wt Aleohiasedjowant ai ni ng 2% casein
hydrol ysate, 0.5% Yeast extract, 0.2% glucose was grown to an OD540m of
0.6-0.7, which corresponds to approx. to 2x108 cells/m, and infected with

GA phaogygihf UL Blehit Rl BRBESHEORel sl T cbI e A9 A5 v o

total culithiSoqug tﬂ'd'ilﬁuﬁ att IqavmleELmsHot Diye ﬁidéihébg)vele ditotyd v 200 CHsE stealmsz

i ncubating the culture for 15 m nutes. The lysate was clarified by

centri fﬁbgqq P Bo3nd300 ml Adpesd- Sa(§°‘§@€)EFSPeﬁHY%¥:aa irirdsb %@@e%%mto thhe phage
particl &g MATRhPhSEIRIdgAed W th ammoni um sul phate (60% saturation) from
the culture medi a during several days at 4C. The susi)en5| on was first

decant ed013hd t heSepr wetesiolleates 4t§aydf‘e%|1 BY> #ertdr $4 ayht 120 ntibedicsopesifitit es at

6000 r pgdift ﬁle\h%‘r“atl Flﬁ'dlKﬁl@Llﬁ (ﬁ@énd(g RS drdetiRincl By tEREAded in NET (20mM
Tris pH7’8, 15 5nmM EDTA) buffer, and the particles extracted by

sever al [indl]es ofM@eotttfrruﬂa.tgaWcr@woatndipmugmewEh drig/ml saverhl qucﬂt(hbfdsilof NET
buffer. . The portion |n| C I ed with
J?)orspm Fchﬁla ogleg‘},l_tl mpgd F g _,Z é@e esulnngs E)g gl ral 69 \Qé%]’ rB%]pcf‘ ve y Aq"ge

)

S
k

60% ammnl umsu
puri fi esvatHinge €0. 05%ﬂ3naan@0/ﬂ£$$eqnb&lm&mg4ﬁ1t]mafyu BSA mnHBS,uémeqme:naddyd (aver t wo

sucrose adl ts Br I# gent was prepared with 7 m of 50% 7 n

of 43% Fﬁnt t‘:%%/mjfe X’olfﬁ]igéﬁ hd 7 m of 22%w w sucrose in NET buffer

in centrodiugal t ulRfeaftditBe BhBQEwsaktidd®it by §taddadi method. QB VLP-FELD1-HC
vaccines induced a long-lasting high Feldl-specific antibody response towards natural and

FELDI. The antibody titer was higher in the presence of Alum than without Alum (TABLE 2).

TABLE 2
with Alum without Alum
dates nFel d1 FELD1-HC | nFeldl FELD1-HC
Day 13 15984 53939 3394 7871
Day 20 100311 203636 38980 77323
Day 27 173190 368716 38177 56836
Day 42 240173 419072 88953 170377
Day 56 228500 492520 65370 163093
Day 84 157009 219834 59603 115049




buffer) was | ayered on the gradient, and centrifuged for 17h in a Beckman
SW28 rotor at 25 OOOrpm The fractions containing capsids were pool ed, and
separ at edwbnomwvmusnose by gel filtration over a Sephar operdi2@olocosas The
phage particles were subsequently dial yzed agai nst water and |yophilized
for further use. [00167] The condition of coupling of Fel d | fusion
proteins to the bacteriophage @ or is substantially the sane as the
coupling condition to the VLP of Qb &% disclosed in EXAMPLE 7. EXAMPLE 12
Qb- Fel |dl fusi Day ptDdt ei ns ari@7Mghl y | 208U geni ¢62290m ce [ 004183] BALB/ c
mce we i i HH—50—tg—of FEEB—oebtatned—F+omBEXAMPEE'7 or 50
ug of @ m xed with reconbi nant Fel dl (obtained from EXAMPLE 5) on days 0,
14 and 2 1 and bl ood was taken on days 0, 2 1 and 28. Fel d | specific

anti bodi es were neasured by ELISA using FELDI for coating (10 ug/m). In
brief, 96-well F96 that were precEgeA®RPLAE!144C overnight with 10 ng/ M FELD
in 0.1 MNaHC®3 pH 9.6 were used. Plates were washed four tinmes with

PBS- Tween20 anngIan&P%’lFﬁdo QR ay drgsitcally 1eguged aligseicippigniahé Yirates 2 h at 37C
in blocking buffer (2% BSA, (Sigm) in PBS-Tween20). The serum was dil uted
in serumdilution buffer (2% BSA, 1% FCS in PBS- Tween20). Twofold dilution
st eps wivd74lone dPud tesintha ebtliyl of QB-BPELD kG oo iriggempe nlddrgic geagtioklin Sitropl at e
shaker. .Pl at.es were ed five ti.nes a 1:.1000 di.l ut ed.det ect. on .anti body
Cant - bR R i BT s R e el bt op s o B Pl Bl

t enper athesebashphils ar: covted wivh Febdl dpevific Tghmsl respohd RBB hwagiciladow ofIEDETt | ON
was perforped usi.ng OPD substrate sol ution . 0 M Na2HPO4, 0. 03 citric
o o preS BIGSAE SRR IGom 0 Pl besoRh Byt sle B g viba o ers Bopg e vk eied per
25m ) aaghodis b@g@@ﬂmﬁ&@ AFELDIPHE Qloat 1288 uprtR@a@diSEr CBEE @ ay\BsscIREBH I €d

usi ng ELI SA reader_at 450 nm and for calculation of arithnmetic neans and

st andar dlowrcytomegy. Whide RehlA1 -HEHoptaprdEpmdB¥ AMEBEE 5) Mageisd sireng ypgegulation

used.[ 0 - REL L j } T iyl ion of
150, 000 hRP T TR el Egiof Eufd (ionDa!ignh, b FETPINR oREARA BHdRT, 0

i muni z EXANREE &) eohribitados drastiqaldy dedbo¢d-allergid poiertial ragd eqhired 1160v100G fold of 7000
and 6000Q. at da d 2 [ t 4 Ml 2LE 13 | ni zati on of mce
Wen A DEeRnS hebEsg o R E Rorte MR C oSS i co. wer e

vacci naf@d7flhr ee Simitedy (ldayesO wad 4epaardd Z&) the fusion proteins FELD-15aa-HC, and

FD12-15aa-HC either alone or coupled to Q. The results are shown in FIG 2. These Fel d1

fusion proteins, when coupled to Qp, all exhibited a drastically reduced allergic potential.

EXAMPLE 15

FELD1 coupled to Qp is unable to trigger a skin-prick reaction in an allergic individual

[00176] If allergens are introduced by pricking into the skin of an allergic individual, a
local edema is generated within about 20 minutes due to activation of mast cells resident in the
skin. Here, the skin test was employed to determine the allergic potential of QB-FELD1-HC
(obtained from EXAMPLE 7). Graded amounts of QB-FELD1-HC or corresponding amounts
of FELD1-HC (obtained from EXAMPLE 5) were introduced into the skin of a cat allergic
individual and the skin reaction was assessed 20 minutes later. QB-FELD1-HC was unable to

trigger a skin reaction while FELD1-HC was active at more than 100 fold lower concentrations

(TABLE 3)

TABLE 3: Corresponding amounts of FELD1-HC were present in both preparations.



with 50 ng the prior art QVLP-FELD -HC. The vaccines were diluted in 200
ul of sterile PBS or 100 mMl PBS and 100 ml AluGel-S (Serva), respectively,
and i nj ecwedoeubecisbaneously into the left and right i ngecraiP2006@s563a5

[00171] Sera were collected at day 14, 21, 28, 42, 56, 84 and 112.

Ant i bodi es specific against the natural Fel dl, FELD-HC and QB VLP were
determ ned by ELISA. [00172] M crotitégr pl ates were coated overnight with 1
ng/ M natural Fel dl (nFel dl, Indoors biotechnologies), 10 ng/m FELD -HC
and 10 |iglktion Qb VLP, rrEEgeictHCvel y. AQBeFELBRSHMG (/0. 05% Tween 20/ PBS) and
bl ocki ng—wt+h—2% BSA-nr—PBS—sera—were—-addedat—dHfferent dilutions in 2%
BSA/ 106 €& PBS, [001731*"Thereafter fhe ELISA was clarried out by standard
met hod[ 1@ VLCP- FELD -[HG vacci nes 1 nguced a Tong-Tasting high Feldl-specific

ant i bog rds natural and FEILD = The anti body titer was hi gher
in the érh@@ence of Allumthan wi thoui-Al um (TABLE 2). TABLE 2EXAMNPLE 14
FELDI l.lmb(({‘u to @ has drasticalty|reduced attergic potential in vitro
[00174] est the bility of Qb-FELDI-HC to tridger an allergic reaction

in vitro, basophils were isolated fromthe blood of three cat allergic
donors. In a cat allergic individual, these basophils are coated with Fel
dl specific IgE and respond with the upregulation of CD63 to allergenic
stimul ation. Thus, basophi | s of tEﬁéAMPIIErlgi c individual were stimulated

wi th graded armunt of L FELDI aJ one_and, upregul ation of
CD63 Was? %t@ao llebw E\E’i gvsf Q(M‘ﬁl@ ﬁéﬁ?ﬁ luggs Sklamlfﬁf (AN EXAMPLE

5) tri ggered st rong upregul ation of CD63 at the | owest dilution tested
(about 9 -FELDI - HC (obtai ned from EXAVPLE 7) exhibited a
drasti cé@ql? Ir educllf}d)r@lr ltefogl e gbitnef QB-FERB-HE do pineliprato glinicd Gymptomshd gher

anount s m )...of FELDI - H 00175]
Siml arIp ?e?ﬁg&ffetrg %om )cat auer(,ggtw%f ¥ gcngﬁd mﬁéﬁ&i%‘% el nis{%F@E%n%g C, and
FD12- 15MAIMPIeE Ther d@l (D(r33nject1omum exdhnidd 0Qdg), 40hg onalay(7t(3 mjecﬁoﬁsm'ﬂm l(h FI G 2.
These Fel f usi pr ot ei ns, n. cou exhi.
dr ast i o814 90 elaEEdORys Y GRE 1gcPeRioFaie i Mt sl Pugh s e oo
:J Pab: F perférfncd Geth a&t@ﬁz:jrﬂrz&a ¢t xttR 6 8438 0] T z&ﬁl Al alneEga diarhdiéth uf fiﬂllﬁ aénu[al)0176]

all er s are .introduce a
| ndi vi dORFING TSGR Wele ﬂﬁaqtlée%e(ﬁ@a5 %ﬁnflh ek OB Iﬂ Hates, aer o
acti vat contembatidBsivers @bduired BSind@Rtclihidall fyfhptoms in the skin prick test than the initial

amount sufficient to induce symptom in the prick test.

EXAMPLE 17
Immunization of an allergic individual with Q3 -FELD1-HC reduces allergic symptoms in

nasal provocation test

[00178] In order to test the ability of QB-FELD1-HC to ameliorate clinical symptoms, a
patient suffering from cat allergy was vaccinated with 17ug QB-FELD1-HC (obtained from
EXAMPLE 7) on day 0 (3 injections of 2, 5 and 10 ug), 40 ug on day 7 (3 injections of 10, 10
and 20 ug) and 50 ug on day 14 (2 injections of 10 and 40 ug). Nasal provocation tests were
performed with a standardized cat extract on days 0, 14 and 21 and the clinical symptoms were
assessed at each dose escalation level (FIG 4A) and an overall allergic rating was made
according to (FIG 4B). Within 3 weeks, 100-1000-fold higher allergen concentrations were

required to induce clinical symptoms and the overall allergic rating was strongly reduced.



skin. Here, the skin test was enployed to determne the allergic potenti al
of Qb- FELDI - HC (obtai ned from EXAMPLE 7). G aded anounts of Qb-FELD - HC or
cor r espormiongocaynasnt s of FELD - HC (obt ai ned from EXAVPLECH)EP2@6@608as r oduced
into the skin of a cat allergic individual and the skin reaction was
assessed 20 mnutes |ater. Qb-FELD -HC was unable to trigger a skin
reaction while FELD -HC was active at, nore than 100 fold | ower
concentrations (TABLE 3) TABLE 3: Cor4iﬁespondi ng anounts of FELD -HC were
present in both preparations. EXANBXEAMPGEII8uni zati on of an allergic

i ndividual with Qo-EELD - HC reduces skin prick test r tivity [00177] In
order to test the a@%%&agvgmqsggﬁﬁ)ﬁ@up lczfﬁéffng‘?gpéﬁgjlci ni cal synptons, a
patient suffering fromcat allergy was vaccinated with 17ug Qb- FELD - HC

(obt ai ned from EXAMPLE 7) on day_ O (3 injections of 2, 5 and 10 u(g)_, 40 ug
on day O43% nj edPipasrantied awl purtfiedgpabpratsdy ohRP Bies whtabkd @sydesaibed in

i njecti 9@!1\215 Omyg .. r i &

st andar di ze IE%S @?a?ngc@'oﬁeaégé@s[) @OQ{%@J& %\ﬁrﬁ&%ﬁ? %%g(tkﬁg téﬁgﬁgeﬁr“s&o f’it he
cent r al fravtirinl k@ ffiealc coreontvaion qefan0%ef iaad 3001 @l 39f. a Wdldtion 3f WEp&),Op000- f ol d
hi gher al.l efgen concentrati.on re.r ired to, induce .clinical s tons in
b ok AligaRPpaERRE i BmEE T Bl of At CletiRie; BFE IRD oGRSt om | n
the pri ekxthRskas s AMRlyEzedl dgalddtBO Al NED Buffér @0 Ml BiigHC], iphl 7 8i whigabmW t h Qb
-FELD - HC reduces allergic synptons in nasal provocation test [00178] In
order t &Xéstnd 8 my; Nacﬁbcqs%au@g FP etappereaptogthapel dprat BOWS atit CatndiPiibt ons, a

patient dauizb@in £Eonkih@dls GRde it b FOWFNIVRSEAFIrSCnIM bibr 47dags SduoBERY - HC
(obt ai ned from EXAMPLE 7) on da% 0 (3 injections of 2, 5 and 10 ug), 40 ug

on day Teagssmbly wixtyre was Bten desaltadagsingt werer by diakysis.omith 6 buferpxghanges(3 X
injecti 9pem@h X9 apd 40 ug). Nasal provocation tests were performed with a
standardi zed cat extract on days 0, 14 and 2 1 and the clinical synptons

were as$@d8eld at Ewphngibeledlefisioh proteins kethe| Qf FLE wiik) paskaied rCpéy esidk |is

al l ergi at | . ar.di Wthin 3 weeks, 100-
1000-fo(ls?1ﬁlg‘|§g'ﬁg’lrl a Pe ge%?a%%naggﬁ gg‘%ﬁ%%?@e@?'equi red to induce clinical
synptons and the overall allergic rating was strongly reduced. EXAMPLE 18
Packagi ng i nmunosi nul atory nucleic acids into Q VLP [00179] D sassenbl ed
and purified coat protein of Qb was obtained as described in EXAMPLE 1 (A)
and (B). Reassenbly: b-nercaptoethanol BxsMRUHad to the 10 m di ner

Fel d1 specific serum inhibited the Fel d1 fusion proteins induced basophil

degranulation in vitro
[00181] To test the ability of anti-Fel d1 specific IgG to inhibit degranulation, basophils
of an allergic individual were stimulated with a defined amount of FELD1-HC or FELD1-15aa-
HC pre-incubated with a serial of dilutions of decreasing amounts of IgGs isolated from Q-
FELD1-HC immunized rabbits. Upregulation of CD63 was assessed by flow cytometry. Anti-
Fel d1 IgG blocked the Fel d1-induced degranulation at all tested concentrations while control
IgG did not show any effect (TABLE 4).

TABLE 4
samples FELD1-HC FELD1-15aa-HC
Percentage of degranulation | Percentage of degranulation
No IgG 33 33
Fel d1 specific IgG 1.9 1.6
(200ng/ml)
Fel d1 specific IgG 52 2.1




fraction to a final concentration of 10% and 300 ml of a solution of

(CpG 200pA ol i godeoxynucl eoti de, containing 12.3 nnol of oligonucleotide,
wer e addewo 206vorsassenbly m xture was first dialyzed agarmEeood0cosss NET
buffer (20 MM Tris-HA, pH 7.8 wth 5nM EDTA and 150 nM NaCl ) cont ai ni ng
10% bet a- ner capt oet hanol for 2 hours at 4C, and then dialyzed in a
continuous node, with a flow of NET byffer of 8 m/h over 4 days at 4C. The
reassenbly mxture was then desalted dgainst water by dialysis, with 6

buf fer eb(mhg/my)ss (4 X100 m, 2 X1 Iiter) [00180] Coupllng Fel dl |fusion

pr ot ei s th paCr\ageu Ginst+der+s—earri out
substan?Fla‘ﬁISPect“Iifeg?a(ﬁw gZ%‘bdescrlbed P EXAMPLE 7. EXAI\/PLEL‘319 Fel
speci f i| GelsdrsppificpcRsagm) e Fel dl fousi on prot «3| ns i nducex basophl I
degraniatiopin vitro [00181] To test the ability of anti-Fel dl specific
| gG t o | UssRasific Igégr anul ati on, basophi*Ps of an allergic i Ml vidual were

sti mul afgk T Hirdudehi Ned anount of LD -HC or [FECD - I5ga- HC
pre-incubated with a seriall of dilutions of decreasing anmounts of 1dGs

i solated from Qo- FELDI - HC i mmuni zed rabbits. Upregul ation of CD63 was
assessed by flow cytonetry. Anti- Fel dl 1gG bl ocked the Fel dl-induced
degranul ation at all tested concentrations while control 1gG did not show
any effect (TABLE 4). TABLE 4EXANEXAMPOEI28muni zation of Fel dl allergic

mce with Qo-FELD -HC [ 00182 er.i nent al of allergic
ai rway inflammati onﬂiﬁnﬁ i@n&géqﬂgg r§18n3%°s‘§]§%6§ﬁ2£§flgg§t s of vaccination
agai nst the natural allergen Fel on the IgE antl body response in serum
and BAL Bronchoal veol ar Iava%e) Eﬁ‘étB/ m ce. nEce per .graup were
perit ondM1BY sensMt E3REAMEPERh 2 ég“" arrven!t am%é‘Pn@é‘Pc“d&’?S 0. Mce
wer e SU*as‘ddttaBﬁ@é&&hé’effe@%@fﬂ@&ﬁﬁu&ﬁa@ﬁﬁét 86 na0A1 Afrg¥ntra1 81 @k 1S0Hibely al one
or with 50ug Qo- FELD -HC before two subsseqﬁlljent i ntranasal chall enges on
day 63 &#BoHsgin segm andyBAHL (Bronghoatveelar lgeage) oft B Al anice: § aMiPepRy &TOURi &S wer e
sacrifi 9%oﬁ&ll§0§eh§ﬁieds®'itﬁ M@ Gafdtlt FRd B&Prlﬁ hRaRYER af daRvVeoR/ikd L{:lréi'é for
anal ysi s of the hunoral inmune response ( | gE subclass titers) by ELISA
[ 00183] swhichi@requblitvascivatedeor dagt 85 and #fl vaithr eithen Abig QfElensbor(witly S0 Qfit | ut ed
:32 Acfa(r):)%gﬁpél%&{)&{)ﬁe%g ub@éer%{e}ént ?tltuaﬁz%al dﬁgﬁe%r.gesbgno&blé' 9nd anp}O.ag S%S\Qﬂft&nhg BS/ 5%
last intranasal challenge mice were sacrificed to collect serum and BALF (Bronchoaleveolar

Lavage Fluid) for analysis of the humoral immune response ( IgE subclass titers) by ELISA.

[00183] ELISA plates were coated with a rat anti-IgE mAb (2ug/ml) diluted in Carbonat
buffer over night at 4°C. After blocking of plated with PBS/5% BSA for 2 hours, plates were
incubated for further two hours with either serum (first well 1:100 pre-diluted, then 1:3 dilution
over 8 steps) or BAL (first well pure BAL then 1:3 dilution over 8 steps) of sensitized,
vaccinated and antigen-challenged mice. After 2 hours of sample incubation, serum and BAL-

IgE was detected with a rat anti-mouse IgE-HRP labelled antibody prior detection with the

substrate OPD.
TABLE 5
Group Serum (d75) BAL (d75)
Titer at % reduction Titer at % reduction
OD50 OD50
QB -vaccinated 1036 - 15 -
QP -Fel d1 vaccinated 49 95 0 100




i ncubated for further two hours with either serum (first well 1:100
pre-diluted, then 1:3 dilution over 8 steps) or BAL (first well pure BAL

t hen 1: 3 woludd@ms3over 8 steps) of sensitized, vacci nat edTard006/060845
antigen-chal l enged mce. After 2 hours of sanple incubation, serum and

BALI gE was detected with a rat anti-nmouse | gE-HRP | abelled antibody prior
detection with the substrate OPD. TABLE S5WHAT IS CLAIMED IS: 1. A
conposition conprising: (a) a core particle with at |east one first

at t achmdYHATII$ ELANMEDISN said core particle is a virus-like particle (VLP)
or avirus particle, (b) at |least one antigen wth at | east one second
attachnent site, wherein said at |east one antigen is a Fel dl protein or a
Fel dl fragmentA conipdsivitvecampiising) and (b) are coval ently |inked through sai d
at least one first, and sald atl | e stlone secon ttachpent site.

conposi tion of cl@ m # CofRArsle, wihjal leag ong, rirra&? 1t Yl ngEw Sé"H]a‘foﬁe 1 of

Fel dl and chai n}%rtﬁzielEelvlrﬁH likefagichd (VIPYofla GiRaipartitlepf Fel dl is associ ated
wi th chain 2 of F '2 at | east one coval ent bond, 3. The conposition of
claim1 or efg)e. atlapsy opsAntigen ity pideagt gng sgeond atashmeRtsitei n conpri sing
chain 1 of Fe' dl wigdhdin Gdi@ianledst @he BRdgefllis a‘l”@ledleprateﬁf‘@f' aFd Af frdp@lentland@nd
chain 2 of Fel dl are fused either cﬁ rect via_ one peptide bond or via a
spacer, which | | rRReTein £2) Rpd @) ﬁferﬁj)é’a]élﬂﬂyo%e% Hﬂd?%hvsmdwt {qagt ane figtt gndhedd of

anot her chain. 4.;73& s05R85d dtaOhn&k sied. @i m 3, wherein said chain 2 of Fel

dl is fused via its Ctermnus to the N-termnus of said chain 1 of Fel dl

ei ther di rectly or via a spacer. 5. The corrp05| tion of claim3, wherein

sai d chain edm{lsitof ?Hﬁﬁ—‘r?} hiRrdid idHE UTpRAGIn biinprlles MalePf Sty Of sai d
chain 2 of Fel el |rec or via a spacer. e conposition of
any one of t he and diains2 8f Bel d./llnwhet\em seili ahain plaefdrel db msdssacstasif wigncham 2of aci d
sequence havi ng"elela]lzosra%fga&%ng ‘gle[lﬁ?ongues 7. The conposition of any one of
the clains 3-6 sald usion protein conprises an am no acid
sequence selected fromthe group consisting of: (a) SEQ ID NO 24; (b) SEQ
| D NO 54;

'’ 3. The composition of claim 1 or 2, wherein said Fel d1 protein is a fusion protein
comprising chain 1 of Fel d1 and chain 2 of Fel d1, wherein chain 1 of Fel d1 and
chain 2 of Fel d1 are fused either directly via one peptide bond or via a spacer,

which links the N-terminus of one chain with the C-terminus of another chain.

4. The composition of claim 3, wherein said chain 2 of Fel d1 is fused via its C-

terminus to the N-terminus of said chain 1 of Fel d1 either directly or via a spacer.

5. The composition of claim 3, wherein said chain 1 of Fel d1 is fused via its C-

terminus to the N-terminus of said chain 2 of Fel d1 either directly or via a spacer.

6. The composition of any one of the claims 3-5, wherein said spacer consists of an

amino acid sequence having 1-20 amino acid residues.

7. The composition of any one of the claims 3-6, wherein said fusion protein comprises
an amino acid sequence selected from the group consisting of:
(a) SEQID NO: 24;
(b) SEQ ID NO:54;
(c) SEQ ID NO:55;
(d) SEQ ID NO:56; and



(c) SEQ ID NG 55; (d) SEQ I D NO 56; andP1048PC0O0 49 (e) SEQ ID NO 57. 8.
The conposition of any one of the clains 3-6, wherein said chain 1 of Fel d
1 conpri swe 2aocawgisence of SEQ ID NO 22 or a honol ogue PeqmEPr@s/ 060385 eof ,
wherei n sai d honol ogue sequence has an identity to SEQ ID NO 22 of greater
t han 80% preferably greater than 90% or even nore preferably greater than
95% osition of any one of the clains 3-6, wherein said chain 2
of Fel ET€&€§W| ses a sequence of SE® ID NO 23, SEQ ID NO 25 or SEQ ID
NG 26, or a honukp§te IBkéhce t hereof, wherein sai d honol ogue sequence
has an identity to SEQ 1D NO 23, SEQID NGO 25 or SEQID NO 26 of greater
than 80% preferably greater than 90% and even nore preferably greater
than 95% 810. The compgsitiint ofoamyodneasfytheclimd 36hevhpicinc eidticldn ¢l afiFeb d Wher ei n

said core particle.is a virus ti.Cl and \wher e ref er.abl aid virus
arti ol e 15 a FrPsepasET o REQIDAGE 1 AR PBIsRg e el wirtet IR t§ on
of anyI one 01(‘j \t/sﬁe homalogte ?eqﬁenc\t\lfh%’ai igleﬁt&ydo S|EQeIDDHOt pZ Iofé gieateAthdh 180%) | Ikek
particle, an referaply said virus artic is a virus-like
a1 6l 6 of " an PRURERER B0k o 25en sfe PESHHLS BRAGHIGH ¥ m 10 or 11,
wherein said RNA-bacteri ophage is selected from Qo, fr, GA or AP205. 13.

The conposition of any of the proceeding. clains V\/nerel n sal d first
at t achment® si térhE&Pr’BP‘i’%té’é‘ °o%nypqnéf<€r%|cglm%3 6a Wherinntidy iy 2 96Tl dr bl y an

am no group of campit BGequifbe onSEQﬁMWQSM ISP 175 N@RY5 of SEQEDNGCRES 219
clainms, wherein said second attachment site conprises, or preferably is, a

sul f hydr yl gr olipmolegws saugncy thereofy| wheyedn yaid @pmeﬁsg@ﬁ sequenge hag #eidentily tarhe

conposi tion of g Qé[DO[(IOtheSE 0ABRCY! T3 FEQ IPNOYEE rea@é%@ﬁ%h'sﬁ"/ﬁﬂre?erabl _
| i nker. P1048PCO0 The “conposition of claim wherein said I'1nker is

fused to the C-gteetemhanlgo%fanslaw@nIﬂeﬂepmferpblmgeqawrﬁlﬁn{?mt he C-terminus of said
Fel dl fragnment. 17. A vaccine conprising the conposition of any one of the
claims 1-16. 18. The vaccine of claim 17 further conprising at |east one
adj uvant. 10.  The composition of any one of the proceeding claims, wherein said core particle is a

virus particle, and wherein preferably said virus particle is a virus particle of an

RNA-bacteriophage.

11.  The composition of any one of the claims 1-9, wherein said core particle is a virus-
like particle, and wherein preferably said virus-like particle is a virus-like particle of

an RNA-bacteriophage.

12.  The composition of claim 10 or 11, wherein said RNA-bacteriophage is selected

from Qp, fr, GA or AP205.

13.  The composition of any of the proceeding claims, wherein said first attachment site

comprises, or preferably is, an amino group, preferably an amino group of a lysine.
14.  The composition of any of the proceeding claims, wherein said second attachment
site comprises, or preferably is, a sulfhydryl group, preferably a sulthydryl group of

a cysteine.

15.  The composition of any of the proceeding claims further comprising a linker.



19. A pharmaceutical conposition conprising : (a) the conposition of any of
the clains 1-16; and (b) an acceptabl e pharmaceutical carrier. 20. A nethod
of producwogoddme7ssonposi ti on of any one of the clains 1pté/Rroovpnsming: (a)
providing a core particle with at |east one first attachnment site, wherein
said core particle is a virus-like particle (VLP) or a virus particle; (b)
provi di gg ‘&hcl ﬁast one antigen with ast | east one second attachnent site,
wher ei nF&% gtigen is a Fel dl prot€in or a Fel dl fragnent; and (c)

| i nki ng sali6d cdhe cpmapdsitohef alatn 35, wheadin bad Bkeo mefusadt to ghenCtamprus diisad sai d
conposition, in i o]y At and said core particle are
i nked throug\rll\@gfz’il cprggl%logg):t%le gﬁ%%?‘%ssot?sag%gelgg{hﬁlgg]tgnﬁ east one second
attachment sites. 21. Use of the conposition of any one of the clains 1-16

f th f act f di t f he t t qf t all .22, A
ot hod of 1 eat) HSCRStraIBEYY: SORPIST PRaaM i BTBPTRg Ihe conposi 1 on.of

any one of the clains 1-16 or the vaccine of any one of the clains 17-18 to
a human or__to non-hur’r?gri mapmal . wherei.n Ereferabl. sai d non- human mamal

is a dog. §r albg¥accssol¢lgum CiCOMBFisipg atdenst @I a¥ne cl ai ns 1- 16 or

t he vaccine of any one of the clains 17-18 for use in a nethod for treating
cat allergy conprising adm nistering said conposition or said vaccine to a
human or t'9-a AR ARG ATRPOSItH edTATISI0T ef er abl y sai d non- human manmal is

a dog or a cat. P1@#8PERG:ompdsiAéh ofAnf 6f thel blafrkiSi-P6) aRi Ot €i N conpri sing chain 1
of Fel dl and chain 2 of Fél dl fused via an am no acid spacer, which |inks

the N-term nus of(bhne 2B Regcptable pharpgecutical 6PTius of anot her chain, wherein
said ami no acid spacer consists of an am no acid sequence having 10-30
am no acid residues, and wherein said fusion protein is not a fusion

protein cA¥pri <% methedel producing tSROMPEsiiED ¢f2ny gaeef thawlajmgH-16GoEBLEYiBLt 0 t he
Neerri nus of chai@) 2 o S0 | BN 28 ol Bodtich HGLERP B o] ai mec
%sse I n bacu B,

fusion protein is expre OVi I us expression system The Fel

dl fusion protein of chidiconedrticlehes eirus-lgaipdrtislod¥EP) oranaius partidle; an am no

acid (b)  providing at least one antigen with at least one second attachment site,

wherein said antigen is a Fel d1 protein or a Fel d1 fragment; and

(©) linking said core particle and said at least one antigen to produce said
composition, wherein said at least one antigen and said core particle are
linked through said at least one first and said at least one second

attachment sites.

21.  Use of the composition of any one of the claims 1-16 for the manufacture of a

medicament for the treatment of cat allergy.

22. A method of treating cat allergy comprising administering the composition of any
one of the claims 1-16 or the vaccine of any one of the claims 17-18 to a human or
to a non-human mammal, wherein preferably said non-human mammal is a dog. or a

cat.

23.  The composition of any one of the claims 1-16 or the vaccine of any one of the
claims 17-18 for use in a method for treating cat allergy comprising administering
said composition or said vaccine to a human or to a non-human mammal, wherein

preferably said non-human mammal is a dog or a cat.



sequence having 2, 3 or 4 tinmes of GGGGS repeat. 26. The Fel dl fusion
protein of claim?24 or 25, wherein said Fel dl fusion protein is produced
in E. colwo2806/09T33¢ Fel dl fusion protein of any one of PCmEPI&EI0®BIR4L- 26,
wherein chain 2 of Fel dl is at the N-term nus of the fusion protein. 28.
The Fel dl fusion protein of any one of the clains 24-26, wherein chain 1
of Fel gl 4; 6 the N-term nus of the fusion protein. 29. The Fel dl fusion
protein 0948 FF@ one of the clains 24- conprising an am no acid sequence
sel ect ed fMom tAhEcl gt duspnguetsinsbinpgsing cha{nal) ofSeQd ] EndNBat4; of(He) d 1SRRI ia NO: 55;
and (c) SEQ ID_NQ 57. A Fel dl f usi Lot eln c risi anl no acid
Sequente of SE8 FEMRACE Paiiaftistlinkst il S o R i B8 (G Raf
coli. of another chain, wherein said amino acid spacer consists of an amino acid sequence

having 10-30 amino acid residues, and wherein said fusion protein is not a fusion
protein comprising chain 1 of SEQ ID NO:22 fused through (GGGGS); to the N-
terminus of chain 2 of SEQ ID NO:23, 25 or 26 and wherein said disclaimed fusion

protein is expressed in baculovirus expression system.

25.  The Fel d1 fusion protein of claim 24, wherein said spacer consists of an amino acid

sequence having 2, 3 or 4 times of GGGGS repeat.

26.  The Fel d1 fusion protein of claim 24 or 25, wherein said Fel d1 fusion protein is

produced in E. coli.

27.  The Fel d1 fusion protein of any one of the claims 24-26, wherein chain 2 of Fel d1

is at the N-terminus of the fusion protein.

28.  The Fel d1 fusion protein of any one of the claims 24-26, wherein chain 1 of Fel d1

is at the N-terminus of the fusion protein.

29.  The Fel d1 fusion protein of any one of the claims 24-28 comprising an amino acid
sequence selected from the group consisting of:
(a) SEQ ID NO:54;
(b) SEQ ID NO:55; and
(c) SEQ ID NO:57.

30. A Fel dl fusion protein comprising an amino acid sequence of SEQ ID NO:57,

wherein said Fel d1 protein is produced in E. coli.



