GASTRI C | NHI BI TORY POLYPEPTIDE (A P) ANTI GEN ARRAYS AND USES THEREOF
BACKGROUND OF THE | NVENTION Field of the Invention [0001] The present
invention is in the fields of nedicine, public health, immunol ogy,

nmol ecul ar biology and virol ogy. The present invention provides, inter alia,
a conposition conprising a virus-like particle (VLP) and at |east one
antigen, wherein said antigen is a GQP protein or a GP fragnent linked to
t he VLP rwepeavi4y®by. [0002] The invention al so provi de®Ca/RPeedsossseor
produci ng the aforesaid conposition. TQe conpositions of this invention are
useful in the production of vaccines, in particular, for the prevention
and/ or treatnent of obesity and hereby, in particular, by inducing

ef ficient i Mmune responses, in particular antibody responses. Furthernore,

t he conpositions of the invention are particularly useful to efficiently

i nduce self-specific i mune responses within the indicated context. Rel ated

Art [0003] GASTRICTNSNBITORY IPFGLYPRITIONE (GHY) ANGIGER ATRRY SUANDKnown as
gastric inhibitory pol ypeptide) is a gastrointestinal hornone that is

rel eased during a neal from endogid - o that line the gut wall. The
amount of G P that is rel eased |ﬁ§§§wﬁlﬁ‘lc‘j€)§ is largely dependent on neal
content and is induced primarily by the absorption of ingested fat, glucose
or amino acids (Elliott, RM et al, (1993), J. Endocrinol. 138, 159-166,
Lar di noi SACKGROUND OF THIBRIVENTION Col | Nutr. 7(3), 241-7). AP acts
rapidly on pancreatic b-cells to stinulate the release of insulin, thereby
ensuri ng M@ Phe Ieationn- medi at ed upt ake of gl ucose into tissues (Dupre J.
et al, (1973) J. din. Endocrinol. Metab. 37, 826-828). G P achieves this
ef f ect bgmﬁ]l[‘d' ng Tlﬂ: FresBY BRerdtion 1S IHED RS PRt puttie tehiad 1&61%&96%)' vl
enyly

expressed on b-cel Once bound by G P, these recept ors actlvate
cycl ase amﬂ!eca%ahéwl@gymf& virlagys i tiTessntp BV eRNISY Proviflasi Frereia |2ceRMNogItion t he

el evat ;0 Qofﬂ{inél% § -l I%w@@]'u?%& QDA R ohO Qn?tlgéﬁ' C\vﬂeﬂe‘%ﬁ' Ldid aft l%éﬁﬂ PEIP ( Lu,

M et Encocri no 33, 2861-2870)". 1n addition to fat and
gl ucose mmtgnew@@ﬂfsmthnkedge@pVdﬁreirpe@,tmelyohydr ates also stinmulates G P

rel ease gnSI ott, J\%V&ttloﬂlats? &njtﬁ'%a a mkthdd YaP {OHM% trllag,'gﬁ)’resgnﬁgco%jﬁg%l%%tl. 0004]

GPis c ered to be one o e principle tncret actors ¢
ent er o- i Adalcampesitians of thm:meliwa rreesetil iibéd productiemol vagtiResamt paraciilazsfobl ock

the acti A Sﬁcevc%tilgn MaBr lﬂr%gﬁzﬁl%n Qld gl?e%@y and hereby, in particular, by inducing efficient
immune responses, in particular antibody responses. Furthermore, the compositions of the
invention are particularly useful to efficiently induce self-specific immune responses within the

indicated context.

Related Art

[0003] Glucose-dependent insulinotropic polypeptide (GIP, also known as gastric
inhibitory polypeptide) is a gastrointestinal hormone that is released during a meal from
endocrine K-cells that line the gut wall. The amount of GIP that is released into the blood is
largely dependent on meal content and is induced primarily by the absorption of ingested fat,
glucose or amino acids (Elliott, R.M: et al, (1993), J. Endocrinol. 138, 159-166, Lardinois, C.K.
et al, (1988), J Am Coll Nutr. 7(3), 241-7). GIP acts rapidly on pancreatic B-cells to stimulate
the release of insulin, thereby ensuring prompt insulin-mediated uptake of glucose into tissues
(Dupré¢ J. et al, (1973) J. Clin. Endocrinol. Metab. 37, 826-828). GIP achieves this effect by
binding to a seven-transmembrane G-protein-coupled receptor expressed on B-cells. Once
bound by GIP, these receptors activate adenylyl cyclase and other signal transduction pathways,
ultimately leading to the elevation of intracellular Ca®* concentrations and insulin exocytosis

(Lu, M. et al, (1993), Encocrinology 133, 2861-2870). In addition to fat and glucose intake,



insulin secretion (Ebert et al, Endocrinology (1982) 111: 1601). Moreover,
G P has al so been postulated to act directly on adi pocytes, which express
the QP receptor (Yip et al, Endocrinology (1998) 139: 4004). [0005] Due to
its insulinotropic activity, there has been considerable interest in
utilising the hornone as a potential therapy for type 2 diabetes (EP171465,
W03/ 030946). Furthernore, it has recently been shown that G P receptor
knock- outWn20®/(¢&9%R-/ -) have hi gher bl ood gl ucose | evelPSTEiPRODSI0fg52% r ed
initial prﬁgjﬁpld@ response after oral glycose |oad. Although bl ood gl ucose

| evel s a i 8estion are not increaséd by high-fat diet in G PR+ + mce
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i ncrease because of the lack of such enhancenent.
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3710-3716; Tseng, .CC. et al | nvest. 98, 2440-2445). This
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| NVENTI OX\Ithgugh7bloggd glhgess, le\fﬂw\aﬁes mg@$t10§| aﬁg |n9t m@fmﬁ@d tbbiahiglrﬁé dithJeﬁlRRﬁéJf
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fragnment are capab I nduti Nng strong | nune respon parti cul ar
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respecti \{gsluyﬁ rersllasPancl:) nncosnltrgsqI r];ﬂcg ?arc]:f(fng the GIP receptor (GIPR-/-) fed a high-fat diet were

protected from both the development of obesity and insulin resistance (Miyawaki K. et al,
(2002) Nature Medicine 8: 7, 738-742). However, several studies have observed impaired
insulin secretion and hyperglycemia in rodents following nutrient ingestion when GIP action is
acutely disrupted with GIP receptor antagonists (Lewis, J.T. et al (2000), Endocrinology 141,
3710-3716; Tseng, C.C. et al (1996) J. Clin. Invest. 98, 2440-2445). This suggests that chronic
treatment with a GIP receptor antagonist might result in glucose intolerance, or even in diabetes

(Kieffer, T. J. (2003), Trends in Pharmacological Sciences Vol. 24 No.3, 110-112).

SUMMARY OF THE INVENTION

[0007] We have, now, surprisingly found that the inventive compositions and vaccines,
respectively, comprising a GIP protein or a GIP fragment are capable of inducing strong
immune responses, in particular strong antibody responses, leading to high antibody titer

against the self-antigen GIP. Moreover, we have surprisingly found that inventive compositions



reduced, conpared to mce that did not receive the inventive conpositions
and vacci nes, respectively. This indicates that the i nmune responses, in
particul ar the anti bodi es generated by the inventive conpositions and

vacci nes, respectively, are thus capable of specifically recognizing GP in
vivo and interfere with its function. Mreover, since antibodies are |arge
nol ecul es which only inefficiently penetrate solid tissue, in particular

fat ti ssWWO 2006/04886hi ghly surprising that the conpositi @803/ER2SWETCY nes of

t he inv\e/\z,tlh%}@ e effective at inhi bit'éng the build up of fat stores.

[ 0008] urther surprisingly found that the inventive conpositions
and vaccianégaccmhfﬁ, Irespéssively, confpeising ¢ 1P praitain er 4 €I figgmwint dre cinabigioPirfdueiogi on i n
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i nvention conprises reconbinant protein, ref er abl y reconbi nant coat
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bacteri omhﬁggp of fA0l@ks. | N one preferred enbodi ment, the inventive
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cor-[lgr?ses (a) a virus-like particle (VLP), with at least one first attachment site; and (b) at least
one GIP protein or at least one GIP fragment with at least one second attachment site, wherein
(a) and (b) are linked through the first and the second attachment sites, preferably to form an
ordered and repetitive antigen array. In preferred embodiments of the invention, the virus-like
particles suitable for use in the present invention comprises recombinant protein, preferably
recombinant coat protein, mutants or fragments thereof, of a virus, preferably of a RNA
bacteriophage.

[0010] In one preferred embodiment, the inventive composition comprises a GIP
fragment. While ensuring a strong and protective immune response, in particular an antibody
response, the use of GIP fragments for the present invention may reduce a possible induction of
self-specific cytotoxic T cell responses and may reduce the production cost of the inventive
compositions and vaccines, respectively.

[0011] In another aspect, the present invention provides a vaccine composition.
Furthermore, the present invention provides a method to administering the vaccine composition
to a human or an animal, preferably a mammal. The vaccine of the present invention is capable

of inducing a strong immune response, in particular an antibody response, without the presence



avoi dance of using adjuvant may reduce a possible occurrence of unwanted
inflammatory T cell responses. [0012] In a further aspect, the present
i nvention provides for a pharnaceutical conposition conprising the
i nventive conposition and an acceptabl e pharmaceutical carrier. [0013] In a
still further aspect, the present invention provides for a nethod of
preventing, alleviating or effectively treating, in particular, obesity.
[ 0014] | rwoneodgo4stdber aspect, the invention provides a RETHPABOHLSSLY eat i ng
obesity i 0%3)@ imal, preferably a dorrgsti c cat or a dog, or a hunman
conpri si r{ﬁ istering the vaccine of the invention and the vacci ne of
VLP- ghr elof ant astjuviaet. Shyseinzni peefertsd cmbadiment, the yaesingrie devordeef anyrbdiuvant ﬂ‘be of the
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is the nol ecular marker; Lane 1 is the derivat Q. nononer; Lane is
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may additively, or preferably synergistically, increase the efficacy of each vaccine when

administered individually.

BRIEF DESCRIPTION OF THE FIGURES

[0015] FIG 1.shows the coupling of GIP fragments to the QB VLP on a reducing SDS-
PAGE gel. Lane M is the molecular marker; Lane 1 is the derivatized QP monomer; Lane 2 is
the GIP fragment 1-15 GC coupled to the QP monomer; Lane 3 is the GIP fragment 31-42 GC
coupled to the QP monomer. Coupling bands corresponding to one, two, three or four peptides
coupled per subunit are indicated by arrows.

[0016] FIG 2 shows the efficacy of GIP 1-15-GC-Qp or QB-CG-GIP 31-42 vaccine.
C57BL/6 mice were vaccinated either murine GIP 1-15-GC, murine CG-GIP 31-42 coupled to
QB VLP, or QB VLP only, as described in detail in EXAMPLE 6. FIG 2A shows the weight
gain of these mice over a period of time as indicated in the x-axis and FIG 2B shows the fat

composition of these mice 142 days after the first immunization.



bound by an antibody or a T cell receptor (TCR) if presented by MHC

nol ecul es. The term "antigen", as used herein, also enconpasses T-cell
epitopes. An antigen is additionally capable of being recognized by the

i mmune system and/ or being capable of inducing a hunoral imrune response
and/ or cellular immune response |leading to the activation of B- and/or

T-1 ynphocytes. This nmay, however, require that, at least in certain cases,
t he anti g¥0 20ew4&196s or is linked to a Th cell epitope ROWA/EP0FIOFEA9 i n

adj uvant P @%ﬁbhl gen can have one or mor e epi topes (B- and Tepitopes). The
specific 1R %n referred to above i s°neant to indicate that the antigen
w | preferably react, tPRIAALED DESCRIRTYRY QFJeIBXVENTINner, with its
correspondi ng anti body or TCR and not with the nultitude of other

anti bodi es or TCRs which nay be evoked by other antigens. Antigens as used
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Ant i geni i{e; . The. " I | B " I { | tope",
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porti ons "aidtigan'phos yyee perethe alsavbncompasaes Beclbepitopesi Amanidgep ec additcoahbllyy capgblan
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bonds, whereas covalent |Interactions are based, by way of exanple, on

coval ent apéReisVitiibmmyNitelerof pthorantibedics s JS R seitharay berfveleed byeier ariigens.

car bon- p%ﬁgmragﬁse%e% m%?él&%l%ﬂﬂxﬁﬁ'és PRI R @PankiBiRet her, or imde
bonds. [0020] Attachment Site, First: As used herein, the phrase "first

att achnel9018] t e r&ntégenictsiie: dine &rargpHgenistel and thedenm Zanfigenieeepitepd nhight h t he
VLP or wWRiLlied Rerfihlit Ilcﬁa].n%lez{(b}'y addad c%nﬁintu&% ofldfso ﬁﬁqo&sgzo%hwfé yopi@nd
attachnment site nmay be lrnked. The first att achment i te may be "a’ protein,
a pol ypepthichecande bovind gmawinaspecifigrdlyttiyden antibodgar by @ ‘Bebly mecpteowithia, the
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fluorescern, retinol, digoxigenin, netal 1 0hs,
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to all possible ways, preferably chemical interactions, by which two molecules 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 are based, by way of example, on covalent
bonds such as ester, ether, phosphoester, amide, peptide, carbon-phosphorus bonds, carbon-
sulfur bonds such as thioether, or imide bonds.

[0020] Attachment Site, First: As used herein, the phrase "first attachment site" refers to
an element which is naturally occurring with the VLP or which is artificially added to the VLP,
and to which the second attachment sitc may be linked. The first attachment site may be a
protein, a polypeptide, an amino acid, a peptide, 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, a guanidinyl group, histidinyl group, or a

combination thereof. A preferred embodiment of a chemically reactive group being the first



attachnment site is the amno group of an am no acid such as |ysine. The
first attachnment site is |located, typically on the surface, and preferably
on the outer surface of the VLP. Miultiple first attachnent sites are
present on the surface, preferably on the outer surface of virus-like
particle, typically in a repetitive configuration. In a preferred

enbodi nent the first attachnent site is associated wth the VLP, through at
| east onewoav@l/i@ft9cbond, preferably through at | east on®CpapRIGHSIFANd.
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preferablrfélfurt er ri ses ‘Iinker”. In another preferred enbodi nent

t he secodfoesecHs H?ﬁewl igaxigeniy, a@%ewt e@nmmqﬂaytlwbﬁ)@l QsKde); 198 8 ¢hemypallpn

t hr ough . eptide
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" packagedvhiéini@d nothité@ie dcéurdm® with the GIP protein or the GIP fragment, such a construct
typically and preferably further comprises a “linker”. In another preferred embodiment the
second attachment site is associated with the GIP of the invention through at least one covalent
bond, preferably through at least one peptide bond. In yet another preferred embodiment, the
second attachment site is artificially added to the GIP of the invention through an amino acid
linker, preferably comprising a cysteine, by protein fusion.
[0022] Bound: As used herein, the term "bound" refers to binding that may be covalent,
e.g., by chemically coupling, or non-covalent, e.g., ionic interactions, hydrophobic interactions,
hydrogen bonds, etc. Covalent bonds can be, for example, ester, ether, phosphoester, amide,
peptide, imide, carbon-sulfur bonds, carbon-phosphorus bonds, and the like. The term also
includes the enclosement, or partial enclosement, of a substance. The term "bound" is broader
than and includes terms such as "coupled," "fused," "enclosed", “packaged” and "attached." For
example, the polyanionic macromolecule such as the polyglutamic acid can be, and typically
and preferably is, enclosed or packaged by the VLP, typically and preferably without the

existence of an actual covalent binding.



exanpl e, the pol yani oni ¢ macronol ecul e such as the polyglutam c acid can
be, and typically and preferably is, enclosed or packaged by the VLP,
typically and preferably w thout the existence of an actual coval ent

bi ndi ng. PL043PC0O0 7 [0023] Coat protein: The term "coat protein” and the

I nt erchangeably used term "capsid protein” within this application, refers
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SEQ I'D N@E@%}D Neg29TaktSe GIP oPKEQHD NB. MO at R o/GiP o@d%(gfn Nef33 & e 24,

t he bovi ne P of SEQ I%) NG 25, the pig G P of SEQ | D NGO 26, the cat or dog
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polypeptide from a different species. Sequence differences among orthologs are the result of

mal .

speciation. Morcover, the term “GIP protein” as used herein should also encompass any
polypeptide comprising, or alternatively or preferably consisting of, any natural or genetic
engineered variant having more than 70%, preferably more than 80%, preferably more than
85%, even more preferably more than 90%, again more preferably more than 95%, and most
preferably more than 97% amino acid sequence identity with the human GIP of SEQ ID NO:22,
the mouse GIP of SEQ ID NO:23, the rat GIP of SEQ ID NO:24, the bovine GIP of SEQ ID
NO:25, the pig GIP of SEQ ID NO:26, the cat or dog GIP of SEQ ID NO:63 or the
corresponding orthologs from any other animal. The term “GIP protein” as used herein should
furthermore encompass post-translational modifications including but not limited to
glycosylations, acetylations, phosphorylations of the GIP protein as defined above. Preferably
the GIP protein, as defined herein, consists of at most 200 amino acids in length, and even more
preferably of at most 100 amino acids, still more preferably at most 50 amino acids in length.
Typically and preferably, GIP protein linked to VLPs should be capable of inducing the
production of antibodies in vivo specifically capable of binding to GIP, as verified by, for
example ELISA.



gl ycosyl ati ons, acetyl ations, phosphorylations of the G P protein as

defi ned above. Preferably the G P protein, as defined herein, consists of
at nost 200 amino acids in length, and even nore preferably of at npbst 100
am no acids, still nore preferably at nost 50 amino acids in |ength.
Typically and preferably, G P protein linked to VLPs shoul d be capabl e of

I nduci ng the production of antibodies in vivo specifically capabl e of
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pr ogram referabl% using Bestfit eterm ne whet her a particul ar
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calculated o er the full length of the reference am no acid sequence and
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this |nver}3 002 Li nked:. T, e .1 "ég k dh. 0{ I ts.noun: |Li nka&;e) as
her ‘a I'th seﬂﬁlence is ins nce entical, to reference amino_acl
used her &/'n, r &f possi [é ways, P efers ERENCET Mt 48t i ons,

by whi ch séchﬁncﬁ:t tHe@aEtnem’searé seftsshclﬁlﬂahtﬁthdﬂﬁﬁ&tntagetoﬁid&ﬂﬁiytlh&lailatéd?mt‘ therfall second

attach mari'éngﬁa fethe re?erénce Qr?lgnotag%%gcglu%gce %hrgt %g‘ps n Bor%gl(a)'g}; <|) ns ISE}CofL{ge total
number of amino acid residues in the reference sequence are allowed. This aforementioned
method in determining the percentage of identity between polypeptides is applicable to all
proteins, polypeptides or a fragment thereof disclosed in this invention.
[0028] 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
arc based, by way of example, on covalent bonds such as ester, ether, phosphoester, amide,
peptide, carbon-phosphorus bonds, carbon-sulfur bonds such as thioether, or imide bonds. In
certain preferred embodiments the first attachment site and the second attachment site are
linked through at least one covalent bond, preferably through at least one non-peptide bond, and
even more preferably through exclusively non-peptide bond(s). The term “linked” as used
herein, however, shall not only encompass a direct linkage of the at least one first attachment

site and the at least one second attachment site but also, alternatively and preferably, an indirect



coval ent and non-coval ent interactions. Typical exanples for non-coval ent
interactions are ionic interactions, hydrophobic interactions or hydrogen
bonds, whereas coval ent interactions are based, by way of exanple, on
coval ent bonds such as ester, ether, phosphoester, am de, peptide,

car bon- phosphorus bonds, carbon-sul fur bonds such as thioether, or imde
bonds. In certain preferred enbodinents the first attachnent site and the
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invention and shall be encompassed within the scope of the invention. Association of the linker

with the GIP of the invention is preferably by way of at least one covalent bond, more
preferably by way of at least one peptide bond.

[0030] Ordered and repetitive antigen array: As used herein, the term "ordered and
repetitive antigen array” generally refers to a repeating pattern of antigen, 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
pattern may be a geometric pattern. Certain embodiments of the invention, such as VLP of
RNA phages, are typical and preferred examples of suitable ordered and repetitive antigen
arrays which, moreoever, possess strictly repetitive paracrystalline orders of antigens,
preferably with spacings of 1 to 30 nanometers, preferably 2 to 15 nanometers, even more
preferably 2 to 10 nanometers, even again more preferably 2 to 8 nanometers, and further more

preferably 1.6 to 7 nanometers.



preferably by way of at |east one peptide bond. [0030] Ordered and
repetitive antigen array: As used herein, the term"ordered and repetitive
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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
embodiment of a virus-like particle in accordance with the present invention is a viral capsid
such as the viral capsid of the corresponding virus, bacteriophage, preferably RNA-phage. The
terms "viral capsid" or "capsid", refer to a macromolecular assembly composed of viral protein
subunits. Typically, there are 60, 120, 180, 240, 300, 360 and more than 360 viral protein

subunits. Typically and preferably, the interactions of these subunits lead to the formation of



resenbling a virus particle, preferably a capsid of a virus. The term
"non-replicative", as used herein, refers to being incapable of replicating
t he genone conprised 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 genone or
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to the fandei h@iluﬁécH&lﬁM&H&D&:kih;; ati least t]i‘a’:lﬂéiiedorogen\is eddoding Pt thd fdgBeatibh uct ur e
wi th an i nherent ve organi za wherein said struturels

typi cal | y73¢ ‘Bﬁ‘@ﬁfﬂﬁ t‘ "é‘@@ ]’W‘Pﬁ%‘“’l §RE OB EF° the PRYGAD phage:

As used RepRitéins fdSEonkiBleNor Virélttﬁtal:ﬂdf&t RAbE erttyein® thd hBé‘dATElB%ﬁmuB@Elﬁﬁﬁi to a
virus-like particle conprising, or preferably consjsting essentially_ of or

consi st i RGWETCrcEt COBPATSNETUSTIHEE RATSICH of Rk PERECS lph‘élinelbfhe %fprealem@%hage

I'n_addi tig@hb or'\dehdsbd @1 p‘?@s&ﬁt'b%{ Ra@ive %M@R?Q%lsS RAGHR W M- &ﬂﬁ:aﬁ&er dt@lopr e of
a RNA phage, being non replicative and non-i nf ect ous, | acki ng at

| east t h@ognfections yuwclikceppsimdosnef  BNA nbagﬁeWﬁhe,rathi&)wem& mseiewe gic eHe RNA
phage, argyyipl & “né{o glnéf} dr@ii}fér&&hﬁ%ﬁalﬂ?% &funafea uSAGRHiD thid BaedRE. qh €1 n or

proteins responsible for viral attachment to or ry into the host. This
def i ni ti dlis shpplicetionhothey derm alRNAqhagaTpand ha utsmlll KBNpabacicrpplugdt 4RNA

phages, 'ﬁe%@“%ﬁéh% gf orementi oned gene or genes are still present but
I nactive relpore al so leading to non-replicative and/or

non-i nf ed0036lLis vi rQse,hj dreanpa]nemlthﬂ 1es.mso‘fonai’ F&\lerp‘hagac ubtidtih ks dikdlesupy s nt

di scl osure thet term ,,subunl t" and " no orrer Ire &nterexchangeabl y and
an “at 1¢a, tone ? rmore ul%less [} S? ]f]'ln cate
equi val enti y USE€ 'S cont eéxt. I'sTapplication, the term

" RNA- phageo37and t ththmrtms ﬂﬂkabﬁl; 'raﬁﬂlhoflmh a@eieﬁaeétolhetsﬁdscni:ﬁ'mﬂg bakling ifithey.

90951 s il Tl 0D GV st e L

i ndi cat e@reater, more preferably 10° M or greater, and most preferably 10° M or greater. The affinity
of an antibody can be readily determined by one of ordinary skill in the art (for example, by
Scatchard analysis.)
[0038] This invention provides compositions and methods for enhancing immune
responses against GIP in an animal or in human. Compositions of the invention comprises: (a) a
virus-like particle (VLP) with at least one first attachment site; and (b) at least one antigen with
at least one second attachment site, wherein the at least one antigen is a GIP protein or a GIP
fragment and wherein (a) and (b) are linked through the at least one first and the at least one
second attachment site. Preferably, the GIP protein or the GIP fragment is linked to the VLP, so
as to form an ordered and repetitive antigen-VLP array. In preferred embodiments of the
invention, at least 30, more preferably at least 60, again more preferably at least 120 and further
more preferably at least 180 GIP of the invention are linked to the VLP.
[0039] Any virus known in the art having an ordered and repetitive structure may be
selected as a VLP 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



[0037] Wthin this application, antibodies are defined to be specifically
binding if they bind to the antigen with a binding affinity (Ka) of 106 M1
or greater, preferably 107 M1 or greater, nore preferably 108M 1 or
greater, and nost preferably 109M 1 or greater. The affinity of an anti body
can be readily determ ned by one of ordinary skill in the art (for exanple,
by Scatchard analysis.) [0038] This invention provides conpositions and

met hods WO 2000ME66Ng | Mune responses agai nst G P i n aRCAMPRAIS/067529 n

human. C?,Hagﬁ;’(fohons of the invention c rises: (a) a virus-like particle
(VLP) w ast one first attachne site; and (b) at |east one antigen

with at Ipeges?s,dine 16-ddoerpaget24c hmeht-28 jané on\phga 28, ding Heo pagd Fladine dn€hesait i gen

isad@P~p i fr ?ﬁgn; qﬁq ein (a) and (b) are |inked

t hrough t 8Bg'§b%qaer§£0&8§eaﬁafiihflg ndt eefgétgﬁ{e'east one second attachnment site.
Pr ef er abl[§040f he QG Virgy atviustlike partide GinPbefpratpoetdndipsrifiedhked virgs-infietedicBll so as
to form an, ordered d repetit.ive.antigen:VLP array. In preferred .

enbod mebag et HERCOT Vit Bete BTN ot iross Beft %6 B i ofo

agai n nowvérulenef Avirbleyt vdtus loe aitis-IkCpastivik fby bé genermpsdebypeheminabimdjorghhydieshst 180

G P of the j.nventi inked t LP. [0039] A ' k in th
art havi gl BRP L IS e, [PoRdSutieapen &)entiall EuROROLh p'or
t he i nveRiru®may bt lgtxsdtitlyl nighiflNdedby bAtivihs dtsRRtiodse rédat the viraafeplichtion ot ei n

of which _can be used for the preparation of VLPs have been disclosed in WO
2004/ 0091¥A"BFBA043PC0O0 12 page 25, line 10-21, on page 26, |ine 11-28, and

on page 36041| i ne 4t ghePpeRrdd cmbbdificht; thE@ER ifllaSebdsuiiA6 ValPe RebsibiRak at ed
herein by way of reference, [0040] Virus or virus-like particle can be
W&S&éﬁcl

pr oduced opedherain. gefersite & YILPyrhich is arepapd by #Piogess comprisings (astiong vi r us

or Vi rus—lehker BRIAL kebBbin@ionY Rk oy P WiROS SN 8&AR01P IRSwHEMREG RiveVbdehll ence.
Avirulent virus or virus-like particle m% be generated by chem cal and/or
physi cal spavgeecd\aad jaesrrcadilyctyadabla g the pullicalhe gencregeqdingdidn port ProteiacaRRe .

Al ter nat i¥&hYdentifi€q GFQQHﬁe@this%HeT;)[ﬂiJ Hg, tﬂr@yoabgrgg;ﬁi; tﬁleeal bcIoRA tg{aaaaﬁg by

mut ations or deletions to render he irus r at 1 on I nconpetent. [0041]
I n one pmedtkads énfo emigRitssontvectohandixprosseddn pesenbsuiable host FTheREEB mosultadit VLP

23 di scl %ﬁij%hgl%l?ia{lemﬁ flufe é%{%ﬁﬁkgat\éﬂ%t% daft bR rr&%%r@faﬁ)qyﬁﬂhé}rp%iﬁéé by
nprising at |east one step recomnmbi nat1 on technol ogy. nost” al |
commonl y nkatimds cethmoslg knbraw & the ert. Sagpén devt boed daclesadaa dV0§2/G56805 aal @ct 0 t he
POl . TR 5 PRy SRRk SURIENS S S BERL AR 3
met hods ipag2Q hine 3frte psgend0, line 1 2 rmainads dorinesdueig ipplyaualetide vecsats iradhest host .
The VLP, cgl?ssolilnl ﬁa%g 30, lines 13-27 and mammalian cells as recombinant host cells for the production

of virus-like particles on page 30, lines 28-35.

[0042] In one preferred embodiment, the virus-like particle comprises, or alternatively

consists of, recombinant proteins, mutants or fragments thereof, of a virus selected form the

group consisting of: a) RNA phages; b) bacteriophages; c¢) Hepatitis B virus, preferably its

capsid protein (Ulrich, et al., Virus Res. 50:141-182 (1998)) or its surface protein (WO
92/11291); d) measles virus (Warnes, et al., Gene 160:173-178 (1995)); e) Sindbis virus; f)
rotavirus (US 5,071,651 and US 5,374,426); g) foot-and-mouth-disease virus (Twomey, et al.,

Vaccine 13:1603 1610, (1995)); h) Norwalk virus (Jiang, X., et al., Science 250:1580 1583

(1990); Matsui, S.M,, et al., J. Clin. Invest. 87:1456 1461 (1991)); i) Alphavirus; j) retrovirus,
preferably its GAG protein (WO 96/30523); k) retrotransposon Ty, preferably the protein p1; 1)

human Papilloma virus (WO 98/15631); m) Polyoma virus; n) Tobacco mosaic virus; and o)

Flock House Virus.

[0043] In one preferred embodiment, the VLLP comprises, or consists of, more than one

amino acid sequence, preferably two amino acid sequences, of the recombinant proteins,



fromthe self assenbly of the expressed coat protein can be recovered and
further purified by nethods comonly known in the art. Exanples have been
di scl osed in W02/ 056905 and are herein incorporated by way of reference:

Suitable host cells for virus-like particle production on page 29, |ine 37,
to page 30, line 12; nmethods for introducing polynucleotide vectors into
host cells on page 30, lines 13-27 and nammali an cells as reconbi nant host

cel |l s forwpReogsact i on of virus-like particles on pag@CBEP2005/835298- 35.
[0042] | N Q C@gef erred enbodi nent, thg virus-like particle conprises, or
alternati\} 4133) nsists of, reconbi nant proteins, nutants or fragnments

t her eof , noftangs erifragments thereod IV LiPagompribes og consistsed mwirs thamenemingjciddequerisages;;

b) bacter] " ] It hus, preferably its capsid protein
(Urich, lgeéepégﬁ%,g’qaﬁmrl%%ppggagﬁg‘f%: oﬁ%yg‘ "(1998)) or its surface protein (WO
92/ 11291)[0044) neasThestexm f“fragnionsi oha sgcombinant. protGiaii er 8Qerhy Sfrdghgn( 4O0H6Ja); e)
Sindbis virus, f) rotavir S 5,071 1 and US.5,.37 6)

Foot - and AR 2ilsc R, s R hatsd palempl ofeh S 3e fd i el st
(1995)) ; 80%, horapdeferably atdedst) AU veXmoreeprefetably Sdéaan@ido RmleddhB of tho 8ald( 1990) ;

Matsui, SSM, et al., J..din. Invest. 87:1456 1461 .(,199 1), Al phavirus;
j)mu%ﬁ%@%ﬁ&%&%ﬁ%ﬂ%%%ﬁ%&%ﬂ%éﬁ%%wém“&

r e'; rotr a;csmﬂﬁylo?'ﬁbmﬁﬁg Pl Piefeyablyhe Braghéit fis ¢btdineli) byl sy raast ogaﬁitérhzltl ﬂalﬁﬁdﬂ’, us (WO
98/ 15631) ; Pol yoma virus; n) Tohacco nosaj¢ virus; and o) Flock House
Virus. [@b&% OP%“%Jﬁét‘%roé%]P?Séag‘eeﬁ?Bg’m%{Lngtg'h‘?/tef-‘mcBﬁ%?‘?“é8 a regomIpAR | st s
of , nor e pkdigin” SMeraghibitAf 8 Coat phRelredar furticPéRbAPAY pbMPeptidt, Rehigfiad abRaEnces,
of the rec(())nbl nant proteins, 81043PCI)0 13 mutants or fragments t hereof. VLP
conpri se$0¢r PEFEPlyt Vb cHiBrBOT HAIACHRE &vieraniae iagidsequese ddongity #rtBrthed, in
this applgghéddr adscomMaRhCprifed” dr @B4gthenl B8 a (e84t Protbin@ BRIy, 8s E&mRADI nant
protein"” or the term"fragnent of a coat protein", as used hérein, is

def i ned &80 apd Whishns praferabltfiapable af agfempling miesa vingelikepagicler abl y at | east
80% rmor Gogispf er bt @hm L fihe ROSHLEAR Brdt® oP LA GhitaRlof SRSImEIRIMR L N

| ength of the wildtype reconbl nant protein, or coat protein, restE:ctlvel y
and whi ciprgseint asintstohangseldy nsedtihthisciayrbph, ior thedérmy ‘Gputant goayprrtciPt erftky tgtsh y t he

fragnent . ' . I | . i on
truncat i ontane bE PEE ke, sy IREkRIRELLRTE BBttt o ERSHHAGe
r econbi naaving asreinn ‘acid sedutn@glenrydd fofm the vokittyprro¢ambitians pratein, buedahprotein,
enconpass_pol.yvpeptide. I ch has at |east 80% eferapbly 90%.,.6 o701 €
ot o of an DY BEh s Ein G bile 18R Bhneni o Sk s ARty ooy S
r econmbi n®4%, 97U er Q9%oidenticalaig e wildftype scqaéncprand @rafiérably estpias thevabliity tas
defi ned aboﬁkﬁ&ga\%fh Is preferably capable of assenbling into a

I“e" "

virus-1i B&°

[0046] Assembly of the fragment or mutant of recombinant protein or coat protein into
a VLP may be tested, as one skilled in the art would appreciate by expressing the protein in
E.coli, optionally purifying the capsids by gel filtration from cell lysate, and analysing the
capsid formation in an immunodiffusion assay (Ouchterlony test) or by Electron Microscopy
(EM) (Kozlovska, T. M.. et al., Gene 137:133-37 (1993)). Immunodiffusion assays and EM
may be directly performed on cell lysate.

[0047] In one preferred embodiment, the virus-like particle of the invention is of
Hepatitis B virus. The preparation of Hepatitis B virus-like particles have been disclosed, inter
alia, in WO 00/32227, WO 01/85208 and in WO 01/056905. All three documents are explicitly
incorporated hercin by way of reference. Other variants of HBcAg suitable for use in the
practice of the present invention have been disclosed in page 34-39 WO 01/056905.

[0048] In one further preferred embodiments of the invention, a lysine residue is
introduced into the HBcAg polypeptide, to mediate the linking of GIP of the invention to the
VLP of HBcAg. In preferred embodiments, VLPs and compositions of the invention are

prepared using a HBcAg comprising, or alternatively consisting of, amino acids 1-144, or 1-



[ 0045] The term "mutant reconbi nant protein” or the term"nutant of a
reconbi nant protein" as interchangeably used in this invention, or the term
"mutant coat protein” or the term"nutant of a coat protein", as

i nterchangeably used in this invention, refers to a pol ypeptide having an
am no acid sequence derived fromthe wild type reconbi nant protein, or coat
protein, respectively, wherein the am no acid sequence is at |east 80%

pr ef er ablyoanodga®s 85% 90% 95% 97% or 99% i dent i calPCTEPRIVS/05iSRY t ype
sequencepggﬁi{],gfsf erably retains the abi'rl ity to assenble into a VLP. [0046]
Assenbl y 8 fragnent or nutant of reconbinant protein or coat protein
into a VUIRI.NalBSud SEESHENO: 295 whigh isstkodifiedisoj thattthreameine acidiat gosippnsd@iand 80 by

expressi in i | 40Pt I | fyi he, Gapstids gel
il traci o FPBeRL ' hebllafniig ek o A sy BHEL b CRAoh R TR

i nunodi ffiadsficatioractmages (HEUIIEQ 8D N§hZ0 tocBHQ IMIDNGH31. H frthergefvired osldpyents-M)

( Kozl ovs T..M..et al. .Cene,l37: : 3),) ... L munodi £.f usi on _assays
ina” Em P arlnt i R penO S R O 5 (NP prbt ek ol - o

enbodi mempreferhiie 1viddus-1+-idRearpanitated ® sefind. [The iinweatiin frthérdndiidesiepapositions B

virus. The preparation of Hepatitis irus-Jike rticles . have .been

di scl osedOmPrii HapsuRs i gorsiFoleinmaasts hoying Pheys sl carerRondias SRS 6085

AUt hr ee  dBekdfi®@izf Bhesihgen€isip furtheit inyluddl Compexitiing end1edceints, Baspawtiyel9f conptisihgnce.

O her varjants of HBcAg suitable for use in the practice. of the present
nvent i ol HEARPDRERIdE gvér%scealprlﬁﬁ, BRgLrmeRvely copsiss fﬁ@%@b&@f mb%gff VhicBne
further pred@abedys 8HRIO0YE,U5S,, 97%R99% Akattdl (SEQID }Wo:2e residue is

i ntroduced into the HBcAg polypeptide, to nediate the linking of G P of the

i nvent i od0843] t he \inpngthergapbodiman ofsthg finvieptian, teydrys-fiksparticle/fspsreggyppinant

conposi t iafgvifls, hite niddY SRCRANAT £ rRbRBRAAISHEHINFids, HB iR9880hrk Spddive OF
alternatively consisting of, amno acids 1-144, or 1-P1043PC0O0 14 149,
1- 185 of stmEded RO, vigsesvilipiceplieptarwirs geagmisoRNAqentirply ianthpsyioplesrs of the

positi Onﬁnfgé%fl%i'l WithoRf EDE@!Pi%&-ﬁgdi%_t(@tr&sﬁpédddﬁ:aﬂé’s‘,’iaE‘Q/Iih'%ﬁioﬁrﬁe(}?)ss%@19'
sequence 0 y-Ay-Lys-@y-dy. Thi's nodification changes the SEQ 1D NO 20
to SEQ | DOAQIZH)). |1Sevéralr micmbers raff the ralphawiniso iy n SendbishSclelpsingst.n®, rleendsiues at
posi ti ons,: _f@g@l .2 riktS r [N f@p&pt,
prefer abl%ié%h%ﬁg 1(])1;11 (%1@12 : g’r gerhrfﬁla%oer%sqt%ﬁssefsﬁ:ﬁé.&‘?ﬁegt?%’vghtg{ on tjrltﬁher

i ncl udes BioFpdwdlogy9si 366161 £i9AY) lded athers @aBisc dle. @radt Mimlagyt Bit1g94284i ng
above ol EskefohieoRRnAiNan 880, AELHoR LRI, NSenallf cLINERNI R UE e

i ncl udes ‘conpost i GRS and vacel nas  PesPect itv el Eanpi e ng T FBEAg

pol ypept ivdeay whdiflerenopipteins €Lumaktraht KL Gairi OpihyBio@okio.t8: 578-582 (1 907 ) Jaanid chs
sequences %&ghfare at ée st 80% 85% 90% 95% 97% or 99% identical to
SEQ I D W 'a €S Tor vaccine acvelopment.

[0050] In preferred embodiments 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.

[0051] 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)
SEQ ID NO:4; (e) SEQ ID NO:5; (f) SEQ ID NO:6, (g) a mixture of SEQ ID NO:6 and SEQ
ID NO:7; (h) SEQ ID NO:8; (i) SEQ ID NO:9; (j) SEQ ID NO:10; (k) SEQ ID NO:11; (1) SEQ
ID NO:12; (m) SEQ ID NO:13; and (n) SEQ ID NO:14. Generally the coat protein mentioned



[ 0049] In another enbodi nent of the invention, the virus-like particle is a
reconbi nant al phavirus, and nore specifically, a reconbinant Sindbis virus.
Al phavi ruses are positive stranded RNA viruses that replicate their genomc
RNA entirely in the cytoplasmof the infected cell w thout a DNA
internediate (Strauss, J. and Strauss, E., Mcrobiol. Rev. 58:491- 562
(1994)). Several nenbers of the al phavirus famly, Sindbis (Schlesinger,

S., Trend¥OoBo@v&stlnol . 11:18-22 (1993)), Sem i ki Forest PUTERZ0058F3ZRI

(Li Ijestrﬁq\E‘dD OgL Garoff H., Bi o/ Techngl ogy 9:1356-1361 (1991)) and ot hers
(Davi s, Pal, Virology 171:189- 204 (1989)), have recei ved

consi der @bove Bt Qaeahlc o dsspmblis énta VIR with- bra%thow,txtpc aseseans ofetheoNderininal o

vari ety 3;6{@'@8%rent proteins (Lundstrom K., Curr. Qpin. Biotechnol.
8:578-58 ') and as candi dates for vacci ne devel opnent. [0050] In
preferr ed00§2bod| nelnt enco prefamed | embedinicon of tthe mMenmm Ithk & [ipaist a ghasaiof VERe

i nvention co | Sts. Ssep tial or alt.ernativel n sts of ,
r ecombi naRL P e ‘%ﬁ o ate{“ aﬁvéy CORTisHng g of oS ’#%“ S p0inp jacid Ssqueneg, Pr‘*ﬁﬁﬁ phage.

Pr ef er ablayhind de@l d‘c’m&npéaag‘a:oa@r&eiheammahts‘ (Iird‘fﬁlgh]hﬁts dieteof) ooﬁa)RNAslbhagg of a)

bacterio Qo bacterl cterlo fr: .

pactor i JNEBE & Bond3EvatE %ﬁi@@bgﬁﬂe%tﬁ%a@eﬁwsﬁ 3 Wpphivgy consiss

EaCt eri omﬁage dM‘drent lepathyioteint iofphRgA Psks, shid d%gdoef pmwmgﬁvellaﬁfaméﬁd aciué 051]
acteriopha er | e, PP7 an terio e, AP205 51
In one prsé‘i"g éﬁ%&éﬁ@g‘?ﬁemndoﬁlﬁhaﬂ%NPr&@h?fd%ﬁamﬁ@ (gﬁﬁiﬁg} Hﬁ conpri ses

coat protgosa) nut alﬁtlﬁef@ﬁed ErAbARAnSs $MBE prRbont Biverdtidn, ﬁh@&rﬁ@sshké/\ﬁhﬁ!ﬁ&é or thbe coat

protein has am no acid sequence selected fromthe group consistin © (a

SEQ | D NERVEOHQY SPIPTTS:t BF déer@ﬁlvebbyor&lsm el fofspr alemeidyely gapsisEof| D
- (1 @ RFbidAft &ﬁt Mmso 'hﬁlttzﬁlltsn%n frﬁ@ﬂen@E@eﬂeg}‘ I}@t]gb RiNA backeRopagdOps i, ( €)
SEQIDNOS (f m xt ure of ID NO 6 and SEQ I D NO
(h) SEQ 2008t A(u) SEQIDN09 ) SEQ I D NO 10 (k) SEQIDNO1 1; (1)
SEQ ID N(R) ] (m TRk gl%f&@djeﬁlboﬁﬂgnﬂ ﬁ)e \ﬁﬁ%ﬂ th l}peri]t%n i Wp%k‘k)(IAt Qoat

protein rentionedP1043PCO0 15 above I's capable asse into P W|th or
wi t hout tQfe Preesspnd er vifustlike particleratiQfiashowed mnssahedral[nb%ﬁzl_pkq qapsid stryntuse er r ed

enbodi ”E%thloaf dlalg&elj &‘%%ﬂ T-t3h(§1a%{|'s§mhi%tr2 did y(lr%ngs 1e£'9f e coat
alternatively consisting o n on aci d seq uen e, prefterably
two am neraeind v@nﬂueam:dmkecbfm coavilept gcatamers amd ahexzsncms lfyr aigmﬁhbs btidiges eof ,

of a RNA 05] e.ver r nt rises
or alter rgah]i%g)gl 1§/]£nc‘(§)lh§| a'f gP'u?ture 43(554? fsgfrsgrq @(&Ba[rb ?ﬁésm ao W krlrgge
sai d two tio&f apside Oaﬁsultsame VaiPs anadeofreri @combinant QB coat protein may contain,

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 QB is an advantageous feature, in particular,
for its use in immunization and vaccination of mammals and humans in accordance of the
present invention.

[0056] 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.

[0057] 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
practice of the invention and leads to other preferred embodiments of the invention. WO

2004/007538 describes, in particular in Example 1 and Example 2, how to obtain VLP



sequence of SEQID NO 1 and SEQ ID NG 2, or of SEQID NGO 6 and SEQ I D

NGO 7. [0054] In preferred enbodi nents of the present invention, the
virus-like particle of the invention conprises, or alternatively consists
essentially of, or alternatively consists of reconbi nant coat proteins,
mutants or fragnents thereof, of the RNA-bacteriophage Qb, fr, AP205 or GA
[ 0055] In one preferred enbodinent, the VLP of the invention is a VLP of
RNA- phagewQooeiil4g796apsi d or virus-1like particle of Qb sRORER2e05/0555%ahedr al
phage- Illﬁm d structure with a di ter of 25 nmand T=3 quasi

symetry psid contains 180 copies of the coat protein, which are

| i nked i pompiisingAP2Qfe enat proteinsa and herrbyniar partipplag |tlmﬁxprea%omancﬁ@iesmriﬁcation

( Gol moha ) t
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residue allows varying the degree of coupling, i.e. the amount of GIP of the invention per
subunits of the VLP of a virus, preferably of an RNA-phages, in particular, to match and tailor
the requirements of the vaccine.

[0059] 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 GIP 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.

[0060] In another preferred embodiment of the present invention, the virus-like particle
comprises, or alternatively consists essentially of, or alternatively consists of mutant coat
protein of QP, or mutants or fragments thereof, and the corresponding A1 protein. In a further
preferred embodiment, the virus-like particle comprises, or alternatively consists essentially of,
or alternatively consists of mutant coat protein with amino acid sequence SEQ ID NO:15, 16,

17, 18, or 19 and the corresponding A1 protein.



antibody titer is elicited against the so displayed G P of the inventions
showi ng that linked G P of the inventions are accessible for interacting

wi th anti body nol ecul es and are i mmunogenic. [0058] In one preferred

enbodi nent, the VLP of the invention conprises or consists of a nmutant coat
protein of a virus, preferably a RNA phage, wherein the nutant coat protein
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embodi merMLPstaie dissloprslsing Weh 20040079 3% cand gthiergin, it partieRl@nwithin lrawgleah 2asht i gen
density bebiglicl om lec§0§11‘i’e éf wo M/Ob%’j@ :cilﬁpiﬂ pefculig NSlahple 1 &% BeAthidIer ei n,
refers to the average nunb of he i nvention which is |inked per
subuni t, thsreof ésexpligit qb@rcomratedbﬁ@tnéynﬂamfrqfwen%P and hereby preferably of
the VLP qjoed) RNA Phager Rﬁﬁuguagé @étmE g}’&él iehdve afs@'b%%i o t@%el?'&ss@%ﬁﬁfeﬁ%ﬁg over

all the su unlts or nononer _ P, preferably of the VLP of
RNA- phagexpressianhie acbasroish hasb (Kastelaim dbh ngsl.oenha3 245201 (1983), Kodeokaya

anot her Rag{e6r a5hie AN WRAssRf 4890 5PuSBAo) RUERLURe, £ Oinkloby P10 452

particl e conpri’ses, or a ernativel y con essen
al t er nat |2\4él(1>98@))ﬁsam1 €. cfal. nilﬂ\aﬂtBlobaw P3PR2YI (199)). @bparmrulamlneabwlsgml and
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present iRNA&MattOophhgte hak bden ldetds@nined (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.

[0064] In one preferred embodiment, the composition of the invention comprises at
least one antigen, wherein said at least one antigen is a GIP protein or a GIP fragment. In one
preferred embodiment, the GIP protein or the GIP fragment is selected from the group
consisting of: (a) human GIP protein or GIP fragment; (b) bovine GIP protein or GIP fragment;
(c) sheep GIP protein or GIP fragment; (d) dog GIP protein or GIP fragment; (e) feline GIP
protein or GIP fragment; (f) mouse GIP protein or GIP fragment; (g) pig GIP protein or GIP
fragment; (h) chicken protein or GIP fragment, (i) horse GIP protein or GIP fragment; and (g)
rat GIP protein or GIP fragment.
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mut ant coat proteins, or fragnents thereof, of the RNA-phage Qo, AP205, fr
or GA. [0062] Assenbly-conpetent mutant forns of AP205 VLPs, including
AP205 coat protein with the substitution of proline at amno acid 5 to

t hreoni neyoaspaHbyone at amino acid 14 to aspartic aci dPCREP2ISH&SSRE used
in the pﬁ@@%#%ﬁ of the invention and | gads to other preferred enbodi nents
of the i 8. The cl oning of the AP205Pro-5-Thr and the purification of
t he VLPs [8065] di sc|laseng prefengl zmbmdimmﬂn@ at deadt oteeardigen i5 & IBmroteinl By awi t hin

Ex I I
pa?m) cﬁl ar, EE%% %bgdlgl-gﬂk Cﬁﬁ pg&%iher e%?s\élg)scggéj% ?Sg%?'ﬁey ?ﬁgg?ongfrgtgtogd
herein bym\amynocn‘md seﬁmnemseéacteﬁ(fﬁﬁﬁlhe FEuouprensistiNg o {a)REQ H&NQ)ZZ)(‘E) SEQ Have

Ckaot o GNOAENS St B NOAERGBF RO SXBSERRPNOLS: () S8G 1B NG Terhe,
%gl 23,§\k &ip cb?edgom%'l’dgé%ﬂﬂﬁ&sdtﬁfﬁaﬁﬁnal ;Ad@i(in), anl‘dﬁnn@gci%hezqggﬂée rwihli chgly 95)
10235 ol s ob st 1SN Shoi TN, pBisP OP%s bt aTRbIY G

al ., Pr oti@ist58¢identralitband AT SEQIDND; 22726 & with SHQ 8D NO:6B. MOLBI 0|

271:759-773(1997))_ and of fr hko P. , Prot 6: 883-
(1993), M‘ﬁ L tong prefopreghs g"’ imspt, thfﬁi’melﬁ%mpr(‘sfgifr&%‘s%%@uﬁ
di scl osedy c&%ﬁtsfo)éﬁ hAlnoScideushee, Vhe@ VA ikt RYIEa8LY 6! 5 @Hﬁ&gﬁei’@ﬁsl
determ ned (Gol mohammadi, R et al ., Structure 4: 543 554 (19 . Usi ng
such i nf GRASRBI APT s Bntg Asids a delated.ciapeaigd or Substigied; dPéﬁf%fFﬂ?lyéli %&Frvatuﬁas

RNAphage sﬁ&ﬁ%ut@ﬁ@ats%ﬂxﬁa&@'ib tl% aﬁE}'HEB' delded @ﬂ@@seﬁé&ﬁ:ﬁ ﬁQaB?th@ lordiB o€ r(é)asm e am' no
aci d residues can be inserted ? insertion or substituti'on. Another

advant ag&VQ22;t(hSEQ A3 N§e3; @@Eﬂw RA; (sh8EQJDINO @ﬁbéilnfi (‘f)ls@ﬁ? IBNPE8si on
yield inhRgjeria it pRd-RESmBoAL! 'féﬁtt ih@ﬁt Rist lngef & é]H@Qtdﬂ’ lﬁ%%r{)l&ﬁt WiRkGh1 al at
affordable cost . [0064f I'n one preferre ﬁ the cohposition of the
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disclosed in PCT/EP2005/004980.

[0069] In a preferred embodiment of the present invention, the GIP fragment comprises,
or alternatively or preferably consists of, at least 5 to 12 contiguous amino acids of a GIP
protein as defined herein. In a further preferred embodiment, the GIP fragment is selected from
the amino part of GIP. The amino part of GIP, as used herein, refers to the first 18, preferably
15 amino acid sequence of GIP of SEQ ID NO:22 or the corresponding orthologs from any
other animal.

[0070] In one preferred embodiment, the GIP fragment comprises, consists essentially
of, or consists of amino acid sequence 7-10 (SEQ ID NO:64), preferably 4-10 (SEQ ID NO:67),
preferably 4-13 (SEQ ID NO:32), preferably 1-10 (SEQ ID NO:29), preferably 4-11 (SEQ ID
NO:45), preferably 7-15 (SEQ ID NO:65), more preferably 4-15 (SEQ ID NO:66), even more
preferably 1-15 (SEQ ID NO:27), of the SEQ ID NO: 22 or the GIP corresponding orthologs
from any other animal.

[0071] In one preferred embodiment, the GIP fragment comprises, consists essentially

of, or consists of amino acid sequence 7-10 (SEQ ID NO:64), preferably 4-10 (SEQ ID NO:67),



rat G P protein or AP fragnent.P1043PC00 18 [0065] In one preferred

enbodi nent, the at | east one antigen is a AP protein. In a further
preferred enbodi nent, the G P protein conprises, consists essentially of,
or consists of an am no acid sequence selected fromthe group consisting
of: (a) SEQ ID NO 22; (b) SEQID NG 23; (c) SEQ ID NO 24; (d) SEQ I D NO 25;
(e) SEQ ID NO 26; (f) SEQ ID NO 63; (g) the AP correspondi ng orthol ogs
from any wWORees/@f19al ; and (h) an am no aci d sequence WRCEEPR@SASSSREast
80% or @rg&ﬁ;@ ly at | east 85% nore 1tbref erably at |east 90% or nost
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I nventi on, ragnent conprises, of alternatively or preferably
consi sts [9972] at | elasencsfuriger prefasied | qpthodisncati the IR frgmsnt ﬁom_il’fp%r@!l@ﬁtﬁ as

defi ned Q?‘sre olf Nor@ohdidid gﬁezfn a%lﬁé &did ?%H%Q QQE&Fd“ﬁom&ﬁngr@lﬂD cd(ngl‘?ﬁ{?; o er ein.

sel ected he’ am no part e amno part of

refers t (SEQ'Jé) NOF 2T, (h)BSECMIéNQ QBJ (y) SBQ&H\NQ%@)@E%@JEQ%, aid @ m @ﬂmSEQ ID
NG 22 or I e [ lond,N ONe
D022 o HUSRARLERRER L RS e Lo rbAr A, Shhe ROk ORAcke o
or consi S)tmosrfprta’mahlg aakeasﬂ%%qdmtw@thhlSEQ HEGO DTN, B or4preferably 4-10

(SEQIDE& pref erabl I referabl 1- | D

o 20) . RPRLY aofy P PRt bkt e G o EH6AEY dadid E§S§@%&),

nor e pr efo€rakbysists dHarhib@ridO20NCB E‘;ﬁéfprahlyew 25 mevre preferably 16-30 of the SEQ ID
NO: 22-26 or of SEQ ID NO:63 or the GIP sequence of the corresponding orthologs from any

animal. In a further preferred embodiment, the GIP fragment comprises, consists essentially of,

or consists of an amino acid sequence selected from the group consisting of: (a) SEQ ID NO:
31; (b) SEQ ID NO:43; and (e) an amino acid sequence which is at least 80%, or preferably at
least 85%, more preferably at least 90%, or most preferably at least 95% identical with SEQ ID
NO: 31 or 43. In one further preferred embodiment, the GIP fragment comprises, consists
essentially of, or consists of amino acid 20-23, preferably 19-25, more preferably 16-30 of the
SEQ ID NO: 22-26 or of SEQ ID NO:63 or the GIP sequence of the corresponding orthologs
from any other animal, wherein one amino acid of the 20-23 sequence or wherein 3, preferably
2, even more preferably 1 amino acid from 19-25, preferably 16-30 amino acid sequence,
have/has been mutated, preferably by deletion, insertion and/or substitution, more preferably by
conservative substitutions.

[0074] In one preferred embodiment, the GIP fragment comprises, consists essentially
of, or consists of amino acid 31-34, preferably 30-34, more preferably 28-34, more preferably
30-37, more preferably 28-37, more preferably 31-42, more preferably 28-42 of the SEQ ID
NO: 22-26 or of SEQ ID NO:63 or the GIP sequence of the corresponding orthologs from any
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19- 25, nore3bitbios ﬂ&ﬂ?we%n% hgyfe/hap, beogrmtated, M@felzlzlyzw deletigp, igRBIqNRNOr 63 or
the G P %ﬁl% ARG, &Jrﬁgﬁgrnentf&%ﬁé}%ﬂgS?Jshiﬁablﬁgs fromany animal. In a

further pre erred e ragnment conprises, consists
essent i all0875bf or Incenres prefesred fembadianeinty she 61 fmqmetngretmeﬁa’bpmﬂem rferther he

et d sequanpibeRsBen lyariphit Bl st ruictly St fablibatds (R e 2 10
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pr ef er ablpyeferably 3, more preferably 2 or one amino acids. Addition of hydrophilic amino acids

increases the solubility of the GIP fragment or the GIP protein. In one further preferred
embodiment, the hydrophilic amino acids are glycine, serine, threonine and the charged amino
acids. In one further preferred embodiment, the charged amino acids are lysine, arginine,
aspartic acid, glutamic acid. In one preferred embodiment, the stretch of amino acids comprises
or consists of the amino acid sequence DD, KK, RR, DE, ED; EE, KR, RK.

[0076] In one preferred embodiment, the GIP fragment comprises, consists essentially
of, or consists of the amino acid sequence selected from the group consisting of: (a) amino acid
1-12 of SEQ ID NO:22 with DD or KK added at the C terminus; (b) amino acid 1-13 of SEQ
ID NO:22 with DD or KK added at the C-terminus; (c) amino acid 1-14 of SEQ ID NO:22 with
DD or KK added at the C-terminus (SEQ ID NO:69 and 70); (d) amino acid 1-15 of SEQ ID
NO:22 with DD or KK added at the C-terminus (SEQ ID NO:71 and 72) and (¢) amino acid 1-
11 of SEQ ID NO:22 with DD or KK added at the C terminus.

[0077] In one embodiment, the at least one antigen of the invention comprises at least

two GIP fragments, preferably two GIP fragments. In one preferred embodiment, the two GIP



2, even nore preferably 1 amno acid from 19-25, preferably 16-30 am no
aci d sequence, have/has been nutated, preferably by deletion, insertion
and/ or substitution, nore preferably by conservative substitutions. [0074]
In one preferred enbodiment, the G P fragnent conprises, consists
essentially of, or consists of amno acid 31-34, preferably 30-34, nore
preferably 28-34, nore preferably 30-37, nore preferably 28-37, nore

pr ef er ablWy020064@57950r e preferably 28-42 of the SEQ | D NECTEP2®6/065520f SEQ
I D NG 63 %‘&1?2%09 P sequence of the co respondi ng orthol ogs from
anyP1043|§ other animal. In a fur her preferred enbodi nent, the AP
f ragment fragmpnts see twe chferonts GBS Saampnts.| In ofic praferondnembadimertt, the twe 6dP aci d

_ T SE
D No 4P ERFRAER (T e RARHBigR 1R AL LdRhen, () Wil Bl nB) S50

| east 80%realy. pranbtheadrhbodament, dlastivo8BPofragmemds meélﬁsed m%hatspiwasqu@ﬁ% or

most pr eg&iﬂgl y atlnI oen‘?a‘St 50{%e1?be 1ir1|1é:n(%l of\ﬁge 1nve§1|f:‘% tPe WP 1%1 at eas? one ?rstl nh one

preferre odi nent’, PS8 Consi sts 8ssE
or consi aittschefentositc moluﬂ:ed d) tBd GBRlof tms ﬁfveﬂtﬁ)hlvgdth% lcast onmcenq)atmﬁlanab blye GB 34

or ef of abi% 58 o8 PTETE hob FEbrEPEPAGY o5ipe #yentil, refrEnCPRp et e o ¢
pr ef er ablpycf&abig 2.fraginciitiiet LR |t]ﬁn|\§@ amido éfﬁdspéveﬁmeSE@efeabmeﬁ%&hﬁf 30 di6inéd P

sequence of t.he rres ondl n ort s from ot h n| mal , erein one
ami no aci?@dys i“h‘ia‘%"ih dofith m%%“"@@éfﬁ freza %H%Nef"h tﬁ?‘é‘f’\ésrta GEDC even

nmor e pr efegécitlgythd caltpiviei6f the VIPNEABodithentd &f %?sm 2a%t1g§170f tRelimdentioffto cht 42

sequence, have/ has been mutated, preferably el etion, insertion and/or
subst i t uPFSFIN, FRBFRRMs (Y dragpments, thejeod da fevirus: P’(Péef%h.lﬂbé‘l AR FNA méage[ beyesieer n one

preferr ths%IZf@é?ﬂh'WOtzooﬁ/b@l@h Pagd @Bﬁﬁ‘éﬁo f%rpa%QGS ﬁhé:’ 119515& ﬁ‘éréln fa hB&poraRdPr i Ses
a stretch of hydrophilic am no acids fused fragnment or the AP

prot ei n & wysefrelsracy Jde dusign profeit @qqllmrefwyblyd%ml th% alahﬁymf ageembly 140 dised
herein, r\&ﬁ&p%n%ﬁ)r@ssﬁ)hfvﬁﬁ&%aﬁiae @:E&Iﬂﬂedao%'ei’e%uoﬁﬂ%rm h at |east 60%

preferably at’ [east 70% nore preferably at least '80% still nore
pref er abll§0781 | easklaging amine acid edstiyes may bd gdded to ingrdaso thei distance hetweenatbe ds. | n
a preferr t t 7,
or ef or abl y&ﬁ%ﬂ%ﬁ%&% %ﬁ‘t e]}?er a%fiﬁlz §I1d %D%g%gfhg sdgre&?xﬂﬁrgﬁfl? fé)sforead anGEBé
aci ds. Addids |t¢nrbeodse<ﬂ1ynirthq3lﬁl|ahk1mg acqunm:eacsm a dankdag essquen@ enmfaxblaﬂdltlgnabf t he

aPpfrag rFEaxﬁnh ! v%hqga 1:%;'I Pdpnglglts fhe okentlglnﬁstafil[&uqerffgcrt %} I’s{n ormondl nﬁé}}ce the
hydr ophi I'''C"am’no acli are dn seri BRI ne §nd (e & ar g
am no aciiats.thd seqaeree fofl lat VIEP smlmaftand eldnmrshahh imseaferentd) evith Hthg gsselmhlmhyotham ds

o oL B TGRSR 201 (31 UL ¢ actd. I one preferred
[0080] In another preferred embodiment, GIP of the invention, preferably GIP
fragments, even more preferably GIP fragment with amino acid sequenced SEQ ID NO: 27-32,
SEQ ID NO: 43-45, SEQ ID NO:66 or 68 is fused to either the N- or the C-terminus of a coat
protein, mutants or fragments thereof, of RNA phage AP205. In one further preferred
embodiment, the fusion protein further comprises a spacer, wherein said spacer is positioned
between the coat protein, fragments or mutants thereof, of AP205 and the GIP of the invention.
[0081] In one preferred embodiment of the present invention, the composition
comprises or alternatively consists essentially of a virus-like particle with at least one first
attachment site linked to at least one GIP of the invention with at least one second attachment
site via at least one covalent bond, preferably the covalent bond is a non-peptide bond. In a
preferred embodiment of the present invention, the first attachment site comprises, or
preferably is, an amino group, preferably the amino group of a lysine residue. In another
preferred embodiment of the present invention, the second attachment site comprises, or
preferably is, a sulfhydryl group, preferably a sulthydryl group of a cysteine. In another

preferred embodiment of the present invention, the second attachment site comprises, or



or consists of the am no acid sequence DD, KK, RR, DE, ED, EE, KR RK
[0076] In one preferred enbodinent, the AP fragnent conprises, consists
essentially of, or consists of the am no acid sequence selected fromthe
group consisting of: (a) amno acid 1-12 of SEQ ID NGO 22 with DD or KK
added at the Ctermnus; (b) amno acid 1-13 of SEQ ID NG 22 with DD or KK
added at the Ctermnus; (c) amno acid 1-14 of SEQ ID NG 22 with DD or KK
added at WPhe@/w8Mr nus (SEQ I D NO 69 and 70); (d) am n®Cagipaootis2of SEQ
| D NO 22 \Q/Q%ﬁéﬂf or KK added at the CGjtermnus (SEQ ID NGO 71 and 72) and
(e) am na) 11 of SEQ I D NG 22 %h DD or KK added at the C term nus.
[0077] | mrqfﬁeblﬁ ns:)@)malpérnido grovp that thatds assogiaicds préferably ofovalaetly asseamtédwith
conpri sezheaét 1{1&%8 G P fragnents, preferably two G P fragnents. In one
preferre ntl) |rren The two G PP1043PC00 2 1 fragnents are two different
G P fragrieos2s. | n hnma'egrm{aknecbdnlmdboc;ﬁt nEthe invblhtiant ameaﬁil dﬁefﬁmgmhmsntasi‘te fused
I-nt 0 one CgO| Xges T re%erab an amno 10 refera(]_:n_‘:[' amino 011 O?Qrires ne res C éed
directly. TR & ot ReY r’r%od i men gf?lé’? 3fjlq‘ra r’r§ B 047 use uthrou h a
spacer selﬁmandxmt 0 §&pnd mttanhmeptr eiteebommsesrbmdpmmnablpfls tdheulithydsyht group, the
VLP with at ast ane first attachnment site is linked to the G P of the

i nventi of" Wrgﬁygtsulﬂgagilggﬁgogzé&yg% ®attachment site via at |east one peptide
bo n?' Gglrmsspfcodi NG dot Br@érfeﬂféﬁlbbmﬂﬁﬁﬁdf(ﬂge inPéreibe, rtabgyp &tk fnk-agios i lmkfﬁﬂ)r ebI
prefera rrent not n t han 50 am no acids, even nore pre erably
| ess t har‘i‘yﬁg oPactds of “g‘ ﬂg’ffa]f (CEQPElipkig g @ﬂ"ca@}’t?ﬂgr p’f‘%‘i g"rlﬁaW yige @

prefer ab'h)éteffdblﬁﬂi&loﬁﬁl cﬁfss-‘hﬂlﬁar Ot Réfeiret Smbddirhéies, ARt @RE6FEH BN ks Rter
protein of the VLP. Embodinments of fusing antigen of the invention to coat

prot ei n, ARRARE SunsHonal groupathich cpmEspelgyith 6P1§fe\ﬁefl digst apachmentses; Prederatly RNA
phage, h@Mﬁl the8Rindi 2&IpORBEE ﬂr@fel\égyz@l%g g&%r&ﬁﬂ%f BRideirBdué@) bPthRaae, 68

l'ine 17 and herein are incorporated ref erence. The fusion protein
shal | pr @épép dther fusetigngl gnaup which |0913/ree¢t vaﬁﬁsféﬁmeﬁerteﬁts@fvoad vighpeesitexsr 2ssi on

whi ch Ca@rralaf}’d% a@e ef%)’abﬁ} c,tey(%1 et @Lfé@l&ﬁfp}ﬁhe& N deiRGK] d@tmontﬂe agp d

resi dues to i'ncr | stance bet ween t coat protein and
f oreign @ﬁltheopv;ent@,Wd aptienally slee made aeatlpble der reactioplly md@etmr Bevefabheierod ami no

o o o LEndiREA cfdle fiRerd eB RENMOIROUE ARED iR I ortfABK LA BRI AAH

confers a | ona eX| whi ¢ Imnis oten

dest abi | i(Riereg), MfeMB&f SlﬁlﬁsE]v@Sa S‘u&oé}l\gBS,SSuiﬁE&hﬁdB |Su1ﬁ-SMEB,SSuiﬁEﬁM€(bf a
VLP subu |sh t he, i nterference resence
of the f?r\}eslBgﬁg%pl er cr g & Vallélmo et P Peferre &h er@ama Of t he

i nvent i onand maﬁﬁgroablfyncﬁbﬁal fgr@.g)nRB(ttﬂfp tGWﬁ‘ds Aiire gm&;ﬁseamibbge fﬁlnaldnahgnmpt W th

am no ac Irc.(ajac 1ve %gvgr%g gulﬁglg'yll groups. 'I%e al:)gov’e mentioned cross-linkers all lead to formation of
an amide bond after reaction with the amino group and a thioether linkage with the sulfhydryl
groups. Another class of cross-linkers suitable in the practice of the invention is characterized
by the introduction of a disulfide linkage between the GIP of the invention and the VLP upon
coupling. Preferred cross-linkers belonging to this class include, for example, SPDP and Sulfo-
LC-SPDP (Pierce).
[0084] In a preferred embodiment, the composition of the invention further comprises a
linker. Engineering of a second attachment site onto the GIP of the invention is achieved by the
association of a linker, preferably containing at least one amino acid suitable as second
attachment site, according to the disclosures of this invention. Therefore, in a preferred
embodiment of the present invention, a linker is associated to the GIP of the invention by way
of at least one covalent bond, preferably, by at least one, typically one peptide bond. Preferably,
the linker comprises, or alternatively consists of, the second attachment site. In a further
preferred embodiment, the linker comprises a sulthydryl group, preferably of a cysteine

residue. In another preferred embodiment, the amino acid linker is a cysteine residue.



SEQ ID NO 43-45, SEQ ID NO 66 or 68 is fused to either the NN or the
C-termnus of a coat protein, mutants or fragnments thereof, of RNA phage
AP205. I n one further preferred enbodi mnent, the fusion protein further
conprises a spacer, wherein said spacer is positioned between the coat
protein, fragments or nmutants thereof, of AP205 and the G P of the

i nvention. [0081] In one preferred enbodi nent of the present invention, the
conposi t iIEA 200W3s196es or alternatively consists essenti RCIIEPRIOSASIHRY us- | 1 ke
particle %1{} | east one first attac%rrent site linked to at | east one AP
of the Hﬁh C@ with at | east one second attachnent site via at |east one
coval ent [088H, pr eTler sehdciion ke adimked wiit bbdﬁ@ﬂd@t@nﬁbﬁnp@m plgthe KIRdof the a

pref erreq ephodi; o5Qbidtherh 8 RORFERL olchYEBE | Hiee WNBILIES bn L AGDIROH 131 L€

conprises, or prefera am no gr Lip, no group of
a lysine glemald tiexible rana'n@tabidrhqkmsfm lfwrednmodl ﬁmthnr pléfetrbda embe:hmamt ofnthent i on,

t he Secong sa&ttlgf; 'f 11 er co 11$ts 0(13? ahn o ref ere% et prefer? ¥Qlyed[11¥kergr oup,
preferably asu ydry group ef ne n ano prefe

enbodi merbngidts dﬂaenpst%ept’eferabm ttno@ﬂzo tﬂom mefenably aahioetdbrmmtm s&idsePreferpd | ses,

or of or abl oo BERP Bh e, e 5t pde i (PP ALt les ob i S4E HERCEoRE2] 1 n

avery p N}feﬁhfneﬂgzﬁmﬁw tHlifkdrt (c.0f CGDKTHTSPR] SBQ,IDANO48RKt) MAGinal $hmink t3ac h ment

of o |ysnhkeriee GoPERTRESeGRe S TG R4l 1a o e Lol Jo”

or pref erg@mn\é lingers . WAGIIGY SEQTOWO:49) 6 etn)ﬂb@navﬁltﬂﬁ)hmm k=@50upNof a

cysteine. [0083] In one preferred enbo i nent’ of the invention, the G P of

the i nver®TmiRl Bycine-semg hplserﬁ HEGCHGS)By el Wish ops@iFberysteing &fer Piamp feREQ
typi cal | ypang:sowiies é’d%}e\é%d% ESAnNGnR HAInE WRG kI HRGS; '(B’)“@)k ﬁ?S)i(GG@TS)nI n

preferred embodi nents e hetero-bifunctional cross-I| contains a
functi onér‘fltbgliﬁ'dhb it B HmeQehO.r IsBet (fod ?WHXPFFeSEQeﬁDeNpeﬁ fVi’bfl@t C‘erﬁmpﬁﬁé‘hﬁnm tes,
pref er abloy, Fr? Wher@A 2P, 185 O anf -8 )R Y}G@ Nt GFC AR ps of

| ysi ne re5| due § of the VLP, and a f&r{t)her nctional”’ oup whi gi can

react w tlHinkhe (pgeﬂlﬁTEéTESP?é?@onﬂEQt I Ra6R); ém)t &-termigal S‘flfalglhfhyukeyl (g oup,
G P of tRETR RS GLAREE G, SO IR B iy [ Godadiia D 1 1e
reduct i odD Sevd);alo) {EIEE(G)biwitnotd-thahd k0S5 (b) Gktemsnalr glydimosenng dinkére art .
Ieee LIS RE R L LSO SR BB POk LR
ot her crossa bmb&bnnmtaﬂ&rémb#le) (® (G)m:(S)t(ﬂ}(éGGS)m(n})oh]eG)_Ri witlc e=0EB . r0en Im=Conpany,
and havi g o, LeL T G0 SEACTD Yo S0"BhER B0 8RS R0

wherein n=1, k=1, 1=1, 0=1 and m=1). In a further preferred embodiment the linker is added to

the N-terminus of GIP of the invention. In another preferred embodiment of the invention, the

linker is added to the C-terminus of GIP of the invention.

[0086] Preferred linkers according to this invention are glycine linkers (G)n further

containing a cysteine residue as second attachment site, such as N-terminal glycine linker

(GCGGGAQG) and C-terminal glycine linker (GGGGCG). Further preferred embodiments are C-

terminal glycine-lysine linker (GGKKGC, SEQ ID NO:57) and N-terminal glycine-lysine

linker (CGKKGG, SEQ ID NO:58), GGCG a GGC or GGC-NH2 ("NH2" stands for amidation)

linkers at the C-terminus of the peptide or CGG at its N-terminus. In general, glycine residues

will be inserted between bulky amino acids and the cysteine to be used as second attachment

site, to avoid potential steric hindrance of the bulkier amino acid in the coupling reaction.

[0087] In one preferred embodiment, the linker sequence is GC, preferably GC is

associated to the C-terminal of GIP protein or GIP fragment, preferably to the SEQ ID NO:22-

27,29, 31-32, 43 or 45. In another preferred embodiment, the linker sequence is CG, preferably



reactive towards sul fhydryl groups. The above nentioned cross-1linkers all

|l ead to formati on of an am de bond after reaction with the am no group and
a thioether |inkage with the sul fhydryl groups. Another class of
cross-linkers suitable in the practice of the invention is characterized by
the introduction of a disulfide |inkage between the G P of the invention
and the VLP upon coupling. Preferred cross-linkers belonging to this class
i ncl ude, woroexEsPbe, SPDP and Sul fo- LC SPDP (Pierce). PCOGR2)05/065529
preferre% %2% ment, the conposition of the invention further conprises a
| i nker. r]ig ing of a second attachfhent site onto the G P of the

i nvent i oG g fused tovthd Wyerminal o€ SIB ipmetpio ror ffIPafrbgmgng rpreforablyetoatbe YWEEOH? ai ni ng
at | east \Qh\8g %Wo??SaCi d suitable as second attachnent site, according to

t he disclosures of this invention. Therefore, in a preferred enbodi nent of
t he presd6n8s] nventTlanc;ysaiﬂeiredi@e(sD seraesisascthas@dnd attachmper®lsPe, fith¢rhiehdrent @it | on
by way of ab al. ent bond efer , as n

typi cal | y on%edpeptén gﬁﬁbon c nyr Oéll, én%ﬁ toD{)cf* L 1o c d stzag t%eac?wnh tBe $etero-

al ter nat |bvﬁahqnona1rw¢ss4lmk@fqn thb actbawd redrrmt tthatHsre Iﬁee sclytteme Ioﬂaayitemé Fasidue

preferred nt, .the |ink I ses a sul fhydryl group, preferably
of a cyst“@i?eg%égﬁlﬁwlgf%pé’ﬁ%ﬁoﬁ’&a P’Bf?erred enbodi ment, the anmino acid

l i nker i qotmm:yst ei Dmkmg%fwe(.}ﬁl&fﬁkﬁé’@@ntﬂﬁ th MBBLP Dhaising lacietdreBifddctional | nker
wi Il be dependent on.the nature of th P.o he i npventign, [

bi ochem EHSS arording t°§€%ﬁ°%§°‘gfneﬁj€§%%€“ﬁﬁ §{"?V°b%} SﬁOQﬁﬂgﬁ?&@&g@P&t i on.

I n gener gheo mfvlarﬁibhbcb Qh@-'V'UF’Omaﬁi &1dnltdilkﬁ§]ﬁoﬁir(ﬁhérafﬁéth@d% of1 Tihkdngf thétdﬂ@r oﬂOtlh@f erred
enbodi ment of the present invention, the |inker consists of am no acids,

wher ei n filgieptiQy tOﬁP%VéPam Wﬁ%thqﬂsmr%%sﬁ@ﬂg thyy inggntigp dg cross-linkediocthgp| y at

nost 20, yIO¥, Qs Q:Bc,e cabbdlindlic TP add NAMR.NtheAGITASF th@ﬁﬁfz&ﬁf)@%é?glélﬂbéﬁfgts of
the |linker are Selected fromthe group consi sting of (b)

N-t er mi ndhiolgteehtlrough feagtion, fos cgampbemithprSiR, SAEor mnnmhwgtpe The) GR efethei nal
gamra 3- 11“(39&&[ aft@r am Iségﬁl s n%‘?ﬁ’hensﬁgcé eNQo tﬁc,Q)VLP(zg)foileAﬂ' 'AH:?

regions; (e) Nterm % I'D NG 49); (f)
( G kC( G reperation £ thelgxcess dhlkla@onsreageg) the Gﬂhp the inylepitomis -rge@tedn@th the R@rPs

Corr ospoRt ey st 3 £ el pEhinhUahs] Wost il SSPRRGR Hoetledigile 1T,
n=0- 3, kxbigy, andomit@forddﬁplaylﬁgcat leastaone! @ SE@all mnbﬁhnﬁngroum cdactbmruowaqumds to
St or i neipogA . T ey B g, GCRITR agit Riyeaty okl e o
gama 3- Iabm}ee()p(lmagy, Wmﬂﬁmgeﬁmehﬁblﬁ@dﬁﬁ):he (eﬂn)tloﬁ‘, -rhigtund. Tl
EIZ%E:ISHG( ﬁrﬂg E%fb&h% SF % 1g\éepN??ltgf1sl) 4%%%1 Stg %Ren&lg;) usmg a Eomo glfunctlona?
cross-linker such as glutaraldehyde, DSG, BM[PEO]4, BS3, (Pierce) or other known homo-
bifunctional cross-linkers with functional groups reactive towards amine groups or carboxyl
groups of the VLP.
[0090] In one preferred embodiment, the first attachment site comprises, or preferably

is, a sulthydryl group, even more preferable a sulthydryl group of a cysteine naturally or
artificially added to the coat protein comprised, or alternatively consisted essentially of by the
VLP. The second attachment site is the maleimido group of a linker, such as MBS (m-
Maleimidobenzoyl-N-hydroxysuccinimide ester) or SMPH (Succinimidyl-6-[3-
maleimidopropionamido]hexanoate), which is chemically associated with the antigen, preferably
covalently associated with the antigen, more preferably covalently associated with an amino
group of the antigen, even more preferably covalently associated by a NHS-ester group of the
linker with the amino group of the N-terminus amino acid of the antigen. In one preferred
embodiment, the at least one antigen, preferably no more than 50, even more preferably no
more than 30 amino acids, even more preferably GIP protein or GIP fragment of SEQ ID
NO:22-27, 29, 31-32, 43 or 45 is preferably chemically synthesized and the maleimido group is



((SGEEE n n=l-3 with one further cysteine (for exanple SEQ I D NO 55, which
corresponds to an enbodi nent wherein n=l); (q) (GMS) I (GEEES)N(G oC( Gk

wi th n=0-3, k=0-5, m=0- 10, 1=0-2, and 0=0-8 (for exanple SEQ I D NOG 56,

whi ch corresponds to an enbodi nent wherein n=l, k=l, 1=1, o=l and n¥l). In
a further preferred enbodinent the linker is added to the N-term nus of GP
of the invention. In another preferred enbodi nent of the invention, the

| i nker i swaQded466t he C-term nus of G P of the inventi @AT/HPR@EOFSSPY ef err ed

| i nkers 8%' 'gg to this invention ar§ glycine linkers (Gn further
cont ai ni 3 tei ne residue as second attachnment site, such as N-term nal

gl yci ne Iprafirebly (agociaedyio gedanGne grawp redlthqgNyterimirus| amike pcid GBEADS) attaphmanter
preferre nal; [ ne-d.vs] nker (GEKKGC, SEQ ID
NO. 57) a(r%&g%\‘@ [ge‘!ﬁ éré%zr;n%‘fata @%%g{elr%su nggltlx‘%gg?‘ ‘%" ddSEQ ID NO. 58), GGCG a
GCC or GHOIH2 (" NiHhe altamjwehy@refamdwmbbdin)ent thelfeststttmhnteh‘reswecorapmes;ws of

the peptid . GGG a | n. gener al Ci sidues will be
| neer t o PEOFRR I g iy Bk BN oind LY o HoS BE-IE IR & g

at t achnenttifRidlg ,addel ta\thn cbap pitoesiv txﬂhprlséda ot ﬂitehiaﬂdélﬁl&ﬁﬁw&fd dskeatiddiyl & §rtham no
acid in uplin ction. 087 n one rred enbadj nent,, the

T her s o B acan e SRt Sl st Babinio, S0ge PEF e 5 RERE Bk s ¥or @ p
protei n @araglaph.f Tlﬁgﬁﬁ?b ,grdiip&ff&ham is Qletitatiz&EQY lalhedrd-Bunctidnal 2fosslibkerd2, 43
or 45. In anot ref er di ment er sequence is

pr ef er ablSYP18% g 'F‘%‘W Set't‘tS @ﬁé‘r‘lﬁk‘ire E‘ﬂ’i’ﬁﬁ“’g FCGEO S‘t(‘@yﬂryér AP
fragment grqpewBicR R thentrBactiPeto R hIBiniEd gdup AhOLinikd. [ 0088] The cysteine

resi due(s served as the second attachnent site, either inherent of or
added to 00921 G p Jfreferred iligkerm cpwprising at leastisme | palpigtido: SR @5 doR BXamPlfet Wit h

the het erqpjpirf, US\QPo'—MB@' FEHIRS SorbfeféE liniRis h&esﬁﬁﬁEM@Se@uﬁélﬁMﬁﬁ SUfASIABS a
free cysteine or a steine residue with a free sul W‘?/bry group has to be

avai | abl SulfpGyga, S_ui AIOMIC 0% VeheSIgy mdogthertraosshiplsers lg, for&xampe,fjonysi ng a
het er o- bi (9;%@3 R

descri beé]g %@%ggﬂghlc%v\s gh% Q?ﬁga‘gtgéz(?{ee gﬁég#}({ﬁﬁé%cﬁ%%%%%gﬁ Q%ﬁ%@%ﬂ&e; pVLP I n
an ori entedofcfshitional grmtmecacmwasisgmlfhymgmpa he G P of the invention to

t he VLP| de neth t ked to
the vip, 10830°, hatosfid sitalici inCalesi bt Vst in Soilpiies of 1€\
al so be faltersativiclyi mnanstsobsssdntldlyghf a ev@ru$-like particle laﬂsamui &Iiof hhsm‘ﬁénumw or

' m not hi %génr}l%al e &er%he '1£‘a‘é ”ﬁ' OPfhesaeﬂ%e ASRIQLSEL oQMkid bf &Hﬂor ed,

may t hen "Dé Coup 8? > PREOLF '8 P Plolig L6r ' Separation 3F PPRE "cess

t hi ol at i @Rampledaking dftike GLP tofthet GI:P ofithe I[livleﬁtl‘bnl an beaticacd by bh)tmjfleuﬂg_tﬁe
VLP and expressing the GIP of the invention as a streptavidin-fusion protein. Other binding

pairs, such as ligand-receptor, antigen-antibody, can also be used as coupling reagent in a
similar manner as biotin-avidin.

[0094] US 5,698,424 describes a modified coat protein of bacteriophage MS-2 capable
of forming a capsid, wherein the coat protein is modified by an insertion of a cysteine residue
into the N-terminal hairpin region, and by replacement of each of the cysteine residues located
external to the N-terminal hairpin region by a non-cysteine amino acid residue. The inserted
cysteine may then be linked directly to a desired molecular species to be presented such as an
epitope or an antigenic protein.

[0095] We note, however, that the presence of an exposed free cysteine residue in the
capsid may lead to oligomerization of capsids by way of disulfide bridge formation. Moreover,
attachment between capsids and antigenic proteins by way of disulfide bonds are labile, in
particular, to sulthydryl-moiety containing molecules, and are, furthermore, less stable in serum
than, for example, thioether attachments (Martin FJ. and Papahadjopoulos D.(1982) Irreversible
Coupling of Immunoglobulin Fragments to Preformed Vesicles. J. Biol. Chem. 257: 286-288).



previously activated with a hetero-bifunctional cross-linker conprising a
cysteine reactive noiety, and therefore displaying at |east one or several
functional groups reactive towards cysteine residues, to which the
thiolated G P of the invention can react, such as described above.
Optionally, | ow anmounts of a reducing agent are included in the reaction

m xture. In further nethods, the G P of the invention is attached to the
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unwanted T cell responses, such as inflammatory T cell responses and cytotoxic T cell

responses, and other unwanted side effects, such as fever, while maintaining strong antibody
response specifically against GIP.

[0099] Essentially free of host RNA (or DNA), preferably host nucleic acids: The term
“essentially free of host RNA (or DNA), preferably host nucleic acids™ as used herein, refers to
the amount of host RNA (or DNA), preferably host nucleic acids, comprised by the VLP, which
is typically and preferably less than 30 pg, preferably less than 20 pg, more preferably less than
10 pg, even more preferably less than 8 g, even more preferably less than 6 pg, even more
preferably less than 4 pg, most preferably less than 2 pg, per mg of the VLP. Host, as used
within the afore-mentioned context, refers to the host in which the VLP is recombinantly
produced. Conventional methods of determining the amount of RNA (or DNA), preferably
nucleic acids, are known to the skilled person in the art. The typical and preferred method to
determine the amount of RNA, preferably nucleic acids, in accordance with the present
invention is described in Example 17 of the PCT/EP2005/055009 filed on Oct 5, 2005 by the

same assignee. Identical, similar or analogous conditions are, typically and preferably, used for



Sul fo- SMPB, Sul fo-SMCC, SVSB, SIA and other cross-linkers avail able, for
exanple, fromthe Pierce Chem cal Conpany, and having one functional group
reactive towards am no groups and one functional group reactive towards
sul f hydryl groups. [0093] In other enbodi nents of the present invention,
the conposition conprises or alternatively consists essentially of a
virus-like particle linked to QP of the invention via chem cal
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referred enbodi nepnt of the invention, the VLP is reconhinantl
P more enhance(f| Iimmune response. A varicty of adjuvants can be used. Examplgs include

complete and incomplete Freund's adjuvant, aluminum hydroxide and modified
muramyldipeptide. Further adjuvants are mineral gels such as aluminum hydroxide, surface
active substances such as lysolecithin, pluronic polyols, polyanions, peptides, oil emulsions,
keyhole limpet hemocyanins, dinitrophenol, and potentially useful human adjuvants such as
BCG (bacille Calmette Guerin) and Corynebacterium parvum. Such adjuvants are also well
known in the art. Further adjuvants that can be administered with the compositions of the
invention include, but are not limited to, Monophosphoryl lipid immunomodulator, AdjuVax
100a, QS-21, QS-18, CRL1005, Aluminum salts (Alum), MF-59, OM-174, OM-197, OM-294,
and Virosomal adjuvant technology. The adjuvants can also comprise a mixture of these
substances.

[00103] In another preferred embodiment, the vaccine composition is devoid of adjuvant.
An advantageous feature of the present invention is the high immunogenicity of the
composition, even in the absence of adjuvants. The absence of an adjuvant, furthermore,
minimizes the occurrence of unwanted inflammatory T-cell responses representing a safety

concern in the vaccination against self antigens. Thus, the administration of the vaccine of the



produced in a host, and wherein the VLP is essentially free of host RNA
preferably host nucleic acids or wherein the VLP is essentially free of

host DNA, preferably host nucleic acids. In one preferred enbodi nent, the
VLP of an RNA phage is reconbinantly produced in a host, and wherein the
VLP of an RNA phage is essentially free of host RNA, preferably host

nucl eic acids. [0098] In one further preferred enbodi nent, the conposition
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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 as ethyl oleate. Carriers or
occlusive dressings can be used to increase skin permeability and enhance antigen absorption.
[00106] Vaccines of the invention are said to be "pharmacologically acceptable"” if their
administration can be tolerated by a recipient individual. Further, the vaccines of the invention
will be administered in a "therapeutically effective amount” (i.e., an amount that produces a
desired physiological effect). The nature or type of immune response is not a limiting factor of
this disclosure. Without the intention to limit the present invention by the following
mechanistic explanation, the inventive vaccine might induce antibodies which bind to GIP and
thus reducing its concentration and/or interfering with its physiological or pathological
function.

[00107] In another aspect, the invention provides a pharmaceutical composition
comprising the composition as taught in the present invention and an acceptable pharmaceutical

carrier. When vaccine of the invention is administered to an individual, it may be in a form



from nol ecul es of Iow relative nol ecular mass. [00101] In one aspect, the
I nvention provides a vaccine conposition conprising the conposition of the
i nvention. In one preferred enbodinent, the GP of the invention linked to
the VLP in the vaccine conposition is of animal, preferably mamual or hunan
origin. In further preferred enbodi ments, the G P of the invention is of
human, bovi ne, chicken, dog, cat, nouse, rat, pig or horse origin. [00102]
I n one erOéﬂQ@I&iS@ﬁbodi ment, the vaccine conposition fuPChEP2USMHPIREes at
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purified coat proteins is effected in the presence of at least one polyanionic macromolecule,
preferably polyglutamic acid and/or polyaspartic acid.

[00110] In again one aspect, the invention provides compositions which may be used for
preventing, treating and/or attenuating diseases or conditions in which GIP exert an important
pathological function, in particular obesity.

[00111] In a further aspect, the invention provides a kit comprising at least one first
composition and at least one second composition, wherein said first composition comprising:
(a) a first virus-like particle (VLP) with at least one first attachment site; (b) at least one first
antigen with at least one second attachment site, wherein said at least one first antigen is a GIP
protein or a GIP fragment and wherein (a) and (b) are linked through said at least one first and
said at least one second attachment site; and wherein said second composition comprising: (c) a
second virus-like particle (VLP) with at least one first attachment site; (d) at least one second
antigen with at least onc second attachment site, wherein said at least one second antigen
comprises or is a molecule selected from the group consisting of : (i) a ghrelin or a ghrelin
peptide; (ii) a nicotine, a cotinine or a nornicotine; and (iii) a second GIP protein or a second

GIP fragment, wherein the second GIP protein or GIP fragment is different from the first GIP



conprising (a) a virus-like particle with at |east one first attachnent
site and (b) at |east one non-human, preferably a non-human vertebrate G P
of the invention with at | east one second attachnment site, wherein (a) and
(b) are linked through the at |east one first and the at | east one second
attachnent, for the manufacture of a nmedi canent for treatnent of
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[00114] In one preferred embodiment, the ghrelin or ghrelin peptide is selected from a
group consisting of: (a) human ghrelin or ghrelin peptide; (b) dog ghrelin or ghrelin peptide; (c)
cat ghrelin or ghrelin peptide; (d) bovine ghrelin or ghrelin peptide; (e) pig ghrelin or ghrelin
peptide; (f) sheep ghrelin or ghrelin peptide; and (g) mouse ghrelin or ghrelin peptide. In one
further preferred embodiment, the ghrelin or ghrelin peptide comprises, consists essentially of,
or consists of an amino acid sequence selected from the group consisting of: (a) SEQ ID NO:
33; (b) SEQ ID NO:35; (c) SEQ ID NO:40; (d) SEQ ID NO:36; (e) SEQ ID NO:37; (f) SEQ ID
NO:38; (g0 SEQ ID NO: 46 (GSSFLSPEHQKLQ); and (h) SEQ ID NO: 47
(GSSFLSPEHQKVQ).

[00115] The preparation and use of a preferred embodiment of the second composition,
wherein said at least one second antigen is ghrelin or a ghrelin peptide have been disclosed in
patent application WO 2004/009124 and in W02005/068639, the two entire disclosures are
incorporated herein by way of reference. Further preferred embodiments of the second
composition of the present invention are explicitly defined in the claims of WO 2004/009124,
and hereby in particular in claims 1 to 31 of WO 2004/009124, as well as in the claims of



whi ch contains salts, buffers, adjuvants, or other substances which are
desirable for inproving the efficacy of the conjugate. Exanples of
materials suitable for use in preparation of pharmaceutical conpositions
are provided in numerous sources including REM NGTON S PHARVACEUTI CAL

SCI ENCES (Gsol, A, ed., Mack Publishing Co., (1990)). [00108] In one
further aspect, the invention provides nethod of producing the conposition
of the irWenne@d57%r the vaccine conposition of the inv@OT/EFR00S5/053S2E

phar rracetf,ép o Sorrpoleon of the inveption, wherein the nethod conprises:
(a) provi Q VLP with at | east one Tirst attachnent site; (b) providing
at | east Véﬁ@%‘%ﬁ@% andmeﬂm in padiculapint dlayep 1itg 23, which g\e@mhcﬁly iogorporated

f ragnent ’hﬁ}é“ tl{l"%}’ Qne second attachment site; and (c) linking said
VLP to sal ast one antlgen through said at | east one first attachnent
site and [6Mild] at I'élmprepamtl@aecaodldlsatﬂam&entprsfetrei wmbpdimdnlcef sl decond

corrp05|t|on QéOOlO %] re erred enb the s
o v ai GOt prrein e g s SRE PR FE T BRRR TR Y gt PReBorg e

steps: (aproiiosiag denbbeengli®dised it pasent Iaplklﬂzalﬁmr WI(); I29304t/(m9$136 filed byt the prekeit NS,

mut ants or .fragpent hereof, of s dV|r rably a

A hact STERaTES SEICHG: iy eRpoBhigneeh: By vBY coftomted hughes, prefrgient o

t Eer eo; : eﬁfcbbdlhﬁﬁlswlﬁﬂ Se&@d&@h@osﬁtﬂcﬁﬂ off tael pﬁH@ﬁftb iprentic aihts explicitBdeSined inf ﬂhélngEnt s
t her eof , sa Vi an RNA- acterlo age [ r

Dt ol o S peie 2iioosRle o564 Pereb B i pe gt &1 ol W 20048 ua

(or DNA) jwHdHer& Pty Msiporissd HRtdin REWESof rbfercacdt i | | furt her preferred
enbodi ment, the reassenbling of said purified coat proteins is effected in

the presddd7bs atln elaetrefeﬁ%d ﬁlabgﬁalﬁ%nﬁhe aﬁ&‘éﬁtd??ﬁlséﬁqﬁlﬂému&“elﬁ dprapsdyfrom

ol yg! ut aitiaRC iclockadhin 8! YBRP0Aiding it o) ELhMy BN ALRI) PIEiGTREC!
the i nventi on pr ovi des COI'TpOSI t1 ons my used pr event | ng,

treat i ng (GMEMNGE); o) cranedi h'@mﬁm§@§§l€§tﬂéﬂ' S&@mﬁ% i @h501swcwm Fthydromymetlylt an
i mport angnlo%ﬁﬁ@()l(tﬁﬁl“r&%u’ %Sﬁicgﬂmné n (@)’ﬂ iN- ﬁl%)@%-%} =2- ﬂnpgyr{dygjléérl'roh n?l]

further aspect I nvention provides a kit conpri si one first
conposi t ihexylhpdlanine] €8s #-oaod-[Hel{d)el-canpGBpyridiny])- hprdidmytjiticayl i ansino]-

one t: r seoapoRaniet C8 2 e by gyl Tatufeiihularsie B3 phev Bttt 1 thct “one
second abt(@qiyfiginyl)<idyerolidihebueinbiceidphehylinetgt estorp(if Cottlinaditcatberylicsacal, G P
D OBy FebhEE T U5l BBl R SRS e B sy o ¢
wher ei n saiikbegeaidd)- egmmﬁhé;i(grx’ aoifdetyRicoting;) (nd 4S&ﬁﬁd$lﬁetﬁy1ﬁﬂd6t1ﬂet {ﬁa 5
AN TG s ST e SO B
| east oneicpakiamMchidHdeI@)S-1-(b-aminocthyl) cotinium chloride and (s) N-succinyl-6-amino-(+)-
nicotine.
[00118] In one further preferred embodiment, the second composition comprises O-
succinyl-3'-hydroxymethyl-nicotine. In one further preferred embodiment, the second
composition comprises O-succinyl-trans-3'-hydroxymethyl-nicotine. In one further preferred
embodiment, the second composition comprises O-succinyl-3'-hydroxymethyl-nicotine
conjugated to a virus-like particle of a RNA-phage, preferably to a Qf virus like particle, and
hereby preferably to a Qp virus like particle comprising, or preferably being composed of coat
proteins of RN A-phage Q.
[00119] In one preferred embodiment, the at least one second antigen comprises or is O-
succinyl-3'-hydroxymethyl-nicotine. In one further preferred embodiment, the second antigen
comprises or preferably is O-succinyl-trans-3'-hydroxymethyl-nicotine. In one preferred
embodiment, the second antigen comprises or preferably is trans-3’- hydroxymethyl-nicotine.
[00120] In one preferred embodiment, the second attachment site comprised by the

second composition contains, or preferably is, an active group selected from the group



conprises or is a nolecule selected fromthe group consisting of : (i) a
ghrelin or a ghrelin peptide; (ii) a nicotine, a cotinine or a nornicotine;
and (iii) a second AP protein or a second QP fragnent, wherein the second
G P protein or AP fragnent is different fromthe first A PP1043PC00 30
protein or G P fragnment conprised by the first conposition, and wherein (c)
and (d) are linked through said at |east one first and said at |east one
second atwachers79site. [00112] In preferred enbodi nent ®CTHER00SI06529
conposi t ipngl’;: bhe conposition of the éZ{went ion, the first virus-1like
particle’i 8 virus-like particle of"the invention and the first antigen
i S the atcoigtingpf: t(hbeAmm@e@Pb Agmide; [(¢)Kearboxal; (heCaseanyh de)ulthxdryl; K@ Hydroxikl e i s

the virus,| T rred
enbodt ronPsMOFRE; ) Dk OF ABRNLAT, " HyBaki? (bERRHE iy Nt ThF

| i ke par t&ucdlmnmdadand'(a)ﬂydrazldant i gen have been all descrl bed and defi ned in
thisinv ef erred enbodi theflrt VL nd the
second VI @far dlf eorngkfefeqen orl?gélrpnrce ererases(‘i?clatn%10 eﬁrt ttla%hm P s '@’L and

t he secomebo\i&mz&hmeﬁthﬁeﬂ)ar@hat leasd o, preﬁa‘rﬂ:ﬂyemb ecmatmdt lnmdhs ﬁ)fmédify reavtient i on,

theflrst r the second viru ear sof a h ,
wher ei n {f‘ §leu§/°1@'§| BoKRA %hﬁaé‘i 4) ‘ﬁl\‘i&?éﬁ]ﬁé‘é mc‘@Qe RLES 5.%9%?n one
preferr edttamﬁaﬁdﬂ dRNin oﬂehﬁltflérrrﬁéfem‘éd’ btﬁbddhtkﬁlt,ps%fdt asedo@uaﬂ@fwe ﬁlbﬁat&e]ﬁﬁéiﬂ

virus-1like r| se ) Cco SI I nant pr ot ei

it At s OR® PRBGHE Hrcond RBPBED Hie rRgagh I8! ot SFGr b B Bpcr ey

phage i s fhidd yags (ghmlaé' bon@a\llpéne‘afﬁaﬂe'i réf&‘ré?péi‘nlfddﬁﬁéh@ rth il Qﬂf&fc&ﬂent site
enbodi ment, the first and the_second VLP are both of RNA phage, preferably
of RNA pwala@maﬁ or prifesrbly 1§28 PEYNOEOWHBEK RN en anie greup<af lysing/ By oneriwrthes cond

VLP of a pyifts enﬂfo@ﬁ&'ﬁtﬁ%eyse@fndaa'&a(%npﬂé%mpﬁ&@/ok ref @RI N@Rdokyl ghgruced
in a host and wherein said first and/or second VLP are/1s essen |aI IX free

of host Rmane frterprefrpd embedigent, assecipfing) ofithe Hest gdachmen1sitgwithnthe secon
pref err edugiphdi & é"i@@ﬁm%gh% 168 k] g}ﬁet‘é‘fab *Un@' doOalgﬁl%h&’i% fhidn dpﬁfﬂy%%cﬁs‘n bf @E‘r i

group consisting of human reli hrelin pepti dog ¢
or ghr el iGrsyseipyl weicty(of paid rsugeingt3'- hytpxsgmﬂﬂml-mwomwﬂu@ anfig) gtovp phlysighr el i n

or ghrel Ir&“ﬁ%%‘hgg@‘dgﬁ% %g?mgmﬁé' n or ghrelin peptide; (f) sheep ghrelin

or ghrelin nouse ghrelin or ghrelin peptide. In one
further ﬂﬂﬂslfzér red Embeatond wompdsitengisr gtferablyr fqlﬂmeélfrqm peEitidacid ompud-ges,

i st t I Ly ' f l.ect ed
const <t oot iSRS b T BN RS B
| D NGO 40;sudcihic SEQwitE)aﬂ\IQnﬁﬁ -erdupJof %QNA)ph@eBﬁrbfe(afo)y tEE@linE) ghdp 384 Iy(sine oBEQ | D
NO 46 (%%E%E%%LQ); and (h) SEQ ID NO 47 (GSSFLSPEHXKVQ .

[00123] A preferred way for performing the reaction is by activating the carboxyl group

with a carbodiimid, preferably EDC, even more preferably DCC. The activated carboxyl group
is either directly covalently linked to RNA phages or is converted to N-hydroxysuccinimid
(NHS) ester by addition of N-hydroxysuccinimid (NHS) ester. The NHS ester is either used
directly after reaction with the activated carboxyl group or isolated and subsequently reacted
with the RNA phage.

[00124] Alternative reagents to active carboxyl groups are uronium salts such as HATU
(2-(7-Aza-1H-benzotriazole-1-yl)-1,1,3,3-tetramethyluronium hexafluorophosphate) or HBTU
(2-(1H-benzotriazole-1-yl)-1,1,3,3-tetramethyluronium hexafluorophosphate). Succinic acid
mono-(1-methyl-2-pyridin-3-yl-pyrrolidin-3-ylmethyl) ester will be activated by HATU or
HBTA and the corresponding activated carboxyl groups are directly reacted with the amines.
[00125] In one preferred embodiment, the at least one second antigen is a GIP protein or
a GIP fragment, wherein the second GIP protein or GIP fragment is different from the first GIP
protein or GIP fragment comprised by the first composition. In one preferred embodiment, the

second GIP protein or GIP fragment comprises or consists of an amino acid sequence having



[ 00115] The preparation and use of a preferred enbodi nent of the second
conposition, wherein said at | east one second antigen is ghrelin or a
ghrelin peptide have been disclosed in patent application WO 2004/ 009124
and in WO2005/ 068639, the two entire disclosures are incorporated herein by
way of reference. Further preferred enbodi nents of the second conposition
of the present invention are explicitly defined in the clains of WO

2004/ 009M020evd51Wer eby in particular in clains 1 to 3 PCHEPNOSASFAY 009124,
as wel | 2ﬁ0+ﬂw®pe cl ai ms of P1043PC00 3 WO2005/ 068639, and hereby in
particul ar aimg 1 to 29, which are explicitly incorporated herein by
way of r eliffarent chemipgonadficatine ap repeared foothe sinde ammooiidasequinee cpmprised oed
embodi ment, o &*bgr REFRPEIP ﬁfUPe%? bf Gﬁﬁfra G §h Bné eﬁm@& elnbdin 1&“&1e %ﬁ &ad
antigen conpris I'S a hicotlne, otI'ni ne r a nornrco |he ave been
di scl osedIP rprcptan@thIB ;fpgmelatdoumrim (474 @Gﬂlsﬁs(mﬁilalﬁanﬁmb ecid tsyqlten@ 4Jffasmrﬂom

Eaf!{ ﬁgreepr -er%]rllélil_fl? g(l: %?gglg%reecohlgmlse fOI' tC nSISgse(éef(OLrY(l}.gr %I'St Gl?ypy(\)@ 1 Q {Iﬁﬁg%n?erﬁg glﬁ t

i nvent i ornaprfeeep |emb0d1h1¢ntdﬂlf3 isevedd IGIP pfwem: bﬁGIPsfrz{gfmeMo&QﬁﬁésQﬁ%ﬂﬁsts g !

her eby i artlc n clalns WO 2004/,Q09116, .whi ch.

ool i o1 Mrne g itk s s Bybitag e peeRER I PBBses o Firssfr by

pr ef er r edheefil30 GiMPivicin bh SR Frab@ag! mosie fHitke Hcfaméd GatodirBent,ohéreetohd GIP
material s sel ect fromthe group consisti of:. (a) .

6- (carb Omfl % gpgmﬁnt (’?mﬂﬁ%ﬁﬁ){) ﬂng](;@g% f@:?ent (ng)ggmc site(s) as compared to the

trans- 3" g eﬁ&@%@)’é&mﬁﬁéd BECOBYISS oNBY ﬁle flr&)GIP protein or GIP fragment. In one st111
O succi nyl - hydr oxynet hyl ni coti ne; ) Trans- 4'-carboxycot|n|ne

N- [ | - ox oSt @safe@d( gnlmirm%l the |ﬁr§sﬁﬁl’ofrﬁigamq4§/ CPMmPpFises) (o cpasiyisapf Afeleast foPe

4- oxo- 4- [allﬁ’geﬂnfc@& ﬁ%mqﬁ@alﬁmG a¥f G zﬁMltﬂe sleccmﬂr(ﬁl@lﬂra% e dbinpB ol cRRQF-
but anoic acid; (g). (2S)-2-( pyrldlny Iqfﬁ{rro | i di nebut anoi ¢ aci d

pheny| netahlgpst e8¢ aptigenip pitg froap thexear Xplwandli ) The-carperyd | pagtiof GBR reders tactheci d
phenyl rmtl%}y hg }?&i@fabl (15) ang;ﬁ& 'a&lié"@f §§Q ciﬁﬁ’@@@ll%cbr %@@ID NO:63. In one ]zreferred

N-succi ny -()-nicotine; . SI gma. - am nocapr ani do)
) - ni cot i wabodigientgthe gst@ﬁ fragment ngmalpﬂeam hoyist pf a1i anoing acid Sf(qﬂ?ncs as of SEQ

ai ni nomatﬂg%@]zg ?1%1(?;] {éh% Sf&);&i g’?’ st & ng%g@%{tyclo%ﬁ%tslop gOns s[k) oﬁn a no a01d ie&slence

am nonet hyl'ni co am noni co
S- | - ( b- arms 068EQYID) NAi280Tha felatum; Ipraferradesmbordimests| thebmakeiand asehyﬂ t)ne ddfedrent um

chloride (ﬁg%ﬁo‘%}f o%&&é:gqug Shave %e n a(ﬂ d(agcrlb an%tdeﬁned 1[1 93981 1“]‘18 nt1|01r1] one further

preferre econ 05| 1'on conpri ses ucci nyl -
3' - hydr o)got2shy| - nincat pﬂﬁerreld mmbﬂdinfehli; thesecopd 6 fragﬂerm ndroghiseeat amibd ecld econd

Further prEpie B ETiom HeAPPERE LBEShd L OrBR Yoo Topid Bedit 20! B °"e
O succi NSEQ@ID NGB TBEQVD- N0t (¢)eSEQ ID NO: 28; (f) SEQ ID NO: 31; (g) SEQ ID
NO:44; (h) SEQ ID NO:68; and (i) an amino acid sequence which is at least 80%, preferably at
least 85%, more preferably at least 90%, or most preferably at least 95% identical with SEQ ID
NO: 27-29, 31,32, 44, 68 or 45.

[00127] Except the antigen difference comprised by the first composition and the second
composition, the feature and preferred embodiments, the make and use of the second
composition is substantially the same as described and defined for the first composition in this
invention.

[00128] In another further aspect, the present invention provides for a method of treating
and/or preventing obesity in an animal or a human comprising administering the at least one
first composition and the at least one second composition of the kit to the same animal,
preferably to a domestic cat or a dog, or human. The administration of the second composition
preferably occurs to the animal or human prior to, contemporaneously or after the administering
to the same animal or human the first composition. In one preferred embodiment, the two

compositions are preferably administered to the same patient not more than two weeks apart,



conjugated to a virus-like particle of a RNA-phage, preferably to a
virus like particle, and hereby preferably to a Qb virus like particle
conprising, or preferably being conposed of coat proteins of RNA-phage Q.
[00119] In one preferred enbodi nent, the at | east one second antigen
conprises or is Osuccinyl- 3'-hydroxynethyl-nicotine. In one further
preferred enbodi nent, the second antigen conprises or preferably is

O succi nyWoteewes86- hydr oxynet hyl - ni cotine. In one pref @Cra@2ensiossement ,

t he sec23ﬂ gen conprises or prefergbly is trans-3'-

hydr oxy R@ﬁﬁhlcotlne [00120] In one preferred enbodi ment, the second
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being said first attachnent site 0122] The second conposition is
pr ef er abl[§0186k ned Mranathetaspéonithe present myersioppnastidey la-method of preventing and/or

2 PY e O i) bR i o S harfifisleBRE HerlecliCor AL 0bn 97 0P

of the succi an am ne hage, pre y the
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converted h}e?ln pe&}/d% X %lil)?e erred emq)odiment, the “vaccine of VLP-ghrelin” further comprises

at least one adjuvant. Moreover, the “vaccine of VLP-nicotine” comprises the second
composition of the invention, wherein the at least antigen comprises a nicotine, a cotinine or a
nornicotine. In one preferred embodiment, the “vaccine of VLP- a second GIP protein or a
second GIP fragment” comprises the second composition of the invention, wherein the at least
antigen comprises or is a second GIP protein or GIP fragment and wherein the second GIP
protein or GIP fragment is different from the first GIP protein or GIP fragment.

[00131] For simplicity reason, the vaccine of the invention and the vaccine of the VLP-
ghrelin or VLP-nicotine or VLP-a second GIP protein or a second GIP fragment will be
referred as “the two vaccines” hereafter.

[00132] The administering the vaccine of VLP-ghrelin, the vaccine of VLP-nicotine, or
the vaccine of VLP-different GIP protein or GIP fragment preferably occurs to the animal or
human prior to, contemporaneously or after the administering to the same animal or human the
vaccine of the invention. In one preferred embodiment, the at least one antigen is a GIP protein

or a GIP fragment. The administering two vaccines to the same animal or human may



(NHS) ester by addition of N hydroxysuccinimd (NHS) ester. The NHS ester
is either used directly after reaction with the activated carboxyl group or
i sol ated and subsequently reacted with the RNA phage. [00124] Alternative
reagents to active carboxyl groups are uroniumsalts such as HATU
(2-(7-Aza-1 H benzotriazole-l-yl)-1,1,3,3-tetramet hyl uroni um

hexaf | uor ophosphate) or HBTU
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; Sl eE:t )Gd 1dakt0dte tald v gHt ORHPfe fabIYSthé t7addfhe @bmpdsijonSEQ ol MNQ@n adjlivartbTheSERnlkibh NO
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further provides a method of immunization comprising administering said vaccine composition
to an animal, preferably to a dog or to a cat, preferably to a domestic cat, or a human.
Moreover, the invention provides a method of treating and/or preventing obesity comprising
administering the vaccine composition to an animal, preferably to a domestic cat or a dog, or
human. Furthermore, the invention provides a pharmaceutical composition comprising said

composition and an acceptable pharmaceutical carrier.

EXAMPLES
[00135] The terms “prior art VLPs” as well as the more specific terms “prior art Qf VLPs”,
“prior art AP205 VLPs” and the like, as used within this example section, refer to VLPs

obtained by recombinant expression from E. coli and subsequent purification as described in
WO 02/056905, WO 04/007538.



SEQ I D NO 32; (d) SEQ ID NO 45; (e) SEQID NGO 28; (f) SEQID NG 31; (9)
SEQ ID NG 44; (h) SEQID NG 68; and (i) an am no acid sequence which is at
| east 80% preferably at |east 85% nore preferably at | east 90% or nost
preferably at |east 95%identical with SEQ ID NGO 27-29, 31,32, 44, 68 or
45. [00127] Except the antigen difference conprised by the first
conposition and the second conposition, the feature and preferred

enbodi merwe,20a¢85MWake and use of the second conpositi onPCI/EPRNSIOETIR? al | y

t he sarreﬁa %@gri bed and defined for §6he first conposition in this

i nvention. T 8] In another further aspect, the present invention
provides for a nmethod of treating and/or preventing obesity in an animal or
a human conprising adm ni stering t%?%ﬁh ﬂJ]?’flSt one first conposition and the
at | east one second conposition of e EI to the same animal, preferably
to a doneGhenucatintsyrshesize €dB fragmertulvif. 1- I 4-13d1M-30, 28421 3 1e42 ail GIRerades dnd
conposition preferably occurs to the apjmal or human prior to,

cont enpor aneously or after the adm nistering to the sane ani nal or hunan
the first conposition. In one preferred enbodi nent, the two conpositions

apar t, 1008336005 MBS o PO R B ok Bt B & o i y
not nor e linké@neduehecfustd)ts citliva e, N-eotalic Cidrinus of e 1P frag@bnts(BBY) INO: 24
e ot Do b A5G RS SR b By "

Cont enpongngops! v, GESprogRd -NE iifding' £6€ Niskdr@edudade fhiftd té W (CRMAR, (SIS are
m xed before the injection to one aninal or a human or that the two

conposi ¢ IBNOa 0 aBhGIP Jragment 247 Nesluchie a A3 (HIKCTo fuser s thei M-GTBSSRF on, |

successi QRemidalykyRBetRUALDdrdihEiotaddrd pfdeakr¥0 conposi tions are adm ni stered
to the sane ani'mal or human separately but within a not |onger than 4 hours

i nterval [0QB8F er abinyordes tp dmprere theaselubility of N-tewnjnal (IBrfagmens cpumled tonbe
| onger t hag: aRepheus ytﬁfrﬁ)gﬁoﬂi%EﬁinBra@fd%Mex vﬂﬁilin t!hﬁgg{cfzﬁgctd?}l’lmﬁ{g%eﬁat BRybe Still

preferably n_otg onger 1 mnutes interval. [! ] In again a
pr ef er r egulestityéadi Relat, hydraphilid ¢harged eminpoasidsi syah anlysioe (1pis) 20d aspdrtato fgspsare i on

dm nj d wherei f bl id te i
Cbcut andatey Bt ol BARE PR d 0l ont. “he {1 1ot compos Li on and ¢

odiment, the first conposition and the
second cd0§id9j t i onGHY fraghmi +19{ exckidinganDBEpar GiPeaghont 1{180138@}ind a KOt her
aspect, e PLasSRl AYSRAOR-REANIdSS AR Eff Rodh ol REEYSILAY ALk
treating o e5|f1y Ch BRC ahiial T er a hihan conprysing admni's r?'thg PRe
vacci ne atcdrdieg torsmdird procadudlesa vacci ne of VLP-ghrelin, a vaccine of
VLP-ni cotine, or a vaccine of VLP-a second G P

EXAMPLE 2
Coupling of GIP 1-15-GC, GIP 1-10-GC, GIP 4-13-GC and CG-GIP-31-42 to the prior art Qp,
fr or HBcAg VLPs
[00140] A solution of 2 ml of 2.0 mg/ml prior art QB VLP in 20 mM Hepes, 150 mM

NaCl pH 7.2 was reacted for 30 minutes with 114.4 pl of a SMPH (Pierce) solution (from a 50
mM stock solution dissolved in DMSO) at 25°C. The reaction solution was subsequently
dialyzed twice for 2 hours against 2 L of 20 mM Hepes, 150 mM NaCl, pH 7.2 at 4°C.

[00141] The dialysed, derivatized QB VLP was subsequently used to couple either the
murine GIP 1-15-GC (SEQ ID No: 60), GIP 1-10-GC (SEQ ID NO:61), GIP 4-13-GC (SEQ ID
No 62) or murine CG-GIP 31-42 peptide Briefly, 1 ml of derivatized QB VLP (at a
concentration of 2mg/ml) was reacted with 286l of a 10mM peptide solution for 2 hours at
20°C in 20 mM Hepes, 150 mM NaCl, pH 7.2. The coupling reactions were then centrifuged at
13 000 rpm for 5 minutes and the supernatants were collected and dialyzed once for 2 hours

and then overnight against 2 L of 20 mM Hepes, 150 mM NaCl, pH 7.2 at 4°C.



protein or a second GP fragnent, to the sane ani mal or human. The "vacci ne
of VLP-ghrelin" conprises the second conposition of the invention, wherein
the at least antigen is a ghrelin or a ghrelin peptide. In one preferred
enbodi nent, the "vaccine of VLP-ghrelin" further conprises at |east one

adj uvant. Moreover, the "vaccine of VLP-nicotine" conprises the second
conposition of the invention, wherein the at |east antigen conprises a

ni cot i ne,Wa 20@%G48796e or a norni cotine. In one preferredPERFEPAIOFHMS2Y t he
"vacci ne 86 ¥y 2 second G P protein a second G P fragnment” conprises
the secold’t 8sition of the inventio , Wherein the at |east antigen
conpri sed0Md2j s a 'Elm:amdelﬁlcmrpicdtcehpiingrof@mpﬁlﬂtﬂ@néﬂﬁ anehd1-wh &r élierQﬁ‘ﬁbP second

£t gheot Safl gSibssfa by SPRARG uidiy 95 v RuN ot ROkt Xoqassif Bk Sfhel g
t he vaccigek offthd b@pllh.g’gémﬁdn dbnﬁfns&ﬁt&} thic ippéafence bf Vardds avitemoleculés Weiphitot ei n

or a second AP frag e referred as "th cines" hereafter.
[00132] PAECRERARS iorthp 5 CHP Reptes cavelepihy ﬁ?lff:ﬁ% @éFﬁc i ernbipe

VLP- ni COTbhﬁlﬁﬂco%sﬁoﬂﬁn ﬁﬁ&ﬂeﬂ ﬁv&fthr\!é B’r tHut bestrIgd cﬁtpfédquephﬂiuﬂn Q@fc #iatbd BgmENt
preferably occurs to the aninal or human prior cont enpor aneousl y” or

af ter therawpd Thes@marawge b thesreadditipnaldrandnas eompateden detivatigedc @B VA Potlondse
i nvent i Or}leml)lgs O S, tl?at%ilﬁ ({(f'\ (fl_}ﬁnb ﬁ?i‘& é& v%er%tcova?en%lt 081r1] Efeda{] t(ﬁ[?%EPI $hée GP
protein or a fra men e mnls ering two va es he sane

ani mal orcoiipnmgneﬂﬁaisei?c’gm[&F’Cﬁﬁl pp-adeli £ invd| nwnomelef(wtaaﬁl was ysehgeat bgal |y,
i ncrease the effjcacy, as conpared _adm nister.i ng Qne vacci ne onI% 8;{00133]
In one pﬂé?Séthe'awéﬁﬂm fiethe Copmassigiblycastained {S-PAGE; tokshshserildr 2n &K he at

| east ongy n%&%ﬂ’cﬁ‘ r@ﬁ%éﬁérh&roﬁnﬁ%ﬁcoﬁﬁg@% afiGikdcidsSire bbkehde f&i—'dIP d@@ h8%ha! N

anot her enbodi nent he at | east on irst conposition and the at |east one
second cd&iPdsli3tGOwenr @vatenttyccoapldd tocft VA (datamotishoven)i n the kit. Therefore,
in a further aspect, the present invention provides for a conposition
conprising (a) at least one first virus-like particle (VLP) and at | east
one second virus-1like parti(ﬁiuﬁlh(g\ﬂﬂ?)IP\ﬂag]Iﬁe]ﬁamffr&'LPk east one first

ant gon WA qen” i bEerfoged T KL BT eeporin o el jftepuffvin i ° 0"

| east onefhilosM GIH 1-08GC, s}Iﬂﬁom@tcapm n;rGe osCB-GTregnENfor amdurs at Zbeatin | east

one second antigen |se cul e sel ect d fromt

consi sti r?'g ‘BMH‘(H‘?ﬁ 138%\4 aﬁ‘? ‘é‘?‘ﬂ’ g EREHS ary ?r)c trH:P%"gﬁt 08@

cot i ni ne rprh far §HiMiteOdndnBs s%;@ﬂlafah!s'a}e @olﬁ@t@&)aﬁh aila &r&icelf& Dhods seEdesl G P
fragnent, wherein the second G P protein or ment is different from

the fi rstovmhb%gatnéﬁ%eﬁwlflmgrﬂéﬂwmgl\mﬁe%%aw aid at |east

Coupling of GIP fragments to HBcAg1-185-Lys
[00144] Construction of HBcAgl-185-Lys, its expression and purification have been
substantially described in EXAMPLE 2-5 of WO 03/040164. 1 ml of derivatized HBcAg1-185-
Lys VLP (at a concentration of 2mg/ml) is reacted with 286ul of a 10mM GIP 1-15-GC, GIP 1-
10-GC, GIP 4-13-GC or CG-GIP-31-42 for 2 hours at 20°C in 20 mM Hepes, 150 mM NaCl,
pH 7.2. The coupling reactions are then centrifuged at 13 000 rpm for 5 minutes and the
supernatants are collected and dialyzed once for 2 hours and then overnight against 2 L. of 20

mM Hepes, 150 mM NaCl, pH 7.2 at 4°C.

EXAMPLE 3
Coupling of GIP 16-30-GC, CG-GIP 28-42, GIP 1-14-KKC, GIP 1-14-DDC and GIP 1-42-GC
to prior art Qp VLP



one first virus-like particle (VLP) and said at |east one first antigen are
| i nked through said at | east one first and said at | east one second
attachnment site, and wherein said at | east one second virus-like particle
(VLP) and said at |east one second antigen are |linked through said at |east
one first and said at | east one second attachnment site. Thus the invention
provi des a vacci ne conposition conprises said conposition. The vacci ne
conposi t iU 208048196t her conpri se at | east one adj uvant. PPT&P20&IOF3522 he
vacci ne ﬁ%gi on is devoid of an adi'r vant. The invention further

provi des thod of imuni zation conprising adm ni stering said vaccine
conposi t i[H4Fb an Arplwtion of? afl of 310 me/md Qf WOy irn20 mY1 Hepest 150mdf NaGlpy to a
domasj“ c 7(\23‘1I ’ea%{ed%orwrﬁutes'vtv)vrit%q}ﬁ.&’ulto? SSM iclaroﬁ,isgfu?lvﬁ ﬁfo%l g‘tSEE ! %%clgf
treating £naf oy preventing obesity "conprisin admisni st e I'ng e vaccCl ne
conposi t isolntidrodissolved imBMSQ) raed 2Calbhy/reh@iod idihame dialyeedCamticedor 2helag agairst Human.

Furt her mor t {nveniio r QVi a pharmaceutical conposition conprising
sai d coggb&zplf@ﬁ%ﬁas%d‘g&&%&aﬁﬁg%ﬁér ceutical carrier. EXAMPLES [ 00135]
The ter ngo0146) or aThe MhIPscd, a&ivatidd @F VILIPEs RElisequRBE ufdd Qo lcBipl® mupihe GIPart Qb

VLPs", "prior art AP205 VLPs" and the |ike, as used within this exanple
secti on, PFYFR(SEQ TN 3 Bpuree CHyCHetttbi mae GRploetktbnClly st Kedri and

subsequerdipaur4-hbeaBheny, asmidsuefivdiesh Qp VP @24 SR &Ratio\&d 2mg/ml) is reacted
04/ 007538. P1043PC00_36 EXAMPLE 1 Chenically synthesize G P fragments 1-15,

1- 10, 4- pgth 286ubef a YwaM peptide. sobutign dor Iwusy #1287 ¢ iny 20 mM Hopesa 530 myLi¥aCly p
fragment 735 ?I‘hé-'céiﬁ)liﬁé'réq;étﬁ%ﬁ]s%régl?&nﬂméﬂﬁi dt"G! o Heh for ErfriurdsGrldl MEET

sequence fused to either | the CGtermnus of the GP fragnments (SEQ
| D NO 27 suppegnatapys arg gollegieyl apgh dialyzerbonce 401 3 heyyrs angbthpry everaigltagaingtd & of 20 andar d

rocedur s, r i o42, including a GC |inker sequence fused
p G ﬁrﬁgg’s} 34 TgE]ga(Pldgﬁ N%th§l ¢ 9 q

to the Cterm nus, 0) ‘and G P fragment 28-42 including a CG
| i nker fU8M47} o t heouxladeprodvais arer thep hamalyeed by SYWPAEET using de%oNdiRAE o

N tor m ndl GBS, bbbl 2 REh i b IRkt SRR Yol 1 no

aci d resitibugets. Wit hin the specific AP fragnent may be substituted. Polar,
hydrophi |l i ¢ charged am no acids, such as lysine (lys) and aspartate (asp)
are added or used to replace native G P residues. [00139] G P fragnent

1- 14, including a DDC or G P fragnmBXAMPIE4i ncl udi ng a KKC

Immunization of mice with GIP 1-15-GC, GIP 1-10-GC, GIP 4-13-GC or CG-GIP 31-42
coupled to the prior art Qp VLP

[00148] Adult male, C57BL/6 mice (5 per group) were vaccinated with either murine
GIP 1-15-GC, murine GIP 1-10-GC, murine GIP 4-13-GC or murine CG-GIP 31-42 coupled to
the prior art Q3 VLP (obtained in EXAMPLE 2). 100 pg of dialyzed vaccine from each sample
were diluted in PBS to a volume of 200 pl and injected subcutaneously (100 pl on two ventral
sides) on days 0, 14, 28 and 42. The vaccine was administered without adjuvant. As a control, a
group of mice was injected with PBS or VLP Qf3. Mice were bled retro-orbitally on day 0, 15,
28, 43, 56 71, 91 and 105 and their sera analyzed by ELISA as described in EXAMPLE 5.
TABLE 1 shows the average titers of GIP 1-15-specific, GIP 1-10-specific or GIP 31-42-
specific antibodies. Results shown are the averages of 10 mice per group. ELISA titers are
expressed as serum dilutions which lead to half maximal OD in the ELISA assay. In mice
immunized with GIP 1-15-GC-Qf, GIP 1-10-GC-Qp or QB-CG-GIP 31-42, average titers of
approximately 1:300 000, 1:330 000 and 1:82 000, respectively, were reached by day 56
(TABLE 1). GIP-specific titres from mice immunized with GIP 4-13-GC-Qf were

approximately 10-fold lower than GIP 1-15-specific titres (data not shown). Pre-immune sera



| i nker sequence fused to the C-termnus of the AP fragnents are chemcally
synt hesi zed according to standard procedures. EXAMPLE 2 Coupling of G P
1-15-GC, G P 1-10-GC, G P 4-13-GC and CG A P-31-42 to the prior art Qo, fr
or HBcAg VLPs [00140] A solution of 2 m of 2.0 ng/m prior art Q@ VLP in
20 mM Hepes, 150 MM NaCl pH 7.2 was reacted for 30 mnutes with 114.4 m of
a SMPH (Pierce) solution (froma 50 mM stock solution dissolved in DVBO at
25C. The wWoa60te/@f79s0l uti on was subsequently dial yzed twPCEHPRIOSR5IFRUr S

agai nst %1!}@? QO nvi Hepes 150 mM Na pH 7.2 at 4C. [00141] The

di al ysed, <9 tized VLP was subsequently used to couple either the

mur i ne GoPsdra fiem@dcé SmteldDJiNoPBSSﬁl)QB GILP did i@ -sBv @@E@dtﬁimﬁﬂs) pitl@r BIR- 13- GC

SEO I D No 6 i P 31-42 d B fl d
G P ( Xpeite) TRl fioa O R s 565 BEPHdol Syt cbusidullip B peRM L 2

pepti de sai-off oD thefassay2 Thie tearlp dedO3Gates thaDa IVPNEPesonjukald iswbibladlindupdh 7. 2.

The coupling reactions were centri e rpm f or m nut es
2nd. ¢ e SO (et phEsE G denetm ACHHLER o ity SotrdePolso AAHEgRs At ¢ e
over ni ghtdeRfaine®igathst GIF fragnciiy] cU&[ﬂ@dS to RI6QsdWMrblgiatilar pHhd omes abtatted Bidss PCO0
37 [00142] The coval ent chem coupling of G P pspg\ es 1 15 and 31-42 to
the Qo VIPPRELeinddaa aghysheyni Spﬂéeata%rhﬁganfbo disRL Psfraamepist Wegen) .
Coonaessi @bkl fcsintie @ pasibia. of the coupling reaction denonstrated the
appear ance of bands with nol ecul ar weights corresponding to those predicted
for QP peptides covalently linked to @ (FIG 1). Coupling bands
Co”eSpogd{h'ZiQ] L0 OfRBLEWO. WREREe AhtilCIPIspRERE THE SinfRsH! B R&preastauRy § are

i ndi cated by arrows. The appear ance of these additional bands as conpared
to deri valilitrandfacior) Vi Pricel ipmaunizde on 4y Patde 28 anh42 with BIRGE-15-GCfa (dP & 19-

31- 42 &C ed ta @ VLP. The coupling efficiency [i.e
nol (ﬁp%n%rca%%n%#y%&]%ts% 03 ¥ was estimated, by densitonetric

anal yS| s of the Coonassie blue stained SDS-PAGE, to be between 1.8 - 2.3

GP fragrrents per Q) mehoer—Sim-lar hnllpl ino—efficiencies were observed

for G P C("V ] ’IF anld ('ﬂ P 4 1QD?_‘Isaﬂ§Fﬁrsnlmmgaﬂqul hcunl ntj to Q) VLP (data
not shown {mmmaﬂ P ngto of My p g Bppnicio £ D [05@43 1 m of
derivati z P ( Steqicted with 286m of

M“Ib 2 8 3
at ongent T at i 1) 3
C ﬂ? (ﬂ ‘f}GI I3§ 21?%90% % 5~ $1-42 for 2 hours at
Ngag pI-? : 1439 reactions are then

a 10MM G g(ﬂ }%c
200C in 2 or%:lebﬁ

centri qucu at

EXAMPLE 5
Detection of GIP-specific and ghrelin-specific antibodies in an ELISA

[00150] First, murine GIP 1-15-GC or murine GC-GIP 31-42 was coupled to RNase
(SIGMA) - SPDP (SIGMA) as described in the following paragraph. 5mg/ml RNase and
0.2mM SPDP (final concentration) was incubated for 1h at RT. The RNase-SPDP solution was
purified over a PD10 column (Amersham). After purification, 10mM EDTA and 1mM peptide
was added to the RNase-SPDP solution. Coupling efficiency was determined by measuring OD
at 343nm.

[00151] ELISA plates (96 well MAXIsorp) were coated with RNase-coupled murine GIP
1-15-GC or murine CG-GIP 31-42 at a concentration of 10pg/ml in coating buffer (0.1 M
NaHCO3, pH 9.6), over night at 4°C. Alternatively, ELISA plates were coated with 2.5pg/ml
porcine GIP protein (Bachem). After washing the plates in wash buffer (PBS-0.05 % Tween),
the plates were blocked with blocking buffer (2% BSA-PBS-Tween 20 solution) for 2h at 37°C

and then washed again and incubated with serially diluted mouse sera. As a control, pre-



rpomfor 5 mnutes and the supernatants are collected and di al yzed once for
2 hours and then overnight against 2 L of 20 mM Hepes, 150 MM NaCl, pH 7.2
at 4C. Coupling of AP fragnents to HBcAgl -185-Lys [00144] Construction of
HBcAgl - 185-Lys, its expression and purification have been substantially
described in EXAMPLE 2-5 of WD 03/040164. 1 m of derivatized HBcAgl- 185-
Lys VLP (at a concentration of 2ng/m) is reacted with 286m of a 1O0MMdP
1- 15- GC, WRIE/04306GC, A P 4-13-CC or CG G P-31-42 for PCROR2&SAFSS200C in
20 nM He zg‘wﬁa mM NaCl, pH 7.2. The goupling reactions are then
centrifu% 3 000 rpmfor 5 mnuteS and the supernatants are coll ected
and di al ymewyne seremfaiith sameumise ayed aldoctpstesl; dlatgsgiere élgabatgd atRT forf 2tp QA fiew/

C ap od B vilithe, bbb aefndsssiye pENRERIR o SR8 B pEeif el

VL PPlOM@E)@g@&nﬁlﬂﬂSﬂ(@cksmsbﬂlmwnmwyéh) 2and] ingfbatzd Fomijhh it RQb AfteP fumthe?0 mvi
Hepes, 150 H 7 reac U n a SMPH
(Pierce) so]P] :\lg%s(gerg devel drmﬁl {)ﬁ ksothl ?} ?gﬁdtfaglé%%ezbﬂﬁdbbﬁg doz{uIZSC
The r eactH,0) fos6 htidesdind Itl;ezm:tubmmmtﬁpped 2V1ﬂh(5l%§{289asdhﬂion2PlhleS)1‘;ver20eadi‘dt Hepes,

= obsauueastim Bl EEISA madr (BiRfh Hehohaio EEISA (0% afepioksh Sy dififiont s

CGAaP 28vh€iéhlezmt6IhElGnﬁquallﬁDﬁﬁtKBCELISikBssk 14 KKC or G P 1-14-DDC. Briefly, 1

m of derj j ed at a concentr, t o /. m react ed th
286m  of [{501% \ %‘ét‘é %?Pfecﬁi“ BSPH1 °o| ‘ﬁ?s%é‘q%m?%%%@?%wo mvi

NaCl , pHvs71th2GhrH'@4C331@1@j bdb?leﬁ%l@ﬂ VB, @ﬁﬁthb@%iﬂnﬁ?'fﬁ fHefdﬂG%9scﬁBed1§ooQQQvaE pm for
5 minutes and the supernatants are col lected and dial yzed once for 2 hours

and t hen uskderThe gty @z@“alien@t was thapELEA\ plytepiayses coatmiowith/2fizgiml ghyefiry protein 4C.
[00147] gg [31%51 products are then anal yzed by SDS-PACE usi ng 12% Nu- PAGE
(I'nvitro e;r’gE gel s. Coupling products are then visualised by Coonassie
Brilliant Blue staining of the gels. EXAMPLE 4 | nmuni zation of mce with
G P 1-15-GC, G P 1-10-GC, AP 4-13-GC or CGAP 31-42 coupled to the prior
art Qb VLP [00148] Adult nale, C57BL/6 mce (5 per group) were vacci nated
W th either nurine EXAMPLE 6

Efficacy experiments with GIP 1-15-GC-Qf, GIP 1-10-GC-Qf or QB-CG-GIP 31-42 coupled

L

to prior art QP VLP in a diet induced animal model of obesity

[00153] Adult male, C57BL/6 mice (5 per group) with comparable starting weights (22.7
— 23.1g) were vaccinated, as described in EXAMPLE 4 with either murine GIP 1-15-GC, GIP
1-10-GC or murine CG-GIP 31-42 coupled to Qf VLP, obtained in EXAMPLE 2. As a
control, mice were injected with Q3 VLP. All mice were placed on a high fat diet (35% fat by
weight, 60% as energy) after the first injection, in order to facilitate the development of diet-
induced obesity. Food and water were administered ad libitum. The body weights of individual
animals were monitored in regular intervals over a period of approximately 4 month after the
first injection.

[00154] As shown in FIG 2A, mice immunized with GIP-1-15-GC or CG-GIP 31-42
coupled to QP VLP gained less weight in the course of the experiment than the control animals,
which had been injected QP VLP. In fact, 112 days after the first immunisation the control
animals had increased their weight by roughly 110 % whereas GIP 1-15-GC-Qf and GC-GIP
31-42-Qf VLP immunised mice had only increased their weight by 80 % and 82 %,
respectively. Hence, both vaccinated groups displayed a clearly reduced weight gain compared
to control groups. Results comparable to those achieved with GIP-1-15-GC- Qf VLP were
obtained with GIP-1-10-GC- Qp (data not shown).



G P 1-15-GC, murine G P 1-10-GC, murine G P 4-13-GC or murine CG AP 31-42
coupled to the prior art Qo VLP (obtained in EXAMPLE T). 100 ng of dialyzed
vacci ne from each sanple were diluted in PBS to a volune of 200 m and

i nj ected subcutaneously (100 mM on two ventral sides) on days 0, 14, 28 and
42. The vaccine was adm ni stered wi thout adjuvant. As a control, a group of
mce was injected with PBS or VLP b. Mce were bled retro-orbitally on day
0, 15, 28y02806/B67981, 9 1 and 105 and their sera anal yz@dTHP2@5I0SR2As
descri beg,lb% MPLE 5. TABLE 1 shows f.he average titers of GP

1- 15- speci , P 1-10-specific or G P 31-42- specific antibodies. Results
shown ar d0Q158] averBeéuthef evatnate e cffeet afrvecqinatipn agyingt (GIBy ¢hanges ivkpdeited as

serum di |_ut.i ' f | ' a nce
i et PR QG bR b A BRmedy b (B bR EgRes wle T €O
titers ofpedipmoredbiy it gtry highaéLﬂlghﬁﬁﬁ) PIXHF\)&BS) S&@?Dansi_tomeﬁﬁ (?(DS);( O lgspagtirels| vy, |
were rea ) . - SPECi itres fromni.ce ni ze
w th o pOE Ml 47 Gk st nchis EE01 BEan digpen b hed TR

1- 15- speGinhiufiizéd itk GIPdatRGOer CXhoTn B31-42r éoupledud ©BSELR BHEWdRCGRAuctidn @f Ser a
frommce injected with PBS or ga VLP did not show ané reactivity agai nst

ei t her GbpdpEbMageby apREoxEBtely # b Ard 22009, Fospestiveln 6F1 tamnsreddge PBRERh was
consi der e - . | I | rat es
Chat & Grpngf affellesital Rt forbbirafiba il GHE T0-0C B B I8 VLD REROT 21
G P fragrsbowry, Nal difforegdes it lean bodyeindss prayt ebservednbatierdyvacecinged aukk centrol ned

against QP fra nts .coupled to E re simlar to the ones t.ali ned
2oat net &P BRI ERLR BF ol Rl Lbelit il Br iR IR ol sed
\,IA\Vi th AP [001§gréer|;t sTaken ?(_)@ﬂileegem r@f)iﬁsgﬂéazlg dehiengiracd thiatha é{lBMA’Q%qnlﬁlgale_ Bs1
verage apii - cifi ti titer. (expressed as a dilution

fact or) el EatosRGy s t%?ﬁ“%"g%ﬂ?%%‘?c%ﬁﬁﬂfg 42 with GP 1-15-GC-Gh, G P
1-10- GC-Qb or Q-CG AP 31-42, respectively. Days after first inmmunization
| mruni zation 14 28 42 56 70 Q-G P_1- 75_463 263 598 266 839 306 169 239
527 b-G P 1-10 88 057 331 444 270 7882 307 235 Q-3 P 31-42 15 480

47 974 7053y cirrilffts With 618 1H@%@Q@IW’1—RO&QQ—Q§0& dfleclafh 3104 k= S
Det ection of " G'P-specific and ghrelin-specific antibodies in an ELI SA
the prior art QB VLP in a diet induced animal model of obesity

[00157] To evaluate possible side-effects of vaccination against GIP, blood glucose,
fructosamine and triglyceride levels were measured in vaccinated animals. Briefly, adult male
C57BL/6 mice (five per group) were vaccinated as described in EXAMPLE 4 with GIP 1-15-
GC or CG-GIP 31-42 coupled to QP VLP, obtained in EXAMPLE 2. As a control mice were
injected with PBS or Qf VLP.

[00158] Over 4 days, spaced two days apart between 91 and 102 days after the first
immunisation, mice were bled twice in the morning (9.00h) and twice in the evening (15.00h)
and blood glucose levels were determined using the Glucotrend blood glucose meter (Roche).
During this period mice had free access to food and water. Averages of the respective evening
and morning readings are shown in TABLE 4. No significant difference in blood glucose levels
were observed between vaccinated and PBS injected animals. Similar results were observed in
mice vaccinated with GIP 1-10-GC-Qp (data not shown).

[00159] In the same animals the plasma triglyceride levels were determined 120 days
after the first injection. Briefly, after a 12h fasting period, blood samples were taken from the
GIP 1-15-GC or CG-GIP 31-42 coupled to QB VLP immunised mice and from the PBS
injected control mice. Triglyceride levels were then determined from plasma samples by

enzymatic assays with an Olympus AU400 automated laboratory work station. The average



[00150] First, murine G P 1-15-GC or nurine GC-G P 31-42 was coupled to
RNase (SIGwW) - SPDP (SIGWA) as described in the foll ow ng paragraph.

5ng/ M RNase and 0.2mM SPDP (final concentration) was incubated for |Ih at
RT. The RNase- SPDP sol ution was purified over a PD O col um (Anershan.
After purification, 10vM EDTA and | nmM peptide was added to the RNase- SPDP
solution. Coupling efficiency was determ ned by neasuring OD at 343nm

[ 00151] BNOSMgal4at9¢s (96 wel | MAXI sorp) were coated w t RCRERS®SH6H? ed

muri ne GIB,P ‘;%,BGC or nmurine CGGAP 31,42 at a concentration of | Ong/m in
coating P 90. 1 M NaHCO3, pH 9.6), “over night at 4C. Alternatively,

ELI SA pl apluss fnep@htguame@dmetsmngarsﬁgvimﬁonpmﬁﬁb Ag snzown b\rmfpliﬂ(@wﬁ@iﬁyant After

washi ng he plates were

bl ocked v(\inh?%mb Fﬂgseﬁ%?l?%r %é@gﬁgﬁgﬁg %\A%éﬁa_ |on) for 2h at 37C
and t hen [0#$BEd aglalrthemmiei frocimatget Wivell \see|®tdnynnddlluttbd samp sanirpds aat As a
Pl at s PSR D A el BRI on o Lo P AR dsCrri e ‘BRI BT bodi es
wer e det eticosylated hroanﬂ—IRPmelcmdaelhmh alﬁclfsfhmmﬁmma lgmtst aral’elelvamdlslﬁayl igdicaat i body

(Jackson .|l mmu sear C and | d for 1h at er f er _washi ng,
bi at o wit B0 eBBHRE Wieh CisHAGBE (REGRrEng et Aabpe Tk TSRS R or ad
8ul H2 OZ)me‘aarrerﬁenmpmmm aAftihospeetiveeglgdcnid) pivhsec. SBaIRe dfitv 4 N2B R4kl $eMod,
solution. Plates were read at 450nm on an ELI SA reader éBI orad Benchmar k)

ELI SA ti thiged Sam@leéwee@%%ata‘@ﬂ%%w ettt Sem heiR I BatCios Rttt 3kk? mal
h bodi
in the Elcbngﬁe vmﬂ%'n%&llsé nlg%daﬁg ffd.g} B s Qr ajg:@tp 'l%]é&é& h&du‘&%@/{ép’ Oa' es

fromthe s celrmunlse i n24- 31 coupled to
met hod S|Fmdt<asamtn@ leviels ware thiga sicteithioed Ebovdasmassamplesl. Thehecragd yaletisfforegaghce was

t hat ELI SA pl at.e r o wth oLd _aghrely ach
et e Gy ol Rk R, sy Rl 30 Fhie B R, (RN o
Q- CG d Rigdificdi differpiced otisorvpd betwear the @acc\'ﬂaR:di andahcdcmtro] :{miua:led)apntemdvo nodel

of obesit. 3 ult male, /6 C with c ar abl e
tarti ng Rl e ey perPd- (b tret-U Yrddih VistiomiS BRARpL e 4
with eithigdy 35Ut 89, da 27 ind 89, %pec@vay)loﬂz&alﬁ%l@és felwithig theorhil fRibtodadmiaeupl ed
to Qb VLP, obtalnedln EXAVPLE As a control, mce were injected with Q

VLP. Al | r#Ageeofygppeoxisnaiels 209n— é‘oﬂiU@ﬁVIf afrugipsamipG sl aaxcosylinged QHmoOUE s as
ener gy) bhdder dédha? ribit Fsitthd QbwRfdphRRe of Hat¥idlehied®, (RCnblidPhGidshEF QY&! fprent

of dietinduce
induce a hyperglycaemic state in mice immunized with GIP 1-15-GC or CG-GIP 31-42 coupled

to QB VLP.

[00161] In conclusion, no significant differences were observed in blood glucose levels,

fasting triglyceride and fructosamine levels between the vaccinated (GIP 1-15-GC or CG-GIP
31-42 coupled to QB VLP) and control group (PBS or Qp VLP injected animals), despite the
presence of anti-GIP antibodies in the vaccinated mice (TABLE 2 and 3).

TABLE 2 Average morning and evening blood glucose levels and fasting triglyceride
levels in 5 mice per group immunized with GIP 1-15-GC-Qp or QB-CG-GIP 31-42.

Blood glucose = SD Triglycerides £ SD Anti-GIP peptide
(mg/dL) (mmol/L) 1gG titer
Immunization 9.00h 15.00h after 12h fast Day 105
Qb-GIP 1-15 1321+ 15.4 150.5+21.8 0.48 £ 0.005 46 691
Qb-GIP 31-42 1254 +12.4 153.3+26.8 0.63+£0.08 28 911
PBS 149.1 + 23.4 160.0 £ 20.8 0.55+0.02 100

TABLE 3 Average fasting fructosamine levels in 5 mice per group immunized with GIP 1-
15-GC-Qp or QB-CG-GIP 31-42.



obesity. Food and water were adm nistered ad |libitum The body weights of

i ndi vi dual

gai ned | ess wei ght

ani mal s,

i mmuni satworroedigsment r ol

animals were nonitored in regular
approximately 4 nonth after the first

whi ch had been injected Qb VLP. |

i nj ection.

n fact,

intervals over a period of

[ 00154] As shown in FIG
2A, mice immunized with G P-1-15-GC or CG AP 31-42 coupled to Qo VLP

in the course of the experinent than the control

112 days after the first

ani mal s had increased their wePGHEPRSOIN y 110

% wher ea 1%#30;&)15- GC-Qb and GC-A P 31:42-Qb VLP i mmuni sed mce had only

i ncrease L0 vei ght by 80 % and 82 % resoectlvelv Hence, both

vacci nat ¢d groups di kpl ayed a cl earl nyﬂéemﬁP'ﬂ)@'ﬁﬁF gai n corrpar ed to
control groups. Resu onpa dumaglih ed Wi 8 5-CC1
VLP wer e | lpunization ,,; hd(“ﬁp-1-|d(2£’(:r @141”1 t # %ot qkﬂ'ﬁﬁm p1¢)§ﬂqp @243 1

[ 00155] ToabvfaRrttser eyadaratle paPer f [f 96T + 6f | VAT CimaBbRN1AYBOBEE0 G 2B6 + ¢hanges
in body {abaressaner g2gmeamsul egb n [dosd+ emengy+ 26 | 3y7 abs 0r2po + ety + 3Zan
(DEXA) . DBXA anal yseps jeig Pofsfofnedsdiyrst Nexeyliler @ Jaogla 1 eg@liyt if oghzRIsX) MUS
Seri es Depgitometer (T,d8sX| 0adBs Mg Xgl 5okt blesal, P8l £15)  16hd3 davs
after thefrrst—njectitonm DEXA analyses e perior m-,'u Mce T Tmmunized with

AP 1-15-CGC or CGAP 31-42 coupled to @ VLP showed a reduction of body
fat mass by approxinately 26 %and 22 % respectively (FIG 2B), conpared to
Q@ VLP control animals. Simlar %de? e obtained wwth G P 1-10-GC
coupled to @ VLP (data not shovvn) erences in | ean body mass were
observed beimwmenativiactrhicatvitd GIP d6-GOTIC, AG-Gioeg42, R ar KK apGPat-144pDihat t he

reduction in body wei was due t he r duction i fat. [00156]
Taken toget her theseag‘gé‘m?rgteﬂ béé%&?‘i?@ﬂ]ﬁ & %Préortaﬁgi’é)‘z'gél P- VLP conj ugat e
is able to reduce body wei ght gain and body fat accunul ati on EXAMPLE 7

Saf ety ex eriments with GP 1-15-GC- b, AP 1-10-GC- Qb or -CGdP 31-42
coupl ed tI¥6BE pri Multamalecgs quiﬂu(‘rﬁguﬁ rgice arfffdfaevé@twmlthﬁméqmedﬁ?d@em ty
[00157] "5g. v i 288 €18k e B £GHDINE oV FEhBRM -85k F & D! 00d
gl ucose, fructosamne and triglycéride S were neasured I n vaccinated

ani nal s. BiH, @btayned ad HXAMBLE IHRIY6 100 pe (ffdialpzredevacgnao fipin eeeh samplecs nat ed

d d MPLE 4 wi P,1-15- 1-42
Top Cont s i psed i O 200 ki HiePlR sicBhess O 00 il o SRR Biks) o; ¢
VLP. [ 00ba&iayuers, 28diay sl aap 3cedqicnily dayguiadiaMhe hedcnrRal al@mihishsred Wik odays

after the first_ . . . . . .
without adjuvant. As a control, a group of mice are immunized with QB VLP or injected with

PBS, with or without adjuvant. Mice are bled retro-orbitally on day 0, 14, 28, 42 and
subsequently at regular intervals. The GIP specific antibodies are then quantified by ELISA as
described in EXAMPLE 5.

EXAMPLE 9
Efficacy experiments with GIP 4-13-GC, GIP 16-30-GC, CG-GIP 28-42, GIP 1-14-KKC, GIP
1-14-DDC and GIP protein 1-42-GC coupled to Qf VLP in a diet induced animal model of
obesity

[00163]
vaccinated, as described in EXAMPLE 8 with either murine GIP 4-13-GC, GIP 16-30-GC, CG-
GIP 28-42, GIP 1-14-KKC, GIP 1-14-DDC or GIP protein 1-42-GC coupled to Qp VLP,

Adult, male or female, C57BL/6 mice with comparable starting weights are

obtained in EXAMPLE 3. As a control, mice are immunized with Q3 VLP alone or injected
with PBS. Mice are subsequently boosted if GIP-specific antibody titers significantly decline
during the experiment. All mice are placed on a high fat diet (35% fat by weight, 60% as



i mmuni sation, mce were bled twice in the norning (9.00h) and twice in the
eveni ng (15.00h) and bl ood gl ucose | evels were determ ned using the

G ucotrend bl ood gl ucose neter (Roche). During this period mce had free
access to food and water. Averages of the respective evening and norning
readi ngs are shown in TABLE 4. No significant difference in blood glucose

| evel s were observed between vacci nated and PBS injected animals. Simlar
resul ts \Wpe@ige®séed in mce vaccinated with G P 1-10- BCT@P2¢das:H2N0t
shown) . [38%}3,?0 In the same animals the plasma triglyceride |evels were
det er m né 8ays after the first infection. Briefly, after a 12h fasting
peri od, Ishaey todaplitets theedayelopient of diptrindhecd@bpsity- Foodand waeGs@dmirgstersd
coupled t LR A J ] . [FyeT 0 L Ce.
Tri ol yoerf itk Sod/ THDLS Bt b6 A LA ATAESAE T B ETLED BPRLITIBE:
assays wiglivognle@ly rapd pladiod Gfiglacirdesind drictlsamiat develsware ldetsrmined at diffeeent

aver ageP1043PC00 42 .val.u f ch group and the standard devi ations (n=5)
are shomﬁntfrr\’a]f’ﬁél‘_iﬁgcﬂ.e ni?ﬁf*g“ﬁ?%k?zam di fferences were observed between the
vacci nated and the control aninmals. [00160] Furthernore, fructosam ne

| evel s were determned in the same animals at various tine intervals after
i mmuni zation. Fructosam ne levels reflect the total anmount of glycosyl ated
protein in the circulation and i f EXAMPIFAIO ne | evel s are el evated they

indicate jpcreased.glycema. .Since circulatin sam, ne_ has week
|t eapan, EHEHS e vk Simaa -6 L1 Kb R0 B 5o

pi cture. BGLEfH 28-40GIR1-13-KI20, GRSt 143DDPYNH elp phitéi’@d-@mé&xglew pridraken at
various tine intervals fromthe GP 1-15-GC or CG AP 31-42 coupled to Q@

VLP i muni sed mice and f QfnYkhin ggesctigrangpal yiodel; fjobesitad control ni ce.
Fruct osam ne | evels were then determined from plasma sanpl es. The average

values for each group and the standard deviations (n=5) are shown in TABLE
5. Over allf016gher e Mdulemate gi émiald, COTBLA Pb/eb anice srcobasimated dsedosgsibad tile

vacci nat I i ) i igni {4 £AaN i ent
time poi mg%ﬁge‘gﬁ%&%p&ﬁ &@éﬁd&%&ﬁl }1(2 %vIgcqané?’egi%%%%% day 55
and 69, dAyGIF 2&4d, 6P, 1414K3HC tGWPel-¥4-DDéV er GIH progeimu&424G1 boupledhp ipribhart nor mal
fruct osamn ange of. imgtely 200 - 400mmol /L. Fruct osam evel s
bxcoed: neSbhn O el BRAREL B G 4500 spupb g dnpurisih 9hE Qi VhP et os.
Hence, vasjedaRivitd PB8IMideSdre SUDSeqliomEy Budkted IUGIPEspacifly BRTHOUY GRedignifitaatle 1 N
mce immunized with @GP 1-15-GC or GGG P 31-42 coupled to b VLP. [00161]
I'n concl §&58% oveghspgiorof thesrpediment Mife s fotka ¥ ¢deposisting Sdal QP fose

l'evel s, fgStdigl), bl 11Blnk SmddRavaRee hdckstio SatdrMBodyewabiss BRIMGRIDrddNe rapdfe | Nat ed
(@GP 1-15-GC or_ CGGQEP ) )
intervals. In addition body fat mass, blood glucose levels and plasma triglyceride and

fructosamine levels are determined at different intervals (as described in EXAMPLE 7).

EXAMPLE 11
Efficacy experiments with murine GIP 1-15-GC, GIP 1-10-GC and CG-GIP 31-42 coupled to
QP VLP in a therapeutic diet-induced animal model of obesity

[00165] Adult Male, C57BL/6 mice (10 per group) were fed a high fat diet, ad libitum,
for approximately 14 weeks until they had become obese (weights > 42g). Then two
experimental groups of similar average starting weights were made. The averages of the two
groups differed by only < 0.1g at the start of the experiment.

[00166] After grouping, mice (10 per group) were vaccinated, as described in
EXAMPLE 4, with murine GIP 1-15-GC, GIP 1-10-GC or CG-GIP 31-42 coupled to the prior
art QP VLP, obtained in EXAMPLE 2. As a control mice were immunized with Q VLP. Mice



31-42 coupled to Qb VLP) and control group (PBS or @ VLP injected

ani mal s), despite the presence of anti-A P antibodies in the vaccinated

m ce (TABLE 2 and 3). TABLE 2 Average norni ng and eveni ng bl ood gl ucose

| evel s and fasting triglyceride levels in 5 mce per group imunized with
AP 1-15-GC- Qb or Qb-CG AP 31-42. TABLE 3 Average fasting fructosam ne
levels in 5 mce per group immunized with GP 1- 15-GC-CQb or Qb-CG AP
31-42. P1(W9I2WD48@6EXAIVPLE 8 I muni zation of mce wth @GCWEPEBEOSBE CG AP
28-42, [PP%&PE?@ KKC, G P 1-14-DDC and P protein 1-42-GC coupled to the
prior ar B 00162] Adult, male of” female, C57BL/6 m ce are vacci nated
with either svhsequentGbpostel if3GIRspeciic- @itibods tiks s@nificantlys digkige daripg 1the 4- DDC
or GP pr 9%&{“{&} 42-GC coupled to Q VLP, obtained in EXAMPLE 3. Briefly,
100 ng of yZzed vaccine fromeach sanple is diluted in PBS to a volune
of 200 n1[00i|6d] i nj eMicedweralbiadt mire@dutally b Gy rfl, 16N 28,48, \Mérandadubsiqudly abn days
\S)\A t ﬁ4or 2\?“ 1n%era'a S tﬁer{eg e%l;ﬂ]é[ lse¥a "va‘v%relr gn alzef gOI' (]J- ?sp\écaf C aﬂt%odlse%?g?@fgzt 3\; ?ﬂ
QG VLP OrspctcllﬁerLm vais t desdPBEd i EXAMPL\E/I 5 thﬂR-s@d;fmvmmbodM tiecalirglubdde Hy

The a1 p Sescrite S oiboht st P nIRCT S ORI el & SRkt e 5 >
EXAMPLE 571 FEX4Rb }l)&aﬁfa fid %ﬁé/smqa ITNBIES 1. vm&d& v@lﬁtsdeerfbamg;tore@' ar rogitad 0- GC,
CGQAP 28-42, QP 1-14-KKC, G P 1-14-DDC and protein 1-42-GC coupled to

Q VLP i nntgrvalseln addition dgdy fatragss, e glafosety’é@bta}nd[m@%ﬂlglxeﬁﬂdp leyelg| age or

femal e, Q@t@ﬁhﬁn@i ﬂd%r&tiﬂﬂe&ﬁ@@ﬂ&%ﬁedﬁﬁﬁmmﬂ\@ ghts are vaccinated, as
descri bed i n EXAMPLE W th either nmurine GP 4-13-GC, G P 16-30-GC, CGGE P

28-42, G168} 4- Krdss slt_qwn in BABIDE wce@mmupized siith (iﬂ’zllzliﬁceﬁlﬂbllel@ ©G oh VLP,
obtalned 1 I | one
or inject e(g W %E@’ﬁalﬁe are g‘ gésdelﬁél}le‘?f?%ﬁ rgoos%?%}gé %ﬂ%egﬁn%ﬁ tyénpthg

ant i body cbntte? ragingilsgy whichdadbben dzelcd QB ‘dmr IB)gdetyf‘EB #hep efel firstrimmufldationCthe ar e

pl aced on a h t diet % f at h 60% 043PC0Q.. 44 rgy) to
i 1 t ateralatelsdid fiesteidrorr s e b e o goraR Kok b OCe

adm ni st gyrdmRg. 1b1@m%d@lﬂmlly\@l-@ilb% ‘@Elﬂmﬁiﬁﬁl:lﬂeﬁrnﬁ&le R de6r@ake@ thelrfdcgghy al s.

In addition body fat hass, blood glucose |evels and plasna triglyceride and
fruct osarbyrksy @\ﬂb%é, (6%(-38t%) Midn@de &0-5cf1e). frespeeitvely. Hence, all vaccinated groups

clearly demonstrate a reduced weight gain compared to control groups, in a therapeutic setting.

TABLE 4 Average body weight change (expressed in percent) of 10 mice per group
immunized with GIP 1-15-GC-Qp, GIP 1-10-GC-Qp or Qp—CG-GIP 31-42 over 98 days.

Average body weight change + SEM (%)
Immunization d14 d 28 d 42 d 57 d70 d 84 d 98
Qb-GIP1-15 0.0 -747+1.9 | -590+21 | -439+1.7 | -269+23 | 203+22 | 3.11+2.6
Qb-GIP1-10 0.0 -7.35+2.1 -419+29 | 028+35 | -0.02+3.5 | 472+39 | -0.39+3.8
Qb GIP 31-42 0.0 -6.70+0.7 | -598+09 | -1.68+1.3 | -1.71+1.3 | 3.60+14 | 227+13
Qb 0.0 -3.34+0.2 1.86+0.3 | 10.03+04 | 1222+04 | 19.90+0.4 | 19.64 + 04
EXAMPLE 12

Efficacy experiments with murine GIP 4-13-GC, GIP 16-30-GC, CG-GIP 28-42, GIP 1-14-
KKC, GIP 1-14-DDC and GIP protein 1-42-GC coupled to Qf VLP in a therapeutic diet-

induced animal model of obesity

[00169] Adult male or female, C57BL/6 mice are fed a high fat diet, ad libitum, for

approximately 17 - 24 weeks or until they have become obese (weights > 45g). Mice are then



intervals, as described in EXAMPLE 7. EXAMPLE 10 Efficacy experinents with
murine GP 1-15-GC, G P 1-10-CGC, G P 4-13-GC, AP 16-30-GC, CG G P 28-42,
G P 1-14-KKC, G P 1-14-DDC and G P protein 1-42-GC coupled to prior art Qb
VLP in a genetic aninmal nodel of obesity [00164] Adult male or fenale,
C57BL/ 6 ob/ob m ce are vaccinated as described in EXAMPLE 8 with either
murine GP 1-15-GC, G P 1-10-CGC, G P 4-13-GC, AP 16-30-GC, CG G P 28-42,
G P 1-14-WgC006@4F798- 14- DDC or G P protein 1-42-GC coupl @ATER2M5106552art Qb
VLP, obtﬁ;@%&g‘e EXAMPLE 2 or 3. As ai ntrol, mce are imunized with Qb
VLP or inj (9 with PBS. Mce are subSequently boosted if G P-specif c
ant i body grquped suchithgtithd distributiondddhd sterting weightsang ghoj aydragé stattiag evegghis arent .
Mce are d diet (consisting of 4-10%fat by weight), ad
libitum Sféﬁglrﬁoe{\s?ﬁelwgé access to water. Body weights are nonitored at

regul ar i[0A1gAVal s. Miae aaxidictingted xodbgeribad imEX AMPRIER, svith | citbaauring WHP 9-13nd

pl asma trdigl rige-~and.f 0 ) I S m at .dif nt
it or val S A qes o Gt GG TR 3y B EE T *DIE: Pt BRE pRAsf et

Wi tﬂ mur icogpléd tg QﬁﬂlﬁP?Etaigﬁlan kxalllﬁbléxdﬂs{ldcfﬁoﬁnﬁeaﬂeiftﬁnlﬁﬁne?mg (lp[&)vﬂalo‘p’LP in
a therapeutic, djef-induced ani model. _of aohesity [00165] Adult WMal e,
C57BL/ 6 Aueged ith PR3- Njice as)fusther Bogsted G -spreific pntirpdy titers start; tp decling. Mise

appr oxi matEhivd efroRsiiafy WA dhy 0.t 1a0Y8, 2d54) &0 QHE HRR 86 RoAME iBldhvaIs>THZ@1a ard hen
two experi nental (\%%oups_ of simlar avera%e startin vvelghts wer e made. The
SAMPLE &

f
aver ages 283lyzedon GiS-speafipantigpdipebyedl- I8¢ as gpsprikedyn £ eBadyaraighttarg he
exper i MefonithQ8 16 &4 eufdh lifervals Ot Ad¥tion B da§ fhel Rafe blodl %‘M&sé/‘f&{r&s VA& glé%&ed’ as
described in EXAMPLE 4, with nurine GP 1-15-G, G P 1-10-GC or CGG P
31- 42 coufgleeeride apd drustaserping rlevely arg| detergibted i a4 edifferantExpralss ag  depegibgd dant r ol
mce wer gy ppzed with Qo VLP. M ceP1043PC00 45 are subsequently boosted
if A P-specitic antibody titers significantly decline during the
experinment. [00167] Mce were bled retro-orbitally on day 0, 14, 28, 42, 56
and subsequently at nmonthly intervals, thereafter. The sera were anal yzed
for GP-specific antibodies in a G Pspecific ELISA as described i n EXAMPLE
5. @ P-specific antibodies titres EXAVMIE BBy vaccination with G P 1-15-CC

7 s oG A P o

different polyanionic macromolecules resulting in reassembled Qf VLPs

(A) Disassembly of prior art Qf VLP

[00171] 45 mg prior art Qf 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
RNA from the solution. The supernatant, containing the released, dimeric Qp coat protein, was

used for the chromatographic purification steps.

(B) Purification of the QP coat protein by cation exchange chromatography and by size
exclusion chromatography

[00172] The supernatant of the disassembly reaction, containing the dimeric coat protein,
host cell proteins and residual host cell RNA, was diluted 1:15 in water to adjust conductivity
below 10 mS/cm and was loaded onto a SP-Sepharose FF column (xk16/20, 6 ml, Amersham
Bioscience). The column was equilibrated beforehand with 20 mM sodium phosphate buffer



intervals. In addition body fat mass, blood glucose |evels and plasm
triglyceride levels are determned at different intervals, as described in
EXAMPLE 7. [00168] As shown in TABLE 4, mce inmunized with AP 1-15-CC,

G P 1-10-GC or CG AP 31-42 coupled to @ VLP gained | ess weight in the
course of the experinment than the control aninmals, which had been injected
Q VLP. By day 98 after the first imrunisation the control animls had

i ncr easedwoOReIw04586ght by roughl y 8.6 grams (20 9% wher @a3/EBRM5D55539 CCQ b,
G P 1-10- (1;@4 nd GC-G P 31-42- VLP, mruni sed m ce had decreased their
wei ght b)}) 30O , 0.69 (-3.0 % %ndoz (-0.5 %, respectively.
Hence, alpH V.abhsi qi@ttogobfqh@h@mdcqoetamptymd@momm%e@by adtepegtadigsit dh 20 g n

comPar e bR Rlic SSOHARso el IRE ARFUE R Wl Ohecl ABHFrb b S6E. DOCY

wei ght change pressed 1 n percen mce per group I mmni ze
G P 1- 15-068p@. 26k, Theldr@Ri@ramhy w@sc@BcGhR @B foctPtcopentudBwilay SlowEXANMPLE 12

Efficacy ex erl ts.with nurine 16-30-CGC, CG AP 28-42,
GP 1- 14- @&efbi%baﬂfﬁw oﬁoﬁdpart%%(g?rﬁa&d%?e% coupled to @ VLP in a
t her apeut[0017a] et i nbuthe decand rmb tho dedlataf Qﬁbuasu protefrOQAS SluteAddidctionmrbm the
femal e, C57BL/ 6. m ce refed i fat di ad | roxwrately
17 S RS o seueimey, e Bnofe Bk anp e SpreetL syl HRERRGRY

t hgn Pﬁowﬂm%m@zg DU p@tbrsh@hBidséitnck)) eeqdililfﬁafd‘tdd]? kbﬁlhOJT.I) 0M tsbdiumt piidsphinge WK,‘/: ghts
and the r t or a roups 00170 ce
are vacc%gf@g éi‘l;of‘gﬁ\g% %g %m}ae@a@graﬁh Wag FarHed e Y- aC,
G P 16- 3GrifiCa o fatdPo2854al/mifd did khd 4bscHfancdCGlvs Aromdorb¥at 960 f2h RnBr8h @)
1-42-GC coupled to @ VLP, obtained in exanple 3. As a control mce are

i muni zedTagtions oS Whvrergfoliepiedet ed with PBS. M ce are further boosted if

G P-specifc antibody titers start to decline. Mce are bled retro-orbitally
on day 0, 14, 28, 42, 56, 70 and then at nonthly intervals. The sera are
anal yzed (@&R@ﬂbmbbe‘lflthe&%NLPtb‘Mélaééﬁlsby ELI SA as described in EXAMPLE 5.

Body wei ggijig4pr € ”ﬂﬂlﬁteﬁr At ploffi 2ai b/A1Gh ¥ v shatuAdiholinaid 8'35 Jodt mass,
fas ruct osaﬂm n

bl ood gl ucose | evels an trlg yceri de and evels are
det er mi nedlyanionr frhgeramaled @rm@(h% in yeatadp Juea etiM im ExtayRing DTT KAMPLE 13

or coance "BEEEIPROtBEY 18 e 1 CBERKH, BY 1 R0 SR oKbRDOSEREIAN M P
QoVLPs  respective polyamonlc macromolecule, 1 M urea and 2.5 mM DTT The mlxtures (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 QP VLP by diafiltration

[00175] 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-
L-glutamic acid (2 mg/ml in water, MW: 84600). The volume of the mixture was 50 ml and the
final concentrations of the components were 1 mg/ml coat protein, 300 mM NaCl, 1.0 M urea
and 0.2 mg/ml poly-L-glutamic acid. The mixture was then diafiltrated at room temperature,
against 500 ml of 20 mM TrisHCI pH 8, 50 mM NaCl, applying a cross flow rate of 10 ml/min
and a permeate flow rate of 2.5 ml/min, in a tangential flow filtration apparatus using a Pellicon

XL membrane cartridge (Biomax 5K, Millipore).

EXAMPLE 14



(A) Disassenbly of prior art QoVLP [00171] 45 nmg prior art Q VLP (2.5

ng/ M, as determ ned by Bradford analysis) in PBS (20 nM Phosphate, 150 niM
NaCl, pH 7.5) purified fromE. coli |lysate was reduced with 10 mM DTT for
15 min at roomtenperature under stirring conditions. Magnesium chl oride
was then added to 0.7 Mfinal concentration and the incubation was
continued for 15 mn at roomtenperature under stirring conditions, which
| ed to t WOpP@d4pI9ati on of the encapsul ated host cell RRNAEPTIS/O0SHRUL I on
was cent{];'b%%%ﬂof or 10 mn at 4000 rpr%at 4 0C (Eppendorf 5810 R, in fixed
angle ro 3 =62 used in all follo g steps) in order to renove the
preci pitated RNA fromthe solumir@assemiriy oEA4B2I5NELRNt , cont ai ni ng t he

rel eased, dinmeric Qb coat protein, was used for the chromatographic
purlflcatlon ste Purlflcatlon of the Q coat protein by cation
exchange @hr oﬁ’ért‘fgfﬁ“’a’b A B3 PEISIR excl usi on chr omat ogr aphy [00172] The
supernat ant of the disassenbly reaction, containi ng the dinmeric coat
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7. The elltmReEHuss > Bhal Sam@waf 5%3@@11 g&&ﬁﬁh@fﬂgﬂ 9; I9tmaip at

gr adi ent @@CZQaﬁEMgS?Qbf}ifﬁtﬁ)BOWh@t B TT-ro@RedNosOFlotbiasC Miher tufhid amdutd1&vapr ot ei n
was collected in action volunme of approx. 25 m . The chrqmat oe%r aphy was

carried GERtriEiEed GoiRT PANILS S FWO0Rier H) min PO rand hesppagnaiant wap dissand
absor bangg ié\éil%t RS atspérsd At 202480 0N MR RIMNNING @Riaf3bH! 31.t REers@ia@ipdrost ep,

the isol ated coat protein (the eluted fraction fromthe cation exchange
col unm) \R»Qsmncaéd@@n (tPfﬁPfthéfer eh¢s<}lsmrﬁl<tn yasadtsed y@ pH- 6.6 pyHmlditismyeh 1 é)M(26/ 60,

320 m, /I\{}‘Eﬂﬁdﬂ d%’dﬂ? Q{;@i‘leﬁﬂl‘ 1B0aPg, ™4 SAE1 HPTPRE SHh ©
250 m\/lso 'um ch or| pH ?5. The c romato’grap(?':(p “Was carrleg out at room

t enper at tﬁuleermtétnhcwtzflmw\dmiecmw@t@'nm /mn and the absorbance was nonitored

the” Covt BB 7 opy Sflon chBhhitiorRloetallly, S S Bl Elnolswhs BRASEGTR Y T,
sodi um pROsghvetie to hiljGst 3)conduetvifyodfyappiosnd mecm: Toerodseltng s)l@tB)ansrtbadlech omat er),
concent r oS di 5l Sp SEaRt nt Paderfanl BB WEGR AL Bk bt
pol yani orwith 2amivb sadiwa (phesphatyl pkt ea baufifdr. %fﬁ:r mdih‘g]'.theThﬂumn witas rvmhe(d &rithr
each)

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.

(B)  Assembly of AP205 VLPs

[00178] Assembly in the absence of any polyanionic macromolecule: The eluted protein
fraction from above was diafiltrated and concentrated by TFF to a protein concentration of
1 mg/ml in 20 mM sodium phosphate pH 6.5. 500 pl of that solution was mixed with 50 pl of
5 M NaC(l solution and incubated for 48 h at room temperature. The formation of reassembled
VLPs in the mixture was shown by non-reducing SDS-PAGE and by size exclusion HPLC. A
TSKgel G5000 PWXL column (Tosoh Bioscience), equilibrated with 20 mM sodium
phosphate, 150 mM NaCl pH 7.2, was used for the HPLC analysis.



were dialyzed for 2 days at 5 0Cin 20 mM TrisHC , 150 mM NaC pH 8, using
menbranes with 3.5 kDa cut off. The pol yani oni ¢ nacronol ecul es were:

pol ygal acturoni c acid (25000- 50000, Fluka), dextran sulfate (MN 5000 and
10000, Sigma), poly-L-aspartic acid (MNVN 11000 and 33400, Sigm),
poly-L-glutam c acid (MW 3000, 13600 and 84600, Signma) and tRNAs from
bakers yeast and wheat germ (C2) Reassenbly of the QoVLP by diafiltration
[ 00175] 3BOrbogds196i ed Qb coat protein (1.5 ng/m in 20PEWEPESOMSRPhosphat e

pH 6.5, ﬁﬁgpgogad) was mixed with wajf Ler and urea (7.2 Min water), Nad
(5 Min )""and poly- L-glutamc acld (2 ng/m in water, MAN 84600). The

vol ume ofl08178] ni xt Assembkysin i@ prescacedoft pody dlutamaic acwin 8én itk eft pusifisd AfP205 eoat

ol - L~ oSt E g S Pog i Bondtons Rl £121 e iy S oA sloc O
t enper falt lél’)lﬁtimf-@aM][lﬁ tfvgﬁgfs/dlﬂtioﬁf 502 dﬂ}goiglrglu%{ﬂ@l: fallilh'l sfock ?&uﬁéﬂ /nn111 /ﬁpmlt}z‘ﬂ, ng a
cross flow rate of mn and a perneate flow rate of 2. mn, in a
t angent i MWt |&&0Q,i $igma) i 23 pibanfavater. (RiengixiurPevisi ewbaid fasm$rlnnt recnt ri dge

( Bi omax [ 48. i LT . AP205
Veps. (A) pmpeine, PR folugpoll phbssch T G PR W sl B BB Yodlng 72
AP205 VLBDSePAGE cand( b sizeGexetpsioh IPHEIC. e icbateprofaimnin Ehe ohiktueex tasalhoshas

m xed with 0 m_of 0. 5.MDIT.and incubated for 30 min at roo

{enper at GPEPieBt inegpoicdinadhe YEBS, snREipe gt nSomP, (e SER AR tbat e
for 15 mcoatdkot&d aliembled itsthe gbspiice@if piyt dly adivniaf madaemdldclite; educed coat
proteins. The turbid m xture was centrifuged (rotor Sorvall SS34, 10000 g,
10 min, 20 0C) and the supernatant was di scarded and the pellet was

di spersed in 20 m of 1M Urea/20nM Na Citrate pH 3.2. After stirring for 30

mn at roomtenperature, the dispersion was adjusted to pH 6.5 by addition
of 1.5 M Na2HPO4 and t hen centrifu%géf/{m@t]ér Sorval | SS34, 10000 g, 10 nin,

200C) t o ChipBAdGEURRIMEALsAnto, 498! Ri 53101201 6180, 28-40 0R1 4-RIKW, &IP 1-14G83C 4hd Cat i on
exchange chromat ography: The supernatant (see above) was diluted with 20 m
wat er to adj ust Galgw%mjbﬁ?wwremse@bbé&ﬁ.or@ thesreepempled APRQUMPng sol ution

was | oaded on a colum of 6 m SP Sepharose FF (Amersham Bi osci ence) which

was previously equilibrated with 20 nM sodi um phose_gat e pH 6.5 buffer.
After | od®01881 t heAselutiomofdiml ah2Aane/ i reassedbled Qff VDR (abaineddn EX/VBEBhat e

PH 6.5 byk{ grof il IP4RS 18 nfih Nab PP 972 it RGcBPHI Y0 GORke Rt Blah i of a SMPH
(Pierce) solution (from a 50 mM stock solution dissolved in DMSO) at 25°C. The reaction
solution is subsequently dialyzed twice for 2 hours against 2 L. of 20 mM Hepes, 150 mM
NaCl, pH 7.2 at 4°C.

[00181] The dialysed, derivatized reassembled QB VLP is subsequently used to couple
the murine GIP 1-15-GC, murine CG-GIP 31-42 peptide, murine GIP 1-10-GC, murine GIP 4-
13 GC, murine GIP 16-30-GC, murine CG-GIP 28-42, murine GIP 1-14-KKC, murine GIP 1-
14-DDC or murine GIP protein 1-42-GC. Briefly, 1 ml of derivatized reassembled Qp VLP (at
a concentration of 2mg/ml) is reacted with 286ul of a 10mM peptide solution for 2 hours at
20°C in 20 mM Hepes, 150 mM NaCl, pH 7.2. Then the coupling reactions are centrifuged at
13 000 rpm for 5 minutes and the supernatants are collected and. dialyzed once for 2 hours and
then overnight against 2 L. of 20 mM Hepes, 150 mM NaCl, pH 7.2 at 4°C.

[00182] The solution of 2ml of 2.0 mg/ml reassembled AP205 VLP (obtained in
EXAMPLE 14) in 20 mM Hepes, 150 mM NaCl pH 7.2 is first derivatized by SMPH under
identical or similar conditions as described reassembled QB VLP. The derivatized reassembled
AP205 VLP is then reacted with the GIP fragments as described in the last paragraph under

similar or identical conditions.



by a linear gradient to 1M NaC over 20 colum volunes. The fractions of
the main peak were pool ed and anal yzed by SDS- PAGE and UV spectroscopy.
According to SDS-PAGE, the isolated coat protein was essentially pure from
ot her protein contam nations. According to the UV spectroscopy, the protein
concentration was 0.6 ng/m (total amount 12 ng), taking that 1 A280 unit
reflects 1.01 ng/m of AP205 coat protein. Furthernore, the val ue of A280
(0.5999) woepidHe7¢al ue of A260 (0.291) is 2, indicati n@CTHRR005I985529
preparati 3@ gpz%)gssenti ally free of nuc# eic acids. (B) Assenbly of AP205
VLPs [oof 1 enbly in the absence of” any pol yani oni ¢ nmacronol ecul e: The
eluted protein fraction from aboveEXAMPMIEAG | trated and concentrat ed by TFF
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[00179] Assenbly in the presence of polyglutamc acid: 375 m of purified
AP205 coat protein ( 1 ng/m in 20 nM sodi um phosphate pH 6.5) was m xed

with 50 npo18s] NaCl A&liPskIcS& féﬁlhrencé‘iBMuﬂlcmfeefeh SRikN trhiQhet, a8 1BlaRf for
pol yglutam c acid stock soluti on“%é in water, MAN 86400, Signma) and

25 nl of aperegimatelhd7 n4 iepls qraat em@ﬁ ]éﬂefbé?oanBoh?Sﬁ‘aiw%%ﬁﬁ ﬁésbpMd%ﬁ ¥fe. The
formati Orﬂhéﬁ]:]gré 1528 SRS thdiSribitioh b8 18 i SwiiBhts SMPWE aPtadtORirfifIWE LAY

SDS- PACGE an si ze exclusion HPLC. The coat protein in the mXture was
al nost c@l’ﬁpﬂll@ﬂ@lfwfﬂlr%@w@or ated into the VLPs, showi ng higher assenbly

effici en ?@i § fi_@ny
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(Pierce) solution (fro t ock solution dissolved in DI\/BO? at. 25C.

The reactBXHMBBE 48) Qsanwe%‘ﬁ%%%%ew? g ofifiglygedevpceing erecoptsel ppoteip iy dilufgddn nst 2
L of 20 WOUeyﬂ%lunlég’f R4 Mngec&'d sﬁbcgltaﬂlteéllgly (100 pl on two ventral sides), with or

without adjuvant, on day 0. Mice are boosted with the corresponding formulation on day 14, 28

and 42. Mice are further boosted if GIP-specific antibody titers start to decline.

[00185] Mice are bled retro-orbitally on day 0, 14, 28, 42, 56, 70 and then subsequently
at regular intervals. The sera are analyzed for GIP-specific antibodies by ELISA, as described
in EXAMPLE 5. Body weights are monitored at regular intervals. In addition body fat mass,
blood glucose levels and plasma triglyceride and fructosamine levels are determined at different
intervals as described in EXAMPLE 7.

[00186] Similar, analogous or identical conditions are applied to test the efficacy of the
reassembled AP205 VLP coupled to GIP fragments or GIP protein in the mouse therapeutic
diet-induced model of obesity.

EXAMPLE 17
Coupling ghrelin 24-31GC to the prior art Qf§ VLP

[00187] The ghrelin-peptide Ghrel24-31GC (GSSFLSPEGC SEQ ID NO:39) , which
comprises an added C- terminal cysteine residue for coupling to VLPs, was chemically

synthesized, and used for chemical coupling to QP as described below.



[ 00181] The dial ysed, derivatized reassenbled Qo VLP is subsequently used
to couple the nurine AP 1-15-GC, nmurine CG AP 31-42 peptide, murine AP
1-10-GC, nmurine AP 4- 13 GC, nurine AP 16-30-GC, nurine CG G P 28-42,
murine QP 1-14-KKC, murine G P 1- 14-DDC or nurine G P protein 1-42-CC
Briefly, 1 ml of derivatized reassenbled @ VLP (at a concentration of
2ng/mM) is reacted with 286m of a 10rM peptide solution for 2 hours at
200C i n 290rMa@Epes, 150 nM NaCl, pH 7.2. Then the coupPCREPE&HOFISONS ar e
centrifu %%tc 3 000 rpmfor 5 mnute % and the supernatants are collected
and. di aI§ $fce for 2 hours and thel overni ght against 2 L of 20 nM
Hepes, 13001881 NaCl A sphtign of jtmlsaf, 1400M $ripr it &)PsYLBs ino) mMMeSoﬂSQHIM ng/ m
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G P 1-10- 1 16-30-CC, CG AP 28-42, AP
1-14- KKC %%&Pn?ilsW@é%&gﬁéﬁ?é%f%ﬁm@tﬁlprot ein 1-42-GC coupl ed to the
reassenbl ed Qo VLP obtained in EXAMPLE 15. Control mice are immunized with
t he reassenbled Q@ VLP (obtained in EXAMPLE 13) or injected with PBS. 100
ng of dialyzed vaccine or control proteinis diluted in a 200 m vol une of

PBS and i njected subcutaneously (1EKAMPL(H118two ventral sides), with or

wi t hout adjyvant, on day 0. Mce are boost th th espondi

For ml at | G SRR 81 Mg - ThOCEoRREs foudh HEP sBE 6B 3 FOGrpiRigeci f i c
antibody titers start to decline. [Q,O%@@LPM ce are bled retro-orbitally on
day 0, 14, 28, 42, 56, 70 and then subsequently

[00190] Adult, male or female, C57BL/6 mice are vaccinated simultaneously with
murine GIP 1-15-GC coupled to QP VLP (obtained from EXAMPLE 2) and murine ghrel24-
31-GC coupled to Qp VLP (obtained from EXAMPLE 17). 100 pg of each dialyzed vaccine
are combined and diluted in PBS to a volume of 200 pl and injected subcutaneously (100 pl on
two ventral sides) on days 0, 14, 28 and 42 and subsequently as required. The two-vaccine
combination is administered with or without adjuvant. As a control, a group of mice is
immunized with QB VLP alone or injected with PBS, with or without adjuvant. Mice are bled
retro-orbitally on day 0, 14, 28, 42 and subsequently at regular intervals. Their serum is
analyzed for anti-GIP and anti-ghrelin antibodies by ELISA, as described in EXAMPLE 5.
[00191] Similar, analogous or identical experimental conditions are applied to immunize
Adult, male or female, C57BL/6 mice simultancously with murine GIP 1-15-GC coupled to
reassembled Qf VLP and murine ghrel24-31-GC coupled to reassembled QB VLP. Mice are
bled retro-orbitally on day 0, 14, 28, 42 and subsequently at regular intervals and their serum is
analyzed for anti-GIP and anti-ghrelin antibodies using a GIP-specific or Ghrelin-specific
ELISA, respectively, as described in EXAMPLE 5.



at regular intervals. The sera are analyzed for A P-specific antibodies by
ELI SA, as described in EXAMPLE 5. Body wei ghts are nonitored at regul ar
intervals. In addition body fat mass, blood glucose |evels and plasm
triglyceride and fructosanmne |evels are determned at different intervals
as described in EXAMPLE 7. [00186] Simlar, anal ogous or identi cal
conditions are applied to test the efficacy of the reassenbl ed AP205 VLP
coupl ed tWOQE/EHFBGNents or A P protein in the nouse th@CAFPRAWSHS5529

diet-i ”dﬂ’qﬁﬁfﬂ@ﬂe' of obesity. EXAI\/PLESL;é? Coupling ghrelin 24-3 1GC to the
prior ar [00187] The ghrelin-peptide Girel 24-31GC ( GSSFLSPEGC SEQ

I D NO 39) , which conprises an added G term nal cysteine residue for

coupling to VLPs, was chenmically s i , and used for chem cal
coupling to Qb as descri bed bel ow.%%%% 1 [00188] A solution of 5 m

of 140 m\Efficacyrexparime@is withRo-immuid@atidd @< 15160 coiglddxCIQRVALY antl Glasl2deact ed
for 30 mnutes with_108. mM of a 65 mM soluti.on of SMPH (Pierce) in H2O at
25C on a rocki ng shak&c COPH]@dF‘bggtviltgdné‘é}eﬁ{nflﬁ‘f?d\%’éle}s‘lm?%ent ly dialyzed
twice for 2 hours against 5 L of 20 nmM Hepes, 150 nM NaCl, pH 7.2 at 4C

100 m of the dialyzed reaction m xture was then reacted either with 28.6
M of a 101 st ockddbimale on female, MSBIL/G miec with ogppighblsesiartigge weightspare

pepti de/ : i : L #193-cd. ales AP fgd for
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once for 2 hqurs and then qvernjght agaj 2 x5 L of pes, 150 mM
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Brilliant Blue. EXAMPLE 18 Co-inmuni zation of mce with G P 1-15-CGC coupl ed
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femal e, @éﬁ%&r@/ﬁﬁﬂ 6% 3L Enc 2 b RRAIRALe Ho ALV LIBPYRGH BF niemﬁdnceawbwﬁ,. i drg 15- CC
coupled to P (obtai ned’from EXAMPLE 2)" and nurine ghrel 24- 31-CGC

coupl ed thiedaptrospmbitalihom dased s 36n 42omiPubseqrntly 30wyt wicreals Their s¢rymes

vacci ne j e iy | o) ; i njected
subcut an%%%ge?/ ngg q}nI? %g% g%t{/\g&‘\g}gnn%nrﬁggﬁ% bkgﬁsl?séhisgig% éﬂ%)d %Mﬁgﬁd 42 and
subsequed®0193hs r elpeodr ad. watke ist gdmivisoadned libitum. Body weights are monitored at

regular intervals. In addition body fat mass, blood glucose levels and plasma triglyceride levels

are determined at different intervals as described in EXAMPLE 7.

EXAMPLE 20
Efficacy experiments with co-immunization of GIP 1-15-GC coupled to Qf VLP and Ghrelin
24-31-GC coupled to QB VLP in a genetic animal model of obesity

[00194] Adult male or female, C57BL/6 ob/ob mice are vaccinated simultancously with
murine GIP 1-15-GC coupled to the prior art Qf VLP or the reassembled Qp VLP and murine
ghrelin 24-31-GC coupled to the prior art Qf VLP or the reassembled Qp VLP, as described in
EXAMPLE 18. As a control, mice are immunized with the prior art QB VLP alone, the
reassembled QP VLP or injected with PBS. Mice are subsequently boosted if GIP-specific or
Ghrelin-specific antibody titers significantly decline over the period of the experiment. Mice
are fed a standard diet.

[00195] Mice are bled retro-orbitally on day 0, 14, 28, 42 and subsequently at regular
intervals. The sera are analyzed for anti-GIP and anti-ghrelin by ELISA as described in
EXAMPLE 5. Body weights are monitored at regular intervals. In addition body fat mass,



conbination is adm nistered with or without adjuvant. As a control, a group
of mce is immunized with Qo VLP alone or injected wwith PBS, with or

wi t hout adjuvant. Mce are bled retro-orbitally on day 0, 14, 28, 42 and
subsequently at regular intervals. Their serumis analyzed for anti-Gd P and
anti-ghrelin antibodies by ELISA, as described in EXAVMPLE 5. [00191]
Simlar, anal ogous or identical experinmental conditions are applied to

i mruni ze WORbe6/04E6e or femal e, C57BL/ 6 m ce sinultaneoREITEPMOSIHSIFRY i ne A P
1-15- GC gg‘p%gﬂe/ 0 reassenbled Qb VLP %nd muri ne ghrel 24-31- GC coupled to
reassenbl LP. Mce are bled retro-orbitally on day 0, 14, 28, 42 and
subsequerbldogd glucose dpyblaranil iplasma driglyegridetlpwsls arg eletcmnngd ahdiffﬁze@@l iftervalaasi - G P
and anti 2] | i es using a G P-specific or Girelin-specifc ELI SA,
respect i \i‘g%,%daﬁ%ﬂeshcup?%d in EXAVPLE 5. P1043PCD0 52 EXAMPLE 19 Efficacy
experinments with co-inmunization of G P 1-15-GC coupled to Qb VLP and

Ghrel 24- 31-GC coupled to Qo VLP in a diet induced nodel of obesity [00192]
Adult, male or fenmale, C57BL/6 mice with conparable starting weights are
vacci nated with both nurine G P 1-EXAMPIERIpl ed to the prior art Q VLP or

doscr | bod LTPEARPReREIAG Sz gD of e S sohmishro ah IR nT R | or

art Qb VLP op480eid &RsRE 1 Rn X'ﬂl?ar@la&{b%é%fmdu@k@&ﬁﬁﬂ bdeloffidBsiyM ce are
subsequent |y boosted 1f G P-specific or Ghirelin-specifc anti body titers

significantly decline during the experinment. AU mice are placed on a high

fat diet [6@%&]’ fat RyuiVHaRNr feﬁlgloé’ @gﬁﬂ‘dﬁ "Hh%e afeofegaach%* ;f&gﬁetég(g lfé;ﬁb’ﬁ,'dfbp”em

of diet-i ced obesity are retro-orbita 28, 42
and subsegprexiniaelyal 7 ¢ égmeaks ornmelrthaybave'meeome sbgsel (rwelghtfméig)zmbefam theamti -G P
and anti-ghrelin i o d VPLE 2 00193]
o ang eApE btk WROSLERLDY PP wERRRTHR TR Ll Wi whipn 407

regul ar isivbitar dalall .grdups addi t i on body f at rrass bl ood gl ucose IeveI s and

I trial ide.]| I d L& f ' |
Geacr bedd PRYES G oo R tafib b Tap it agh e rRER L T SO edinf o
CO- i MuNitEericd ArtahP BLP of tHkbrosskerstsle QBEVILI andduidtadlth 133 BGTTodBled tolthEC

coupled to @ VLP in a genetic aninal nodel of obesit 00194] Adult male
or feml @nowvgﬁ/\@szs/tbﬂareaﬁse@blsé QBWM e am@ﬁs@doeéﬂm’éKAM%gﬂs& (jomqlmneﬁﬁrp ne G P

#url;sn(ca;c gﬁ@gﬂ#ﬁ%ﬁ%ﬁ%‘%@? cos?;?f‘é’gp t%thtykéés%hb%ep E%E’?%S?eq VQﬁqne r eassenbl ed

Q VLP, as sibsquéntlgdoosted if GIP-specific or Ghrelin-specific antlbody titers significantly decline

during the experiment.

[00198] Mice are bled retro-orbitally on day 0, 14, 28, 42 and subsequently at regular
intervals. The sera are analyzed for anti-GIP and anti-ghrelin antibodies by ELISA as described
in EXAMPLE 5. Body weights and body fat composition are monitored in individual mice after
immunisation. In addition blood glucose and triglyceride levels are monitored at different

intervals as described in EXAMPLE 7.

EXAMPLE 22
Co-immunization of mice with GIP 1-15-GC coupled to Qf VLP and CG-GIP 31-42 coupled to
QB VLP
[00199] Adult, male or female, C57BL/6 mice were vaccinated simultaneously with

murine GIP 1-15-GC coupled to QB VLP and murine CG-GIP 31-42 coupled to Q8 VLP (both
obtained from EXAMPLE 2). 100 pg of each dialyzed vaccine was combined and diluted in
PBS to a volume of 200 pl and injected subcutaneously (100 pl on two ventral sides) on days 0,

14, 28 and 42 and subsequently as required. The two-vaccine combination was administered



EXAMPLE 18. As a control, mce are immunized with the prior art Qo VLP

al one, the reassenbled Qb VLP or injected with PBS. Mce are subsequently
boosted if G P-specific or Ghrelin-specific antibody titers significantly
decline over the period of the experinment. Mce are fed a standard diet.
[00195] M ce are bled retro-orbitally on day 0, 14, 28, 42 and subsequently
at reqgular intervals. The sera are analyzed for anti-G P and anti-ghrelin
by ELI SA W0 20&83879%ed i n EXAMPLE 5. Body wei ghts are noRCTgPee)sassseegul ar

i nterval ﬁ’l 4 @ﬂdi tion body fat mass, P1043PCO0 53 bl ood gl ucose | evel s and
pl asma t |8%} ide levels are determned at different intervals as

descr i bedvithouttadAVRItEAT corfdh vt EwRre imEfuhizediwith Pp€EP alont er mjctted with PBS.

-1 ihzat i P.1-15- VLP d | in, 24-31-CC
Coupl od (AR o iRy ahal Py 1 A re ot i MO LT
[ 00196] Achuhi waspanalyaed foe mali-6IP SpetBld mtibbdies By BLISAdbw chutigh fililaiengihahousad

l'ibitum r approximately 17 - 24 we til they hav econe obese
(et ot STRERTBRNSELETtes it AessrBiio BaE S AN B, Simeie s At B GFP OYeR
starti ng compghibls taReketshevMer ARIEE st arting wei ghts are sinmilar for all
groups [00197] M ce are vaccinated sinmultaneously with both, nmurine AP
1-15-CC coupled to the prior art Qo VLP or the reassenble Qb VLP and nuri ne
ghrelin 24-31-GC coupled to the prior art @ VLP or the reassenbled Qb VLP,
as described in EXAMPLE 18. Control_mice are imunized with the prior art
Q VLP or the reassenbled Qb VLP oFXAMREZ?d with PBS. Mce are

subsequen | - i Sk red | Al I _&ipt ers
signifi ca%ﬁé?/&g%ﬁrlﬁﬁeerh {j‘ﬁﬁ ér:l())g t he I{ea?g%ﬁ(r}mﬁr?t % ngc%g@fd{&cgﬁevgi;g ﬁ??déﬂ)
retro-orbitally on day2Goudldd toX; VAR immdicsindwed medtllof olxtsity egul ar i nt erval s.
The sera are analyzed for anti-A P and anti-ghrelin antibodies by ELISA as
descri bed in EXAMPLE 5. Body wei ghts and body fat conposition are nonitored
i n i ndivi[ob2ad] M ceAdadlt, @hald biEeMati05PBL/6l Micaddih todpabibkodlarfihg) G@iphtsasicte
triglyceride levels are nonitored at different intervals as described in

EXAVPLE Pacqmpiedpyith bosh apring iyl A2tGilo goupedip QB Yi-P pndCo-GIP Sl-ceuplsdited to
Q_VLP a'ﬁfb @EP,qs %e&ﬁbé?in%@@l/ﬂ’ﬂEb . @a },/&rﬁﬁog;%;t?ﬁ']:re%izemhﬁ t]i%rpriro?E@l e,

C57BL/ 6 mice were vaccl nated sinultaneous
QB VLP or injected with PBS. Mice were subsequently boosted if GIP-specific antibody titers

significantly decline during the experiment. All mice were placed on a high fat diet (35% fat by
weight, 60% as energy) to facilitate the development of diet-induced obesity. Mice were bled
retro-orbitally on day 0, 14, 28, 42 and subsequently at regular intervals. Their serum was
analyzed for anti-GIP antibodies by ELISA, as described in EXAMPLE 5. GIP-specific
antibody titres were comparable to those shown in TABLE 1.

[00201] Food and water was administered ad libitum. Body weights were monitored at
regular intervals. In addition body fat mass, blood glucose levels and plasma triglyceride and
fructosamine levels are determined at different intervals as described in EXAMPLE 7. Average
body weight gain in co-immunized mice was comparable to that observed with single

immunization, as shown in TABLE 2.

EXAMPLE 24
Immunization of mice with AP205 fused C-terminally to the GIP 1-15 peptide

[00202] The DNA fragment coding for the GIP peptide (YAEGTFISDYSIAMD, SEQ ID
NO: 27), was created in three consecutive PCR reactions. In the first reaction, plasmid pAP405
was used as template, to amplify the gene of AP205 coat protein with oligo p1.45 (5’-
AATCTAGAATTTTCTGCGCACCCATCCCGG -3°, SEQ ID NO 73) containing a Xba I site,



murine G P 1-15-CGC coupled to @ VLP and murine CG QAP 31-42 coupled to Qo
VLP (both obtained from EXAMPLE 2). 100 ng of each dialyzed vacci ne was
conbined and diluted in PBS to a volunme of 200 nl and injected

subcut aneously (100 m on two ventral sides) on days 0, 14, 28 and 42 and
subsequently as required. The two-vacci ne conbi nati on was

adm ni st eredP1043PC00 54 wi t hout adjuvant. As control, mce were i mmnized
with Qb WP 2806¢48796r i njected with PBS. Mce are bl ed r @T&EPRISI0EFHR? Yy on
day O, 1 %ﬁ, 2 and subsequently at 5egul ar intervals. Their serum was
anal yzed f18 &0 -G P specific anti bodies by ELI SA by coating full |ength
nmouse G Rogyrabigeipt-17§ ¢5ﬁeApﬁITﬁPe‘SCGEGC@@?@ﬂ"GE&TAWWQEG@CT@qT%eé’l,fi c

ant i body ¢ in T

211 cacy ST NOUTAE S AMPATMOAN RobRE Sohhl W dutnd G fpabencEOUB I, 15
and CG Gitlir Bbfthe mduqnickdeqlmn@n&dsﬁhg GTAGGIGSG intletul eckiorodfAP206 cody psitein
[00200] Adult, male qr . 7BL/ vmthcrrparale ti

wei ght s were vitci |1?aatSm oﬁ %er ?ne @%9 1- f%‘%c cou%l eaigzg QJQ%LP and
CGAP BEM]XJ(@@GAT@GAKH‘A@TGKE@AAM(H!Q@(O@TGQGCT@TGMEB 2$EQ°\£IDaN(‘Jd7(SD r OI
mce were inmu e t ar &l VLP or inject W|thP

were subdutae 6 Hodlek dne PERRpdadin i dindioeeony Moy el ghridt | o
?ed 13 ne dequeﬂ@ déng@h@(tﬁe&m[mmhd sed}it&af i ece?msmmlaﬁmed’ aiiiléftliﬂ lg’eddo?bfmb kst ( 35% .
at by wei % as _ener to facilitate the el opnent i et -induce
obesity. r?&ﬂ%E‘é“ wer B pI th re&gl)g or IFREUOD} y  SHBCfay Q?%& , 4925#1 G-

subsequen¢ATGEATESATECATUCIVATSGAGTAATG S, SEQVI@SN@W%) WefSuse@ko anlify G P
anti bodi es by ELISA, as described in EXAMPLE G P-specific anti body

titres wdhecPedishaf theisecond reastientherchyadding ‘PA‘BEI% ¢nd 91%)@2 saPnEE68 paﬂ‘al%t er
was admi %a&&r&qe@ﬂnéel éauin For tﬁe%amﬁ@mﬁ cmalﬁmgqryt&p%asln ald tﬁ@whmosz

intervals. In addition f at nmass, | ucose | evel s and | asma
triglycemsrection site: th%tﬂa@a ﬁi@meewa%dlgﬁswd anslaMah 1 fi3{ z!r@r@ned inther val s
as descrig grés'&m%é'\éf’és'fmzo tlﬁv%éaﬂepm(éy (%@b@ﬁ atBf)), NurddPr G- doABYNSE i1 CE
was corrpara e hat observed with sing ni'zat1on, as shown in TABLE

2. EXAVPItEpRahdnmporen peanaser. dhe mS@léannhtﬂm_D%S fused C-ternminally to the GP
e L R L A
react i on400208] t he The mtthod af purdiwatipl eflSthe dxprédtdd Sisiwaprotsiads a@staatiq:llyaﬂne to
ampl ity tsgr(rale 9 (rillgclgs]:ad n %le\m% 2 Bf P&'F/IE&}2(%59&4%1 e Qonstruélog and sequence of
PAP405 and pAP283 are described in PCT/EP2005/054721 and in WO02004/007538A2,
repectively.
[00204] Adult female, C57BL/6 mice (5 per group) were vaccinated with AP205 fused
C-terminally to the GIP 1-15 peptide. 50 pg of dialyzed vaccine was diluted in PBS to a
volume of 200 pl and injected subcutancously (100 pl on two ventral sides) on days 0, 14, 28
and 42. The vaccine was administered without adjuvant. As a control, a group of mice was
injected with PBS or AP205 VLP alone. Mice were bled retro-orbitally on day 0, 14, 28, 42, 56
and 70 and their sera analyzed by ELISA as described in EXAMPLE 5. TABLE 5 shows the
average titers of GIP-specific antibodies. Results shown are the averages of 5 mice per group.
ELISA titers are expressed as serum dilutions which lead to half maximal OD in the ELISA
assay. In mice immunized with AP205 fused C-terminally to the GIP 1-15 peptide, average
titers of approximately 1:184 000 were reached by day 42 (TABLE 5). Pre-immune sera or sera
from mice injected with PBS or Qp VLP did not show any reactivity against either GIP peptide.
The half maximal OD titer was less than 100, which was considered to be below the cut-off of
the assay. This clearly demonstrates that a GIP-VLP fusion is able to induce a high antibody
titer against GIP fragments, although it is a self protein.



AATCTAGAATTTTCTGCGCACCCATCCCGG -3', SEQ ID NO 73) containing a Xba |

site, P1043PC0O0 55 and oligo p4.175 (5'-
AATGAACGTGCCCTCTGCGTATCCGGAACCGCCTCCTGC -3, SEQ ID NO 74), to add a

nucl eoti de sequence coding the am no acid sequence YAEGIFI at the 3' of the
nucl eoti de sequence encodi ng GTAGGESG in the 3' region of AP205 coat
protein gene in plasm d pAP405. Next, oligos pl.45 and p4.176 (5'-
CATCCCCAMCAGKAATOGCCGAAATGAACGTGCCCTCTGCGTA -3', SEQ | D ROITERR00AOFE2Used t O
anplify tlﬁﬁ f@ product of the first rgaction, thereby adding a nucl eotide
sequence %3) i ﬂg the am no acid sequetrice SDYSI AM at the 3' end of the
product GIABIARS f i r Averagseentit(@R. speaific Jebr aritibpdly titentexprgssed @b p gdutiqul fagter) amd

p4. 177 (5..- ﬁ%|%§T IC&A]TP%%% C@A@;ME ! 5 ]th re used
to anpli ?3‘/‘"‘% e pro u(;(lz_(f‘é’f t hé secgn reac igérgl f%ﬁ?%rcgg%%@ | ngthtzg()ﬂtp\r/1\§r1 " end
of the seeptild. PCR product a nucl eoti de sequence coding for the renaining

Asp, containing a stop codon and the Mhl| O3l restriction site. The
obtai ned fragnment was di gested wiihXbal and Mhl1 Q31 and cloned in the sane

restriction sites ijnto the vector pAP2®3yy derfirst ipaiuaization under t he contr ol

of E. col i Inimymidatiohan op®t on pronotadr. The resdkti ng constseict was: 518

AP205 coatPZsaGHt n-| GOACEIEHG| -51 ¥AECSTE808 DY B4AND:+ FOAR0 3156 Toieet 485000 Qd06 100 + 22 600

puri fi cal PBRofP20he] expioessed fusi@n protein 1® substanti®@bly the sameoas

di scl osed in EXAMPLE 2 of PCT/ EP2005/054721. The constructi on and sequence
of PAP405 and pAP283 are descri beg%%?‘}/ﬁ% P2005/ 054721 and in
WO2004/ 007538A2, repectively. [00 femal e, C57BL/6 mce (5 per

group) we rEffééﬁ@ﬂ:%lﬂ&ise thlothricd wAR2ED 1£ 15560-(P dorpistl Ratht Pribrart OE VEP fh 4 dith
peptide. 50 ng of dialyzed vaccine was diluted in PBS to a volune of 200 m
and inj ected subcutaneous!y @dyecdAnirgd magel af @hesitl si des) on days 0, 14, 28
and 42. The vaccine was adm ni stered wi thout adjuvant. As a control, a
group of mce was injected with PBS or AP205 VLP alone. Mce were bled
retro-or 1982861 y onTelayelwte thg possile gifectssen gliepsy tolerarpetanadrzl gleqose Wirngeed by

ELI SA as .t%?i@é*f’??ﬂa' fbrmln a@cinz-llgﬁ@!nﬁméls.sﬁﬁ%@, L&G: ANRIAOSEL/S Bli& @fve
G P-specitic antl bodies. Results shown are t averages of 5 mce per
group. ElpeSgrotp) wers vacanagedpasedesaibedisn EKAMPI U uritho 6P WHS6FC lceupded © QR f

maxi mal %'nthe EL%?@@ AN mce.i munize W']ihhﬁ 5 fused
Cot er mi ndit SpBEhE EFIET RS pap ot FitAvag atveddrr 06 VISo ASKTREPEPS 1. 164
000 wer e wagaghriktddyd 6tpday 422 (thiilly Fdafpy) prioPtctht DOITE ASlehide Yered@pPor 4 Kiph Fit Ce
injected with PBS or Qh VLP did not show any reactivity against either GP
pept i de. diet for the duration of the experimental period.
[00206] On day 142 and after a 16h fasting period, mice were administered a 2g/kg D-
glucose solution by oral gavage. Mice were bled via the tail vein at 0, 15, 30, 45, 60, 120 and
180 minutes after oral glucose administration. Blood glucose levels were determined using the
Accu-check blood glucose meter (Roche). During this period mice continued to be fasted. The
kinetics of the blood glucose response is shown in TABLE 6. No significant difference in the
kinetics of the glucose response was observed between vaccinated and control animals.

[00207] Hence, vaccination against GIP does not induce impaired glucose tolerance in

mice immunized with GIP 1-15-GC coupled to Qp VLP.

TABLE 6 Blood glucose levels in an OGTT in 5 mice per group immunized with GIP 1-

15-GC-Qp.
Blood glucose levels after OGTT + SEM
Immunization 0 15° 30° 45 60" 120° 180°
Qb-GIP 1-15 110+4.2 | 322+188 | 290+274 | 206+10.7 | 181+19 | 113+3.8 | 97+3.2
Qb VLP 118+8.2 | 321+99 | 245+17.8 | 212+5.6 194+7.7 | 127+31 | 120+71




The half maximal OD titer was | ess than 100, which was considered to be
bel ow the cut-off of the assay. This clearly denonstrates that a A P-VLP
fusion is able to induce a high antibody titer against G P fragnents,
although it is a self protein.P1043PC00 56 TABLE 5 Average anti-QP
specific 1gG antibody titer (expressed as a dilution factor) in mce

i muni zed on day 0, 14, 28 and 42 with AP205 fused Ctermnally to the AP
1- 15 peptWoeoodag®oafter first imunization | munizati oRCTAEP2@5425536 70
AP205-f-? Euéé%go 900 5 1 000 16 800,184 477 59 000 156 107 43 000 106
100 22 6 or AP205 100 100 100 1 100 EXAMPLE 25 Effect on glucose
tolerance wwth QP 1-15-GC-Qb coupled to the prior art @ VLP in a diet

i nduced ani mal nodel of obesity | pLEOEVal uate the possible effects on
gl ucose tol erance an oral glucose tTolerance test (OGIT) was performed in
vacci nat eEféoi oreihsulin Bespedsivenesa shith tGIP @ nies- @C-QP7duplod mi the priidriane(PEEP dgr dup)
wer e vacci nated as described i.n I\/F?LEI' 4m'éth G.P 1-15-GC coupled to Qb
VLP, obtained in EXAMPLE 2. digdnduced,animal medel af QBEHlY i njected with Qb VLP. A
further boost was adm nistered on day 122, twenty days prior to the OGIT.
All mce were kept_on a hit%h fat di §t for, the duration of the experinental
period. [986] onTsypluperthe pessiblg effects opgiRsWinJPSPARSIYEFSS 38, InSHIR scngitiviy

adm ni st e4seAST) 38¢ k@bl GORRCiHALY hdiRBls PBrigTyahdeaaR CIMBE % WRieq43l pd Vi a
the tail vein at 0, 15, 30, 45, 60, 120 and 180 m nutes after oral glucose
admi ni st sauUPherepiagdiatesl ascdesaibed i EXAMIILE 4atith (P reth-GSi aegpledito @B MI-Peheck
bl ood gl ] r e i ng. thi ri N Nt i

fasted. TRATEAAERAMIR PR Rl Bkt Rkl GF IZT AHAS il s
si gni f i cadinindktéréd o daye 12) twdnty knanéddys psioofo théESTYIAILmive wees Reproa aldgh toser ved
bet ween ‘ﬁﬁefg?' ag‘ﬁ]g and gﬁgntro.l animal 5. [00207] Hence, vacci nation agai nst
G P does orj 40 of e CXRerimeRRLRSKOfly| er ance in mice i nmmunized with G P
1- 15- GC qoozobed t 00RNdaWid3 anbifblcla G 6BIfR6ifl férivdpmteel vedte hdminfiteddd (X /kgiofi 5

Ef 1(‘: gclto eg@%{cﬁéﬁﬁ n’r‘gé%%%?i%"té{;'{égsf M}‘Eeh‘%% %ﬂ%&%@%@&ﬂ%@ﬁfgﬁégn or

art Qo VI9B nhifutds after insulin administration. Blood glucose levels were determined using the Accu-
check blood glucose meter (Roche). During this period mice continued to be fasted. The
kinetics of the blood glucose response after IPIST is shown in TABLE 9. GIP 1-15-GC-Q
vaccinated mice showed improved insulin sensitivity compared to Qf VLP vaccinated control
animals. The differences were significant at 0, 30, 45 and 60 minute after insulin
administration.
[00210] Hence, vaccination against GIP improves insulin responsiveness in mice

immunized with GIP 1-15-GC coupled to Qp VLP.

TABLE 7 Blood glucose levels in an IPIST in 4-5 mice per group immunized with GIP 1-

15-GC-Q.
Blood glucose levels after IPIST + SEM
Immunization 0 15’ 30° 45’ 60° 90’
Qb-GIP 1-15 94+52 76+ 56 54+37 42+1.8 40+29 45+26
Qb VLP 116+6.3 | 77+3.8 66 +2.3 60 + 5.1 52+23 55+ 5.6




di et induced ani mal nodel of obesity [00208] To eval uate the possible
effects on insulin responsiveness an insulin sensitivity test (1ST) was
performed in vaccinated aninmals. Briefly, adult female C57BL/6 mice (4-5
per group) were vaccinated as described in EXAMPLE 4 with G P 1-15-CC
coupled to @ VLP, obtained in EXAMPLE 2. As a control mce were injected
with Qo VLP. A further boost was adm nistered on day 122, twenty one days
prior to WBei®®Es79AU m ce were kept on a high fat diet POT/FPR@SH65522i on of
t he expeglgﬁﬁcﬁb period. [00209] On d$/ 143 and after a 16h fasting period,
m ce wer stered 0.5U kg of porc e insuli n, intraperitoneally (IP).
M ce wer eWHASHISGCAMIED IS | vein at 0, 15, 30, 45, 60 and 90 minutes after
insulin adm nistration. Blood glucose | evels were determ ned using the
Accucheck bl ood gl ucose neter (Roche). During this period mce continued to
be fasted. TThe mmpousisiomtomprisiﬂy ood gl ucose response after IPIST is shown

in TABLE 9. GIPl cci pat 1 C owed i.nproved insuli
sensitivity corrpar %‘Si} %‘Efﬁ%ﬁevg%c%ﬂeta\?qe&m g‘%?)&"@@“fﬁl}’ﬁfl‘ﬁ erences
were significant a(tb)O aBE:ast@Ee aﬂ@elﬁﬁltﬁhﬂﬁéwmaisbﬁmdiaﬂ&hhieﬂt ﬁd,rri ni stration.
[00210] Hence, vaccjnatia ainst QP res eness in
m ce i muni zed wi tWhe('fIBSTE 'glg %g@dsgg;t&?r‘\ﬁﬁor alll?ig?_ ]belredﬁose
level s in an | Pl ST() Ehd4(-b5aﬂéllfﬁﬁed3mfough 041@ ai 1658U Bhe” it afndtdald@t IR:aat-one second

15- GC- v. P1043P(I)0 58 VWHAT IS CLAIMED IS: 1. A conposition conprising: (a)
a virus-1ike parti¥ePHPe with at | east one first attachnent site; and
(b) at least one antigen with at | east one second attachnent site, wherein
said at |east one antigen is a G P protein or_a AP fragnent and wherein
(a) and (b)Zare The rﬂ@émwmrbebﬁa@aﬂdwaﬁreme*&& GHhgrofqin SPMBLTES §8i3ing adidast

one second attagpd{gﬂéesgleg@dﬁgmﬂggogfpmgmgi&n of claim1, wherein said GP
protein conprises an am no acid sequence sél ected from the group consi sting

of: (a) SEQ I D NO @2; (HREENA3; NO 23; (c) SEQ I D NO 24;

(b) SEQID NO:23;

() SEQ ID NO:24;

(d) SEQID NO:25;

(e) SEQ ID NO:26;

® SEQ ID NO:63;

(g)  the GIP corresponding orthologs from any other animals; and

(h) an amino acid sequence which is at least 80%, preferably at least 85%,

more preferably at least 90%, or most preferably at least 95% identical

with any of (a) to (f).

3. The composition of claim 1, wherein said GIP fragment comprises an amino acid
sequence identical to amino acid residues 7-10 of the SEQ ID NO: 22 (SEQ ID
NO:64).

4. The composition of claim 1 or 3, wherein said GIP fragment comprises an amino

acid sequence selected from the group consisting of:
(a) SEQ ID NO: 27,
(b) SEQ ID NO: 29;
(c) SEQ ID NO:32;
(d) SEQ ID NO:45; and



(d) SEQ ID NO 25; (e) SEQ ID NG 26; (f) SEQID NO 63; (g) the AP
correspondi ng orthol ogs fromany other animals; and (h) an am no acid
sequence which is at |east 80% preferably at |east 85% nore preferably at
| east 90% or nost preferably at | east 95% i dentical with any of (a) to
(f). 3. The conposition of claim1, wherein said G P fragnent conprises an
am no acid sequence identical to amno acid residues 7-10 of the SEQ I D NO
22 ( SEQ I'DONMB¥37964. The conposition of claiml or 3, ROEEPRIVSHAISA G P

f ragnment 8%&80 es an amno acid seque%(ée sel ected fromthe group
consistir?é : ?a) SEQ ID NO 27; (b) QID NGO 29; (c) SEQ IDNO 32; (d)
SEQ | D NO. 45; andRehasmano 269 sequeneerwhkiol isot least §0%epreborably siieas85% mare | east

et orabl y at 1 east SeurvaL i oREOC AL BRRSsg el iRm0 .

conposition of clai mMDNGWREra;, 2,9atsl G P fragnent conprises an amno acid
sequence selected fromthe group consisting of: (a) SEQ ID NO 28; (b) SEQ
ID NO 31; (c) SEQID NO 43; (d) SEQID NO 44; (e) SEQ ID NG 68; and (f) an
am no aci d Sequédheeompogition &f ddiml Eaeterddid) 35id BT ffapmbhtycoaipribes amtanBbd/acidor e

preferably at |east 900/? toﬁafrrmsﬂFl ref erabl t least 95%identical with SEQ
D NO 28, 31, AZIUCPCFECEF 68, .ro%?émﬁlﬁ?féd’iti on of any one of the
proceedi ng cl ai s (awherSEQUIZNOc28/LP conpri ses reconbi nant coat proteins,

mutants or fr agrrerelg)s t tg%rQeﬁ; NO(:)gl;a RNA- phage.
(c) SEQ ID NO:43;
() SEQ ID NO:44;
(e) SEQ ID NO:68; and
® an amino acid sequence which is at least 80%, preferably at least 85%,
more preferably at least 90%, or most preferably at least 95% identical with
SEQ ID NO: 28, 31, 43, or 44 or 68.

6. The composition of any one of the proceeding claims, wherein said VLLP comprises

recombinant coat proteins, mutants or fragments thereof, of a RNA-phage.

7. The composition of claim 6, wherein said RNA-phage is RNA-phage Q, fr, GA or
AP205.

8. The composition of any one of the proceeding claims, wherein said first attachment
site is linked to said second attachment site via at least one covalent bond, wherein

preferably said covalent bond is a non-peptide bond.

9. The composition of any one of the proceeding claims, wherein said first attachment

site comprises an amino group, preferably an amino group of a lysine.

10.  The composition of any onc of the proceeding claims, wherein said second
attachment site comprises a sulthydryl group, preferably a sulfhydryl group of a

cysteine.



7. The conposition of claim®6, wherein said RNA-phage is RNA-phage Qb, fr,
GA or AP205. 8. The conposition of any one of the proceeding clainmns,
wherein said first attachnent site is linked to said second attachnent site
via at | east one coval ent bond, wherein preferably said covalent bond is a
non- pepti de bond. 9. The conposition of any one of the proceeding clains,
wherein said first attachnment site conprises an am no group, preferably an
ani no gr oNp 2006/@519¢si ne. 10. The conposition of any onePOi/EPR@SHsBeEedi ng

cl ai s, \?{;8@@ sai d second attachnent OSI te conprises a sul fhydryl group,
pr ef er abl Pf hydryl group of a cys? ei ne. PL043PC0O0 60 11. The

conposi tionllef &k Comosslﬂort any| erienef the glainsh &8e whersini #idaGPP progivion AP G P

fragment is fus - 19! ts or
fragments ther e?&g}ng tlgﬁ}& ogfé% AE"IZ§5£}D%§.§S %ﬂéé%%n%o& %‘%”g%&grng&éﬁg of

t he proceeding dh@wqﬁmﬁKNAjﬁmge@dﬁﬁiising a linker. 13. A conposition
conprising: (a) at least one first virus-like particle (VLP) and at | east
one second virus-like particle (VLP) with each at |east one first
attachnment Bt e;Tharompdsjtioatof heaste of the proceadingdiiing dinrthencbngirisingadinkeme second
antigen with each at | east one second attachment site, wherein said at

| east one first antigen is a G P protein or a QP fragnent and said at

| east one sECONA edthpogition camfisinges or is a nol ecul e sel ected fron1the group
consisting of: (i) ag relln or a re in a nicotine,

cotinine or a nornicoti@e; &hgestPrq }rStaV‘%lécl,‘g‘Flga ?’%Il(‘llc)tagii At lggst %Pesséf%‘ﬂd aP
fragment, wherein said mgmaapﬁl&e PVIOE)&ith @éh SeGSIhe Brdr aftdcABIORNIte; sBid
different fromthe first GP protein or G P fragnent; and, wherein said at

| east one first virus-I(Pke B‘alP%SF encdfirstantigen-And aklsashong sepeid antigenavith; cagh

antigen are |inked thrqughs:oas seald dt@amhenpli, first and said at |east one
second attachment site, and wherein said at [ east one second virus-1like

particle (VLP) arhercimsagsl aiflcasteans firss Artiesn isordlPareteigeon a 4B fpgmens @nd sidaigh sai d
at lea.St. one fi rl?a%t(ﬂﬁ@e&ﬁmﬁrg%tg?n Salsg?&?ﬁs §ﬁﬁ%ﬁe§él% {he C(fug a14' The

conposition of claim13 rst virus e parti nd/ or said
consisting of: (i) a ghrelin or a ghrelin peptide; (ii) a nicotine, a cotinine or a

nornicotine; and (iii) a second GIP protein or a second GIP fragment, wherein said
second GIP protein or second GIP fragment is different from the first GIP protein or
GIP fragment; and,

wherein said at least one first virus-like particle (VLP) and said at least one first
antigen are linked through said at least one first and said at least one second
attachment site, and wherein said at least one second virus-like particle (VLP) and
said at least one second antigen are linked through said at least one first and said at

least one second attachment site.

14.  The composition of claim 13, wherein said first virus-like particle and/or said
second virus-like particle comprises recombinant proteins, mutants or fragments
thereof, of a RNA-phage, wherein preferably said RNA phage is Q, fr, GA or
AP205.

15.  The composition of claim 13 or 14, wherein said second GIP fragment comprises an
amino acid sequence selected from the group consisting of:
(@ SEQ ID NO: 27;
(b) SEQ ID NO: 29;
(c) SEQ ID NO:32;
(d SEQ ID NO:45;



second virus-like particle conprises reconbi nant proteins, nmutants or
fragnments thereof, of a RNA-phage, wherein preferably said RNA phage is Qb,
fr, GA or AP205. 15. The conposition of claim 13 or 14, wherein said second
G P fragnent conprises an am no acid sequence selected fromthe group
consisting of: (a) SEQID NGO 27; (b) SEQID NO 29; (c) SEQ ID NO 32; (d)
SEQ I D NO 45; P1043PC00 6 1 (e) SEQID NO 28; (f> SEQID NG 31; (g) SEQID
NO 44; OOWVGR@UMSME. 68; and (i) an am no acid sequence WRRITHR2005/053529 east
80% prefP Bg{pq)() at | east 85% nore preglerably at | east 90% or nost

prefer abI§ Qast 95% i dentical with SEQ ID NO 27-29, 31,32, 44, 68 or
45. 16. The conpo$®ti orPEQ IING: 3%ie of the clainms 13-14, wherein said

ghrelin or ghreli reﬂpeptg' I ﬁgp j.ses an anm no aci d sequence selected from
t he group consisting of: 3 Eg’IDNQ 33; (b) SEQID NO 35; (c) SEQID
NO 40; (d) SEQ | D(HO 36GEQEBINGHE3; | D NO 37; (f) SEQ ID NO 38; (g) SEQ ID NG

46 ( GSSFLSPEHQKLQ);, an 01D NO 47 (GSSFLSPEHQKVQ). 17. The
%h) Sediin NBRe!

conposition of any’one 0 alm wherein said second anti gen
conprises O succi iyl - S'anlapdicxcidredguytce whidt is rae leadtR0YA pkaféraldp aplehsifith, at

| t fi t iti d. at t d it wh i
e N L. e i,
with at |east one SEQSID MO ZEIO18NB2,5441 68 or 45.

16.  The composition of any one of the claims 13-14, wherein said ghrelin or ghrelin
peptide comprises an amino acid sequence selected from the group consisting of:

(a) SEQ ID NO: 33;

(b) SEQ ID NO:35;

(c) SEQ ID NO:40;

(d) SEQ ID NO:36;

(e) SEQ ID NO:37;

(f) SEQ ID NO:38;

(g) SEQ ID NO: 46 (GSSFLSPEHQKLQ); and

(h) SEQ ID NO: 47 (GSSFLSPEHQKVQ).

17.  The composition of any one of claim 13-14, wherein said second antigen comprises

O-succinyl-3'-hydroxymethyl-nicotine.

18. A kit comprising at least one first composition and at least one second composition,

wherein said first composition comprising:
(@ a first virus-like particle (VLP) with at least one first attachment site;
(b) at least one first antigen with at least one second attachment site,
wherein said at least one first antigen is a GIP protein or a GIP fragment and
wherein (a) and (b) are linked through said at least one first and said at least one
second attachment site; and

wherein said second composition comprising:
() a second virus-like particle (VLP) with at least one first attachment site;
(d at least one second antigen with at least one second attachment site,
wherein said at least one second antigen is comprises or is a molecule selected

from the group consisting of: (i) a ghrelin or a ghrelin peptide; (ii) a nicotine, a



(b) at least one first antigen with at |east one second attachnent site,
wherein said at |least one first antigen is a G P protein or a G P fragnent
and wherein (a) and (b) are linked through said at |east one first and said
at | east one second attachnment site; and wherein said second conposition
conprising: (c) a second virus-like particle (VLP) with at |east one first
attachnent site; (d) at |east one second antigen with at | east one second
at t achmenWwo2pae45her ei n said at | east one second anti g@ATIER2USM0FIREes or
is a nol g{ (@sl ected fromthe group gonsisting of: (i) a ghrelin or a
ghrelin E’ g (i1) a nicotine, aP1043PCO0 62 cotinine or a nornicotine;
and (iii) a secondcoBniemros aomicsting andc@inda Geeenflr @¥hpretein whear sdconds STl
second G P protei ﬁ?hwﬁ f f otein
or G P fragnent cgﬁrr%?’rrr?es%g’h%{/e e féngt(ﬂggkpﬁégpkP%ﬁ%%%?ﬁhdéiﬁ%%ﬁ%()%tﬂgnd (d)
are |inked t hroughfistiGiP eptrotbiaas't Gmwéragmcmcompdsesiabsdtlw ﬁtsea:smpomtmnseaodmd
attachment site. 1\% réﬁg C) a 5 ler?kﬁmh}gu sa1 aﬂegst%gé II'SII I’dssal tieassto e
particle and/ or sal 3n3 Vs e pa nprises reco e
proteins, nutants seborfdraugmfemsuteher eof, of a RNA—phage, wher ein pr ef erably
said RNA phage is Qb, fr, GA or AP205. 20. The conposition of claim18 or
19, wherein said second G P fragnent conprises an am no acid sequence
; Sl e?t )ede rQ I t I‘Ielegﬁtajmlaﬁmg& srhefeﬁos@fd firgtey)iruSHRe Ip E)uhﬁgna/gg sz(ld)%ecﬁﬁQlek@ NO.

o EQ ID EQ I D 45; | D
31; (g) SEQID m&ﬂwﬁqﬂ% f@z%ﬁ fSeRepigat P&?f)amt’.ljl RS QFifiegmy aﬁeg@g Bhe
which is at | eaﬂiN&-%?(a cPWRIr&h 3RIrdtatd gsd@RN‘A}ﬁﬁ €is &, QhkaPabsy at | east
90% or nost preferably at | east 95% i dentica h SEQ ID NO 27-29,
31,32, 44, 68 or 45. 21. The kit of any one of the clainms 18-19, wherein

said ghr e' I $p. 0" 19l rcgllni)&itﬂ)‘ﬁn)tficﬂﬁn 18 or 19, wherein said second GIP fragment comprises an
amino acid sequence selected from the group consisting of:
€)) SEQ ID NO: 27,
(b) SEQ ID NO: 29;
(c) SEQ ID NO:32;
@) SEQ ID NO:45;
(e) SEQ ID NO: 28;
® SEQID NO: 31;
(® SEQ ID NO:44;
(h) SEQ ID NO:68; and

@) an amino acid sequence which is at least 80%, preferably at least 85%,

more preferably at least 90%, or most preferably at least 95% identical with
SEQ ID NO: 27-29, 31,32, 44, 68 or 45.

21.  The kit of any one of the claims 18-19, wherein said ghrelin or ghrelin peptide
comprises an amino acid sequence selected from the group consisting of:

(i) SEQID NO: 33;

(j) SEQ ID NO:35;

(k) SEQ ID NO:40;

() SEQ ID NO:36;

(m)SEQ ID NO:37;

(n) SEQ ID NO:38;

(o) SEQ ID NO: 46 (GSSFLSPEHQKLQ);

(p) SEQ ID NO: 47 (GSSFLSPEHQKVQ); and



conprises an am no aci d sequence selected fromthe group consisting of: (i)
SEQID NO 33; GO SEQID NO35; (k) SEQID NG 40; (1) SEQ ID NG 36; (m SEQ
ID NO 37; (n) SEQID NO 38; (0) SEQID NO 46 (GSSFLSPEHXXLQ; (p) SEQID
NO 47 ( GSSFLSPEHXXVQ) ; andP1043PC00 63 (g) an ami no acid sequence which is
at | east 80% preferably at |east 85% nore preferably at |east 90% or
nost preferably at |least 95% identical with SEQ ID NO 33, 35-38, 40, 46,
or 47. 22VOPh&/MP1960f any one of the clains 18-19, wher @Cli/EP2ad0d/08¥edNnd

antigen j-5es Osuccinyl - 3'-hydrox t hyl - ni cotine. 23. A vaccine
conposi t&gﬁgc!;@gri sing the conpositi oné/jc;'cs any one of the clains 1-12 or the

conposi tion of any one of (9 raa agiieg #pid sequarge whith igatdeastido, pfcferably ai least i on
conpri sing adm nistering saigg,V i i 11 QRo,Of i ni mal ,
preferably to a dog or to aS%th ?"%gér@’???%@F%ﬂe%gtgﬁéfo%g‘@c%% &fbi}g?taiga uman.
25. A pharnmaceuti cal conpos®fteodenticalithsSEQID XQ) 33,136-38p4hd6iar #dn of any one
of the clains 1-12, the conposition of any one of the clains 13-17, and (b)
an accept abl e pharmaceutical carrier. 26. A method of producing the

conposi ti omof &y kitfoftahe ond af the clhid?18 t9ywhesdim grid f@pndamdigenl coraprised/OP Wi t h
at | east one first .atlﬁ,a]g ment i%e; b) providing at |east one antigen,
wherei n said antPgER 7s™: W‘*ﬁ‘?’"&“&‘?t  or a AP fragnent, with at |east one
second attachnent site; and (c) linking said VLP to said at | east one

antigen thrgugh said. at |east one first attachpent site and said | east
one second At t achiRSAINC SPTROSIUON SPHBTIERS &‘EP%PIB‘?:?PHS’B? o) i 029“‘3 Bs 6’?}5t°ﬁe

conposi tion of aRycoRPAsifbn 6tanl Bhe df thecldinstig 7conposi tion of any one of

24. A method of immunization comprising administering said vaccine composition of
claim 23 to an animal, preferably to a dog or to a cat, preferably to a domestic cat, or

a human.

25. A pharmaceutical composition comprising:
(a) the composition of any one of the claims 1-12, the composition of any
one of the claims 13-17, and

(b)  an acceptable pharmaceutical carrier.

26. A method of producing the composition of any of the claims 1-12 comprising:
(a) providing a VLP with at least one first attachment site;
(b)  providing at least one antigen, wherein said antigen is a GIP protein, or a
GIP fragment, with at least one second attachment site; and
(©) linking said VLP to said at least one antigen through said at least one
first attachment site and said at least one second attachment site to

produce said composition.

27.  Use of the composition of any one of claims 1-12 or the composition of any one of
claim 13-17 for the manufacture of a medicament for treatment and/or prevention of

obesity.

28. A method of treating and/or preventing obesity comprising administering the

vaccine of claim 23 to an animal, preferably to a domestic cat or a dog, or human.



claim13-17 for the manufacture of a nmedi canent for treatnent and/or
prevention of obesity. 28. A nethod of treating and/or preventing obesity
conprising adm nistering the vaccine of claim23 to an aninal, preferably
to a donestic cat or a dog, or human. PL043PC0O0 64 29. A nethod of treating
and/ or preventing obesity in an animal or a human conprising adm ni stering
the at | east one first conposition and the at | east one second conposition
of the kiwoaboerd§y796ne of the clains 18-22 to the sane aRCH&IP2005/08352% ably to
a donesti ; %ﬁ’gﬁ}OBr a dog, or to the sarrée human. 30. The nethod of claim 29,
wherein $P | east one first corrpos4ti on and said at |east one second
conposi ti or2%r e Antweihnd of weatidg endieramensntrgeehgsityyin an animal or a human comprising

administering the at least one first composition and the at least one second
composition of the kit of any one of the claims 18-22 to the same animal, preferably

to a domestic cat or a dog, or to the same human.

30. The method of claim 29, wherein said at least one first composition and said at least

one second composition are administered contemporancously.



