
- 1 - USE OF INTERLEUKIN-1 CONJUGATES LN THE TREATMENT OF DIABETES FIELD OF THE
INVENTION [0001] The present invention is in the fields of medicine, public health, immunology,
molecular biology and virology. The invention provides compositions, pharmaceutical compositions
and vaccines for the treatment, amelioration and / or prophylaxis of diabetes, preferably of type II
diabetes. The compositions, pharmaceutical compositions and vaccines of the invention comprise a
core particle and an antigen, wherein said antigen comprises an interleukin-I (IL-1) molecule. When
administered to an animal., preferably to a human, said compositions, pharmaceutical compositions,
and vaccines induce efficient immune responses, in particular antibody responses, wherein typically
and preferably said antibody responses are directed against IL-1. Thus the invention provides methods
of treating, ameliorating or preventing diabetes, preferably type II diabetes, by way of active
immunization against IL-1. RELATED ART [0002] Type 2 diabetes is a chronic metabolic disorder
characterized by the presence of hyperglycemia due to defective insulin secretion, insulin action or a
combination of both. Although the mechanisms of pancreatic p-cell failure in type 2 diabetes are not
fully elucidated, stress and inflammatory pathways have been implicated. Metabolic stress caused by
repetitive glucose excursions, dyslipidemia and adipokines can induce an inflammatory response in
the pancreas characterized by local cytokine secretion, islet immune-cell infiltration, J3-cell apoptosis,
amyloid deposits and fibrosis. IL-ii has emerged as a master cytokine, which regulates islet chemokine
production and causes impaired insulin production and p-cell death. Blockade of I1-1 signalling by
administration of recombinant IL-1 receptor antagonist or neutralizing monoclonal antibodies has been
shown to improve glyeemic control in animal models of type 2 diabetes (Sauter et al., 2008, Osborn et
al., 2008). Furthermore, treatment of type 2 diabetes patients with recombinant human IL-1 receptor
antagonist (Anakinra) resulted in a decrease of glycated haemoglobin levels (a reliable readout for
long term glycemia) and improved p-cell function (Larsen et al., 2007).  SUMMARY  1 a [0002a1In a
first aspect, there is provided the use of a composition comprising: (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 said at least one antigen comprises an IL-1 molecule and wherein (a) and (b) are linked
through said at least one first and said at least one second attachment site, for the manufacture of a
medicament for the treatment of diabetes in an animal. [0002b]In a second aspect, there is provided
the use of a vaccine comprising the composition as defined above for the manufacture of a
medicament for the treatment of diabetes in an animal. [0002c]In a third aspect, there is provided the
use of a pharmaceutical composition comprising (a) the composition as defined above or the vaccine
as defined above; and (b) a pharmaceutically acceptable carrier 



for the manufacture of a medicament for the treatment of type II diabetes in a human. [0003] We have
found that the disclosed compositions and vaccines, respectively, comprising at least one IL-1
molecule, preferably a IL-1 mutein, are not only capable of inducing immune responses against IL-1,
and hereby in particular antibody responses, but are, furthermore, capable of neutralizing the
pro-inflammatory activity of rl -I in vivo. In  - 2 - addition, we have surprisingly found active
immunization with a composition of the disclosure resulted in the amelioration of the diet-induced
diabetic phenotype in a mouse model (cf. Surwit et at., DIABETES, Vol. 37, 1988, 1163-1167) of
diabetes. This observation was made for different IL-1 molecules including IL-I alpha molecules (cf.
Example 9) as well as IL-1 beta molecules (cf. Examples 12 and 13). [0004] In one embodiment, the
disclosure therefore provides a composition for the treatment, amelioration or prophylaxis of diabetes,
preferably of type II diabetes, wherein said composition comprises: (a) a core particle with at least one
first attachment site, wherein said core particle is a virus-like particle (VLP) or a virus particle,
preferably a virus-like particle; and (b) at least one antigen with at least one second attachment site,
wherein the at least one antigen comprises or consists of or is an IL-1 molecule, preferably selected
from the group consisting of IL-1 protein, IL-1 mature fragment, IL-1 peptide and IL-1 mutein, wherein
(a) and (b) are linked, preferably covalently linked, through the at least one first and the at least one
second attachment site. [00051 In a further embodiment, the disclosure provides a composition
comprising (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 said at least one antigen comprises consists
of or is an IL-1 molecule and wherein (a) and (b) are linked through said at least one first and said at
least one second attachment site. In a preferred embodiment said at least one antigen with at least
one second attachment site comprises or preferably consists of (i) an IL-1 molecule; and (ii) a linker.
[00061 In a further preferred embodiment wherein said first attachment site is linkr-d to said second
attachment site via at least one covalent bond, wherein preferably said at least one covalent bond is a
non-peptide bond. [0007] In a further preferred embodiment said at least one antigen with at least one
second attachment site comprises or preferably consists of: (i) an IL-I beta molecule, wherein said IL-1
beta molecule is SEQ ID N0:165 or SEQ NO:136, preferably SEQ ID N0:136; and (ii) a linker, wherein
said linker comprises said second attachment site, and wherein preferably said linker comprises or
preferably consists of GGC (SEQ ID N0:178) or GGCG (SEQ ID N0:188), preferably GGCG (SEQ ID
N0:188); wherein further preferably said linker is covalently bound to the C-terminus of said IL-1 beta
molecule by way of a peptide bond. [0008] In a further preferred embodiment said at least one antigen
with at least one second attachment site consists of (i) an IL-1 alpha molecule, wh_rein said IL-1 alpha
molecule is SEQ ID NO:203 or SEQ ID N0:210, preferably SEQ ID N0:203; and (ii) a linker, wherein  -
3 - said linker comprises said second attachment site, and wherein preferably said linker comprises or
preferably consists of GGC (SEQ ID NO :178) or COCCI (SEQ ID NO: 188), preferably GGCG (SEQ
ID NO:188); wherein further preferably said linker is covalently bound to the C-terminus of said IL-I
alpha molecule by way of a peptide bond. [0009] In a further preferred embodiment said virus-like
particle is a virus-like particle of an RNA bacteriophage, wherein preferably said RNA bacterMphage is
bacteriophage [0010] In a further preferred embodiment only one of said second attachment sites
associates with said first attachment site through at least one non-peptide covalent bond leading to a
single and uniform type of binding of said antigen to said virus-like particle, wherein said only one
second attachment site that associates with said first attachment site is a sulfhytiryl group, and
wherein said antigen and said virus-like particle interact through said association to form an ordered
and repetitive antigen array. 10011] In a further embodiment, the disclosure provides a vaccine for the
treatment of diabetes, preferably of type II diabetes, said vaccine comprising, or alternatively
consisting of the composition of the disclosure, preferably in an effective amount.  [0012] In a further
embodiment, the disclosure provides a pharmaceutical composition for the treatment of diabetes,
preferably of type II diabetes, said pharmaceutical composition comprising: (a) the composition of the
disclosure or the vaccine of the disclosure; and (b) a pharmaceutically acceptable carrier. 10013] In a
further embodiment, the disclosure provides a method of treating diabetes, preferably type II diabetes,
said method comprising administering an immunologically effective amount of the composition of the
disclosure, of the vaccine of the disclosure, and/or of the pharmaceutical composition of the disclosure
to an animal, preferably to a human. [0014] In a further embodiment, the disclosure provides the use of
the composition of the disclosure, of the vaccine of the disclosure, and/or of the pharmaceutical
composition of the disclosure for the manufacture of a medicament for treatment of diabetes,
preferably of type II diabetes, in an animal, preferably in a human. DETAILED DESCRIPTION OF THE
INVENTION [0015] Unless defined otherwise, all technical and scientific minis used herein have the
same meanings as commonly understood by one of ordinary skill in the art to which this invention
belongs. [0016] Adjuvant: The term "adjuvant" as used herein refers to non-specific stimulators of the
immune response or substances that allow generation of a depot in the host which when combined
with the vaccine or with the pharmaceutical composition, respectively, may provide  WO
2009/109643PCT/EP2009/052639 - 4 - for an even more enhanced immune response. Preferred
adjuvants are complete and incomplete Freund 's adjuvant, aluminum containing adjuvant, preferably
aliminum hydroxide, most preferably alum, and modified muramyldipeptide. Further preferred
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 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, 0M-174,
0M-1 97, 0M-294, and Virosomal adjuvant technology. The adjuvants can also comprise a mixture of
these substances. VLP have been generally described as an adjuvant. However, the term "adjuvant",
as used within the context of this application, refers to an adjuvant not being the VLP used for the
inventive compositions, rather it relates to an additional, distinct component. [0017]Antigen. As used
herein, the term "antigen" refers to a molecule capable of being bound by an antibody or a T-cell
receptor (TCR) if presented by MHC molecules. The term "antigen", as used herein, also
encompasses T-cell epitopes. An antigen is additionally capable of being recognized by the immune
system and/or being capable of inducing a humoral immune response and/or cellular immune
response leading to the activation of B-and/or T-lymphocytes. This may, however, require that, at least
in certain cases, the antigen contains or is linked to a Th cell epitope and is given in adjuvant. An
antigen can have one or more cpitopes (B- and T-cpitopes). The specific reaction referred to above is
meant to indicate that the antigen will preferably react, typically in a highly selective manner, with its
corresponding antibody or TCR and not with the multitude of other antibodies or TCRs which may be
evoked by other antigens. Antigens as used herein may also be mixtures of several individual
antigens. The term "antigen" as used herein preferably refers to the IL-1 molecule, the IL-1 protein,
IL-1 mature fragment, the IL-1 fragment, the IL-1 peptide and the IL-1 mutein, most preferably
"antigen" refers to the IL-1 mutein. If not indicated otherwise, the teon "antigen" as used herein does
not refer to the virus particle or to the virus-like particle. [0018] Epitope: "epitope" refers to continuous
or discontinuous portions of a polypeptide which can be bound immunospecifically by an antibody or
by a T-cell receptor within the context of an MHC molecule. Immunospecific binding excludes
non-specific binding but does not necessarily exclude cross-reactivity. An epitope typically comprise
5-10 amino acids in a spatial conformation which is unique to the epitope. 



10019] Specific binding (antibody / antigen): Within this application, antibodies are defined  WO
2009/109643PCT/EP2009/052639 - 5 - to be specifically binding if they bind to the antigen with a
binding affinity (Ka) of 106 WI or greater, preferably 107 WI or greater, more preferably 108 M-1 or
greater, and most preferably 109 N41 or greater. The affinity of an antibody can be readily determined
by one of ordinary skill in the art (for example by Scatch ard analysis, by ELISA or by Biacore
analysis). [0020] Specific binding (IL-1 / IL-1 receptor): The interaction between a receptor and a
receptor ligand can be characterized by biophysical methods generally known in the art, including, for
example, ELISA or Biacore analysis. An IL-1 molecule is regarded as capable of specifically binding
an IL-1 receptor, when the binding affinity (Ka) of said IL-1 to said IL-I receptor is at least 105 WI,
preferably at least 106 WI, more preferably at least 107 1\44, still more preferably at least 1081\e, and
most preferably at least 109 M-1; wherein preferably said IL-1 receptor is an IL-1 receptor from mouse
or human, most preferably human. Further preferably, said IL-1 receptor comprises or more preferably
consists of any one of the sequences SEQ ID NO: 166 to SEQ ID NO:169, most preferably said IL-1
receptor comprises or preferably consists of any one of the sequences SEQ ID NO:166 and SEQ ID
NO: 167. [0021] Associated: The Mims "associated" or "association" as used herein refer 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.
[0022] Attachment Site, First: As used herein, the phrase "first attachment site" refers to an element
which is naturally occurring with the VLP, preferably with the VLP of an RNA bacteriophage, or which
is artificially added to the VLP, preferably to the VLP of an RNA bacteriophage, and to which the
second attachment site may be linked. The first attachment site preferably is 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 sulfhydryl group, a hydroxyl group, a guanidinyl group, histidinyl group, or a combination
thereof. A preferred embodiment of a chemically reactive group being the first attachment site is the
amino group of an amino acid, preferably of lysine. In a preferred embodiment said first attachment
site is the amino group of a lysine residue, wherein preferably said lysine residue is a lysine residue
which is naturally occurring with said VLP, preferably with said VLP of an RNA bacteriophage. The first
attachment site is located, typically on the surface, and preferably on the outer surface of  WO
2009/109643PCT/EP2009/052639 - 6 - the VLP, preferably of the VLP of an RNA bacteriophage, most
preferably of RNA bacteriophage Qp. Multiple first attachment sites are present on the surface,
preferably on the outer surface of the virus-like particle, preferably of the VLP of an RNA
bacteriophage, most preferably of the VLP of RNA bacteriophage QP, typically and preferably in a
repetitive configuration. In a preferred embodiment the first attachment site is associated with the VLP,
through at least one covalent bond, preferably through at least one peptide bond. In a further preferred
embodiment the first attachment site is naturally occurring with the VLP. Alternatively, in a preferred
embodiment the first attachment site is artificially added to the VLP. In a preferred embodiment the first
attachment site is associated with said VLP through at least one covalent bond, preferably through at
least one peptide bond, wherein said VLP is a VPL of an RNA bacteriophage, preferably of RNA
bacteriophage Q. In a further preferred embodiment said first attachment site is the amino group of a
lysine residue, wherein said lysine residue is a lysine residue of a coat protein, preferably of a coat
protein of an RNA bacteriophage, most preferably of RNA bacteriophage Qp. In a further preferred
embodiment said first attachment site is an amino group of a lysine residue of a coat protein of an
RNA bacteriophage, wherein preferably said coat protein comprises or preferably consists of the
amino acid sequence of SEQ ID NO:3. In a further preferred embodiment said first attachment site is a
lysine residue, wherein preferably said lysine residue is a lysine residue of a coat protein, preferably of
a coat protein of an RNA bacteriophage, most preferably of RNA bacteriophage QP. In a further
preferred embodiment said first attachment site is a lysine residue of the coat protein of RNA
bacteriophage Qp. 100231 Attachment Site, Second: As used herein, the phrase "second attachment
site" refers to an element which is naturally occurring with or which is artificially added to the IL-1
molecule and to which the first attachment site may be linked. The second attachment site of the IL-1
molecule preferably is a protein, a polypeptide, a peptide, an amino acid, a sugar, a polynucleMide, a
natural or synthetic polymer, a secondary metabolite or compound (biotin, fluorescein, retinol,
digoxigenin, metal ions, phenylmethylsulfonylfinoride), or a chemically reactive group such as an
amino group, a carboxyl group, a sulfhydryl group, a hydroxyl group, a guanidinyl group, histidinyl
group, or a combination thereof A preferred embodiment of a chemically reactive group being the
second attachment site is a sulfhydryl group. In a further preferred embodiment said second
attachment site is a sulfhydryl group, preferably a sulfhydryl group of acysteine residue. The term "IL-I
molecule with at least one second attachment site" refers, therefore, to a construct comprising the IL-1
molecule and at least one second attachment site. However, in particular for a second attachment site,
which is not naturally occurring within the IL-1 molecule, such a construct typically and preferably  WO
2009/109643PCVEP2009/052639 - 7 - further comprises a "linker". In another preferred embodiment
the second attachment site is associated with the IL-1 molecule through at least one covalent bond,
preferably through at least one peptide bond. In a further embodiment, the second attachment site is
naturally occurring within the IL-1 molecule. In another further preferred embodiment, the second
attachment site is artificially added to the IL-1 molecule, preferably through a linker, wherein further
preferably said linker comprises or alternatively consists of a cysteine. Very preferably said linker is
fused to the IL-1 molecule by way of a peptide bond. 10024] Coat protein: The term "coat protein"
refers to a viral protein, preferably a subunit of a natural capsid of a virus, preferably of an RNA
bacteriophage, which is capable of being incorporated into a virus capsid or a VLP. Coat proteins are
also known as capsid proteins. [0025] Linked: The terms "linked" or "linkage" as used herein, refer 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 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. 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 refer to 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 linkage of the at least one first attachment site and the at least
one second attachment site through intermediate molecule(s), and hereby typically and preferably by
using at least one, preferably one, heterobifunctional cross-linker Thus, in a preferred embodiment
said least one first attachment site and said at least one second attachment site are covalently linked
via least one, preferably exactly one, heterobifunctional cross-linker, wherein preferably said first
attachment site is the amino group of a lysine residue and wherein further preferably said second
attachment site is the sulfhydryl group of a cysteine residue. In other preferred embodiments the first
attachment site and the second attachment site are linked through at least one covalent bond,
preferably through at least one peptide bond, and even more preferably through exclusively peptide
bond(s). In a very preferred embodiment the first attachment site and the second attachment site are
linked exclusively by peptide bounds, preferably by genetic fusion, either directly, or, preferably, via an
amino acid linker. In a further preferred embodiment the second attachment site is linked to the
C-terminus of said  WO 2009/109643PCT/EP2009/052639 - 8 - first attachment site exclusively by
peptide bounds, preferably by genetic fusion. [0026] Linker: A "linker", as used herein, either
associates the second attachment site with the IL-1 molecule or comprises, essentially consists of, or
consists of the second attachment site. Preferably, a "linker", as used herein, comprises the second
attachment site, typically and preferably - but not necessarily - as one amino acid residue, preferably
as a eysteine residue. In a preferred embodiment said linker is an amino acid linker. In a very
preferred embodiment said linker consists of exactly one cysteine residue. In a further preferred
embodiment said linker comprises or consists of exactly one eysteine residue and said second
attachment site is the sulfhydryl group of said exactly one cysteine residue. Further linkers useful for
the present invention are molecules comprising a CI -C6 alkyl-, a cycloalkyl such as a cyclopentyl or
cyclohexyl, a cycloalkenyl, aryl or heteroaryl moiety. Moreover, linkers comprising preferably a CI-C6
alkyl-, cycloalkyl- (C5, C6), aryl- or heteroaryl- moiety and additional amino acid(s) can also be used
as linkers for the present invention and shall be encompassed within the scope of the invention.
Association of the linker with the IL-I molecule is preferably by way of at Least one covalent bond,
more preferably by way of at least one peptide bond. In the context of linkage by genetic fusion, a
linker may be absent or preferably is an amino acid linker, more preferably an amino acid linker
consisting exclusively of amino acid residues. Very preferred linkers for genetic fusion are flexible
amino acid linkers. In the context of Linkage by genetic fusion linkers preferred consist of 1 to 20, more
preferably of 2 to 15, still more preferably of 2 to 10, still more preferably of 2 to 5, and most preferably
of 3 amino acids. Very preferred linkers for genetic fusion comprise or preferably consist of GSG (SEQ
ID NO: 189). [0027] Amino acid linker: The term "amino acid linker" refers to a linker comprising least
one amino acid residue. Generally the tem!. "amino acid linker" does not imply that such linker would
consists exclusively of amino acid residues. However, in a preferred embodiment said amino acid
linker consists exclusively of amino acid residues. The amino acid residues of the linker are,
preferably, composed of naturally occurring amino acids or unnatural amino acids known in the art,
all-L or all-I) or mixtures thereof, most preferably all-L. Further preferred embodiments of a linker in
accordance with this invention are molecules comprising a sulthydryl group or a cysteine residue and
such molecules are, therefore, also encompassed within this invention. 100281 Ordered and repetitive
antigen array: As used herein, the term "ordered and repetitive antigen array" generally refers to a
repeating pattern of antigen or to a structure which is 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  WO 2009/109643PCT/EP2009/052639 - 9 -- invention, the
repeating pattern may be a geometric pattern. Certain embodiments of the invention, such as antigens
coupled to the VLP of RNA bacteriophages, are typical and preferred examples of suitable ordered
and repetitive antigen arrays which, moreover, 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. [00291 IL-1 molecule: The term "IL-1 molecule" or shortly "IL-1", as
used herein, refers to any polypeptide, wherein the amino acid sequence of said polypeptide shows at
least 80 %, preferably at least 90 %, more preferably at least 95 %, even more preferably at least 99 %
and most preferably 100 % sequence identity with any one of the sequences selected from the group
consisting of SEQ ID NO:36 to SEQ ID NTO:116, SEQ ID NO: 130 to SEQ ID NO: 140 and SEQ ID
NO:163 to SEQ ID NO:165. The team "IL-1-molecule", as used herein, preferably refers to any IL-1
protein, IL-1 fragment, IL-1 mature fragment, IL-1 peptide or IL-1 mutein comprising or alternatively
consisting of a polypeptide, wherein the amino acid sequence of said polypeptide shows at least 80 %,
preferably at least 90 %, more preferably at least 95 %, even more preferably at least 99 % and most
preferably 100 % sequence identity with any one of the sequences selected from the group consisting
of SEQ ID NO:36 to SEQ ID NO:116, SEQ ID NO:130 to SEQ ID NO:140 and SEQ ID NO:163 to SEQ
ID NO:165. The term IL-1 molecule, as used herein, also typically and preferably refers to orthologs of
IL-1 proteins of any animal species. An IL-1 molecule is preferably, but not necessarily, capable of
binding to the IL-1 receptor and further preferably comprises biological activity. 10030] IL-1 alpha
molecule: The temi "IL-1 alpha molecule" or shortly "IL-1 alpha", as used herein, refers to an IL-1 alpha
protein, IL-1 alpha fragment, IL-1 alpha mature fragment, IL-1 alpha peptide or IL-1 alpha mutein
comprising or alternatively consisting of an polypeptide, wherein the amino acid sequence of said
polypeptide shows at least 80 %, preferably at least 90 %, more preferably at least 95 %, even more
preferably at least 99 % and most preferably 100 % sequence identity with any one of the sequences
selected from the group consisting of SEQ ID NO:36 to 48, SEQ ID NO:63, SEQ ID NO:65, SEQ ID
NO:67 to SEQ ID B0:88, and SEQ ID NO:163. A specifically preferred embodiment of IL-1 alpha is
human IL-1 alpha 119-271 (SEQ ID NO:63). [00311 IL-1 beta molecule: The term "IL-1 beta molecule"
or shortly "IL-1 beta", as used herein, refers to an IL-1 beta protein, IL-1 beta fragment, IL-1 beta
mature fragment, IL-1 beta peptide or IL-1 beta mutein comprising or alternatively consisting of an
polypeptide, wherein the amino acid sequence of said polypeptide shows at least 80 %, preferably at
least 90 %, more preferably at least 95 %, even more preferably at least 99 % and most preferably 



WO 2009/109643PCT/EP2009/052639 - 10 - 100 % sequence identity with any one of the sequences
selected from the group consisting of SEQ ID NO:49 to SEQ ID NO:62, SEQ ID NO:64, SEQ ID NO:6'.
SEQ ID NO:89 to SEQ ID NO:116, SEQ ID NO:130 to SEQ ID NO: 140, SEQ ID NO:164, and SEQ ID
NO: 165. A specifically preferred embodiment of IL-1 beta is human IL-1 beta 117-269 (SEQ ID
NO:64). [0032] IL-1 protein: The term "IL-1 protein", as used herein, refers to a naturally occurring
protein, wherein the amino acid sequence of said naturally occurring protein shows at least 80 %,
preferably at least 90 %, more preferably at least 95 %, even more preferably at least 99 % and most
preferably 100 % sequence identity with any one of SEQ ID NO:36 to SEQ ID NO :62; or wherein said
naturally occurring protein is capable of binding the IL-1 receptor and preferably comprises biological
activity. The term "IL-1 protein", as used herein, preferably refers to a naturally occurring protein,
wherein the amino acid sequence of said naturally occurring protein shows at least 80 %, preferably at
least 90 %, more preferably at least 95 %, even more preferably at least 99 % and most preferably 100
% sequence identity with any one of SEQ ID NO:36 to SEQ ID NO:62; and wherein said naturally
occurring protein is capable of binding the IL-1 receptor and preferably comprises biological activity.
Typically and preferably, the term "IL-1 protein", as used herein, refers to at least one naturally
occurring protein, wherein said protein is capable of binding the IL-1 receptor and comprises biological
activity, and wherein further said protein comprises or alternatively consists of a polypeptide, wherein
the amino acid sequence of said polypeptide shows at least 80 %, preferably at least 90 %, more
preferably at least 95 %, even more preferably at least 99 % and most preferably 100% sequence
identity with any one of SEQ ID NO:36 to SEQ ID NO:62. Accordingly, the teim "IL-I alpha protein"
relates to an IL-1 protein comprising or alternatively consisting of a polypeptide, wherein the amino
acid sequence of said polypeptide shows at least 80 %, preferably at least 90 %, more preferably at
least 95 %, even more preferably at least 99 % and most preferably 100 % sequence identity with any
one of SEQ ID NO:36 to SEQ ID NO:48, whereas the term "IL-I beta protein" relates to an IL-1 protein
comprising or alternatively consisting of a polypeptide, wherein the amino acid sequence of said
polypeptide shows at least 80 %, preferably at least 90 %, more preferably at least 95 %, even more
preferably at least 99 % and most preferably 100 % sequence identity with any one of SEQ ID NO:49
to SEQ ID NO:62. [0033] IL-1 fragment: The term "IL-1 fragment", as used herein, relates to a
polypeptide comprising a consecutive stretch of an IL-1 protein, wherein said polypeptide is at least
50, preferably at least 100, most preferably at least 150 amino acids in length. Typically and preferably
said IL-1 fragment is at most 300, more preferably at most 250, and most preferably at most 200
amino acids in length. Typically and preferably, IL-1 fragments are  WO
2009/109643PCT/EP2009/052639 - 11 - capable of binding the IL-1 receptor and further preferably
comprises biological activity. Accordingly, the terms "IL-1 alpha fragment" and "IL-1 beta fragment"
relate to an IL-1 fragment as defined, wherein said IL-1 protein is an IL-1 alpha protein or an IL-1 beta
protein, respectively. 100341 IL-1 mature fragment: The term "IL-1 mature fragment", as used herein,
relates to a IL-1 fragment, wherein said IL-I fragment is a naturally occurring maturation product of an
IL-1 protein. Accordingly, the terms "IL-1 alpha mature fragment" and "IL-1 beta mature fragment", as
used herein relate to IL-1 mature fragments as defined, wherein said IL-1 protein is an IL-1 alpha
protein or an IL-1 beta protein, respectively. Preferred embodiments of IL-1 alpha mature fragments
are SEQ ID NO:63, SEQ ID NO:65 and SEQ ID NO:163. Preferred embodiments of IL-1 beta mature
fragments are SEQ ID NO:64, SEQ ID NO:66, SEQ ID NO:130, SEQ ID NO:164, and SEQ ID NO:165.
[0035] Preferred IL-1 alpha mature fragments comprise or preferably consist of an amino acid
sequence selected from the group consisting of: (a) human IL-1 alpha 119-271 (SEQ ID  NO:63); (b)
mouse IL-1 alpha 117-270 (SEQ ID NO:65); (c) mouse IL-1 alpha 117-270s (SEQ ID NO: 163); and (e)
an amino acid sequence which is at least 80 %, or preferably at least 90 %, more preferably at least 95
%, or most preferably at least 99 % identical with any one of SEQ ID NO:63, SEQ ID NO:65 and SEQ
ID NO:163. [0036] Preferred IL-1 beta mature fragments comprise or preferably consist of an amino
acid sequence selected from the group consisting of: (a) human IL-1 beta 117-269 (SEQ ID  NO:64);
(b) human IL-I beta 116-269 (SEQ ID NO:165); (c) mouse IL-1 beta 119-269 (SEQ ID NO:66); (d)
mouse IL-1 beta 119-269s (SEQ ID NO: 164); and (e) an amino acid sequence which is at least 80 %,
or preferably at least 90 %, more preferably at least 95 %, or most preferably at least 99 % identical
with any one of SEQ ID NO:64, SEQ ID NO:66, SEQ ID NO:164 and SEQ ID NO:165. [0037] IL-1
peptide: The term "IL-1 peptide", as used herein, relates to a polypeptide comprising a consecutive
stretch of a naturally occurring protein, wherein said protein is capable of binding the IL-1 receptor and
preferably comprises biological activity, wherein said polypeptide is 4 to 49, preferably 6 to 35, most
preferably 10 to 25 amino acids in length. The IL-1 peptide may be, but typically is not, capable of
binding the IL-I receptor and typically has no biological activity. Accordingly, the terms "IL-1 alpha
peptide" and "IL-1 beta peptide", as used herein relate to IL-1 peptides as defined, wherein said
naturally occurring protein is an IL-1 alpha protein or an IL-1 beta protein, respectively. Preferred IL-1
peptides are SEQ ID NO:82 to SEQ ID NO:116. [0038] IL-1 mutein: The term "IL-1 mutein" as used
herein comprise or preferably consist  WO 2009/109643PCT/EP2009/052639 - 12 - of any polypeptide
derived from an IL-1 molecule, preferably from an IL-1 alpha or an IL-1 beta protein, an IL-1 alpha or
an IL-1 beta fragment, an IL-1 alpha or an IL-1 beta mature fragment or an IL-1 alpha or an IL-1 beta
peptide, wherein preferably said polypeptide exhibits reduced biological activity as compared to the
IL-1 molecule it is derived from. Accordingly, IL-1 alpha muteins and IL-1 beta muteins are IL-1
muteins as defined, wherein said polypeptide is derived from an IL-1 alpha molecule or an IL-1 beta
molecule, respectively. Very preferred IL-1 beta muteins are IL-I beta muteins derived from IL-1 beta
mature fragments, preferably from human IL-11311,-269 (SEQ ID NO:64). Very preferred IL-1 alpha
muteins are derived from IL-1 alpha mature fragments, preferably from human IL-1 a119.271 (SEQ ID
NO:63). [0039] In preferred IL-1 muteins, said biological activity is less than 80 %, more preferably less
than 60 %, still more preferably less than 40 %, still more preferably less than 20 % of the biological
activity of the IL-I molecule it is derived from, wherein further preferably said biological activity is
determined by the capacity of said IL-1 mutein to induce EL-6 in human PBMCs, wherein most
preferably said biological activity is determined essentially as described in Example 8 B. [0040] In
preferred IL-1 beta muteins, said biological activity is less than 80 %, more preferably less than 60 %,
still more preferably less than 40 %, still more preferably less than 20 % of the biological activity of the
IL-1 beta molecule it is derived from, wherein preferably said IL-1 beta molecule is an IL-1 beta mature
fragment, preferably human IL-113117-269 (SEQ ID NO:64), and wherein further preferably said
biological activity is determined by the capacity of said IL-1 beta mutein to induce IL-6 in human
PBMCs, wherein most preferably said biological activity is determined essentially as described in
Example 8 B. [0041] In preferred IL-1 alpha muteins, said biological activity is less than 80 %, more
preferably less than 60 %, still more preferably less than 40 %, still more preferably less than 20 % of
the biological activity of the IL-I alpha molecule it is derived from, wherein preferably said IL-1 alpha
molecule is an IL-1 alpha mature fragment, preferably human human IL-1 a119.271 (SEQ ID NO:63),
and wherein further preferably said biological activity is determined by the capacity of said IL-1 alpha
mutein to induce IL-6 in human PBMCs, wherein most preferably said biological activity is determined
essentially as described in Example 11. 100421 Further preferred IL-1 muteins are derived from an
IL-1 mature fragment, wherein the biological activity of said IL-1 mutein is less than 80%, more
preferably less than 60 %, still more preferably less than 40 %, still more preferably less than 20 % of
the biological  WO 2009/109643PCT/EP2009/052639 



- 13 - activity of the IL-1 mature fragment said IL-1 mutein is derived from. Very preferred IL-1 muteins
do not exhibit biological activity, wherein preferably said biological activity is determined essentially as
described in Examples 8 B or 11. [0043] Further preferably, but not necessarily, IL-1 muteins are
capable of specifically binding an IL-1 receptor. [0044] Compositions comprising a prierred IL-1 mutein
as the sole antigen induce a titer of antibodies capable of specifically binding the IL-1 molecule said
IL-1 mutein is derived from, wherein said titer is at least 20 A, preferably at least 40 %, still more
preferably at least 60 %, still more preferably at least 80 % and most preferably at least 100 % of the
titer obtained with a composition comprising the IL-1 molecule said IL-1 mutein is derived from as the
sole antigen, wherein preferably said titer is determined essentially as described in Example 9 D.
[0045] When introduced into an animal, compositions comprising a preferred IL-1 beta mutein as the
sole antigen induce a titer of antibodies capable of specifically binding the IL-1 beta molecule said IL-1
beta mutein is derived from, wherein preferably said IL-1 beta molecule is an IL-1 beta mature
fragment, most preferably human IL-I11117-259 (SEQ ID NO:64), wherein said titer is at least 20 %,
preferably at least 40 %, still more preferably at least 60 %, still more preferably at least 80 "A and
most preferably at least 100 % of the titer obtained with a composition comprising the IL-1 beta
molecule said IL-1 beta mutein is derived from, preferably said IL-1 beta mature fragment, most
preferably said human IL-]j117269 (SEQ ID NO:64) as the sole antigen, wherein further preferably said
titer is determined essentially as described in Example 9 D. [0046] When introduced into an animal,
compositions comprising a preferred IL-1 alpha mutein as the sole antigen induce a titer of antibodies
capable of specifically binding the IL-1 alpha molecule said IL-1 alpha mutein is derived from, wherein
preferably said IL-1 alpha molecule is an 1L-1 alpha mature fragment, most preferably human IL-1 a,
19-271 (SEQ ID NO:63), wherein said titer is at least 20 %], preferably at least 40 %, still more
preferably at Least 60 %, still more preferably at least 80 % and most preferably at least 100 % of the
titer obtained with a composition comprising the IL-1 alpha molecule said IL-1 alpha mutein is derived
from, preferably said IL-1 alpha mature fragment, most preferably said human IL-1 an 9-271 (SEQ ID
NO:63)as the sole antigen, wherein further preferably said titer is determined essentially as described
in Example 9 D.  [0047] A very preferred IL-1 mutein is an IL-1 mutein, wherein said biological activity
is less than 80 %, more preferably less than 60 %, still more preferably less than 40 %, still more
preferably less than 20 % of the biological activity of the IL-1 molecule it is derived from, wherein
further preferably said biological activity is detel mined by the capacity of said  WO
2009/109643PCT/EP2009/052639 - 14 - IL-1 mutein to induce IL-6 in human PBMCs, wherein MOST
preferably said biological activity is determined essentially as described in Example 8 B, and wherein
additionally compositions comprising said very preferred IL-1 mutein as the sole antigen induce a titer
of antibodies capable of specifically binding the IL-1 molecule said very preferred IL-1 mutein is
derived from, wherein said titer is at least 20 %, preferably at least 40 %, still more preferably at least
60 %, still more preferably at least 80 % and most preferably at least 100 % of the titer obtained with a
composition comprising the IL-1 molecule said very preferred IL-1 mutein is derived from as the sole
antigen, wherein preferably said titer is determined essentially as described in Example 9 ID. 100481
Very preferred are IL-1 muteins derived from (i) an IL-1 protein, preferably from SEQ ID NO:36 to SEQ
ID NO:62; or 0.0 more preferably of an IL-1 mature fragment, preferably from any one of SEQ ID
NO:63 to SEQ ID NO:66, SEQ ID NO:130, and SEQ ID NO:163 to SEQ ID NO:165. 100491 IL-1
muteins useful in the context of the invention have been described in Kamogashira et al. (1988) J.
Biochem. 104:837-840; Getu-ke et al. (1990) The Journal of Biological Chemistry 265(11):5922-5925;
Conca et al. (1991) The Journal of Biological Chemistry 266(25):16265-16268:Ju et al. (1991) PNAS
88:2658-2662; Auron et al. (1992) Biochemistry 31:6632-6638; Guinet et al, (1993) Eur. J. Biochem 21
1:583-590; Carnacho (1993) Biochemistry 32:8749-8757; Baumann (1993) Journal of Recepror
Research 13(1- 4):245-262; Simon (1993) The Journal of Biological Chemistry 268(13):9771-9779;
and Simoncsits (1994) Crolcine 6(2):206-214, 10050] Preferred IL-1 muteirts comprise or preferably
consist of a polypeptide, wherein the amino acid sequence of said polypeptide differs from the amino
acid sequence of an IL-1 protein, an 11-1 fragment, an IL-1 mature fragment or an IL-1 peptide in 1 to
10, preferably 1 to 6, more preferably 1 to 5, still more preferably Ito 4, still more preferably 1 to 3, still
more preferably 1 to 2, and most preferably in exactly 1 amino acid residue(s), wherein preferably said
amino acid residue(s) are (i) deleted from said polypeptide, (ii) inserted into said polypeptide, (iii)
exchanged by another amino acid residue, or (iv) any combination of (i) to     In a preferred
embodiment, said amino acid residues are in one consecutive stretch. Further preferred IL-1 muteins
comprise or preferably consist of a polypeptide, wherein the amino acid sequence of said polypeptide
differs from the amino acid sequence of an IL-1 protein, an IL-1 fragment, or an IL-1 mature fragment,
preferably of an IL-1 mature fragment, in 1 to 10, preferably 1 to 6. more preferably 1 to 5, still more
preferably 1 to 4, still more preferably 1 to 3, still more preferably 1 to 2, and most preferably in exactly
1 amino acid  WO 20091109643PCT1EP20091052639 - 15 - residue(s), wherein preferably said
amino acid residue(s) are (i) deleted from said polypeptide, (ii) inserted into said polypeptide, (iii)
exchanged by another amino acid residue, or (iv) any combination of (i) to (iii). [0051] Further preferred
IL-1 muteins comprise or more preferably consist of a polypeptide, wherein the amino acid sequence
of said polypeptide differs from an amino acid sequence selected from SEQ ID NO:36 to SEQ ID
NO:48 and SEQ ID NO:49 to SEQ ID NO:62 in 1 to 10, preferably 1 to 6, more preferably 1 to 5, still
more preferably 1 to 4, still more preferably 1 to 3, still more preferably I to 2, and most preferably in
exactly 1 amino acid residue(s), wherein preferably said amino acid residue(s) are (i) deleted from said
polypeptide, (ii) inserted into said polypeptide, (iii) exchanged by another amino acid residue, or (iv)
any combination of (i) to (iii). Further preferred IL-1 muteins comprise or preferably consist of a
polypeptide, wherein the amino acid sequence of said polypeptide differs from an amino acid
sequence selected from the group consisting of (i) any one of SEQ ID NO:63, SEQ ID NO:65, and
SEQ ID NO:163, most preferably SEQ ID NO:63; or (ii) any one of SEQ ID NO:64, SEQ ID NO:66,
SEQ ID NO:130, SEQ ID NO:164, and SEQ ID NO:165, most preferably SEQ ID NO:64; in 1 to 10,
preferably 1 to 6, more preferably 1 to 5, still more preferably 1 to 4, still more preferably I to 3, still
more preferably 1 to 2, and most preferably in exactly 1 amino acid residue(s), wherein preferably said
amino acid residue(s) are (i) deleted from said polypeptide, (ii) inserted into said polypeptide, (iii)
exchanged by another amino acid residue, or (iv) any combination of (i) to (iii). 10052] Further
preferred 1L-1 mutems are IL-1 alpha muteins, wherein said IL-1 alpha muteins comprise or more
preferably consist of a polypeptide, wherein the amino acid sequence of said polypeptide differs from
an amino acid sequence selected from SEQ ID NO:36 to SEQ ID NO:48 in Ito 6, preferably 1 to 5,
more preferably I to 4, still more preferably 1 to 3, still more preferably 1 to 2, and most preferably in
exactly 1 amino acid residue(s), wherein preferably said amino acid residue(s) are (i) deleted from said
polypeptide, (ii) inserted into said polypeptide, (iii) exchanged by another amino acid residue, or (iv)
any combination of (i) to (iii). Further preferred IL-1 alpha muteins comprise or preferably consist of a
polypeptide, wherein the amino acid sequence of said polypeptide differs from an amino acid
sequence selected from SEQ ID NO:63, SEQ ID NO-65, and SEQ ID NO: 163, most preferably SEQ
ID NO:63, in Ito 6, preferably 1 to 5, more preferably 1 to 4, still more preferably 1 to 3, still more
preferably 1 to 2, and most preferably in exactly 1 amino acid residue(s), wherein preferably said
amino acid residue(s) are (i) deleted from said polypeptide, (ii) inserted into said polypeptide, (iii)
exchanged by another amino acid residue, or (iv) any combination of (i) to (iii).  WO
2009/109643PCT/EP2009/052639 - 16 -  [0053] Very preferred IL-1 alpha muteins comprise or
preferably consist of a polypeptide, wherein the amino acid sequence of said polypeptide differs from
the amino acid sequence of SEQ ID NO:63 in 1 to 10, preferably I to 6, more preferably 1 to 5, still
more preferably 1 to 4, still more preferably 1 to 3, still more preferably 1 to 2, and most preferably in
exactly 1 amino acid residue(s), wherein preferably said amino acid residue(s) are (i) deleted from said
polypeptide, (ii) inserted into said polypeptide, (iii) exchanged by another amino acid residue, or (iv)
any combination of (i) to (iii). Still more preferred IL-I alpha muteins comprise or preferably consist of a
polypeptide, wherein the amino acid sequence of said polypeptide is selected from the group
consisting of SEQ ID NO:210 to SEQ ID NO :218. [0054] Further preferred IL-1 muteins are IL-1 beta
muteins, wherein said IL-1 beta muteins comprise or rnore preferably consist of a polypeptide, wherein
the amino acid sequence of said polypeptide differs from an amino acid sequence selected from SEQ
ID NO:49 to SEQ ID N0:62 in 1 to 6, preferably Ito 5, more preferably 1 to 4, still more preferably 1 to
3, still more preferably 1 to 2, and most preferably in exactly 1 amino acid residue(s), wherein
preferably said amino acid residue(s) are (i) deleted from said polypeptide, (ii) inserted into said
polypeptide, (Hi) exchanged by another amino acid residue, or (iv) any combination of (i) to (Hi).
Further preferred IL-1 beta muteins comprise or preferably consist of a polypeptide, wherein the amino
acid sequence of said polypeptide differs from an amino acid sequence selected from SEQ ID N0:64,
SEQ ID N0:66, SEQ ID N0:130, SEQ ID N0:164, and SEQ ID NO:165, most preferably SEQ ID N0:64,
in 1 to 6, preferably I to 5, more preferably 1 to 4, still more preferably 1 to 3, stilt more preferably 1 to
2, and most preferably in exactly 1 amino acid residue(s), wherein preferably said amino acid
residue(s) are (i) deleted from said polypeptide, (ii) inserted into said polypeptide, (Hi) exchanged by
another amino acid residue, or (iv) any combination of (i) to (iii). Very preferred IL-1 beta muteins
comprise or preferably consist of a polypeptide, wherein the amino acid sequence of said polypeptide
differs from the amino acid sequence of SEQ ID N0:64 in 1 to 10, preferably 1 to 6, more preferably Ito
5, stilt more preferably 1 to 4, still more preferably 1 to 3, still more preferably Ito 2, and most
preferably in exactly 1 amino acid residue(s), wherein preferably said amino acid residue(s) are (i)
deleted from said polypeptide, (H) inserted into said polypeptide, (Hi) exchanged by another amino
acid residue, or (iv) any combination of (i) to (iii). Still more preferred IL-1 beta muteins comprise or
preferably consist of a polypeptide, wherein the amino acid sequence of said polypeptide is selected
from SEQ ID NO:131 to SEQ ID NO-140 and SEQ ID N0:205 to SEQ ID N0:209. [0055] "derived
from": in the context of the invention, the expression an amino acid sequence which is "derived from"
another amino acid sequence means that said amino acid  WO 2009/109643PCT1EP2009/0 26 9 - 17
- 



sequence is essentially identical with the amino acid sequence it is derived from, with the exception of
certain mutations, wherein said mutations are selected from the group consisting of (i) amino acid
exchanges, (ii) deletions, (iii) insertions, and (iv) any combination of (i) to    wherein preferably said
mutations are selected from (i) amino acid exchanges and (ii) deletions. In particular, a mutated amino
acid sequence derived from a wild type amino acid sequence preferably differs from said wild type
amino acid sequence in 1 to 10, preferably 1 to 6, more preferably 1 to 5, still more preferably 1 to 4,
still more preferably 1 to 3, still more preferably I to 2, and most preferably in exactly 1 amino acid
residue(s), wherein preferably said amino acid residue(s) are (i) exchanged by another amino acid, (ii)
deleted from said wild type amino acid, (iii) inserted into said wild type sequence, and (iv) any
combination of (i) to    wherein most preferably said amino acid residue(s) are (i) exchanged by
another amino acid, or (ii) deleted from said wild type amino acid. Deletions of more than one amino
acid residue preferably occur as a deletion of a consecutive stretch of amino acid residues of said wild
type amino acid sequence. A mutated amino acid sequence which is derived from a wild type amino
acid sequence preferably has at least 90 %, 91 %, 92 Vo, 93 %, 94 %, 95 %, 96 %, 97 %, 98 %, and
most preferably at least 99 A) sequence identity with said wild type amino acid sequence, [0056]
Similarly, the expression "mutein derived from a IL-1 molecule" refers to a mutein, wherein said mutein
comprises or preferably consists of a polypeptide, wherein the amino acid sequence of said
polypeptide is essentially identical to that of the IL-1 molecule it is derived from, with the exception of
certain mutations, wherein said mutations are selected from the group consisting of (i) amino acid
exchanges, (ii) deletions, (iii) insertions, and (iv) any combination of (i) to wherein preferably said
mutations are selected from (i) amino acid exchanges and (ii) deletions. In particular, an IL-1 mutein
derived from an IL-1 molecule differs from said IL-1 molecule in 1 to 10, preferably Ito 6, more
preferably 1 to 5, still more preferably 1 to 4, still more preferably 1 to 3, still more preferably I to 2, and
most preferably in exactly 1 amino acid residue(s), wherein preferably said amino acid residue(s) are
(i) exchanged by another amino acid, (ii) deleted from said wild type amino acid, (iii) inserted into said
wild type sequence, and (iv) any combination of (i) to (iii), wherein most preferably said amino acid
residue(s) are (i) exchanged by another amino acid, or (ii) deleted from said wild type amino acid.
Deletions of more than one amino acid residue preferably occur as a deletion of a consecutive stretch
of amino acid residues of the IL-1 molecule said IL-1 mutein is derived from. A mutein derived from a
wild type amino acid sequence preferably has at least 90 %, 91 %, 92 %, 93 %, 94 %, 95 %, 96 %, 97
%, 98 A, and most preferably at least 99 % sequence identity with the IL-1 molecule said IL-1 mutein is
derived from,  WO 2009/109643PCT/EP2009/052639 - 18 - [0057] Amino acid exchange: the
expression amino acid exchange refers to the exchange of an amino acid residue in a certain position
of an amino acid sequence by any other amino acid residue. (00581 Agonistic effect/biological activity
of the IL-1: The terms "biological activity" or "biologically active" as used herein with respect to IL-1
refer to the ability of the IL-1 molecule to induce the production of IL-6 after systernical administration
into animals, preferably as outlined in Example 2 E. and in Example 3 E. By biological activity of the
IL-1 molecule is also meant the ability to induce the proliferation of thymocytes (Epps et al., Cytokine
9(3):149-156 (1997), D10.G4.1 T helper cells (Orencole and Dinarello, Cytokine 1(1):14-22 (1989), or
the ability to induce the production of IL-6 from M064 or HaCaT cells (Boraschi et al., J. Immunol.
155:4719-4725 (1995) or fibroblasts (Dinarello et al., Current Protocols in Immunology 6.2.1-6-2-7
(2000)), or the production of IL-2 from EL-4 thymoma cells (Simon et al., J. Immunol. Methods
84(1-2):85-94 (1985)), or the ability to inhibit the growth of the human melanoma cell line A375 (Nakai
et al., Biochem. Biophys. Res. Commun. 154:1189-1196 (1988)). Very preferably, the tenn biological
activity of an IL-1 molecule or an IL-1 mutein refers to the capacity of an IL-1 composition comprising
said IL-I molecule or said IL-1 mutein to induce IL-6 in human PBMCs, wherein preferably said IL-I
molecule or said IL-1 mutein is the sole antigen in said IL-1 composition, and wherein most preferably
said biological activity is determined essentially as described in Example 8 B. (0059] Packaged: The
term "packaged" as used herein refers to the state of a polyanionic macromolecule or of an
immunostimulatory substances in relation to the VLP. The term "packaged" as used herein includes
binding that may be covalent, e.g., by chemically coupling, or non-covalent, e.g., ionic interactions,
hydrophobic interactions, hydrogen bonds, etc. In a preferred embodiment the term "packaged" refers
to the enclosement, or partial enclosement, of a polyanionic macromolecule by the VLP. Thus, the
polyanionic macromolecule or immunostimulatory substances can be enclosed by the VLP without the
existence of an actual binding, in particular of a covalent binding. In preferred embodiments, the at
least one polyanionic macromolecule or immunostimulatory substances is packaged into the VLP,
most preferably in a non-covalent manner. Methods for packaging polyanionic macromolecules such
as polyglutamic acid into VLPs, and in particular into VLPs of RNA bacteriophages, are disclosed in
W02006/037787. Reference is made in particular to Example 4 of W02006/037787. Methods for
packaging immunostimulatory substances, preferably immunostimulatory nucleic acids, and most
preferably unmethylated Cp0-containing oligonucleotides into a VLP are described in
W02003/024481A2. In case said immunostimulatory substances is nucleic acid, preferably a DNA, and
most preferably an  WO 2009/109643PCT/EP2009/052639 - 19 - unmethylated CpG-containing
oligonucleotide, the Man packaged implies that said nucleic acid is not accessible to nucleases
hydrolysis, preferably not accessible to DNAse hydrolysis (e.g. DNased or Benzonase), wherein
preferably said accessibility is assayed as described in Examples 11-17 of W02003/024481A2. [0060]
Polyanionic macromolecule: The term "polyanionic macromolecule", as used herein, refers to a
molecule of high relative molecular mass which comprises repetitive groups of negative charge, the
structure of which essentially comprises the multiple repetition of units derived, actually or
conceptually, from molecules of low relative molecular mass. The term "polyanionic macromolecule"
as used herein refers to a molecule that is not capable of activating toll-like receptors. Thus, the term
"polyanionic macromolecule" excludes Toll-like receptors ligands, and excludes substances capable of
inducing and/or enhancing an immune response, such as Toll-like receptors ligamis, nucleic acids
capable of inducing and/or enhancing an immune response, and lipopolysacchrides (LPS). More
preferably the term "polyanionic macromolecule" as used herein, refers to a molecule that is not
capable of inducing cytokine production. Preferably, polyanionic macromolecules are polyanionic
polypeptides or anionic dextrans. In a preferred embodiment said polyanionic macromolecules are
polyanionic polypeptides, wherein preferably said polyanionic polypeptides are selected from a group
consisting of (a) polyglutamic acid; (b) polyaspartic acid; (c) poly(GluAsp) and (d) any chemical
modifications of (a) to (c). Examples for chemical modifications include, but are not limited to
glycosylations, acetylations, and phosphorylations. In a further prefeired embodiment said polyanionic
macromolecules are anionic dextrans selected from a group consisting of: (a) dextran sulfate; (b)
carboxylmethyl dextran; (c) sulfopropyl dextran;(d) methyl sulfonate dextran; and (e) dextrane
phosphate. [0061] Polyaspartic acid: The teim "polyaspartic acid" as used herein, refers to a
polypeptide comprising at least 50 %, preferably at least 70 %, more preferably at least 90 %, more
preferably at least 95 %, more preferably at least 99 %, more preferably 100 %, aspartic acid residues
out of the total number of amino acid residues comprised by said polypeptide. The aspartic acid
residues of said polypeptide are hereby either all-L, or mixtures of L- and D-aspartic acid. Most
preferably said polypeptide only comprises L-aspartic acid residues. [0062] Polyglutamic acid: The
term "polyglutamic acid", as used herein, refers to a polypeptide comprising at least 50 %, preferably
at least 70 %, more preferably at least 90 %, more preferably at least 95 %, more preferably at least
99 %, and most preferably 100 % glutamic acid residues out of the total number of amino acid
residues comprised by said polypeptide. The glutamic acid residues of said polypeptide are hereby
either all-L, all-D, or  WO 20091109643PCT1EP20091052639 - 20 - mixtures of L- and D-glutamic
acid. Most preferably said polypeptide only comprises Lglutamic acid residues. [0063] Poly (GMAsp):
The teim -Poly (GluAsp)" as used herein, refers to a polypeptide comprising at least 50 %, preferably
at least 70 %, more preferably at least 90 % , still more preferably at least 95 %, still more preferably at
least 99 %, and most preferably 100 % glutamic acid residues and aspartic acid residues, out of the
total number of amino acid residues comprised by said polypeptide. The glutamic acid molecules and
the aspartic acid molecules are hereby either all-L or all-D or mixtures thereof. Most preferably said
polypeptide only comprises L-glutamic acid residues and L-aspartic acid residues. [0064] Polypeptide:
The Milli "polypeptide" as used herein refers to a molecule composed of monomers (amino acids)
linearly linked by amide bonds (also known as peptide bonds). It indicates a molecular chain of amino
acids and does not refer to a specific length of the product. Thus, peptides, dipeptides, tripeptides,
oligopeptides and proteins are included within the definition of polypeptide. Post-translational
modifications of the polypeptide, for example, glycosylations, acetylations, phosphorylations, and the
like are also encompassed. [0065] The amino acid sequence identity of polypeptides can be
determined conventionally using known computer programs such as the Bestfit program. When using
Bestfit or any other sequence alignment program, preferably using Bestfit, to determine whether a
particular sequence is, for instance, 95 % identical to a reference amino acid sequence, the
parameters are set such that the percentage of identity is calculated over the full length of the
reference amino acid sequence and that gaps in homology of up to 5% of the 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. [00661Recombinant VLP: The Milo "recombinant VLP", as used
herein, refers to a VLP that is obtained by a process which comprises at least one step of recombinant
DNA technology. [0067] Virus particle: The term "virus particle" as used herein refers to the
morphological form of a virus. In some virus types it comprises a genome surrounded by a protein
capsid; others have additional structures (e.g., envelopes, tails, etc.).  [0068] Virus-like particle (VLP),
as used herein, refers to a non-replicative or noninfectious, preferably a non-replicative and
non-infectious virus particle, or refers to a nonreplicative or non-infectious, preferably a non-replicative
and non-infectious structure resembling a virus particle, preferably a capsid of a virus. The term
"non-replicative", as used herein, refers to being incapable of replicating the genome comprised by the
VLP. The term  WO 2009/109643PCT/EP2009/052639 - 21 - 



"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 bacteriophage. The terms "viral capsid" or "capsid", refer to a rnacromolecular
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 viral capsid or viral-capsid like structure with an inherent repetitive organization,
wherein said structure is, typically, spherical or tubular For example, the capsids of RNA
bacteriophages or HBcAgs have a spherical form of icosahedral symmetry. The term "capsid-like
structure" as used herein, refers to a macromolecular assembly composed of viral protein subunits
resembling the capsid morphology in the above defined sense but deviating from the typical
symmetrical assembly while maintaining a sufficient degree of order and repetitiveness. One common
feature of virus particle and virus-like particle is its highly ordered and repetitive arrangement of its
subunits. [0069]Virus-like particle of an RNA bacteriophage: As used herein, the term "virus-like
particle of an RNA bacteriophage" refers to a virus-like particle comprising, or preferably consisting
essentially of, or consisting of coat proteins, mutants or fragments thereof, of an RNA bacteriophage.
In addition, a virus-like particle of an RNA bacteriophage is resembling the structure of an RNA
bacteriophage.Furthermore, a virus-like particle of an RNA bacteriophage is non replicative and/or
non-infectious. Typically and preferably a virus-like particle of an RNA bacteriophage is lacking at least
one of the genes, preferably all genes, encoding the replication machinery of the RNA bacteriophage.
Further preferably a virus-like particle of an RNA bacteriophage is also lacking the gene or genes
encoding the protein or proteins responsible for viral attachment to or entry into the host. This
definition , however, also encompasses virus-like particles of RNA bacteriophages, in which the
aforementioned gene or genes are still present but inactive, and, therefore, also are leading to
non-replicative and/or non-infectious virus-like particles of an RNA bacteriophage. Preferred VLPs
derived from RNA bacteriophages exhibit icosahedral symmetry and consist of 180 subunits
(monomers). Preferred methods to render a virus-like particle of an RNA bacteriophage non  WO
2009/109643PCT/EP2009/052639 - 22 - replicative and/or non-infectious is by physical, chemical
inactivation, such as LTV irradiation, formaldehyde treatment, typically and preferably by genetic
manipulation. [0070] One, a, or an: when the terms "one", "a", or "an" are used in this disclosure, they
mean "at least one" or "one or more" unless otherwise indicated. [0071]diabetes: The teiin diabetes
refers to any type of diabetes mellitus. Preferably diabetes refers to type I diabetes and/or type II
diabetes. Most preferably diabetes refers to type II diabetes. 100721 The compositions described
herein are capable of inducing or enhancing an immune responses against IL-1 in an animal or in
human. It has surprisingly been found that immunization with an IL-1 molecule, i.e. with an IL-1 alpha
molecule or with an IL-1 beta molecule, or with a combination of both, resulted in a clear amelioration
of the diet-induced diabetic phenotype in male C57BL/6 mice. [0073] The invention therefore provides
a composition for the treatment, amelioration or prophylaxis of diabetes, preferably of type II diabetes,
wherein said composition comprises: (a) a core particle with at least one first attachment site, wherein
said core particle is a virus-like particle (VLP) or a virus particle, preferably a virus-like particle; and (b)
at least one antigen with at least one second attachment site, wherein the at least one antigen
comprises or consists of an IL-1 molecule, preferably selected from the group consisting of IL-1
protein, IL-1 mature fragment, IL-1 peptide and IL-I mutein, wherein (a) and (b) are covalently linked
through the at least one first and the at least one second attachment site, [0074] In a preferred
embodiment, said composition 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 said at
least one antigen comprises an IL-1 molecule and wherein (a) and (b) are linked through said at least
one first and said at least one second attachment site. In a further preferred embodiment said at least
one antigen with at least one second attachment site comprises or preferably consists of (i) an IL-1
molecule; and (ii) a linker, wherein preferably said linker comprises or preferably consists of said
second attachment site. [00751 Preferably, said IL-1 molecule is linked to the core particle, so as to
form an ordered and repetitive antigen-VLP array. In preferred embodiments of the invention, at least
20, preferably at least 30, more preferably at least 60, again more preferably at least 120 and further
more preferably at least IRO IL-1 molecules are linked to the core particle. [00761 Any virus known in
the art having an ordered and repetitive structure may be selected as a VLP or a virus particle of the
invention. Illustrative DNA or RNA viruses, the coat or capsid protein of which can be used for the
preparation of VLPs have been disclosed  WO 2009/109643PCT/EP2009/052639 - 23 - in WO
2004/009124 on page 25, line 10-21, on page 26, line 11-28, and on page 28, line 4 to page 31, line 4.
10077] Virus particles or virus-like particles can be produced and purified from virus-infected cell
cultures. The resulting virus particles or virus-like particles for vaccine purpose should be preferably
non-replicative or non-infectious, more preferably non-replicative and non-infectious. UV irradiation,
chemical treatment, such as with formaldehyde or chloroform, are the general methods known to
skilled person in the art to inactivate virus. [0078] In one preferred embodiment, the core particle is a
virus particle, wherein preferably said virus panicle is a bacteriophage, and wherein further preferably
said bacteriophage is an RNA bacteriophage, and wherein still further preferably said RNA
bacteriophage is an RNA bacteriophage selected from Q. fr, GA or AP205, 100791 in one preferred
embodiment, the core particle is a VU'. In a further preferred embodiment, the VLP is a recombinant
VLP. Almost all commonly known viruses have been sequenced and are readily available to the public.
The gene encoding the coat protein can be easily identified by a skilled artisan. The preparation of
VLPs by recombinantly expressing the coat protein in a host is within the common knowledge of the
artisan [0080] 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 bacteriophages; (b) bacteriophages; (c) Hepatitis B virus, preferably its capsid protein
(Ulrich, et al., Virus Res. 50:141-1E2 (1998)) or its surface protein (WO 92/11291); (d) measles virus
(Wanes, 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 (hang, X., et al., Science 250:1580 1583 (1990); Matsui, S.M., et al., J. Clin. Invest
87:1456 1461 (1991)); (i) Alphavirus; (j) reuovirus, preferably its GAG protein (WO 96/30523); (k)
retrotransposor Ty, preferably the protein p1; (1) human Papilloma virus (WO 98/15631); (m) Polyoma
virus, preferably BKV; (n) Tobacco mosaic virus; and (o) Flock House Virus. [0081] A VLP comprising
more than one species of recombinant protein is generally referred, in this application, as mosaic VLP.
In one embodiment, the VLP is a mosaic VLP, wherein said mosaic VLP comprises, or consists of,
more than one recombinant protein species, preferably of two different recombinant proteins, most
preferably of two different recombinant capsid proteins, =mots or fragments thereof. 100821 The term
"fragment of a recombinant protein" or the term "fragment of a coat protein", as used herein, is defined
as a polypeptide, which is at least 70 %, preferably at least 80 %, more preferably at least 90 A, even
more preferably at least 95 % of the length of the  WO 2009/109643PCT/EP2009/052639 - 24 --
wild-type recombinant protein, or coat protein, respectively, and which preferably retains the capability
of forming a VLP. Preferably, the fragment is obtained by at least one internal deletion, at least one
truncation or at least one combination thereof. Further preferably, the fragment is obtained by at most
5, 4, 3 or 2 internal deletions, by at most 2 truncations or by exactly one combination thereof. 



[00831 The term "fragment of a recombinant protein" or "fragment of a coat protein" shall further refer
to a polypeptide, which has at least 80 %, preferably at least 90 %, more preferably at least 95 %
amino acid sequence identity with the "fragment of a recombinant p otein" or "fragment of a coat
protein", respectively, as defined above and which is preferably capable of assembling into a virus-like
particle. [0084] The term 'mutant coat protein" refers to a polypeptick having an amino acid sequence
derived from the wild type recombinant protein, or coat protein, respectively, wherein the amino acid
sequence is at least 80 %, preferably at least 85 %, 90 A, 95 %, 97 %, or 99 % identical to the wild
type sequence, and wherein preferably said amino acid sequence retains the ability to assemble into a
VLP. [00851 In one preferred embodiment, the virus-like particle is a virus like particle of Hepatitis B
virus. The preparation of Hepatitis B virus-like particles has been disclosed, inter alia, in WO 00/32227,
WO 01/85208 and in WO 01/056905. Other variants of III3cAg suitable for use in the practice of the
present invention have been disclosed in page 34-39 of WO 01/056905. [00861 In one further
preferred embodiment of the invention, a lysine residue is introduced into the HBoAg polypeptide, to
mediate the linking of IL-1 molecule to the VLP of FfficAn. In preferred embodiments, VLPs and
compositions of the invention are prepared using a HI3cAg comprising, or alternatively consisting of,
amino acids 1-144, or 1-149, 1-185 of SEQ ID NO: 1, which is modified so that the amino acids at
positions 79 and 80 are replaced with a peptide having the amino acid sequence of
Gly-Gly-Lys-Gly-Gly (SEQ ID NO: 170). This modification changes the SEQ ID NO:1 to SEQ ID NO:2.
In further preferred embodiments, the cysteine residues at positions 48 and 110 of SEQ ID NO:2, or its
corresponding fragments, preferably 1-144 Or 1-149, are mutated to serine. The invention further
includes compositions comprising Hepatitis B core protein mutants having above noted corresponding
amino acid alterations. The invention further includes compositions and vaccines, respectively,
comprising HBcA.g polypeptides which comprise, or alternatively consist of, amino acid sequences
which are at leRst 80%, 85%, 90%, 95%, 97% or 99% identical to SEQ ID NO2. [0087] In one
preferred embodiment of the invention, the virus-like particle comprises,  WO
2009/109643PCIIEP2009/052639 - 25 - consists essentially of, or alternatively consists of,
recombinant coat proteins, mutants or fragments thereof, of an RNA bacteriophage. Preferably, the
RNA bacteriophage is selected from the group consisting of: (a) bacteriophage QP; (b) bacteriophage
R17; (c) bacteriophage fr; (d) bacteriophage GA; (e) bacteriophage SP; (f) bacteriophage MS2; (g)
bacteriophage Ml 1; (h) bacteriophage MX1; (i) bacteriophage NL95; (k) bacteriophage f2; (I)
bacteriophage PP7; (m) bacteriophage PRR1, and (n) bacteriophage AP205. 100801 In one preferred
embodiment of the invention, the virus-like particle comprises coat proteins, mutants or fragments
thereof, of RNA bacteriophages, wherein said coat proteins comprise or preferably consists of an
amino acid sequence selected from the group consisting of. (a) SEQ ID NO:3 referring to Q3 CP; (b) a
mixture of SEQ ID NO:3 and SEQ ID NO:4 (Q13 Al protein); (c) SEQ ID NO:5 (R17 capsid protein); (d)
SEQ ID NO:6 (ft capsid protein); (e) SEQ ID NO:7 (GA capsid protein); (0 SEQ ID NO:8 (SP capsid
protein); (g) a mixture of SEQ ID NO:8 and SEQ ID NO:9; (h) SEQ ID NO:10 (MS2 capsid protein); (i)
SEQ ID NO:11 (M11 capsid protein); (j) SEQ ID NO:12 (MX1 capsid protein); (k) SEQ ID NO:13 (NL95
capsid protein); (I) SEQ ID NO:14 (f2 capsid protein); (m) SEQ ID NO:15 (P137 capsid protein); and
(n) SEQ ID NO:21 (AP205 capsid protein). [0089] In one preferred embodiment of the invention, the
VLP is a mosaic VLP comprising or alternatively consisting of more than one amino acid sequence,
preferably two amino acid sequences, of coat proteins, mutants or fragments thereof, of an RNA
bacteriophaue. In one very preferred embodiment, the VLP comprises or alternatively consists of two
different coat proteins of an RNA bacteriophage, wherein said two different coat proteins comprise or
preferably consist of the amino acid sequence of CP Q13 (SEQ ID NO: 3) and CP (213 Al (SEQ ID
NO:4); or of the amino acid sequence of CP SP (SEQ ID NO:8) and CP SP Al (SEQ ID NO:9). [0090]
In preferred embodiments of the present invention, the virus-like particle comprises, or alternatively
consists essentially of, or alternatively consists of recombinant coat proteins, mutants or fragments
thereof, of an RNA bacteriophage, wherein preferably said RNA bacteriophage is selected from
bacteriophage QP, bacteriophage fr, bacteriophage AP205, and bacteriophage GA. [0091] In one
preferred embodiment, the VLP is a VLP of RNA bacteriophage Q13. The capsid or virus-like particle
of QP showes an icosahedral phage-like capsid structure with a diameter of 25 nm and T=3 quasi
symmetry. The capsid contains 180 copies of the coat protein, which are linked in covalent pentamers
and hexamers by disulfide bridges (Golmohammadi, K et al., Structure 4:543-5554 (1996)), leading to
a remarkable stability of the Qp capsid. Capsids or VLPs made from recombinant Q13 coat protein
may contain,  WO 2009/109643PCT1EP20091052639 - 26 - however, subunits not linked via disulfide
bonds to other subunits within the capsid, or incompletely linked. The capsid or VI..? of QI3 shows
unusual resistance to organic solvents and denaturing agents. Surprisingly, we have observed that
DMSO and acetonitrile concentrations as high as 30 %, and guanidinium concentrations as high as 1
M do not affect the stability of the capsid. The high stability of the capsid or VLP of QP is an
advantageous feature, in particular, for its use in immuni7ation and vaccination of mammals and
humans in a caorciance of the present invention.  [0092] Further preferred virus-like particles of RNA
bacteriophages, in particular of RNA bacteriophage QP and RNA bacteriophage fr, are disclosed in
WO 02/056905. In particular, Example 18 of WO 02/056905 provides a detailed description of the
preparation of VLPs of RNA bacteriophage QI3. [0093] In another preferred embodiment, the VLP is a
VLP of RNA bacteriophage AP205. Assembly-competent mutant forms of AP205 VLPs, including
AP205 coat protein with the substitution of proline at amino acid 5 to threonine or , AP205 coat protein
with the substitution of asparagine to aspaitic acid at amino acid 14 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 comprising AP205 coat proteins, and
hereby in particular the expression and the purification thereof. AP205 VLPs are highly immunogenic,
and can be linked with the antigen to typically and preferably generate vaccine constructs displaying
the IL-1 molecule oriented in a repetitive manner. [0094] In one preferred embodiment, the VLP
comprises, essentially consists of, or alternatively consists of a mutant coat protein of a virus,
prefrrably of an RNA bacteriophage, wherein the mutant coat protein has been modified by removal of
at least one lysine residue by way of substitution andior by way of deletion. In another preferred
embodiment, the VLP compris, essentially consists of, Or alternatively consists of a mutant coat
protein of a virus, preferably an RNA bacteriophage, wherein said mutant coat protein has been
modified by addition of at least one lysine residue by way of substitution andJor by way of insertion.
The deletion, substitution or addition of at least one lysine residue allows varying the degree of
coupling, i.e. the amount of 11-1 molecules per subunits of the VLP, preferably of the VLP of an RNA
bacterioplaage, in particular, to match and tailor the requirements of the vaccine. [0095] In one
preferred embodiment, the compositions and vaceines 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 IL-1
molecules which is linked per subunit, preferably per coat protein,  WO
2009/109643PCT/EP2009/052639 - 27 - of the VLP, and hereby preferably of the VLP of an RNA
bacteriophage. Thus, this value is calculated as an average over all the subunits of the VLP, preferably
of the VLP of the RNA bacteriophage, in the composition or vaccines of the invention. [0096] VLPs or
capsids of Q13 coat protein display a defined number of lysine residues on their surface, with a
defined topology with three lysine residues pointing towards the interior of the capsid and interacting
with the RNA, and four other lysine residues exposed to the exterior of the capsid. Preferably, the at
least one first attachment site is a lysine residue, pointing to or being on the exterior of the VLP. In a
further preferred embodiment said first attachment site is an amino group of a lysine residue of SEQ ID
NO:3. In a further preferred embodiment said first attachment site is the amino group of any one of the
lysine residues in positions 2, 13, 16, 46, 60, 63, and 67 of SEQ ID NO:3. In a further preferred
embodiment said first attachment site is the amino group of any one of the lysine residues of the coat
protein, preferably of SEQ ID NO:3, which are exposed to the exterior of the capsid. [0097] Qp
mutants, of which exposed lysine residues are replaced by arginines can be used for the present
invention. Thus, in another preferred embodiment of the present invention, the virus-like particle
comprises, consists essentially of, or alternatively consists of mutant QP coat proteins. Preferably
these mutant coat proteins comprise or alternatively consist of an amino acid sequence selected from
the group of (a) Qp-240 (SEQ ID NO:16, Lys13-Arg of SEQ ID NO: 3); (b) QP-243 (SEQ ID NO:17,
Asn10-Lys of SEQ ID NO:3); (c) Q13-250 (SEQ ID NO:18, Lys2-Arg of SEQ ID NO:3); (d) Qp-251
(SEQ ID NO:19, Lys16-Arg of SEQ ID NO:3); and (e) Qp-259 (SEQ ID NO:20, Lys2-Arg, Lys16-Arg of
SEQ ID NO:3). The construction, expression and purification of the above indicated Qp mutant coat
proteins, mutant Q13 coat protein VLPs and capsids,. respectively, are described in WO 02/056905. In
particular is hereby referred to Example 18 of above mentioned application. [0098] 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 of fragments thereof,
and the corresponding Al 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:16, 17, 18, 19, or 20 and the corresponding Al protein. [0099] Further RNA
bacteriophage coat proteins have also been shown to self-assemble upon expression in a bacterial
host (Kastelein, RA. et al., Gene 23:245-254 (1983), Kozlovskaya, TM. et al., Dokl. Akad. Nauk SSSR
287:452-455 (1986), Adhin, MR. et al., Virology 170:238-242 (1989), Priano, C. et al., J. Mol. Biol.
249:283-297 (1995)). In particular the biological and biochemical properties of GA (Ni, CZ., et al.,
Protein Sci.  WO 2009/109643PCT/EP2009/052639 - 28 - 5:2485-2493 (1996), Tars, K et al., J.
Mol.Biol. 271:759-773(1997)) and of ft (Pushko P. et al., Prot. Eng. 6:883-891 (1993), Liljas, L et al. J
Mol. Biol. 244:279-290, (1994)) have been disclosed. The crystal structure of several RNA
bacteriophages has been determined (Golmohammadi, a. et al., Structure 4:543-554 (1996)). Using
such information, surface exposed residues can be identified and, thus, RNA bacteriophage 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 bacteriophages is their
high expression yield in bacteria that allows production of large quantities of material at affordable
cost. [00100] In one preferred embodiment, the composition of the invention comprises at least one
antigen, preferably one to four, more preferably one to three, still more preferably one to two and most
preferably exactly one antigen, wherein said antigen comprises or consists of an IL-1 molecule,
preferably an IL-1 protein, an IL-1 fragment, an IL-1 mature fragment, an IL-1 peptide or an IL-1
mutein, wherein said IL-1 molecule preferably comprises or even more preferably consists of a
polypeptide, wherein the amino acid sequence of said polypeptide shows at least 80 %, preferably at
least 90 %, more preferably at least 95 %, even more preferably at least 99% and most preferably 100
We sequence identity with any one of SEQ ID NO:36 to SEQ ID NO:116, SEQ ID NO:130 to SEQ ID
NO:140 and SEQ ID NO:163 to SEQ ID NO:165. [00101] In a further preferred embodiment said
antigen comprises or consists of an IL-1 molecule derived from an organism selected from the group
consisting of: (a) humans; (b) primates; (c) rodents; (d) horses; (e) sheep; (f) cat; (g) cattle; (h) pig; (i)
rabbit; (j) dog; (k) mouse; and (I) rat. Most preferably said IL-1 molecule is derived from humans. In a
very preferred embodiment, the IL-1 molecule is a human IL-1 molecule. Further preferably said IL-1
molecule comprises or preferably consists of a polypeptide, wherein the amino acid sequence of said
polypeptide shows at least 80 %, preferably at least 90 %, more preferably at least 95 %, even more
preferably at least 99 % and most preferably 100 % sequence identity with any one of the sequences
selected from the group consisting of SEQ ID NO:36, SEQ ID NO:49, SEQ ID NO:63, SEQ ID NO:64,
any one of SEQ ID NO:67 to 110, and one of SEQ ID NO:130-140, and SEQ ID NO:165. [00102] In a
further preferred embodiment said IL-1 molecule is derived from rat or mouse, preferably mouse,
wherein said IL-1 molecule preferably comprises or even more preferably consists of a polypeptide,
wherein the amino acid sequence of said polypeptide shows at least 80 %, preferably at least 90 %,
more preferably at least 95 %, even more preferably at least 99 We and most preferably 100 We
sequence identity with any one of SEQ ID NO:45, SEQ ID  WO 2009/109643PCT/EP2009/052639 - 29
- 



N0:46, SEQ ID NO:53, SEQ ID NO:54, SEQ ID NO:65, SEQ ID NO:66, any one of SEQ ID NO:111 to
SEQ ID NO:116, SEQ ID NO:163, and SEQ ID NO:164. [00103] In a further preferred embodiment
said IL-1 molecule is an IL-1 alpha molecule, preferably an IL-1 alpha protein, an IL-7 alpha fragment,
an IL-I alpha mature fragment, an IL-1 alpha peptide or an IL-1 alpha mutein, wherein said IL-1 alpha
molecule preferably comprises or even more preferably consists of a polypeptide, wherein the amino
acid sequence of said polypeptide shows at least 80 %, preferably at least 90 %, more preferably at
least 95 %, even more preferably at least 99 % and most preferably 100% sequence identity with any
one of the sequences selected from the group consisting of SEQ ID NO:36 to 48, SEQ ID NO:63, SEQ
ID NO:65, SEQ ID NO:67 to 88, and SEQ ID NO:165. Specifically preferred embodiments of IL-I alpha
molecules are human IL-I alpha molecules, preferably human IL-1 alpha proteins, human IL-1 alpha
fragments or human IL-1 alpha mature fragments, wherein said IL-1 alpha molecules preferably
comprise or even more preferably consist of a polypeptide, wherein the amino acid sequence of said
polypeptide shows at least 80 %, preferably at least 90 %, more preferably at least 95 %, even more
preferably at least 99 % and most preferably 100 % sequence identity with any one of SEQ ID NO:36,
SEQ ID NO:63, and SEQ ID NO:163, most preferably SEQ ID NO:63. 1001041 In a further preferred
embodiment said IL-1 molecule is an IL-I beta molecule, preferably an IL-1 beta protein, an IL-1 beta
fragment, an IL-I beta mature fragment, an IL-1 beta peptide or an IL-1 beta mutein, wherein said IL-1
beta molecule preferably comprises or even more preferably consists of a polypeptide , wherein the
amino acid sequence of said polypeptidc shows at least 80 %, preferably at least 90 %, more
preferably at least 95 %, even more preferably at least 99 % and most preferably 100 % sequence
identity with any one of the sequences selected from the group consisting of SEQ ID NO:49 to 62,
SEQ ID NO:64, SEQ ID NO:66, SEQ ID NO:89 to 116, SEQ ID NO: 130 to SEQ ID NO:140, SEQ ID
NO:164, and SEQ ID NO:165. Specifically preferred embodiments of IL-1 beta molecules are human
IL-1 beta molecules, preferably human IL-1 beta proteins, human IL-1 beta fragments or human IL-1
beta mature fragments, wherein said IL-1 beta molecules preferably comprises or even more
preferably consists of a polypeptide, wherein the amino acid sequence of said polypeptide shows at
least 80 %, preferably at least 90 %, more preferably at least 95 %, even more preferably at least 99 %
and most preferably 100 % sequence identity with any one of SEQ ID NO:49, SEQ ID NO:64, SEQ ID
NO:130 to SEQ ID NO:140 and SEQ ID NO:165, most preferably SEQ ID NO:64. [00105] In a further
preferred embodiment said IL-1 molecule is an IL-1 protein, an IL-1 fragment or, preferably, an IL-1
mature fragment, wherein said IL-1 protein, IL-1 fragment or  WO 2009/109643PCT1EP20091052639
- 30 - IL-1 mature fragment preferably are capable of binding to the IL-1 receptor and, still more
preferably, additionally also comprise biological activity. [00106] In a further preferred embodiment
said IL-1 molecule is an IL-1 protein, wherein said IL-1 protein preferably comprises or even more
preferably consists of a polypeptide, wherein the amino acid sequence of said polypeptide shows at
least 80%, preferably at least 90 %, more preferably at least 95 %, even more preferably at least 99 %
and most preferably 100 % sequence identity with any one of SEQ ID NO:36 to SEQ ID NO:62.
[00107] In a further preferred embodiment said IL-1 protein is an IL-1 alpha protein, wherein said IL-1.
alpha protein preferably comprises or even more preferably consists of a polypeptide, wherein the
amino acid sequence of said polypeptide shows at least 80%, preferably at least 90 %, more
preferably at least 95 %, even more preferably at least 99 % and most preferably 100 % sequence
identity with any one of the sequences selected from the group consisting of SEQ ID NO:36 to SEQ ID
NO:48. Most preferably said IL-1 alpha protein is a human IL-1 alpha protein, wherein said human IL-1
alpha protein preferably comprises or even more preferably consists of a polypeptide, wherein the
amino acid sequence of said polypeptide shows at least 80 %, preferably at least 90 %, more
preferably at least 95 %, even more preferably at least 99 % and most preferably 100 % sequence
identity with SEQ ID NO:36. [00108] In a farther preferred embodiment said IL-I protein is an is an IL-I
beta protein, wherein said IL-1 beta protein preferably comprises or even more preferably consists of a
polypeptide, wherein the amino acid sequence of said polypeptide shows at least 80 %, preferably at
least 90 %, more preferably at least 95 %, even more preferably at least 99 % and most preferably 100
% sequence identity with any one of the sequences selected from the group consisting of SEQ ID NO
:49 to SEQ ID NO:62. Most preferably said IL-1 beta protein is a human IL-1 beta protein, wherein said
human IL-1 beta protein preferably comprises or even more preferably consists of a polypeptide,
wherein the amino acid sequence of said polypeptide shows least 80 %, preferably at least 90 %,
more preferably at least 95 %, even more preferably at least 99 % and most preferably 100%
sequence identity with SEQ ID NO:49. [00109] In a further preferred embodiment said IL-1 molecule is
an IL-1 fragment, preferably an IL-1 mature fragment, and wherein said IL-1 fragment or said IL-1
mature fragment preferably is derived from mouse or human, most preferably human. Preferably said
IL-1 fragment or said IL-1 mature fragment comprises or even more preferably consists of a
polypeptide, wherein the amino acid sequence of said polypeptide shows at least 80 %, preferably at
least 90 %, more preferably at least 95 %, even more preferably at least 99 %  WO
2009/109643PCT/EP2009/052639 - 31 - and most preferably 100 % sequence identity with any one of
SEQ ID NO:63 to SEQ ID NO:66, SEQ ID NO:130, and SEQ ID NO:163 to SEQ ID NO:165. [00110] In
a further preferred embodiment said IL-I mature fragment is an IL-1 alpha mature fragment, wherein
said IL-1 alpha mature fragment preferably comprises biological activity and wherein further said IL-I
alpha mature fragment preferably comprises or even more preferably consists of a polypeptide,
wherein the amino acid sequence of said polypeptide shows at least 80 %, preferably at least 90 %,
more preferably at least 95 %, even more preferably at least 99% and most preferably 100 %
sequence identity with any one of SEQ ID NO:63 or SEQ ID NO:65, most preferably SEQ ID NO:63.
1001111 In a further preferred embodiment said IL-1 mature fragment is an IL-1 beta mature fragment,
wherein said IL-1 beta mature fragment preferably comprises biological activity and wherein further
said IL-1 beta mature fragment preferably comprises or even more preferably consists of a
polypeptide, wherein the amino acid sequence of said polypeptide shows at least 80 %, preferably at
least 90 %, more preferably at least 95 %, even more preferably at least 99% and most preferably 100
% sequence identity with any one of SEQ ID NO:64, SEQ ID NO:66, and SEQ ID NO:130, most
preferably SEQ ID NO:64. [00112] In a further preferred embodiment said IL-1 molecule is an IL-1
peptide, wherein said IL-1 peptide is derived from mouse, rat or human, most preferably human.
Preferably said IL-1 peptide comprises or even more preferably consists of a polypeptide, wherein the
amino acid sequence of said polype,pti de shows at least 80 %, preferably at least 90 %, more
preferably at least 95 %, even more preferably at least 99 % and most preferably 100 % sequence
identity with any one of SEQ ID NO:67 to SEQ ID NO: 116.  [00113] In a further preferred embodiment
said IL-1 molecule is an IL-1 mutein, wherein preferably said IL-1 mutein comprises reduced or more
preferably no biological activity, and wherein further preferably said IL-1 mutein is capable of binding
the IL-1 receptor. In a further preferred embodiment said IL-I mutein comprises or preferably consists
of a polypeptide, wherein the amino acid sequence of said polypeptide differs from the amino acid
sequence of an IL-1 mature fragment in 1 to 3, more preferably in 1 to 2, and most preferably in
exactly 1 amino acid residue(s). [00114] In one preferred embodiment, said IL-1 mutein comprises at
least one, preferably one, mutated amino acid sequence derived from a wild type amino acid
sequence, wherein said wild type amino acid sequence is an IL-1 beta amino acid sequence selected
from the group consisting of: (1) position 3 to 11 of SEQ ID NO:64; (2) position 46 to 56 of SEQ ID
NO:64; (3) position 88 to 109 of SEQ ID NO:64; and (4) position 143 to 153 of SEQ ID NO:64; or
wherein said wild type amino acid sequence is an IL-1 alpha amino acid sequence  WO
20091109643PCTIEP20091052639 - 32 - selected from the group consisting of: (5) position 9 to 20 of
SEQ ID NO:63; (6) position 52 to 62 of SEQ ID NO:63; (7) position 94 to 113 of SEQ ID NO:63; and
(8) position 143 to 153 of SEQ ID NO:63; and wherein said at least one mutated amino acid sequence
is characterized by an amino acid exchange in one to four positions, preferably in one, two or three
positions, more preferably in one or two positions, as compared to said wild type amino acid sequence
it is derived from; or wherein said at least one mutated amino acid sequence is characterized by a
deletion of one to four consecutive amino acids of said wild type amino acid sequence it is derived
from. [001151 In a further preferred embodiment said IL-I mutein comprises at most one mutated
amino acid sequence derived from each of said L-1 beta amino acid sequences (I) to (4); or wherein
said IL-1 mutein comprises at most one mutated amino acid sequence derived from each of said IL-1
alpha amino acid sequences (5) to (8). 1001161 In a very preferred embodiment said IL-1 mutein
comprises exactly one of said at least one mutated amino acid sequence, wherein preferably said
exactly one mutated amino acid sequence is derived from a wild type amino acid sequence, wherein
said wild type amino acid sequence is position 143 to 153 of SEQ ID NO:64 or position 143 to 153 of
SEQ ID NO:63. 1001171 In a further preferred embodiment said at least one mutated amino acid
sequence is characterized by a deletion of one to three, preferably of one to two, consecutive amino
acids of said wild type amino acid sequence it is derived from. [001181 In a further preferred
embodiment said at least one mutated amino acid sequence is characterized by a deletion of exactly
one amino acid of said wild type amino acid sequence it is derived from. [00119] In a further preferred
embodiment said at least one mutated amino acid sequence is derived from a wild type amino acid
sequence, wherein said wild type amino acid sequence is position 143 to 153 of SEQ ID NO:64 or
position 143 to 153 of SEQ ID NO:63. Most preferably said at least one mutated amino acid sequence
is derived from position 143 to 153 of SEQ ID NO:64. 



[001201 In a further preferred embodiment said at least one mutated amino acid sequence is derived
from a wild type amino acid sequence, wherein said wild type amino acid sequence is position 46 to 56
of SEQ ID NO:64 or position 52 to 62 of SEQ ID NO:63, wherein preferably said at least one mutated
amino acid sequence is characterized by a deletion of one to four, preferably of two to three,
consecutive amino acids of said wild type amino acid sequence it is derived from. In a very preferred
embodiment said IL-1 mutein comprises or preferably consists of a polypeptide, wherein the amino
acid sequence of said polypeptide is  WO 2009/109643PCT/EP2009/052639 - 33 - SEQ ID NO:137 or
SEQ ID NO:138. [00121] In a further preferred embodiment said at least one mutated amino acid
sequence is derived from a wild type amino acid sequence, wherein said wild type amino acid
sequence is position 88 to 109 of SEQ ID NO:64 or position 94-113 of SEQ ID NO:63, wherein said at
least one mutated amino acid sequence is characterized by the deletion of one to four, preferably of
one to three, more preferably of one to two consecutive amino acids of said wild type amino acid
sequence it is derived from. [00122] In a further preferred embodiment said at least one mutated
amino acid sequence is characterized by an amino acid exchange in one or two positions, preferably
in exactly one position, as compared to said wild type amino acid sequence it is derby ed from. [00123]
In a further preferred embodiment said wild type amino acid sequence is position 143 to 153 of SEQ
ID NO:64 or position 143 to 153 of SEQ ID NO:63 and said at least one mutated amino acid sequence
is characterized by an amino acid exchange in one or two positions, preferably in exactly one position,
as compared to said wild type amino acid sequence, wherein further preferably said exactly one
position is position 145 of SEQ ID NO:64 or position 145 of SEQ ID NO:63, wherein still further
preferably said amino acid exchange is an exchange of aspartic acid (D) to an amino acid selected
from the group consisting of lysine (K), tyrosine (Y), phenylalanine (F), asparagine (N) and arginine
(R). [00124] In a very preferred embodiment said amino acid exchange is an exchange of aspartie acid
(D) to lysine (K). [00125] In a further preferred embodiment said wild type amino acid sequence is
position 143 to 153 of SEQ ID NO:64 or position 143 to 153 of SEQ ID NO:63 and said at least one
mutated amino acid sequence is characterized by an amino acid exchange in exactly one position as
compared to said wild type amino acid sequence, wherein further preferably said exactly one position
is position 146 of SEQ ID NO:64 or position 146 of SEQ ID NO:63, wherein still further preferably said
amino acid exchange is an exchange of phenylalanine (F) to an amino acid selected from the group
consisting of asparagine (N), glutamine (Q), and serine (S). [00126] In a further preferred embodiment
said IL-1 mutein is an IL-I beta mutein, preferably a human IL-1 beta mutein, most preferably a human
IL-1 beta mutein selected from SEQ ID NO:131 to SEQ ID NO:140, most preferably said IL-1 mutein is
SEQ ID NO:136. [00127] In a further preferred embodiment said IL-1 mutein is an IL-1 beta mutein,
wherein preferably said IL-1 beta mutein comprises or preferably consists of a polypeptide, wherein
the amino acid sequence of said polypepticle differs from the amino acid sequence of SEQ ID  WO
2009/109643PCT/EP2009/052639 - 34 - N0:64 in Ito 10, I to 9, 1 to 8, I to 7, 1 to 6, 1 to 5, Ito 4, 1 to 3,
or 1 to 2 amino acid residues. Most preferably, said amino acid sequence differs from the amino acid
sequence of SEQ ID NO:64 in exactly I amino acid residue. In a very preferred embodiment, said IL-1
beta mutein comprises or preferably consists of a polypeptide, wherein the amino acid sequence of
said polypeptide is selected from SEQ ID NO:131 to SEQ ID NO: 140 and SEQ ID NO:205 to SEQ ID
NO:209, wherein most preferably said IL-1 beta mutein comprises or preferably consists of a
polypeptide, wherein the amino acid sequence of said polypeptide is SEQ ID NO:136. 1001281 In a
very preferred embodiment, said IL-I molecule, and preferably said IL-1 beta mutein, comprises or
preferably consists of SEQ ID NO:136. 1001291 In a further preferred embodiment said IL-1 mutein is
an IL-1 alpha mutein, wherein preferably said IL-I alpha mutein comprises or preferably consists of a
polypeptide, wherein the amino acid sequence of said polypeptide differs from the amino acid
sequence of SEQ ID NO:63 in Ito 10, 1 to 9, Ito 8, Ito 7, 1 to 6, Ito 5, Ito 4, I to 3, or 1 to 2 amino acid
residues. Most preferably said amino acid sequence differs from the amino acid sequence of SEQ ID
NO:63 in exactly 1 amino acid residue. in a very preferred embodiment said IL-I alpha mutein
comprise or preferably consist of a polypeptidc, wherein the amino acid sequence of said polypeptide
is selected from the group consisting of SEQ ID NO:210 to SEQ ID NO:218, wherein most preferably
said IL-1 alpha mutein comprises or preferably consists of a polypeptide, wherein the amino acid
sequence of said polypeptide is SEQ ID NO:210. [001301 In a very preferred embodiment, said IL-1
molecule, and preferably said IL-1 alpha mutein comprises or preferably consists of SEQ ID NO:210.
[001311 Further disclosed is a method of producing the compositions of the invention comprising (a)
providing a VLP with at least one first attachment site; (b) providing at least one antigen with at least
one second attachment site, wherein said antigen comprises or consists of an IL-1 molecule,
preferably an IL-1 protein, an IL-I fragment, preferably an IL-1 mature fragment, an IL-I peptide or an
IL-1 mutein; and (c) combining said VLP and said at least one antigen with at least one second
attachment site to produce said composition, wherein said at least one antigen and said VLP are
linked through the first and the second attachment sites. In a preferred embodiment, the provision of
the at least one antigen, comprising said IL-1 molecule, said IL-3 protein, said IL-1 fragment,
preferably an IL-1 mature fragment, said IL-1 peptide or said IL-1 mutein, with the at least one second
attachment site is by way of expression, preferably by way of expression in a bacterial system,
preferably in E. coll. Usually a purification tag, such as His tag, Myc tag, Fe tag or HA tag is added to
facilitate the purification process. In another approach particularly the IL-1  WO
2009/109643PCT/EP2009/052639 - 35 - peptides or IL-1 muteins with no longer than 50 amino acids
are chemically synthesized. [00132] In one preferred embodiment of the invention, the VLP with at
least one first attachment site is linked to the antigen with at least one second attachment site via at
least one peptide bond. A gene encoding an IL-1 molecule, preferably an IL-1 mutein, is in-frame
ligated, either internally or preferably to the N- or the C-terminus to the gene encoding the coat protein
of the V12. Fusion may also be effected by inserting sequences of the IL-1 molecule into a mutant coat
protein where part of the coat protein sequence has been deleted. Such constructs are further referred
to as truncation mutants. Truncation mutants may have N- or C-terminal, or internal deletions of part of
the sequence of the coat protein. For example for the specific VLP.EfficAg, amino acids 79-80 are
replaced with a foreign epitope. The fusion protein shall preferably retain the ability of assembly into a
VLP upon expression which can be examined by electornic-roscopy. [00133] Flanking amino acid
residues may be added to increase the distance between the coat protein and foreign epitope. Glycine
and striae residues are particularly favored amino acids to be used in the flanking sequences. Such a
flanking sequence confers additional flexibility, which may diminish the potential destabilizing effect of
fusing a foreign sequence into the sequence of a VLP subunit and diminish the interference with the
assembly by the presence of the foreign epitope. [00134] In other embodiments, the at least one IL-1
molecule, preferably the IL-1 mutein can be fused to a number of other viral coat proteins, for example
to the C-terminus of a truncated form of the Al protein of Qi3 (Kozlovska, T. M., et al., intervirology
39:945 (1996)), or being inserted between position 72 and 73 of the CP extension. As another
example, the IL-1 molecule can be inserted between amino acid 2 and 3 of the fr CP, leading to a IL-I
-Er CP fusion protein (Pushko P. et al., Prot. Eng. 6:883-891 (1993)). Furthermore, IL-1 can be fused
to the N-terminal protuberant p-hairpin of the coat protein of RNA bacteriophage MS-2 (WO
92113081). Alternatively, the IL-1 can be fused to a capsid protein of papilloma virus, preferably to the
major capsid protein Li of bovine papillomavirus type 1 (BPV-1) (Chackerian, B. et al., Proc. Natl.
Acad. Sci.USA 96:2373-2378 (1999), WO 00/23955). Substitution of amino acids 130-136 of BPV-1 LI
with an IL-1 is also an embodiment of the invention. Further embodiments of fusing an IL-1 molecule to
coat protein of a virus, or to mutants or fragments thereof, have been disclosed in WO 2004/009124
page 62 line 20 to page 68 line 17. [001351 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  WO
2009/109643PCITEP2009/052639 - 36 - 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. [00136] 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 foi illation. 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 FL and
Papahadjopoulos D. (1982) Irreversible Coupling of Immunoglobulin Fragments to Preformed
'Vesicles. J. Biol. Chem. 257: 286-288). [00137] Therefore, in a further very preferred embodiment of
the present invention, the association or linkage of the VLP and the at Least one antigen comprising or
consisting of.the IL-1 molecule, does not comprise a disulfide bond. In a further preferred embodiment
the at least one second attachment comprise, or preferably is, a sulthydryl group. Moreover, in again a
very preferred embodiment of the present invention, the association or linkage of the VLP and the at
least one antigen does not comprise a sulphur-sulphur bond. Further preferably, the at least one
second attachment comprise, or preferably is, a sulfhydryl group. In a further very preferred
embodiment, said at least one first attachment site is not or does not comprise a sulthydryl group. In
again a further very preferred embodiment, said at least one first attachment site is not or does not
comprise a sulfhydryl group of a cysteine. [001381 In a further preferred embodiment said at least one
first attachment comprises an amino group and said second attachment comprises a sulfhydryl group.
1001391 In a further preferred embodiment, said first attachment is an amino group and said second
attachment site is a sulfhydryl group. In a still further preferred embodiment, said first attachment is an
amino group of a lysine residue, and said second attachment site is a sulfhydryl group of a cysteine
residue, [00140] In a further preferred embodiment only one of said second attachment sites
associates with said first attachment site through at least one non-peptide covalent bond leading to a
single and uniform type of binding of said antigen to said core particle, preferably to said virus-like
particle, wherein said only one second attachment site that associates with said first attachment site is
a sulfhydryl group, and wherein said antigen and said core particle, preferably said virus-like particle,
interact through said association to form an ordered and repetitive antigen array, and wherein further
preferably said first attachment site is an amino group of a lysine residue. [001411 In a further
preferred embodiment said virus-like particle comprises, essentially  WO
2009/109643PCT/EP2009/052639 - 37 - consists of, or alternatively consists of, recombinant coat
proteins, mutants or fragments thereof, of a virus, preferably of an RNA bacteriophage, wherein said at
least one antigen is fused to the N- or the C- terminus of said recombinant coat proteins, mutants or
fragments thereof [00142] In a further preferred embodiment said virus-like particle comprises,
essentially consists of, or alternatively consists of, recombinant coat proteins, mutants or fragments
thereof, of an RNA bacteriophage, wherein preferably said RNA bacteriophage is selected from the
group consisting of: (a) bacteriophage AP205; (b) bacteriophage fr; and (c) bacteriophage GA; and
wherein said at least one antigen is fused to the N- or the C- terminus, preferably to the C-terminus, of
said recombinant coat proteins, mutants or fragments thereof, and wherein further preferably said at
least one antigen comprises or preferably consists of a polypeptide, wherein the amino acid sequence
of said polypeptide is SEQ ID NO:136 or SEQ ID NO:210, preferably SEQ ID NO:136. [001431 In a
further preferred embodiment an IL-1 molecule, preferably an IL-1 protein, more preferably an IL-1
mature fragment, still more preferably an IL-1 mature fragment comprising or consisting of amino acid
sequenced SEQ ID NO:63 to SEQ ID NO:66, most preferably SEQ ID NO:63 or SEQ ID NO:64, is
fused to either the N- or the C-terminus, preferably the C-terminus, of a coat protein, mutant or
fragments thereof, of RNA bacteriophage AP205. 1001441 In a very preferred embodiment said
virus-like particle comprises, essentially consists of, or alternatively consists of, recombinant coat
proteins, mutants or fragments thereof, of bacteriophage AP205, wherein said at least one antigen is
fused to the C- terminus of said recombinant coat proteins, mutants or fragments thereof, and wherein
said at least one antigen comprises or preferably consists of a polypeptide, wherein the amino acid
sequence of said polypeptide is SEQ ID NO: 136 or SEQ ID NO:210, preferably SEQ ID NO:136.
1001451 VLPs comprising fusion proteins of coat protein of bacteriophage AP205 with an antigen are
generally disclosed in W02006/032674A.I.         In one further preferred embodiment, the fusion
protein further comprises a linker, wherein said linker is fused to the coat protein, fragments or mutants
thereof, of AP205 and the IL-1 molecule. In a further preferred embodiment said IL-1 molecule is fused
to the C-terminus of said coat protein, fragments or mutants thereof, of AP205 via said Linker.
1001461. It has been found that IL-1 molecules, in particular IL-1 proteins and IL-1 fragments
comprising at least 100 and up to 300 amino acids, typically and preferably about 140 to 160 amino
acids, and most preferably about 155 amino acids, can be fused to coat protein of bacteriophages,
preferably to coat protein of AP205, while maintaining the ability of the coat  - 38 -- protein to self
assemble into a VLP. [00147] Given the large size of IL-I proteins, IL-1 fragments and IL-1 mature
fragments and also for steric reasons, an expression system producing mosaic VLPs comprising
AP205 coat proteins fused to an IL-I molecule as well as wt coat protein subunits was constructed. In
this system, suppression of the stop codon yields the AP205-IL-1 coat protein fusion, while proper
telmination yields the wt AP205 coat protein. Both proteins are produced simultaneously in the cell and
assemble into a mosaic VLP. The advantage of such a system is that large proteins can be displayed
without interfering with the assembly of the VLP. As the level of incorporation of AP205-IL-1 fusion
protein into the mosaic VLP is depending on the level of suppression, AP205-IL-1 is expressed in
E.coll cells already containing a plasmid overexpressing a suppressor t-RNA. For opal suppression,
plasmid p1SM3001 (Smiley, BIC., Minion, F.C. (1993) Enhanced readthrough of opal (UGA) stop
codons and production of Mycoplasma pneurnoniae PI epitopes in Escherichia coil, Gene 134, 33-40),
which encodes a suppressor t-RNA recognizing the opal stop codon and introducing Trp is used.
Suppression of amber termination can be increased by use of plasmid pISM579, which overexpresses
a suppressor t-RNA recognizing the amber stop codon and introducing Trp as well. Plasmid p1SM579
was generated by excising the trpT176 gene from pISM3001 with restriction endonuclease EcoRI and
replacing it by an EcoRI fragment from plasmid pMY579 (gift of Michael Yams) containing an amber
t-RNA suppressor gene. This t-RNA suppressor gene is a mutant of tipT175 (Raftery LA. Et al. (1984)
J. Bacteriol. 158:849-859), and differs from trpT at three positions: G33, A24 and T35. Expression of
the AP205-interleukin-lalpha fusion protein in an E.coli strain with amber suppression (supE or glni)
such as E. coil JM1 09 may generate a proportion of AP205-IL-1 fusion proteins with a Gin instead of
Trp introduced at the amber stop codon, in addition to AP205-IL-1 fusion proteins with a Trp
introduced at the amber stop codon.The identity of the amino acid translated at the stop codon may
therefore depend on the combination of suppressor t-RNA overexpressed, and strain phenotype. As
described by Miller JH et al. (0983) J. Mol. Biol. 164: 59-71) and as is well known in the art, the
efficiency of suppression is context dependent. In particular, the codon 3' of the stop codon and the
first base 3' from the stop codon are particularly important. For example, stop codons followed by a
purine base are in general well suppressed. [00148] Thus, in a preferred embodiment said VLP is a
mosaic VLP, wherein said mosaic VLP comprises or preferably consists of at least one, preferably
one, first polypeptide and of at least one, preferably one, second polypeptide, wherein said first
polypeptide is a recombinant capsid protein, mutant or fragments thereof; and wherein said second
polypeptide is a genetic fusion product of a recombinant capsid protein, mutant or fragments  WO
2009/109643PCT/EP2009/052639 - 39 - thereof, preferably of said first polypeptide, with an IL-1
molecule. In a further preferred embodiment said first polypeptide is a recombinant capsid protein of
bacteriophage AP205 or a mutant or fragment thereof. In a further preferred embodiment said first
polypeptide is selected from SEQ ID NO:21, SEQ ID NO:22, SEQ ID NO:23. In a very preferred
embodiment said first polypeptide is SEQ ID NO:21. Mosaic VLPs of bacteriophage AP205 comprising
an antigen are generally disclosed in W02006/032674A1, in particular in paragraph 107 of said
publication. In a further preferred embodiment said second polypeptide is a genetic fusion product of a
recombinant capsid protein, mutant or fragments thereof, preferably of said first polypeptide, with an
IL-1 molecule, wherein said IL-1 molecule is fused to the C-terminus of said recombinant capsid
protein, mutant or fragments thereof, preferably via an amino acid linker In a further preferred
embodiment said IL-I molecule comprises or preferably consists of 100 to 300 amino acids, typically
and preferably about 140 to 160 amino acids, and most preferably about 155 amino acids. In a very
preferred embodiment, the molar ratio of said first polypeptide and said second polypeptide in said
mosaic VLP is 10:1 to 5:1, preferably 8:1 to 6:1, most preferably about 7:1. 



1001491 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 antigen with at least one second attachment site via at least one covalent bond, wherein
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 sulfhydryl group of a
cysteine. 1001501 In a very preferred embodiment of the invention, the at least one first attachment
site is an amino group, preferably an amino group of a lysine residue and the at least one second
attachment site is a sulfhydryl group, preferably a sulfhydryl group of a cysteine. [001511 In one
preferred embodiment of the invention, the antigen is linked to the VLP by way of chemical
cross-linking, typically and preferably by using a heterobifunctional cross-linker. In preferred
embodiments, the hetero-bifunctional cross-linker contains a functional group which can react with the
preferred first attachment sites, preferably with the amino group, more preferably with the amino
groups of lysine residue(s) of the VLP, and a further functional group which can react with the
preferred second attachment site, i.e. a sulfhydryl group, preferably of cysteine(s) residue inherent of,
or artificially added to the IL-1 molecule, and optionally also made available for reaction by reduction.
Several hetero-bifunctional cross-linkers are known to the art. These include the preferred
cross-linkers SMPH (Pierce),  WO 2009/109643PCT/EP2009/052639 -40 - Sulfo-MBS, Sulfo-EMCS,
Sulfo-GMBS, Sulfo-SIAB, Sulfo-SMPB, Sulfo-SMCC, SVSB, SIA and other cross-linkers available for
example from the Pierce Chemical Company, and having one functional group reactive towards amino
groups and one functional group reactive towards sulfhydryl groups. The above mentioned
cross-linkers all lead to formation of an amide bond after reaction with the amino group and a thioether
linkage with the sulihydryl groups. Most preferably, said hetero-bifunctional cross-linker is
succinimidy1-64- maleimidopropionamido]hexanoate (SMPH). Another class of cross-linkers suitable
in the practice of the invention is characterized by the introduction of a disulfide linkage between the
IL-I molecule and the VLP upon coupling. Preferred cross-linkers belonging to this class include, for
example, SPDP and Sulfo-LC-SPDP (Pierce). [00152] In a preferred embodiment, the composition of
the invention further comprises a linker. In a further preferred embodiment said at least one antigen
with said at least one second attachment site further comprises a linker, wherein said linker comprises
said second attachment site, and wherein said linker is associated to said antigen by way of one
peptide bond, and wherein preferably said linker is a cysteine. Engineering of a second attachment
site onto the IL-I molecule is achieved by the association of a linker, preferably containing at least one
amino acid residue 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 IL-1
molecule by way of at least one covalent bond, preferably, by at least one, preferably one peptide
bond. Preferably, the linker comprises, or alternatively consists of, the second attachment site. In a
further preferred embodiment, the linker comprises a sulfhydryi group, preferably of a eysteine residue.
In another preferred embodiment, the amino acid linker is a cysteine residue. [00153] The selection of
a linker will be dependent on the nature of the IL-1 molecule, on its biochemical properties, such as pi,
charge distribution and glycosylation. In general, flexible amino acid linkers are favored. In a further
preferred embodiment of the present invention, the linker consists of amino acids, wherein further
preferably the linker consists of at least one and at most 25, preferably at most 20, more preferably at
most 15 amino acids. In an again preferred embodiment of the invention, the amino acid linker
contains 1 to 10 amino acids. Preferred embodiments of the linker are selected from the group
consisting of: (a) CGG (SEQ ID NO:171); (b) N-terminal gamma 1-linker, preferably CGDKTHTSPP
(SEQ ID NO:172); (c) N-terminal gamma 3-linker, preferably CGGPKPSTPPGSSGGAP(SEQ ID
NO:173); (d) Ig hinge regions; (e) N-terminal glycine linkers, preferably GCGGGG (SEQ ID NO:174);
(f) (G)kC(G)n with n=0-12 and (SEQ ID NO: 175); (g) N-terminal glycine-serine linkers, preferably
(GGGGS)n, n=1-3 (SEQ ID NO:176) with one further cysteine; (h)  WO
20091109643PCUEP2009/052639 - 41 - (G)kC(G)m(S)1(GGGGS)n with n=0-3, k=0-5, m=0-10, 1=0-2
(SEQ ID NO:177); (i) GGC (SEQ ID NO:178); (k) GGC-NH2 (SEQ ID NO:179); (I) C-terminal gamma
1-linker, preferably DKTHTSPPCG (SEQ ID NO:180); (m) C-terminal gamma 3-linker, preferably
PKPSTPPGSSGGAPGGCG (SEQ ID NO: 181); (n) C-terminal glycine linkers, preferably GGGGCG
(SEQ ID NO:182)); (o) (G)nC(G)k with n=0-12 and k=0-5 (SEQ ID NO:183); (p) C-terminal
glycine-serine linkers, preferably (SGGGG)n n=1-3 (SEQ ID NO:184) with one further cysteine; (q)
(G)m(S)1(0000S)n(G)oC(G)k with n=0-3, k=0-5, m=0-10, 1=0-2, and o=0-8 (SEQ ID NO: 185). In a
further preferred embodiment the linker is added to the N-terminus of the IL-1 molecule. In another
preferred embodiment of the invention, the linker is added to the C-terminus of IL-1 molecule. [00154]
Preferred linkers according to this invention are glycine linkers (G)n further containing a cysteine
residue as second attachment site, such as N-teiminal glycine linker (GCGGGG, SEQ ID NO:174) and
C-terminal glycine linker (GGGGCG, SEQ ID NO:182). Further preferred embodiments are C-terminal
glycine-lysine linker (GGKKGC, SEQ ID NO:186) and N-terminal glycine-lysine linker (CGKKGG, SEQ
ID NO:187), GGCG (SEQ ID NO:188) and GGC (SEQ ID NO:178) or GGC-NH2 (SEQ ID NO:179,
"NH2" stands for amidation) tinkers at the C-terminus of the peptide or COG (SEQ ID NO: 171) 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. In a further preferred embodiment said linker further comprises a His-tag. A very
preferred linker comprises or preferably consists of LEHHHHHHGGC (SEQ ID NO:201) or
LEHHHHHHGGCG (SEQ ID NO:219), preferably the linker consists of LEHHHHHHGGCG (SEQ ID
NO:219). [001551 Linking of the antigen with at least one second attachment site to the VLP by using
a hetero-bifunctional cross-linker according to the preferred methods described above, allows coupling
of the IL-1 molecule to the VLP in an oriented fashion. Other methods of linking the antigen with at
least one second attachment site to the VLP include methods wherein the IL-1 molecule is
cross-linked to the VLP, using the carbodiimide EDC, and NHS. The IL-1 molecule may also be first
thiolated through reaction, for example with SATA. SATP or minothiolane. The antigen with at least
one second attachment site after deprotection if required, may then be coupled to the VLP as follows.
After separation of the excess thiolation reagent, the antigen with at least one second attachment site
is reacted with the VLP, previously activated with a hetero-bifunctional cross-linker comprising a
cysteine reactive moiety, and therefore displaying at least one or several functional groups reactive
towards cysteine residues, to which the thiolated antigen with at least one second attachment site can
WO 2009/109643PCT/EP2009/052639 - 42 - react, such as described above. Optionally, low amounts
of a reducing agent are included in the reaction mixture. In further methods, the antigen with at least
one second attachment site is attached to the VLP, using a homo-bifunctional cross-linker such as
glutaraldehyde, DSG, BM[PE0]4, BS3, (Pierce) or other known homo-bifunctional cross-tinkers with
functional groups reactive towards amine groups or carboxyl groups of the VLP. [001561 In other
embodiments of the present invention, the composition comprises or alternatively consists essentially
of a virus-like particle linked to antigen with at least one second attachment sitevia chemical
interactions, wherein at least one of these interactions is not a covalent bond. [00157] Linking of the
VLP to the antigen with at least one second attachment site can be effected by biotinylating the VLP
and expressing the IL-1 molecule as a streptavidin-fusion protein. [00158] One or several antigen
molecules, i.e. IL-1 molecules, can be attached to one subunit of the VLP, preferably of RNA
bacteriophage coat proteins, preferably through the exposed lysine residues of the coat proteins of
RNA bacteriophage VLP, if sterically allowable. A specific feature of the VLPs of RNA bacteriophage
and in particular of the Qpcoat protein VLP is thus the possibility to couple several antigens per
subunit. This allows for the generation of a dense antigen array. [001591 In very preferred
embodiments of the invention, the antigen with at least one second attachment siteis linked via a
cysteine residue, having been added to either the N-terminus or the C-terminus of, or a natural
cysteine residue within an IL-1 molecule, to lysine residues of coat proteins of the VLPs of RNA
bacteriophage, and in particular to the coat protein of Qp. [00160] As described above, four lysine
residues are exposed on the surface of the VLP of Q0 coat protein. Typically and preferably these
residues are derivatized upon reaction with a cross-linker molecule. In the instance where not all of the
exposed lysine residues can be coupled to an antigen, the lysine residues which have reacted with the
cross-linker are left with a cross-linker molecule attached to the a-amino group after the derivatization
step. This leads to disappearance of one or several positive charges, which may be detrimental to the
solubility and stability of the VLP. By replacing some of the lysine residues with arginines, as in the
disclosed Qp coat protein mutants, we prevent the excessive disappearance of positive charges since
the arginine residues do not react with the preferred cross-linkers. Moreover, replacement of lysine
residues by arginine residues may lead to more defined antigen arrays, as fewer sites are available for
reaction to the antigen. [001611 Accordingly, exposed lysine residues were replaced by arginines in
the following Q13 coat protein mutants: Qp-240 (Lysl 3-Arg; SEQ ID NO:16), Q-250 (Lys 2-Arg,
Lys13-Arg;  WO 2009/109643PCT/EP2009/052639 -43 - SEQ ID NO:18), Q[3-259 (Lys 2-Mg,
Lys16-Arg; SEQ ID NO:20) and Qp-251; (Lys16-Arg, SEQ ID NO:19). In a further embodiment, we
disclose a Qp mutant coat protein with one additional lysine residue QP-243 (Asn 10-Lys; SEQ ID
NO:17), suitable for obtaining even higher density arrays of antigens. [00162] In one preferred
embodiment of the invention, the VLP of an RNA bacteriophage is recombinantly produced by a host
and wherein said VLP is essentially free of host RNA, preferably host nucleic acids. In one further
preferred embodiment, the composition further comprises at least one polyanionic macromolecule
bound to, preferably packaged in or enclosed in, the VLP. hi a still further preferred embodiment, the
polyanionic macromolecule is polyglutamic acid and/or polyaspartic acid. 



[00163] In another preferred embodiment, the composition further comprises at least one
immunostimulatory substance bound to, preferably packaged in or enclosed in, the VLP. In a still
further preferred embodiment, the immunostimulatory substance is a nucleic acid, preferably DNA,
most preferably an unmethylated CpG containing oligonucleotide. [001641 Essentially free of host
RNA, preferably host nucleic acids: The term ",ssentially free of host RNA, preferably host nucleic
acids" as used herein, refers to the amount of host RNA., preferably host nucleic acids, comprised by
the VLP, which amount typically and preferably is less than 30 pig, preferably less than 20 p.g, more
preferably lass than 10 jig, even more preferably less than 8 jig, even more preferably less than 6 jig,
even more preferably less than 4 jig, most preferably less than 2 jig, 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, 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
W020061037787A2. Identical, similar or analogous conditions are, typically and preferably, used for
the determination of the amount of RNA, preferably nucleic acids, for inventive compositions
comprising VLPs other than Q. The modifications of the conditions eventually needed are within the
knowledge of the skilled person in the art. The numeric value of the amounts determined should
typically and preferably be understood as comprising values having a deviation of --E. 10%, preferably
having a deviation of  5%, of the indicated numeric value. [001651Host RNA, preferably host nucleic
acids: The term "host RNA, preferably host nucleic acids" or the term "host RNA, pr,ferably host
nucleic acids, with secondary structure", as used herein, refers to the RNA, or preferably nucleic acids,
that are originally  WO 2009/109643PCVEP2009/052639 synthesized by the host. The RNA,
preferably nucleic acids, may, however, undergo chemical andlor physical changes during the
procedure of reducing or eliminating the amount of RNA, preferably nucleic acids, typically and
preferably by way of the inventive methods, for example, the size of the RNA, preferably nucleic acids,
may be shortened or the secondary structure thereof may be altered. However, even such resulting
RNA or nucleic acids is still considered as host RNA, or host nucleic acids. 1001661 Methods to
determine the amount of RNA and to reduce the amount of RNA comprised by the VLP have disclosed
in US provisional application filed by the same assignee on October 5, 2004,         Reducing or
eliminating the amount of host RNA, preferably host nucleic, minimizes or reduces unwanted T cell
responses, such as inflammatory T cell response and cytotoxic T cell response, and other unwanted
side effects, such as fever, while maintaining strong antibody response specifically against IL-I.
1001671 In one preferred embodiment, this invention provides a method of preparing the inventive
compositions and VLP of an RNA bacteriophage the invention, wherein said VLP is recombinantly
produced by a host and wherein said VLP is essentially free of host RNA, preferably host nucleic
acids, comprising the steps of: a) recombinantly producing a virus-like particle (VLP) with at least one
first attachment site by a host, wherein said VLP comprises coat proteins, variants or fragments
thereof, of a RNA bacteriophage; b) disassembling said virus-like particle to said coat proteins,
variants or fragments thereof, of said RNA bacteriophage; c) purifying said coat proteins, variants or
fragments thereof; d) reassembling said purified coat proteins, variants or fragments thereof, of said
RNA bacteriopliage to a virus-like panicle, wherein said virus-like particle is essentially fret of host
RNA, preferably host nucleic acids; and e) linking at least one antigen of the invention with at least one
second attachment site to said VLP obtained from step d). In a further preferred embodiment, the
reassembling of said purified coat proteins, variants or fragments thereof, is effected in the presence of
at least one polyanionic macromolecule. 1001681In one aspect. the invention provides a vaccine for
the treatment, amelioration and/or prevention of diabetes, preferably of type II diabetes, said vaccine
comprising the composition of the invention, preferably in an effective amount Thus, the invention
provides a vaccine for the treatment, amelioration and/or prevention of diabetes, preferably of type Il
diabetes, said vaccine comprising a composition, preferably in an effective amount, comprising (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 said at least one antigen comprises or consists of an IL-I
molecule and wherein (a) and (b) are linked through said at  WO 2009/109643PCT1EP2009/052639 -
45 - Least one first and said at least one second attachment site. [001691 An effective amount of a
composition of the invention is an amount which is capable of inducing an immune response in the
treated subject, preferably in a human, and which preferably results in a therapeutic or prophylactic
effect in diabetes, preferably in type II diabetes. [001701In a preferred embodiment, said vaccine
comprises ( ) a first composition, preferably in an effective amount, wherein said first composition is a
composition according to the invention wherein the IL-1 molecule comprised by said first composition
is an IL-1 beta molecule, preferably SEQ ID 140:136 or SEQ ID 140:165; and (ii) a second
composition, preferably in an effective amount, wherein said second composition is a composition
according to the invention wherein the IL-1 molecule comprised by said second composition is an IL-I
alpha molecule, preferably SEQ ID NO:203 or SEQ ID N0:210. [001711 In one preferred embodiment,
the IL-1 molecule which is linked to the VLP in the composition contained in the vaccine may be of
animal, preferably mammal or human origin In preferred embodiments, the IL-1 of the invention is of
human, bovine, dog, cat, mouse, rat, pig or horse origin. [00172]In one embodiment, the vaccine
further comprises at least one adjuvant. 1001731 An advantageous feature of the present invention is
the high immunogenicity of the composition, even in the absence of adjuvants. Therefore, in a
preferred embodiment, the vaccine composition is devoid of adjuvant. 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
invention to a patient will preferably occur without administering at least one adjuvant to the same
patient prior to, simultaneously or after the administration of the vaccine. [00174]However, when an
adjuvant is administered, the administration of the at least one adjuvant may hereby occur prior to,
simultaneously or after the administration of the inventive composition or of the vaccine.
1001751When the composition and/or the vaccine of the invention is administered to an individual, it
may be in a foul' which contains salts, buffers, adjuvants, or other substances which are desirable for
improving the efficacy of the conjugate. Examples of materials suitable for use in preparation of
vaccines or pharmaceutical compositions are provided in numerous sources including Remington's
Pharmaceutical Sciences (Osol, A, ed., Mack Publishing Co., (1990)). This includes 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 



WO 2009/109643PCT/EP2009/052639 - 46 - ethyl oleate. Carriers or occlusive dressings can be used
to increase skin permeability and enhance antigen absorption. [00176]The vaccines of the invention
are said to be "pharmaceutically acceptable" if their administration can be tolerated by a recipient
individual, preferably by a human. Further, the vaccines of the invention are 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 IL-I and thus reduce its concentration and/or interfering with its physiological
or pathological function. [00177] The invention therefore provides a pharmaceutical composition for the
treatment, amelioration and/or prevention of diabetes, preferably of type II diabetes, said
pharmaceutical composition comprising (I) a composition comprising (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 said at least one antigen comprises or consists of an IL-1 molecule and wherein (a) and (b)
are linked through said at least one first and said at least one second attachment site; and (2) a
phamaaceutically acceptable carrier. [00178] The invention further provides a pharmaceutical
composition for the treatment, amelioration and/or prevention of diabetes, preferably of type II
diabetes, said pharmaceutical composition comprising (1) a vaccine, said vaccine comprising a
composition comprising (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 said at least one antigen
comprises or consists of an IL-1 molecule and wherein (a) and (b) are linked through said at least one
first and said at least one second attachment site; and (2) a phaimaceutically acceptable carrier.
[00179] The invention further provides a method for the treatment, amelioration and I or prevention of
diabetes, preferably of type II diabetes, said method comprising administering a composition, a
vaccine or a pharmaceutical composition of the invention to an animal, preferably to a human. The
invention further provides a method for the treatment, amelioration and / or prevention of diabetes,
preferably of type II diabetes, said method comprising administering to an animal, preferably to a
human, (i) a first composition, preferably in an effective amount, wherein said first composition is a
composition according to the invention wherein the IL-1 molecule comprised by said first composition
is an IL-I beta molecule, preferably SEQ ID NO:136 or SEQ ID NO:165; and (ii) a second composition,
preferably in an effective amount, wherein said second composition is a composition according to the
invention wherein the IL-I molecule comprised by said second composition  WO
2009/109643PCT/EP2009/052639 - 47 - is an IL-1 alpha molecule, preferably SEQ ID NO:203 or SEQ
ID NO:210. 1001801 Thus, the invention provides a method for the treatment, amelioration and / or
prevention of diabetes, preferably of type II diabetes, said method comprising administering a
composition to an animal, preferably to a human, said comprising (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 said at least one antigen comprises or consists of an IL-1 molecule and wherein (a) and (b)
are linked through said at least one first and said at least one second attachment site. [001811 The
invention further provides a method for the treatment, amelioration and! or prevention of diabetes,
preferably of type II diabetes, said method comprising administering a vaccine to an animal, preferably
to a human, said vaccine comprising a composition comprising (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 said at least one antigen comprises or consists of an IL-1 molecule and wherein (a) and (b)
are linked through said at least one first and said at least one second attachment site. 1001821 The
invention further provides a method for the treatment, amelioration and / or prevention of diabetes,
preferably of type II diabetes, said method comprising administering a pharmaceutical composition to
an animal, preferably to a human, said pharmaceutical composition comprising (1) a composition
comprising (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 said at least one antigen comprises or
consists of an IL-1 molecule and wherein (a) and (b) are linked through said at least one first and said
at least one second attachment site; and (2) a pharmaceutically acceptable carrier. [001831 The
invention further provides a method for the treatment, amelioration and or prevention of diabetes,
preferably of type II diabetes, said method comprising administering a pharmaceutical composition to
an animal, preferably to a human, said pharmaceutical composition comprising (1 ) a vaccine, said
vaccine comprising a composition comprising (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 said at
least one antigen comprises or consists of an IL-1 molecule and wherein (a) and (b) are linked through
said at least one first and said at least one second attachment site; and (2) a pharmaceutically
acceptable carrier. [001841 With respect to the methods of the invention, said composition, said
vaccine and/or said pharmaceutical composition is administered to said animal, preferably to said
human, in an immunologically effective amount. [00185] In further preferred embodiments said animal
is a mammal, preferably selected from  WO 2009/109643PCTTP2009/052639 -48 - cat, sheep, pig,
horse, cattle, dog, rat, mouse, and, most preferably, human, [00186]In one embodiment, the
compositions, vaccines and/or pharmaceutical compositions are administered to said animal,
preferably to said human by injection, infusion, inhalation, oral administration, or other suitable
physical methods. In a preferred embodiment, the compositions, vaccines and/or pharmaceutical
compositions are administered to said animal, preferably to said human, intramuscularly,
intravenously, transmucosally, transdermally, intranasally, intraperitoneally, subcutaneously, or directly
into the lymphe node. [00187) A further aspect of the invention is the use of the compositions, the
vaccines and/or of the pharmaceutical compositions described herein for the treatment, amelioration
and/or prevention of diabetes, preferably of type II diabetes. In more detail, the invention provides for
the use of a composition for the treatment, amelioration and/or prevention of diabetes, preferably of
type II diabetes, said composition comprising: (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 said at
least one antigen comprises or consists of an IL-1 molecule and wherein (a) and (b) are linked through
said at least one first and said at least one second attachment site. 1001881 A further aspect of the
invention is the use of the compositions, the vaccines and/or of the pharmaceutical compositions
described herein for the manufacture of a medicament for the treatment, amelioration and./or
prevention of diabetes, preferably of type II diabetes. In more detail, the invention provides for the use
of a composition for the manufacture of a medicament for the treatment, amelioration and/or
prevention of diabetes, preferably of type II diabetes, said composition comprising: (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 said at least one antigen comprises or consists of an IL-1 molecule
and wherein (a) and (b) are linked through said at least one first and said at least one second
attachment site. [001891 It is to be understood that all technical features and embodiments described
herein, in particular those described for the compositions of the invention, may be applied to all
aspects of the invention, especially to the vaccine, pharmaceutical compositions, methods and uses,
alone or in any possible combination. In this context it is explicitly underlined that the following
embodiments of said at least one antigen with at least one second attachment site are specifically
preferred. [00190] In a further preferred embodiment said at least one antigen with at least one second
attachment site comprises or preferably consists of (i) an IL-1 beta molecule, wherein said IL- 1 beta
molecule is selected from any one of SEQ ID NO:165, and SEQ ID NOs 131 to 140; 



WO 2009/109643PCT/EP2009/052639 - 49 - and (ii) a linker, wherein said linker comprises said
second attachment site, and wherein preferably said linker comprises or preferably consists of GGC
(SEQ ID NO:178) or GGCG (SEQ ID NO: 188). [001911 In a further preferred embodiment said at
least one antigen with at least one second attachment site consists of (i) an IL-1 beta molecule,
wherein said EL-1 beta molecule is SEQ ID NO:165 or SEQ ID NO:136, preferably SEQ ID NO:136;
and (ii) a linker, wherein said linker comprises said second attachment site, and wherein said linker
comprises or preferably consists of GGC (SEQ ID NO:178) or GGCG (SEQ ID NO: 188), preferably
GGCG (SEQ ID NO:788). [001921 In a further preferred embodiment said at least one antigen with at
least one second attachment site consists of (i) an IL-1 beta molecule, wherein said IL-1 beta molecule
is SEQ ID NO:165 or SEQ ID NO:136, preferably SEQ ID NO:736; and (ii) a linker, wherein said linker
comprises said second attachment site, and wherein said linker is covalently bound to the C-terminus
of said IL-I beta molecule by way of a peptide bond, and wherein said linker comprises or preferably
consists of GGC (SEQ ID NO: 178) or GGCG (SEQ ID NO:188), preferably of GGCG (SEQ ID
NO:188), 1001931 In a further preferred embodiment said at least one antigen with at least one
second attachment site consists of (i) an IL-1 beta molecule, wherein said IL-1 beta molecule is SEQ
ID NO:165 or SEQ ID NO:136, preferably SEQ ID N0:136; and (ii) a linker, wherein said linker
comprises said second attachment site, and wherein said linker is covalently bound to the C-telminus
of said IL-1 beta molecule by way of a peptide bond, and wherein said linker consists of
LEHHHHHHGGCG (SEQ ID NO:219). 1001941 In a further preferred embodiment said at least one
antigen with at least one second attachment site is any one of SEQ ID NOs 220 to 223, preferably
SEQ ID NO:220. [001951 In a further preferred embodiment said at least one antigen with at least one
second attachment site comprises or preferably consists of (i) an IL-1 alpha molecule, wherein said
IL-7 alpha molecule is selected from any one of SEQ ID NOs 203 to 218; and (ii) a linker, wherein said
linker comprises said second attachment site, and wherein preferably said linker comprises or
preferably consists of GGC (SEQ ID NO: 178) or GGCG (SEQ ID NO: 188). [00196] In a further
preferred embodiment said at least one antigen with at least one second attachment site consists of (i)
an IL-1 alpha molecule, wherein said IL-1 alpha molecule is SEQ ID NO:203 or SEQ ID NO:210,
preferably SEQ ID NO:203; and (ii) a linker, wherein said tinker comprises said second attachment
site, and wherein said linker comprises or preferably consists of GGC (SEQ ID NO:178) or GGCG
(SEQ ID NO:188), preferably GGCG (SEQ ID N0:188).  WO 2009/109643PCT/EP2009/052639 - 50 -
[00197] In a further preferred embodiment said at least one antigen with at least one second
attachment site consists of (i) an IL-I alpha molecule, wherein said IL-1 alpha molecule is SEQ ID
NO:203 or SEQ ID NO:210, preferably SEQ ID NO:203; and (ii) a linker, wherein said linker comprises
said second attachment site, and wherein said linker is covalently bound to the C-terminus of said IL-1
alpha molecule by way of a peptide bond, and wherein said linker comprises or preferably consists of
GGC (SEQ ID NO:178) or GGCG (SEQ ID NO:188), preferably of GGCG (SEQ ID NO:188). [00198] In
a further preferred embodiment said at least one antigen with at least one second attachment site is
any one of SEQ ID NOs 224 or 225, preferably SEQ ID NO:224.  WO
2009/109643PCT/EP2009/052639 - 51 - EXAMPLE I Cloning, expression and purification of murine
ILlair-no and IL-113119-269 [00199) The nucleotide sequence encoding amino acids 117-270 of
murine IL-la was amplified by PCR from a cDNA library of TNFa-activated murine macrophages using
oligonucleotides IL 1 al (5 '-ATATAT GCTAGCCCCTTACACCTACCAGAGTGATTT G-3 ; SEQ ID
NO:24) and IL 1a2 (5'-ATATATCTCGAGTGATATCTGGAAGTCTGTCATA GAG-3'; SEQ ID NO:25).
Using the same cDNA library, the nucleotide sequence encoding amino acids 119-269 of the murine
IL-1f3 precursor was amplified with oligonucleotides 1E1131
(5'-ATATATGCTAGCCCCCATTAGACAGCTGCACTACAGG-3'; SEQ ID NO:26) and ml f32 (5
'-ATATATCTCGAGGGAA.GACACAGATTCCATGGTGAAG-3'; SEQ ID NO: 27). Both DNA fragments
were digested with Whel and A77o1, and cloned into the expression vector pModEC I (SEQ ID NO:29)
[00200] The vector pModEC1 (SEQ ID NO:29) is a derivative of pET22b(+) (Novagen Inc.), and was
constructed in two steps. In a first step the multiple cloning site of pET22b(*) was changed by
replacing the original sequence between the Ndel and Xhol sites with the annealed oligos
primerMCS-1F (5 '-TATGGATCCGGCTAGCGCTCGAGGGTTTA AACGGCGGCCGCAT-3'; SEQ ID
NO:30) and primerMCS-1R (5'-TCGAATGCGGCCG
CCGTTTAAACCCTCGAGCGCTAGCCGGATCCA-3'; SEQ ID NO:31) (annealing in 15 mM TrisHC1
pH 8 buffer). The resulting plasmid was termed pMod00, and had NdeI,        NheI, XhoI, PmeI and NotI
restriction sites in its multiple cloning site. The annealed pair of oligos Bainhis6-EK-Nhe-F
(5'-GATCCACACCACCACCACCACCACGG TTCTGGTGACGACGATGACAAAGCGCTAGCCC-3';
SEQ ID NO:32) and Bamhis6- EIGNhe-R (5 '-TCGAGGGCTAOCOCTI
TGTCATCGTCGTCACCAGAACCGTGGT GGTGGTGGTGGTGTG-3'; SEQ ID NO:33) and the
annealed pair of oligo1F-C-glycinelinker
(5'-TCGAGG(JTGGTGGTGGTGGTTGCGGTTAATAAGTTTAAACGC-3'; SEQ ID NO:34) and
oligo1R-C-glycine-linker (5' -GGCCGCGTTTAAACTTATTA ACCGCAACCACCACCACCACCC-3';
SEQ ID NO:35) were ligated together into the BamI1-NotI digested pMod00 plasmid to obtain
pModEC1, which encodes an N-tenninal hexahistidine tag, an enterokinase cleavage site and a C-ten
inal glycine linker containing one cysteine residue. [002011 The cloning of the above mentioned
fragments into pModEC I gave rise to plasmids pModEC1-His-EK-mIL1 a i 2-220 and
pModEC1-His-EK-mIL I 13119-269, respectively. These plasmids encode fusion proteins consisting of
an N-terminal His-tag, an enterokinase cleavage site, the mature murine IL-la or IL-113, respectively,
and a C-terminal cysteine-containing  WO 2009/109643PCT/EP2009/052639 - 52 - linker
(GGGGGCG, SEQ ID NO:28). For expression, Escherichia colt BL21 cells harbouring either plasmid
were grown at 37C to an OD at 600 nm of 1 0 and then induced by addition of
isopropyl-p-D-thiogalactopyranoside at a concentration of 1 mM. Bacteria were grown for 4 more hours
at 37C, harvested by centrifugation and resuspended in 80 ml lysis buffer (10 mM Na2HPO4, 30 mM
NaCI, pH 7.0). Cells were then disrupted by sonication and cellular DNA and RNA were digested by 30
min incubation at room temperature with 64 ul 2 M MgCl2 and I Oul Benzonase. Cellular debris was
removed by centrifugation (SS34 rotor, 20000 rpm, 4 C, 60 min), and the cleared lysate was applied to
a Ni21--NTA agarose column (Qiagen, Hflden, Germany). After extensive washing of the column with
washing buffer (50 mM NaH2PO4, 300 mM NaCl, 20 mM Imidazol, pH 8.0) the proteins were eluted
with elution buffer (50 mM NaH2PO4, 300 mM NaCl, 200 mM Imidazol, pH 8.0). Purified proteins were
dialysed against PBS pH 7.2, flash-frozen in liquid nitrogen and stored at -80C until further use.
EXAMPLE 2 A. Coupling of mouse IL-1j3119-269 to QI3 virus-like particles 



[00202] A solution containing 1.3 mg/ml of the purified murine 1L-113119-269 protein from EXAMPLE I
(SEQ ID NO:66) in PBS pH 7.2 was incubated for 60 min at room temperature with an equimolar
amount of TCEP for reduction of the C-terminal cysteine residue. [002031 A solution of 6 ml of 2
mg/ml QP capsid protein in PBS pH 7.2 was then reacted for 60 mm at room temperature with 131 gl
of a SMPH solution (65 mM in HMSO). The reaction solution was dialysed at 4 C against three 3 I
changes of 20 mM HEPES, 150 mM NaCl pH 7.2 over 24 hours. Seventy-five )1.1 of the derivatized
and dialyzed Q13 solution was mixed with 117 ul H20 and 308 ul of the purified and pre-reduced
mouse IL-lpi 19-269 protein and incubated over night at 15C for chemical crosslinking. Uncoupled
protein was removed by tangential flow filtration against PBS using cellulose ester membranes with a
molecular weight cutoff of 300.000 Da. [00204] Coupled products were analyzed on a 12 %
SDS-polyacrylamide gel under reducing conditions. The Coomassie stained gel is shown in Fig. I.
Several bands of increased molecular weight with respect to the Qf3 capsid monomer are visible,
clearly demonstrating the successful cross-linking of the mouse IL-113119-269 protein to the Qi3
capsid.  WO 2009/109643PCT/EP2009/052639 -53 - B. Immunization of mice with mouse
IL-113119-269 protein coupled to QB capsid (Qp-mIL-113119_269) [00205] Five female balb/c mice
were immunized with QP-rnIL-113119-269 (SEQ ID NO:66). Fifty fig of total protein were diluted in
PBS to 200 ul and injected subcutaneously (100 ul on two ventral sides) on day 0 and day 21. Mice
were bled retroorbitally on day 0, 21, and 35, and sera were analyzed using mouse
IL-113n9_269-specific ELISA. C ELISA [00206] ELISA plates were coated with mouse IL-113119-269
protein at a concentration of ug/ml. The plates were blocked and then incubated with serially diluted
mouse sera from day 0, 21, and 35. Bound antibodies were detected with enzymatically labeled
anti-mouse IgG antibody. Antibody titers of mouse sera were calculated as the average of those
dilutions which led to half maximal optical density at 450 nm. The average anti-mouse IL-113119_269
titer was 1:22262 at day 21 and 1.309276 at day 35. This demonstrates that immunization with Q13
coupled to the mouse IL-113119-269 protein could overcome immunological tolerance and produce
high titer antibodies which recognize specifically IL-113119_269, D. In vitro neutralization of IL-111
[002071 Sera of mice immunized with QP-mIL-10119-269 (SEQ ID NO:66) were then tested for their
ability to inhibit the binding of mouse IL-113 protein to its receptor. ELISA plates were therefore coated
with a recombinant ruff- IreceptorI-hFc fusion protein at a concentration of 1 ugiml, and co-incubated
with serial dilutions of sera from mice which had been immunized either with mouse IL-113i 9-269
coupled to Q13 capsid or with mouse IL-1a117- 270 coupled to Q13 capsid and 100 ng/ml of mouse
IL-1 3119-269. Binding of IL-113119-269 to the immobilized m1E-lreceptorl-hFc fusion protein was
detected with a biotinylated anti-mouse IL-I f3 antibody and horse radish peroxidase conjugated
streptavidin. All sera from mice immunized against murine IL-1f3119-269 inhibited completely the
binding of mouse IL-1p119-269 to its receptor at concentrations of ?.0.4 %, whereas sera from mice
immunized against mouse IL-lain-2m did not show any inhibitory effect even at the highest
concentration used (3.3 %). These data demonstrate that immunization with mouse IL-113119-269
coupled to Q13 capsid can yield antibodies which are able to neutralize the interaction of mouse
IL-113119_269 and its receptor.  WO 2009/109643PCT/EP2009/052639 - 54 - E. In vivo neutralization
of IL-113 1002081 The in vivo neutralizing capacity of the antibodies raised by immunization with
(glum-113119-269 was investigated next. Four female balb/c mice were therefore immunized twice at
days 0 and 14 with Q13-mIL-113119-259 and four mice were immunized at the same time with Qp
capsid alone. At day 21 all mice were injected intravenously with 1 jig free IL-lp119-269, As readout of
the inflammatory activity of the injected IL-113119-269. serum samples were analysed 3 h after
injection for the relative increase in the concentration of the pro-inflammatory cytokine IL-6.
Q(3-immunized mice showed an average increase in the serum IL-6 concentration of 1.01  0.61 ng/ml,
whereas mice immunized with Qp-mIL-113119-269 showed an average increase of only 0.11  0.30
ng/ml (p-0.04). As a control on day 28 all mice were injected with 1 jig mIL-la. Three hours after
injection mice immunized with Q13 carrier alone showed an average increase in serum IL-6
concentrations of 40.24  8.06 ng/ml, while mice immunized with Q13-mIL-113119_269 showed an
increase of 57.98  29.92 ng/ml (p=0.30). These data indicate that the antibodies produced by
immunization with QP-mIL1(3119-269 were able to neutralize specifically and efficiently the
pro-inflammatory activity of IL-10. EXAMPLE 3 A. Coupling of mouse IL-lai 17-zu to Q13 virus-like
particles 1002091 A solution containing 1.8 mg/ml of the purified17-270 protein from EXAMPLE  (SEQ
ID NO:65) in PBS pH 7.2 was incubated for 60 min at room temperature with an equirnolar amount of
TCEP for reduction of the C-terminal cysteine residue. [002101 A solution of 6 ml of 2 mg/m1 Qf3
capsid protein in PBS pH 7.2 was then reacted for 60 minutes at room temperature with 131 pl of a
SMPH solution (65 mM in HMSO). The reaction solution was dialyzed at 4 C against three 3 1
changes of 20 mM HEPES, 150 mM NaC1 pH 7.2 over 24 hours. Seventy-five ul of the derivatized
and dialyzed QI3 solution was mixed with 192 ul H20 and 233 ul of the purified and pre-reduced
mouse IL-1u117-270 protein and incubated over night at 15C for chemical crosslinking. Uncoupled
protein was removed by tangential flow filtration against PBS using cellulose ester membranes with a
molecular weight cutoff of 300.000 Da. [00211] Coupled products were analyzed on a 12%
SDS-polyacrylamide gel under reducing conditions. The Coomassie stained gel is shown in Fig. 2.
Several bands of increased molecular weight with respect to the QP capsid monomer are visible,
clearly demonstrating the successful cross-linking of the mouse IL-1 al 17-27C protein to the QP
capsid.  - 55 - B. Immunization of mice with mouse IL-1a117-270 protein coupled to 013 capsid
(QP-mIL-lan7-270) [00212] Five female balb/c mice were immunized with Qp-mIL-1ati7-270. Fifty pg of
total protein were diluted in PBS to 200 txl and injected subcutaneously (100 pl on two ventral sides)
on day 0 and day 21. Mice were bled retroorbitally on day 0, 21, and 35, and sera were analyzed using
mouse IL- la, 17-270-specific ELISA. C. ELISA 



100213] ELISA plates were coated with mouse IL-1a117_270 protein at a concentration of 1 ug/ml.
The plates were blocked and then incubated with serially diluted mouse sera from day 0, 21, and 35.
Bound antibodies were detected with enzymatically labeled anti-mouse IgG antibody. Antibody titers of
mouse sera were calculated as the average of those dilutions which led to half maximal optical density
at 450 nm. The average anti-mouse IL-10117-270 titer was 1:9252 at day 21 and 1:736912 at day 35.
This demonstrates that immunization with Qi3 coupled to the mouse IL-1 al17-270 protein could
overcome immunological tolerance and produce high titer antibodies which recognize specifically IL-1
al 17-270 D. In vitro neutralization of IL-la [00214] Sera of mice immunized with Qp-m1L-lai 17-270
were then tested for their ability to inhibit the binding of mouse IL-la protein to its receptor, ELISA
plates were therefore coated with a recombinant mIL-lreceptort-hFc fusion protein at a concentration of
1 ug/ml, and co-incubated with serial dilutions of sera from mice which had been immunized either with
mouse IL-10617-220 coupled to Qp capsid or with mouse IL-lp 119-269 coupled to Qp capsid and 5
ng/ml of mouse IL-lai 17-270. Binding of IL-1 a117-270 to the immobilized mIL-lreceptorI-hFc fusion
protein was detected with a biotinylated anti-mouse IL-la antibody and horse radish peroxidase
conjugated streptavidin. All sera from mice immunized against murine inhibited completely the binding
of mouse IL-1 a117-270 to its receptor at concentrations of  0.4%, whereas sera from mice immunized
against mouse IL-113119.269 did not show a significant inhibitory effect even at the highest
concentration used (3.3 %). These data demonstrate that immunization with mouse IL-lai 17-270
coupled to Qfl capsid can yield antibodies which are able to neutralize specifically the interaction of
mouse IL-1 an 7_270 and its receptor.  - 56 - E. In vivo neutralization of IL-Ict [00215] The in vivo
neutralizing capacity of the antibodies raised by immunization with Qfim1L-1ct417_270 was
investigated next. Four female balb/c mice were therefore immunized twice at days 0 and 14 with
Q13-mIL-1cti 17.270 and four mice were immunized at the same time with Q13 capsid alone. At day
21 all mice were injected intravenously with 1 tag free IL-lam-ro. As readout of the inflammatory
activity of the injected IL-la1-270, serum samples were analysed 3 h after injection for the relative
increase in the concentration of the pro-inflammatory cytokine IL-6. Qfi-immunized mice showed an
average increase in the serum IL-6 concentration of 8.16 2.33 ng/ml, whereas mice immunized with
Q13-mIL-1a117-270 showed an average increase of only 0.15  0.27 rig/ml (p=0.0005). As a control on
day 28 all mice were injected with 1 ng mIL-10 Three hours after injection mice immunized with (g3
carrier alone showed an average increase in serum IL-6 concentrations of 9.52  7.33 ng/ml, while mice
immunized with W-mIL-1a117..270 showed an increase of 21.46  27.36 ng/ml (p=0.43). These data
indicate that the antibodies produced by immunization with Q13-mIL10.t 17-270 were able to
neutralize specifically and efficiently the pro-inflammatory activity of IL-la. EXAMPLE 4 Comparison of
Q3-mIL-1aw-270 and 013-mIL-113119-269 immunization to Kineret(r) treatment in a mouse model of
rheumatoid arthritis 1002161 Kineret0 (Anakinra, Amgen) is a recombinant version of the human IL-1
receptor antagonist, which is approved for the treatment of human rheumatoid arthritis. In order to
reach a clinical benefit, relatively high amounts (100 mg) have to be applied via subcutaneous injection
on a daily basis. The collagen-induced arthritis model was used to compare the efficacy of
Q13-mIL-1a117 270 and Qfi-mIL-1f3 119-269 immunization with daily applications of different doses of
Kineret(r). Mate DBA/1 mice were immunized subcutaneously three times (days 0, 14 and 28) with 50
,ug of either W-mIL-1a117-270 (n=8), Q13-mIL-113119-269 (n=8) or Q0 alone (n=32), and then
injected intradermalty on day 42 with 200 ng bovine type II collagen mixed with complete Freund's
adjuvant. From day 42 on, mice immunized with Q13- rn1L-la117-270 and Qfi-inIL-1131i9-269, and
one group of QP-immunized mice (n=8) received daily intraperitoneal injections of 200 ni PBS, while
three additional W-immunized groups received daily intraperitoneal injections of either 37.5 ug (n=8),
375 ug (n=8), or 3.75 mg  WO 2909/109643PC T/EP2009/052639 - 57 - (n=8) Kineret(r). A daily
injection of 37.5 jig Kineret(r) per mouse corresponds roughly to a dose of 1.5 mg/kg, which is in the
range of the recommended efficacious amount for humans (100 mg). All mice were boosted on day 63
by intradermal injection of 200 jig bovine type II collagen mixed with incomplete Freund's adjuvant, and
examined on a daily basis for the development of arthritis symptoms. [00217] Four weeks after the
second collagen injection, Qfl-immunized control mice showed an average cumulative clinical score
(as defined in EXAMPLE 2F of W02008/037504A1) of 3.75, while Q13-m1L-1a117-270- and
Qfl-m1L-113119-262-immunized mice showed average scores of only 0.81 and 1.44, respectively (see
Table 1). Mice treated with 37.5 jig or 375 jig Kineret0 reached an average score of 2.44 and 2.63,
respectively, while mice treated with 3.75 mg Kineret0 remained largely asymptomatic, reaching a
maximal score of only 0.19. 1002181 As an additional readout of the inflammatory reaction, the hind
ankle thickness of all animals was measured on a regular basis. Four weeks after the second collagen
injection Qpimmunized control mice showed an average increase in hind ankle thickness of 16 %,
while Q13-m1L-16612-220-immunized mice showed an increase of 2% and 013-m1L-113119-269-
immunized mice showed an increase of 6 %. Mice treated with either 37.5 jig or 375 jig Kineret0
showed an average increase of 13 % and 10 %, respectively, while mice treated with 3.75 mg Kineret0
showed no increase in hind ankle thickness at all. 



[00219] In conclusion we surprisingly found that three injections of either Q3-mIL-lai 17_270 or
O3-m1L-1 0119-269 protected mice better from the development of arthritis symptoms than daily
injections of Kinerete in amounts corresponding to the human dose or even the ten-fold human dose.
Only application of the 100-fold human dose of Kineret(r) showed an increased benefit with respect to
Qp-m1L-1a1 1i-270 or Qfl-m1L-1(3119-269 vaccination.  WO 2009/109643PCT/EP2009/052639 -58 -
Table 1: clinical disease symptoms in collagen-induced arthritis model. Treatment average clinical
score day 91 Average increase in hind ankle thickness (/0) day 63-91 3x Qp s.c. + PBS i.p. (200
ml/day) 3.75 16 3x Q13-mIL-lat17-270 S.0PBS i.p. (200 ml/day) 0.81 2 3x QP-m11,113119-269s.c. +
PBS i.p. (200 pd/day) 1.44 6 3x QI3 s.c. + Kinerete i.p. (37.5 mg/day) 2.44 13 3x QP sc. + Kineret(r)
i.p. (375 mg/day) 2.63 10 3x QP s.c. + Kineret0 i.p. (3.75 mg/day) 0.19 0  



EXAMPLE 5 A. Cloning, expression, and purification of virus-like particles consisting of AP205 coat
protein genetically fused to mouse(AP2OS IC 1 ntI 17-270-117-270, 100220] Given the large size of
interleukin-lalpha and for steric reasons, an expression system producing so called mosaic particles,
comprising AP205 coat proteins fused to interleukin-lalpha as well as wt coat protein subunits was
constructed. In this system, suppression of the stop codon yields the AP205-interleukin-lalpha coat
protein fusion, while proper termination yields the wt AP205 coat protein. Both proteins are produced
simultaneously in the cell and assemble into a mosaic virus-like particle. Two intermediary plasmids,
pAP590 and pAP592, encoding the AP205 coat protein gene terminated by the suppressor codons
TAG (amber, pAP590) or TGA (opal, pAP592) were made. A linker sequence encoding the tripeptide
Gly-Ser-Gly (SEQ ID NO:189) was added downstream and in frame of the coat protein gene. Kpn2I
and Hindill sites were added for cloning sequences encoding foreign amino acid sequences at the
C-terminus of the Gly-Ser-Gly amino acid linker, C-terminal to the AP205 coat protein. The resulting
constructs were: AP590 (SEQ ID NO:117): AP205 coat protein gene - amber codon - GSG(Kpn2I -
FlindIII); and AP592 (SEQ ID NO:118): AP205 coat protein gene - opal codon - GSG(Kpn2I - HindlII).
For construction of plasmid pAP590, a PCR fragment obtained with oligonucleotides p1.44 (5'-
NNCCATGGCAAATAAGCCAATGCAACCG-3'; SEQ ID NO: 119) and pINC-36 (5'-
GTAAGCTTAGATGCATTATCCGGA TCCCTAAGCAGTAGTATCAGACGATACG-3'; SEQ ID NO:120)
was digested with NcoI and HindIII, and cloned into vector pQb185, which had been digested with the
same restriction enzymes. pQb185 is a vector derived from pGEM vector. Expression of the cloned
genes in this vector is controlled by the tip promoter  WO 2009/109643PCT/EP2009/052639 - 59 -
(Kozlovska, T. M. et at, Gene 137:133-37 (1993)). Similarly, plasmid pAP592 was constructed by
cloning a NcoI/HindIE-digested PCR fragment obtained with otigonucleotides p1.44 and p1NC-40
(5'-GTAAGCTTAGATGCATTATCCGGATCCTCAA3CAGTAGTA TCAGACGATACG-3'; SEQ ID
NO:121) into the same vector. 1002211 The sequence encoding amino acids 117-270 of murine IL-la
was amplified by PCR from plasmid pModEC1-His-EK-mILla: 17-270 (see EXAMPLE 1), using primers
pINC-34 (5'-GGTCCGGAGCGCTAGCCCCTTACAC-3'; SEQ ID NO:122) and p1NC-35 (5'-
GTAAGCTTATGCATTATGATATCTGGAAGTCTGTCATAGA-3'; SEQ ID NO: 123), which added
Kpn2I and HindIII restriction sites to the 5' and 3' ends, respectively. The obtained DNA fragment was
digested with Kpn2I and HindIII and cloned into both vector pAP590, creating plasmid pAP594 (amber
suppression), and into vector pAP592, creating plasmid pAP596 (opal suppression), respectively.
[00222] For expression of mosaic AP205 VLPs displaying murine IL-la on their surface, E.coli JM109
cells containing plasmid pISM 579 or pISM 3001 were transformed with plasmid pAP594 or pAP596,
respectively. Plasmid pISM579 was generated by excising the trpT176 gene from p1SM3001 with
restriction endonuclease EcoRI and replacing it by an EcoRI fragment from plasmid pMY579 (gift of
Michael Yarns) containing an amber t-RNA suppressor gene. This t-RNA suppressor gene is a mutant
of trpT175 (Raftery LA. Et al. (1984) J. Bacteriol. 158:849-859), and differs from trpT at three positions:
033, A24 and T35. Five milliliters of LB liquid medium containing 20 tig/m1 ampicillin and 10
ug/mIkanamycin were inoculated with a single colony, and incubated at 37 C for 16-24 h without
shaking. The prepared inoculum was diluted 50 x with M9 medium containing 20 tig/mt ampicillin and
10 pig/m1 Kanamycin and incubated at 37 C overnight on a shaker. Cells were harvested by
centrifugation. [00223] Cells (1 g, transformed with plasmid pAP594 and containing pISM579) were
lysed by ultrasonication in lysis buffer (20 mM Tris-HCI, 5mM EDTA, 150 mM NaCI, pH 7.8, 0.1 /D
Tween 20). The lysate was cleared by centrifugation, and the cell debris were washed with lysis buffer.
Pooled supernatant were loaded on a Sepharose CL-4B column eluted in TEN buffer (20 mM
Tris-HC1, 5mM EDTA, 150 mM NaC1, pH 7.8). The presence of capsids in the cleared lysate and
wash supernatant was confirmed by agarose gel electrophoresis (1 % TAE, ethidium bromide stained
gel and UV detection). Two peaks eluted from the column as determined by SDS-PAGE or
UV-spectrometric analysis of light scattering at 310 nm. Fractions of the second peak, containing the
capsids, were pooled and loaded on a Sepharose CL-6B column, Peak fractions from the CL-6B
cotumne were pooled and concentrated using a centrifugal filter unit (Amicon Ultra 15 MWCO 30000,
Millipore). The protein was purified  WO 2009/109643PCT/EP2009/052639 - 60 - further by one
additional round of gel filtration on a CL-4B column, and the resulting peak fractions were pooled and
concentrated on a centrifugal filter unit as above. The buffer was exchanged to 10 rniM Hepes, pH 7.5,
and glycerol was added to a final concentration of 50 %. [00224] Purification of AP205_mIL-la1 t7-270
from plasmid pAP596 was performed essentially as described for pAP594 above, with the inclusion of
an additional sucrose gradient purification step after the last CL-4B column. The protein was layered
on a gradient prepared with the following sucrose solutions: 9 ml 36 %, 3 ml 30 %, 6 ml 25 %, 8 ml 20
%, 6 ml 15%, 6 ml 10% and 3 ml 5% sucrose. Fractions were identified by UV spectroscopy, and
pooled fractions containing the capsids were concentrated on a centrifugal filter unit as above, and the
buffer exchanged to 10 naM Hepes, pH 7.5. Glycerol was finally added to a final concentration of 50
%. B. Immunization of mice with AP205_m1E-lat17-270 002251 Four female balb/c mice were
immunized with AP205Twentyfive mg of total protein were diluted in PBS to 200 ul and injected
subcutaneously (100 ul on two ventral sides) on day 0, day 14, and day 28. Mice were bled
retroorbitally on days 0, 14,28 and 35, and sera were analyzed using mouse IL-lat 17_270-specific
ELISA C. ELISA [00226] ELISA plates were coated with mouse IL-1c/117-279 protein at a
concentration of I jig/ml. The plates were blocked and then incubated with serially diluted mouse sera
from days 14, 28 and 35. Bound antibodies were detected with enzymatically labeled anti-mouse IgG
antibody. Antibody titers of mouse sera were calculated as the average of those dilutions which led to
half maximal optical density at 450 nm. The average anti-mouse IL-1 al17-270 titer was 1:4412 at day
14, 1:27955 on day 28 and 1:34824 on day 35. This demonstrates that immunization with AP205
mIL-lai 17-270 could overcome immunological tolerance and produce high titer antibodies which
recognize specifically IL-10t117-270. D. In vitro neutralization of IL-la [00227] Sera of mice immunized
with AP205 mIL-1a117-270 were tested for their ability to inhibit the binding of mouse IL-la protein to
its receptor. ELISA plates were therefore coated with a recombinant mIL-Ireceptorl-hFc fusion protein
at a concentration of 1 mg/rill, and co- incubated with serial dilutions of sera from mice which had been
immunized either with AP205_mIL-1a417-270 or with AP205 alone and 100 ng/ml of mouse
1L-la117-270. Binding of  WO 2009/109643PCT/EP2009/052639                                    -61 - 



mIL-1a117_270 to the immobilized mIL-lreceptorl-hFc fusion protein was detected with a biotinylatcd
anti-mouse IL-la antibody and horse radish peroxidase conjugated streptavidin. All sera from mice
immunized AP2017-270 inhibited completely the binding of mouse 1L-1a117-270 to its receptor at
concentrations of 3.3 %, whereas son from mice immunized with AP205 did not show a significant
inhibitory effect at any concentration used. These data demonstrate that immunization with AP205
mIL-1a117-270 can yield antibodies which are able to neutralize specifically the interaction of mouse
IL-lair 270 with its receptor. E. In vivo neutralization of IL-la [00228] The in vivo neutralizing capacity of
the antibodies raised by immunization with AP205_mIL-1a117-270 was investigated next. Four female
balb/c mice were therefore immunized three times on days 0, 14, and 28 with AP205_mIL-1a117.270
and four mice were immunized at the same time with AP205 alone. On day 42 all mice were injected
intravenously with 1 jig of free murine IL-lai 17-270- As readout of the inflammatory activity of the
injected IL-1a11 7-270, serum samples were withdrawn before and 3 h after injection and analyzed for
the relative increase in the concentration of the pro-inflammatory cytokine IL-6. AP205-immunized
mice showed an average increase in the serum IL-6 concentration of 12.92  3.95 ng/m1, whereas mice
immunized with AP205_m1L-1a1 17-270 showed an average increase of only 0.06  0.05 ng/ml (p <
0.01). These data indicate that the antibodies produced by immunization with AP205_1ML-1a117-270
were able to neutralize specifically and efficiently the pro-inflammatory activity of IL-la. EXAMPLE 6 A.
Cloning and expression of virus-like particles consisting of AP205 coat protein genetically fused to
mouse IL-43119_269 (AP205_mIL-101 [9-269) [00229] Cloning, expression and purification of
virus-like particles consisting of AP205 coat protein genetically fused to mouse IL-1j3119259 is carried
out essentially as described for AP205 mIT-1a117-270 in EXAMPLE 5. The sequence of murine
interleukin 1 beta was amplified from plasmid pModEC1-His-EK-mIL 1 0119_269 coding for murinc
interleukin 1 beta using primers pINC-75 (5'-GATCCGGAGGTGGTGTCCCCATTAGACAGCT-3', SEQ
ID NO:192) and p1NC-77 (5 '-GTAAGCTTAGGAAGACACAGATTCCAT-3 SEQ ID NO:193). These
primers amplify a murine interleukin-1 beta gene with 5' Kpn2T and 3' Hind III sites, and encoding
additionally the amino acid sequence Gly-Gly at the N-terminus of murine interleukin lbeta. The
obtained mur-IL-113 fragment was digested with Kpn2I and  WO 2009/109643PCT/EP2009/052639 -
62 - HindIII and cloned in the same restriction sites into vector pAP590 (amber suppression) creating
plasmid pAP630. E.co/i JM109 containing plasmid pISM 579, providing amber suppression, was
transformed with plasmid pAP630. 5 ml of LB liquid medium with 20 pg/m1 ampicillin and10
pg/mlkanamycin were inoculated with a single colony, and incubated at 37 C for 16-24 h without
shaking. The prepared inoculum was diluted 50x with M9 medium containing 20pg/mlampicillin and 10
pg/ral kanamycin and incubated at 37 C overnight on a shaker. Cells were harvested by centrifugation.
B. Cloning and expression of virus-like particles consisting of AP205 coat protein genetically fused to
human IL-113316_269 (AP205_hIL-Ifiji6_269) [00230] The sequence of human interlcukin 1 beta was
amplified from plasmid pET42T-h1L113]15-269 coding for human interleukin 1 beta using primers
pINC-74 (5'- GA TCC GGA GGT GOT GCC CCT GTA CGA TCA CTG AAC TO -3', SEQ ID NO:194)
and pINC-76 (5'- GTATGCATTAGGAAGACACAAATTGCATGGTGAAGTC-3, SEQ ID NO: 195).
introducing a 5' Kpn2I and 3' Mph1103I site, respectively. The obtained human-IL-10 fragment was
digested with Kpn2I and Mph11031 and cloned in the same restriction sites into vector pAP590 (amber
suppression) creating plasmid pAP649. E.coli JM109 containing plasmid pISM 579 (providing amber
suppression), was transformed with plasmid pAP649. 5 ml of LB liquid medium with 20 ng/m1
ampicillin and10 ng/m1 canamicin were inoculated with a single colony, and incubated at 37 C for
16-24 h without shaking. The prepared inoculum was diluted 50x with M9 medium containing 20 ng/ml
ampicillin and 10 ng/m1 kanamycin and incubated at 37 C overnight on a shaker. Cells were harvested
by centrifugation. C. Immunization of mice with AP205_mIL-113119-269 100231] Four female
C3H/HeJ mice were immunized with AP205_mIL-113119.269. Twentyfive pg of total protein were
diluted in PBS to 200 ttl and injected subcutaneously (100 ul on two ventral sides) on day 0, day 14,
and day 28. Mice were bled retroorbitally on days 0, 14, 28 and 35, and sera were analyzed using
mIL-113119-269-specific ELISA. 



D. ELISA [00232] ELISA plates were coated with mouse IL-113119_269 protein at a concentration of 1
ug/ml. The plates were blocked and then incubated with serially diluted mouse sera from days 0, 14,
28, and 35. Bound antibodies were detected with enzymatically labeled anti-mouse 1gG  WO
2009/109643PCT/EP2009/052639 - 63 - antibody. Antibody titers of mouse sera were calculated as
the average of those dilutions winch lead to half maximal optical density at 450 nm. The average
anti-mouse IL-I f3119_269 titer was 1:19000 on day 14, 1:58200 on day 28 and 1:104700 on day 35.
This demonstrates that immunization with AP205_mIL-113119_269 could overcome immunological
tolerance and produce high titer antibodies which recognize specifically mouse IL-10119-259 E. In
vitro neutralization of IL-10 [002331 Sera of mice immunized with AP205 mIL-113119_259 are then
tested for their ability to inhibit the binding of mouse IL-1p protein to its receptor. ELISA plates are
therefore coated with a recombinant mIL-IreceptorkhFc fusion protein at a concentration of 1 ug/ml,
and co-incubated with serial dilutions of sera from mice immunized either with
AP205_m1L-113119-269 or with AP205 alone, and 100 ng/ml of mouse 1L-1f311969, Binding of
IL-113119-259 to the immobilized mIL-lreceptod-hFc fusion protein is detected with a biotinylated
anti-mouse 1E113 antibody and horse radish peroxidase conjugated streptavidin. All sera from mice
immunized with AP205_m1L-113119-269 strongly inhibit the binding of mouse IL-if] )19-269 to its
receptor, whereas sera from mice immunized with AP205 alone do not show any inhibitory effect.
These data demonstrate that immunization with AP205_mIL-1P119-269 can yield antibodies which are
able to neutralize the interaction of mouse IL-if], 19_269 and its receptor. F. In vivo neutralization of
grip [002341 The in vivo neutralizing capacity of the antibodies raised by immunization with
AP205_m1L-113119-269 were investigated next. Four female C311/He1 mice were therefore
immunized three times on days 0, 14, and 28 with AP205_mIL-1 P119-259 and four mice were
immunized at the same time with AP205 alone. On day 42 all mice were injected intravenously with 1
tig of free m1L-113119-269. As readout of the inflammatory activity of the injected mIL-1f3119_269,
serum samples were withdrawn before and 3 h after injection and analysed for the relative increase in
the concentration of the pro-inflammatory cytokine IL-6. AP205-immunized mice showed an increase
of 0.28 ng/ml in serum IL-6 concentrations, whereas mice immunized with AP205 mIL-1131 19-269
showed no increase at all. These data indicate that the antibodies produced by immunization with
AP205_mIL-113119-269 were able to neutralize specifically and efficiently the pro-inflammatory
activity of IL-1p.  WO 2009/109643PCT/EP2009/052639 - 64 - It Immunization of mice with
AP205_hIL-113116-269 [00235] Four female C3H/HeJ mice were immunized with
AP205_hIL-113115-269. Twentyfive ng of total protein were diluted in PBS to 200 )11 and injected
subcutaneously (100 ul on two ventral sides) on days 0, 14, and 28. Mice were bled retroorbitally on
days 0, 14,28 and 35, and sera were analyzed using human IL-113n6.269-specific EL1SA. I ELISA
[002361 ELISA plates were coated with human IL-lp 116-269 protein at a concentration of 1 ng/ml.
The plates were blocked and then incubated with serially diluted mouse sera from days 0, 14, 28, and
35. Bound antibodies were detected with enzymatically labeled anti-mouse IgG antibody. Antibody
titers of mouse sera were calculated as the average of those dilutions which lead to half maximal
optical density at 450 nm. The average anti-human IL-113116-269 titer was 1:39600 on day 14,
1:58300 on day 28 and 1:65600 on day 35. This demonstrates that AP205_h1L-1131 16-269 induces
high titers of hIL-1131 16-269-specific antibodies in mice. EXAMPLE 7 A. Cloning, expression and
purification of human IL-18116_269 [00237] The nucleotide sequence encoding amino acids 116-269
of human IL-1f3 (h1L-113116. 269) was amplified by PCR from a cDNA library of human liver tissue
using oligonucleotides Hari (5'- ATATATGATATCCCTGTACGATCACTGAACTGCACG-3'; SEQ ID
NO:124) and HIL-2 (5'-ATATATCTCGAGGGAAGACA CAAATTGCATGGTGAAG-3'; SEQ ID NO:125),
digested with XhoI and EcoRV and cloned into the expression vector pET42T(). [00238] Plasmid
pET-42T(+) was constructed by replacing the whole region between the 17 promoter and the T7
terminator of pET-42a(+) (Novagen) in two steps by new linker sequences, which facilitate the
expression of a protein of interest as a fusion with a C-terminal tag (SEQ ID NO:190) comprising a
His-tag and a cysteine containing linker. In a first step plasmid pET-42a(+) was digested with the
restriction enzymes Ndel and AvrIl, liberating a 958 bp fragment between the T7 promoter and T7
teiminator composed of a GST-tag, S-tag, two His-tags and the multiple cloning site. The residual
4972 bp fragment containing the vector backbone of pET-42a(+) was isolated and ligated to the
annealed complementary oligonucleotides 42-1
(5"-TATGGATATCGAATTCAAGCTTCTGCAGCTGCTCGAGTAA TTGAI I AC-3"; SEQ ID NO:126)
and 42-2 (5 ICTAGGTAATC AA11ACTCGA GCAGCTGCAGAAGCTTGAATTCGATATCCA-3"; SEQ
ID NO:127), giving rise to plasmid pET-42S(+). In the second step plasmid pET-42S(+) was linearized
by digestion with  WO 2009/109643PCT/EP2009/052639 - 65 - restriction enzymes Xhol and Avr11,
and ligated to the complementary annealed oligonucleotides42T-1(5
"-TCGAGCACCACCACCACCACCACGGTGGTT GCTAATAATAATTGATTAATAC-3'; SEQ ID NO:
128) and 42T-2 (5 '-
CTAGGTATTAATCAATTATTATTAGCAACCACCGTGGTGGTGGTGGTGGTGC-3 "; SEQ ID NO:
129), resulting in plasmid pET-42T(). [002391 The cloning of the above mentioned fragment
hIL-113115-269 into pET-42T( gave rise to plasmid pET42T-h1L-113116-269. This plasmid encodes a
fusion protein corresponding to the mature human 1L-ip and a His-tag and a C-terminal
cysteine-containing linker (GGC, SEQ ID NO:178). Thus, the fusion protein consists of SEQ ID
NO:190 C-terminally fused to SEQ ID NO:165. The original alanine residue at position 117 of human
IL- I f3 was changed to isoleucin in this fusion protein. Expression and purification of the human IL-1
fa1]6-253 protein was performed essentially as described for the rnurine mIL113119-269 protein in
EXAMPLE I. B Cloning, expression and purification of human116-269 muteins 



002401 By site directed mutagenesis of the plasmid pET42T-111L-11366-269, expression vectors for
ten different mutant human IL-Ipi, 6_269 fusion proteins were constructed. To this aim the
Quik-Change(r) Site directed mutagenesis kit (Stratagene) was used according to the manufacturer's
instructions. The expression vectors for these mutant IL-113119_253 proteins are listed in Table 2
together with the oligonucleotide pairs used for their construction. Expression and purification of the
different human IL-113116-269 muteins was performed as described in EXAMPLE 1.  WO
2009/109643PCT/EP2009/052639 - 66 - Table 2: Overview over IL-1 mute s, expression vectors and
oligonucleolides used for their construction. Expression vector mutein sequence (without purification
tag) Oligonucleotide pair pET42T-h1L-113116 20 (MD) NI,' 1 J3116-269 (R4D) (SEQ ID NO: 131)
R4D-1 (5'-CATATGGATA TCCCTGTAGA CTCACTGAAC TGCACGCTC-3'; SEQ ID NO: 143); R4D-2
(5' -GAGCGTGCAG TTCAGTGAGT CTACAGGGAT ATCCATATG-3'; SEQ ID NO: 144)
pET42T-hIL-113116.266 (L6A) hIL-113116,269(L6A) (SEQ1D NO: 132) L6A-1 (5' -GATATCCCTG
TACGATCAGC TAACTGCACG CTCCGGGAC-3 '; SEQ ID NO: 145); L6A-2 (5' -GTCCCGGAGC
GTGCAGTTAG 1 CTGATCGTAC A000ATATC-3'; SEQ ID NO: 146) pET42T-h1L-1131166269 (T9G)
hIL-113i,62269(T9G) (SEQ ID NO: 133) : T9G-1 (5.-GTACGATCAC TGAACTGCOG TCTCCGGGAC
TCACAGC-3'; SEQ ID NO:147) T90-2 (5'-GCTGTGAGTC CCGGAGACCG CAGTTCAGTG
ATCGTAC-3'; SEQ ID NO:148) 2ET42T-hIL113116_269 (R11G) hIL-113116.269 (R1 1G) (SEQ ID
NO:134) RI 10-1 (5' -GAACTGCACG CTCGGGGACT CACAGC-3'; SEQ ID NO:149) R11G-2 (5'
-GCTGTGAGTC CCCGAGCGTG CAGTTC-3'; SEQ ID NO:150) pET42T-hIL-113 '16.269 (D54R)
h1L-1131166269(D54R) (SEQ ID NO: 135) D54R-1 (5' -
CAAGGACIAAGAAAGTAATCCICAAAATACC'TGTGGC CTTG-3'; SEQ ID NO:151 



D54R-2 (5% CAAGGCCACACTGTATITTGCGA11. ACT11CTTCTCCT TG-3'; SEQ ID NO: 152)
pET42T-hIL-10116-269 (D145K) hIL-113116469 (DI 45K) (SEQ ID NO: 136) DI45K-1 (5 '-   1
GCGGCCAGGATATAACTAAA Ii. CACCATOCAA ii TO TGTC-3'; SEQ ID NO:161) D145K-2 (5'-
GACACAAATTGCATGGTGAATTTAGTTATATCCTGG 000C-3'; SEQ ID NO:162)
pET42T-hIL-10:16-269 (AEE5J1) ML-I 0116-269 (AEE50'51) (SEQ ID NO:137) EE-1 (5%
CATGTCCTTTGTACAAGGAAGTAATGACAAAATACC TGTG-3'; SEQ ID NO:153) EE-2 (5' -
CACACJOTA 1111 CITCATTAC I 1CCTTGTACAAAGGAC ATG-3'; SEQ ID NO:154)  WO
2009/109643PCT/EP2009/052639 - 67 - pET42T-hIL-16 116.269 , 4 (ASND5-4) ML-113116_269 (A
SND5244) (SEQ ID NO:138) SND-1 (5'-   CT1 I GTACAAGGAGAAGAAAAAATACCTGTGGCC I 0-3';
SEQ ID NO:155) 



SND-2 (5'- CAAGGCCACAGGTA11TTTTCTTCTCCTTGTACAAAG -3': SEQ ID NO:156) pET42T-EIL-
16 66-269 111-113116-269 K6365S-1 (5' - (K63 S/K655) (1(63871(655)
GTGGCCETGGGCCTCAGCGAAAGCAATCTGTACCTG  (SEQ ID NO:139) TCCTG-3'; SEQ ID NO:]
57)   1(63655-2 (5%   CAGGACAGGTACAGATTGC11 l'CGCTGAGGCCCAAG   GCCAC-3'; SEQ ID
NO: 158) 2ET42T-hIL-1 p 116-269 11Th-113116-269 QE-1 (5'- (Q126AJE128A) (Q126A/E128A)
GTACATCAGCACCTCTGCAGCAGCAAACATGCCCGT  (SEQ ID NO:140) CTTC-3 ; SEQ ID
NO:159)   



QE-2 (5' -   GAAGACGGGCATGTTTGCTGCTGCAGAGGTGCTGAT   GTAC-3'; SEQ ID NO:160)
EXAMPLE 8    A. Biological activity of human IL-10116,269 and human IL-0116469 muteins in mice
002411 Three female C3H/HeJ mice per group were injected intravenously with 10 ug of either the
wild type human IL-1[3)19-269 protein or one of the human IL-43119-269 protein muteins of
EXAMPLE 7. Serum samples were withdrawn before and 3 h after injection and analysed for the
relative increase in the concentration of the pro-inflammatory- cytokine IL-6. As shown in Table 3, mice
injected with the wild type human IL-113119_269 protein showed an increase of 2.38 ng/ml in serum
IL-6 concentrations. With the exception of muteins hIL- If3116- 269 (D54R) and ME-10116.269
(K63S/K65S), which induced similar serum 1L-6 concentrations as wild type human IL-10119-269, all
muteins tested induced lower amounts of IL-6, indicating reduced biological activity.  - 68 - Table 3:
Biological activity of human IL-10116-2w and human IL-11366-269 muteins in mice. P'oeinImutein
Average increase in serum 1L-6 concentrations 3 h after injection in ng/ml (SD) hIL-113116-269 2.38
0.69 hIL- I fal16-269 (R4D) 0.160.03 h1L-1 0116-269 (L6A) 1.03  0.65 hIL- 113116-269 (T9G)0.82
0.42 101- 113116-269 (RI 10)0.34  0.25 hIL-116-269 (D54R) 3.25  1.67 



hIL-1 p116.269 (AEE5,'1) 1.10  0.27 hl16-269 (ASND52-54) 0.13  0.08 h L-Ii3116-269 (K63S/K65S)
2.22 1.38 hIL- 1 p i 1 -269 (Q126AfE128A)0.77  0.55 h1L-113116-269 (D145K)1.39  0.26  B. Biological
activity of human IL-1[3[16.269 and human IL-Pus-269 muteins in human PBMC [00242] Peripheral
blood mononuclear cells (PBMCs) were isolated from heparinized blood of a healthy donor by Ficoll
density gradient centrifugation. 5x105 cells per well were incubated with titrating amounts of either the
wild type human IL-113119-269 protein or one of the human IL-113119-269 muteins of EXAMPLE 7.
After over night incubation the amount of IL-6 in the cell culture supernatant was measured as readout
of the biological activity. Table 4 shows that with the exception of muteins hIL-113116-269 (D54R) and
hIL-1131 6-269 (K63S/K65S), much higher amounts of all mutants were necessary to induce the same
IL-6 secretion as wild type human IL-113119-269, indicating a reduction in bioactivity. The factor by
which biological activity was reduced ranged from 13 fold for mutein hIL-113116-269 (R1 1G) to 381
fold for mutein h1L-10116-269 (ASND52-54).  -69 - Table 4: Biological activity of human
IL-113116-269 and human IL-113116-269 muteins in human PBMC. Protein/mutem Protein / mute in
concentration (in ng/ml) required to induce 600 pg/ml IL-6 from human PBMC Fold reduction in
bioactivity relative to wild type h1L-113116-269 hIL-113116-269 2 7- h1L- 1 [3116-269 (R4D) 333 146
h1L-113116-269 (L6A) 



31 14 ML- 113116269(T9G) 79 34 m..4[3116_269 (R11G) 30 13 h1L-1 p 116-269 (D54R) 5 2
h1L-113116 269 (AEE5151) 187 82 hIL- 113116-269 (ASND52-54) 872 381 h1L-113116-269
(K63S/K655) 13 6 hIL-113116-269 (Q126A/E128A) 94 41 h1L-113116-269 (D145K) 386 169
EXAMPLE 9 A. Coupling of human IL-1 P116-269 and human IL-10116-269muteins to QP virus-like
particles [00243i Chemical cross-linking of the wild type human 11;113119-269 protein and the human
IL-113119_269 muteins of EXAMPLE 7 to Q13 virus-like particles was performed essentially as
described in EXAMPLE 2A. 



B. Immunization of mice with human IL-1R                                               r-116-269 and human
IL-113116-269 muteins coupled to Q13 capsid 1002441 Four female balb/c mice per group were
immunized with Qr3 coupled to either the wild type h1L-113116-269 protein or one of the
hIL-113116-269 mutein proteins. Fifty mg of total protein were diluted in PBS to 200 41 and injected
subcutaneously (100 ul on two ventral sides) on day 0, 14 and 28. Mice were bled retroorbitally on day
35, and sera were analyzed using ELBAs specific for either for the respective human 1L-113116269
mutein used as  WO 2009/109643PCT1EP20091052639 - 70 - immunogen, or the wild type human
IL-1f3116-269 protein. C ELISA 002451 ELISA plates were coated either with the wild type
hIL-10116-269 protein or the respective hIL-1 P116_269 mutein at a concentration of 1 fig/ml. The
plates were blocked and then incubated with serially diluted mouse sera from day 35. Bound
antibodies were detected with enzymatically labeled anti-mouse IgG antibody. Antibody titers of mouse
sera were calculated as the average of those dilutions which led to half maximal optical density at 450
mu, and are shown in Table 5. Table 5: Anti- hIL-113136_269 (wild type and mutein)-specific IgG titers
raised by immunization with Q13-hIL-113116-2o or Q13-h1L-13135-269mutein vaccines. Vaccine
Average anti-hIL-10116-269 wild type IgG titer (SD) Average anti-FAL-10116-259 mutein IgG titer
(+SD) Q13-hIL-113116-269 253325  184813 -/- (213-ML-113116-269(R4D) 231879  115475 160666
79478 Q13-bIL-113116-269(L6A) 120224  7658 89377  17965 Wh1L-1f3116-269(T9G) 261249
153716 224809  131823 Qp-hIL-113116-269 (RI 1G) 278342 -- 50296 279290  47232 



Q13-h1L-113116-269(D54R) 269807  122351 206516 - 90998 Qi3-hIL-113116-269(DI 45K) 78365
26983 93241  28856 Q13-h1L- I Pi 16-269 (AEL'''') 287625  143835 229862  140169 Q13-1111,1
P116-269 (ASND52-54) 68895  14267 106116 = 25295 Qii-hIL-113116-269(K63S/K65S) 403712
402594 244552  173597 Q13-hIL-113116-269(Q126A/E128A) 195165  71436 170434  86831
[002461 Q13-h1T-1p116-269-immunization induced high titers of IgG antibodies against
hIL113136_269. Moreover, vaccination with either of the Q13-1-11L-1f1116-269 mutein vaccines
induced high IgG titers against both the respective hIL-113135_269 mutein used as immunogen, and
the wild type hIL-1131 I 6-269 protein.  WO 2009/109643PCT/EP2009/052639 - 71 - to one of the
hIL-1f3116.269 muteins were tested for their ability to inhibit the binding of human     f3 protein to its
receptor. ELISA plates were therefore coated with a recombinant human IL-lreceptorl-hFc fusion
protein at a concentration of 1 ug/ml, and co-incubated with serial dilutions of the above mentioned
sera and 100 ng/ml of h1L-10116.269 protein. Binding of MI-113316-269 to the immobilized human
IL-lreccptorI-hFc fusion protein was detected with a biotinylated anti-human IL- 113 antibody and horse
radish peroxidase conjugated streptavidin. All sera raised against Qft-hIL-113116-269 mutein vaccines
completely inhibited the binding of 100 ng/ml wild type hIL-lp 116-269 tO h1L-1R1 at serum
concentrations 3.3 %. [002481 The same sera were also tested for their ability to inhibit the
hIL-10116.269-induced secretion of IL-6 from human cells. Human PBMCs were therefore prepared as
described in EXAMPLE 8B and incubated with 10 ng/ml wild type hIL-113115-269, which had been
premixed with titrating concentrations of the sera described above. After over night incubation the cell
culture supernatants were analyzed for the presence of IL-6. The neutralizing capacity of the sera was
expressed as those dilutions which lead to half maximal inhibition of IL-6 secretion. In order to allow a
direct comparison to the neutralizing capacity of the scrum raised against wild type hIL-1133162,69,
the neutralizing titers of all sera raised against hIL-113116-269 muteins were corrected for the
respective HASA titers treasured against wild type bIL-1 P136_269 (see Table 5). As shown in Table 6
all sera raised against la-113116-269 mutcins were able to inhibit the secretion of IL-6 induced by wild
type hIL-113 r 11 6-269  The neutralizing titers ranged from 1:113 for sera raised against Q13-hIL-1
P116-269 (R11G) to 1:4532 for sera raised against Q13-h1L-1133 '6-269 (D54R). Table 6:
Neutralizing titer determined in sera of mice immunized with various 1L-1 beta muteins. Vaccine 



Neutralizing titer (corrected for ELISA titer against wild type hIL-113116-269) Q13-hIL-113116-259
3333 Qft-h1L-113116-269 (R4D) 2150 Q13-hIL-113116-269 (L6A) 2062 Qft-hIL-1133 i 6-269 (T9G)
1036 Q13-RIL-113116-269 (R11G) 113 Q13-h1L-113116-269 (D54R) 4532 Q13-h1L-113116-269
(.6LEE50'51) 2871  WO 2009/109643PCT/EP2009/052639 - 72 - Qp-hIL-10116-269 (ASND52-54)
1109 Qp-h1L- 1[3116 269 (K63 S/K65 S) - 3432 QP-hIL-1 P i 16-269 (Q126A1E128A) 1237
QP-hIL-1P116-269 (D 1 45K) 2369  E. In vivo neutralization of IL-113 [00249] The in vivo neutralizing
capacity of the antibodies raised by immunization with Qp coupled to either wild type hIL-113116-269
protein Or to one of the M1,113116-269 muteins is investigated. Three female C3H/HeJ mice per
group are therefore immunized three times on days 0, 14, and 28 with 50 ps of either vaccine. On day
35 all immunized mice are injected intravenously with 1 jig of free wild type hIL-113116-269. As a
control three naive mice are injected at the same time with the same amount of wild type
hIL-1f3115-269. As readout of the inflammatory activity of the injected hIL-1p116-269, scrum samples
are withdrawn immediately before and 3 h after injection and analysed for the relative increase in the
concentration of the pro-inflammatory cytokine IL-6. Whereas naive mice show a strong increase in
serum IL-6 concentrations 3h after injection of h1L-113116_269, all mice immunized with Qp coupled
to the wild type h1L-10,16-269 protein or to one of the hIL- 1 ]31 1 6-269 muteins do not show any
increase in serum IL-6, indicating that the injected h1L-113116-259 is efficiently neutralized by the
antibodies induced by the vaccines. 



EXAMPLE 10 A Cloning, expression and purification of mouse IL-1a115-270 and mouse IL-Icciis-no
(0145K) [002501 The nucleotide sequence encoding amino acids 115-270 of wild type murine IL-]a
was amplified by PCR from a library of TNFa-activated murine macrophages using oligonucleotides IL
I al C .-ATATATCATA TGTCTGCCCC TTACACCTAC CAGAGTG-3': SEQ ID NO:196) and IL1a2
(5'-ATATATCTCG AGTGATATCT GGAAGTCTGT CATAGAG-3'; SEQ ID NO:25). The DNA fragment
was digested with Nhel and Xhol, and cloned into the expression vector pET42T(), giving rise to the
expression plasmid pET42T-mIL-1 ai .] 5-270. [00251] By site directed mutagenesis of the latter
plasmid, an expression vector for the mutein mIL-lai 15-270 (D145K) was constructed. Using the
oligonucleotide pair alphaD145K1: (5'-GGACTGCCCTCTATGACAAAATTCCAGATATCACTCGAG-3;
SEQ ID NO: 197)  WO 2009/109643PCT/EP2009/052639 - 73 - alphaD145K-2 (5
'-CTCGAGTGATATCTGGAATTTTGTCATAGAGGGCAGTCC-3'; SEQ ID NO: 198) and the
Quik-Change(r) Site directed mutagenesis kit (Sitratagene), the D 145K mutation was introduced.
Expression and purification of wild type mouse IL-10415-270 and the muteinmouse IL-1
al15-270(D145K) was performed as described in EXAMPLE 1. B Cloning, expression and purification
of human IL-1a119-271 and human IL-10(119-271 (0145K) [00252] The nucleotide sequence
encoding amino acids 119-271 of wild type human IL-la was amplified by PCR from a LPS-activated
human B cell cDNA library using oligonucleotides H1L-3 (5'-ATATATCATA TGCTGAGCAA
TGTGAAATAC AACTTTATG-3'; SEQ ID NO:141) and HIL-4 (5'-ATATATCTCG AGCGCCTGGT
TTTCCAGTAT CTGAAAG-3'; SEQ ID NO:142). The DNA fragment was digested with Nhel and Xhol,
and cloned into the expression vector pET42T(+), giving rise to the expression plasmid
pET42T-h1L-1a119-271. [00253] By site directed mutagenesis of the latter plasmid, an expression
vector for the mutein hIL-1a119-271 (0145K) was constructed. Using the oligonucleotide pair
halphaD145K1 (5'-OGGCCACCCT CTATCACTAA ATTTCAGATA CTGGAAAACC-3': SEQ ID
NO:199) and halphaD145K-2 (5'-GGTTTTCCAG TATCTGAAAT TTAGTGATAG AGGGTGGCCC-3';
SEQ ID NO:200) and the Quik-Change(r) Site directed mutagenesis kit (Stratagene), the D145K
mutation was introduced. Expression and purification of wild type human IL-1a119.271 and the human
IL-1a119-271 (D145K) mutein was performed as described in EXAMPLE 1. EXAMPLE 11 A. Biological
activity of human IL-Ict119_271, human IL-1an9.27) (0145K), mouse IL- 1a11570, and mouse
1L-1a115-270 (0145K) in human PBMC 1002541 PBMC from a healthy donor (5x105 cells per well)
were incubated with titrating amounts of either the wild type human IL-lai 19-271 protein, the human
IL-lai19-271 (DI 45K) mutein, the wild type mouse IL-lal 15_27n protein, or the mouse IL-1a115-270
(D145K) mutein. After over night incubation the amount of IL-6 in the cell culture supcmatant was
measured by Sandwich ELISA as readout of the biological activity of the different proteins. Table 9
shows that 21 fold higher amounts of the mouse 1L-1a115-270 (D145K) mutein were required to
induce the same amount of IL-6 as the corresponding wild type mouse IL-1 15-270 protein. In the case
of the human IL-10.119-27n (D145K) mutein 46-fold higher amounts than the wild type  WO
2009/109643PCT/EP2009/052639 - 74 - human IL-1a119271 protein were required. This
demonstrates that both the human IL-la: 9-271 (D145K) mutein and the mouse IL-10115_27o (D145K)
mutein have reduced bioactivity in human cells as compared to their wild type counterparts. Table 7:
Biological activity of IL-la wild type proteins and muteins in human PBMC as determined by IL-6
induction. Protein/mutein (expressed with SEQ ID 



NO:201 as C-terminal tag) Protein/mutein concentration required to induce 600 pg/ml IL-6 from human
PBMC (ng/ml) mouse IL-1a115270 (SEQ ID NO:202) 4.7 mouse IL-10415-270 (D145K) (SEQ ID
NO:204) 100 human IL-1 al19-271 (SEQ ID NO:203) 0.8 human IL-1 ct:19-271 (D145K) (SEQ ID
NO:210) 37  B. Biological activity of human IL-Eu.119-271, human IL-10419-271 (DUSK), mouse
IL-1a115 270protein, and mouse IL-law-27o (B145K) in mice [00255] Four female Balb/c mice per
group were injected intravenously with 10 ng of either the wild type human IL-10,119-271 protein, the
human IL-1 al 19-271 (D145K) mutein, the wild type mouse IL-1 a115-270 protein, or the mouse IL-lai
is.270 (D1 45K) mutein. Three hours after injection serum amyloid A (SAA) was measured in serum of
injected mice as readout of the bioactivity of the respective protein. As shown in Table 8 the mouse
IL-1a125.270 (DI45K) mutein induced 53 % less SAA than the corresponding wild type mouse IL-1 al
15-270 protein (p c 0.05, Student t-test) and the human IL-10.119_271 (D1451C) mutein induced 67%
less SAA than the corresponding wild type human IL-10,119-271 protein (p < 0.001 Student t-test).
This demonstrates that both the human (D 145K) mutein and the mouse IL-la115-270 (D1451C)
mutein have reduced bioactivity in mice when compared to their wild type counterparts.  WO
2009/109643PCT/EP2009/052639 - 75 - Table 8: Biological activity of IL-la wild type proteins and
muteins in mice determined by SAA. Prominimutein Serum SAA concentration (jig/ml) 3 h after
protein/mutein injection (SD) mouse IL-1 Ot115-270 (SEQ ID NO:202) 115  32 mouse IL-I (X115-270
(D145K) (SEQ ID NO:204) 55 



10 human IL-Icing:2n (SEQ ID NO:203) 92  20 human IL-1 ans.271 (D145K) (SEQ ID NO:210) 31  2
Table 9: Mouse IL-1 beta and Mouse IL-1 alpha muteins corresponding to preferred human IL-1 beta
muteins (SEQ ID NO:131 to 140 and SEQ ID NO:205 to 209) and human IL-1 alpha muteins (SEQ ID
NO:210 to 218) are created according to this table and tested in the mouse model of rheumatoid
arthritis. Humanh1a116-269 muteMS Amino acid changes introduced in mouse IL-theta 119-269 (SEQ
ID NO:164)in order to obtain the corresponding mutation R4D (SEQ ID NO:1 31) Exchange arginine at
position 3 to aspartate L6A (SEQ ID NO: 132) Exchange leucine at position 5 to alanme T9G (SEQ ID
NO: 133) Exchange arginine at position 8 to glyeine RI1G(SEQ ID NO: 134) Exchange arginine at
position 10 to glycine D54R (SEQ ID NO: 135) Exchange aspartate at position 53 to arginme D145K
(SEQ ID NO: 136) Exchange aspartate at position 143 to lysine LEE50,51 (SEQ ID NO: 137) Delete
glutamate, proline at positions 49,50 LSND52-54 (SEQ ID NO: 138) Delete serine, asparagine,
aspartate at positions 51 to 53 1063S(K655 (SEQ ID NO:139) Exchange lysines at positions 62 and
6410 serines 



Q126A(E128A (SEQ ID NO: 140) Exchange glutamine at position 125 to alanine and glutamate at
position 127 to alanine K88N (SEQ ID NO:205) Exchange lysine at position 87 to asparagine R98Q
(SEQ ID NO:206) Exchange arginine at position 97 to glutame 1(1 03L (SEQ ID NO:207) Exchange
lysine at position 102 to leucine LICKK92-94 (SEQ ID NO:208) Delete lysine, lysine, lysine at positions
91 to 93 LEON (SEQ ID NO:209) Exchange leueine at position 9 to asparagine    WO
2009/109643PCTIEP2009/052639 - 76 - HumanhIL-Ialpha119-271 muteins Amino acid changes
introduced in mouse IL-lalpha 115-270 (SEQ ID NO:202) in order to obtain corresponding mutation
D145K(SEQ ID NO:210) Exchange aspartate at position 153 to lysine Li 8K (SEQ ID 140:211)
Exchange methionine at position 25 to lysine F146N (SEQ ID N0:212) Exchange phenylalanme at
position 154 to asparagine R10A (SEQ 1D NO:213) Exchange lysine al position 17 to alanine I62A
(SEQ ID NO:214) Exchange tyrosine at position 70 to alanine 



W107F (SEQ ID N0:215) Exchange tryptophane at position15 to phenylalane , D2OV (SEQ ID
N0:216) Exchange aspartate at position 27th valine LFIL16-18 (SEQ ID 140:217) Delete
phenylalanine, valine, metnionine at positions 23 to 25 AIT0S96-99 (SEQ ID 140:218) Delete
isoleucine, threonine, glycine, serine at positions 104 to 107  EXAMPLE 12 Amelioration of
diet-induced type II diabetes in male C57BL/6 mice (prophylactic setting) 1002561 Male C57BL/6 mice
were immunized on days 0, 14, arid 28 with 50 ps of either QP, Qp-rn1L-1a1 15-270, Q[3711111-r
10119-269 or a mixture of 50 jig 15-27o and 50 jig OPmIL-113 (n=16 per group). All mice were fed
normal rodent chow (Provimi Kliba no. 3436: 18.5 % protein, 4.5 % fat, 4.5 % fiber, 6.5 % ash, 54 %
carbohydrates) during the immunization period. On day 35 this diet was replaced by a high fat diet
(Provimi Kliba no. 2127: 23.9 % protein, 35 % fat, 4.9 % fiber, 5 % ash, 23.2 % carbohydrates) for half
of the mice of each group (n=8) while the other half (n=8) was kept on mortal chow. Five months after
the last immunization mice fed the high-fat diet were obese (average body weight > 45 g) and showed
elevated fasting glucose levels (Table 10, 0'). 002571 In order to investigate on the diabetic phenotype
of these mice an oral glucose tolerance test was performed by administering a dose of 2mgig body
weight of D-glucose intragastrically and determining blood glucose levels at regular intervals using the
Accucheck blood glucose meter (Roche). Table 10 shows that QP-immunized mice on noluial chow
showed an initial peak of 291.5 mg/d1 in blood glucose levels after 15 minutes which was followed by
a sharp drop and a complete return to pre-challenge levels within 90 minutes. The peak levels and
kinetics of this response were essentially identical in all mouse groups that had been maintained on
normal chow (Table 10). QP-immunized mice on high fat diet on the other hand peaked at higher
levels (367.9 mg/dl) and failed to show a significant decline until 60 mm post-challenge; only thereafter
blood glucose levels started to decrease, without however returning to baseline levels within the 2 hour
observation period. This severe  WO 2009/109643PCT/EP2009/052639 - 77 - impairment in glucose
clearance indicates that obese Q3-immunized mice had developed a diabetic phenotype. Obese
QP-mIL-la-, Qp-mIL-113-, or double immunized mice showed an initial increase in blood glucose levels
to --350 mg/d1, which was immediately followed by a sustained decline, resulting in glucose levels that
were consistently lower than in obese Qpimmunized control mice. When calculating the area under the
curves resulting form the repeated glucose measurements shown in table 10, it becomes evident, that
obese QP-mILla-, Q13-mIL-10-, or double immunized mice manifested an improved glucose clearance
with respect to obese Qp-immunized control mice (Table 11). Taken together these data show that
immunization with Oci-mIL-la or QP-mIL-1f3 or a combination of both resulted in a clear amelioration
of the diet-induced diabetic phenotype. Table 10: Blood glucose levels (mgicil; mean  SEM) before and
at different time points after intragastric administration of 2mg/g glucose. (Mice were fasted for a
period of 5 hours before the experiment) Mouse group 0' 15' 30' 45' 60' 90' 120' QP high fat diet 194.3
1 8.0 



342.4 1 20.9 367.9  28.3 356.9 1 29.3 350.4 = 31.6 298.5 31.9 250.3  23.3 te-m1L-1a11s_270 high fat
diet 195.6 t 4.5 356.6 1 7.4 324.31.- 21.4 320.6  26.9 303.3 1 26.6 234.9  19.6 208.6 1 112
QP-mnriPus-zos 200.1-2z 341.91 348.31 313.31 297.61 



256.9 234.7= high fat diet 11.6 11.6 27.6 31.2 27.3 22.6 19.0 Q13-mIL-lans_no/Q13-mIL-41119.269
190.6 337.91 309.9 284.3  281.6 240.61 221.0 high fat diet 10.4 27.1 44.2 47.6 45.8 40.8 37.3 QP
154.41 291.51 210.0* 



193.61 183.11 149.51 134.01 normal chow 3.5 14.7 10.0 7.2 6.2 4.7 4.2 QP-m11-=1a115-27, normal
chow 171.6+ 4.8 297.4+ 12.6 230.41 10.9 203.0+ 11.4 192.6 11.7 158.0 8.5 136.4 6.2 Od-ln11=1P1
19-269 158.0= 312.3 229.0 188.31 172.61 



145.81 134.0 normal chow 3.6 6.8 10.8 4.4 4.9 7.6 3.8 Q13-m1L-1an5470/Qt3-mIL-11369-269 152.4
283.61 220.31 188.51 187.8 149.11 131.5 normal chow 4.4 8.4 11.3 11.1 9.0 8.6 6.9  WO
2009/109643PCT/EP2009/052639 - 78 - Table 11: Glucose clearance in immunized mice. The area
under the curve (AUC) resulting from the consecutive glucose measurements represented in Table 10
was calculated for each individual mouse. Group means of AUC are expressed with SEM. 



Mouse group Normal chow High fat diet OP 4120 t 460 14746 t 2262 (20-nifirlans-vo 6104 4, 2313
10184+ 1800 Q0-miL-10.9.2. 4276 -t 419 10459 t 1699 Q13-m1L-lan5470/q3-mIL-1f1119.2.69 4464 t
531 9500 t 3382  EXAMPLE 13 Amelioration of diet-induced type II diabetes in male C57BL/6 mice
1002581 The DNA sequence encoding amino acids 119-269 of mouse IL-113 was amplified by PCR
from cDNA of TNFa-activated murine macrophages using oligonucleotides IL1BETA-3
(5'-ATATATGATATCCCCATIAGACAGCTGCACTACAGG-3; SEQ ID NO:226) and IL1BETA-2
5'-ATATATCTCGAGGGAAGACACAGATTCCATGGTGAAG-3'; SEQ ID NO :227) and cloned into the
vector pET42T (EXAMPLE 7). The resulting plasmid pET42TmIL-1[3119-269 encodes the mature
mouse IL-1 p protein fused to a hexahistidine tag and a cysteine containing linker at the C-terminus.
Due to the introduction of the EcoRV restriction site the valine residue at the N-temiinus of mouse
IL-1J3 is substituted by a short N-terminal extension consisting of three amino acids (MDI). By site
directed mutagenesis of the plasmid pET42T-mIL-1 p116-269, an expression vector was constructed
which encodes the murine version of the human IL-1f3 mutein hIL-1I31 16-269 (D145K) (SEQ ID
NO:136) with the C-terminal tag of SEQ ID NO :201, namely mIL-1 0 1 1 6-269 (D 145K) (SEQ ID
NO:228). The mutation was introduced using the Quik-Changeg Site directed mutagenesis kit
(Stratagene) and the oligonucleotides D143K-1 (5'-CAGTGGTCAG GACATAATTA AATTCACCAT
GGAATCTGTGTC-3'; SEQ-1D:229) and D143K-2 (5'-GACACAGATT CCATGGTGAA TTTAATTATG
TCCTGACCACTG-3'; SEQ ID NO:230). Expression and purification of the mutein mIL-1 '3116-269
(D145K) was performed as described in EXAMPLE I and coupling to (213 was performed as described
in EXAMPLE 2. [002591 Groups of male C57BL/6 mice (8 weeks of age, n=8) were immunized
subcutaneously on days 0, 14, 28, 42, and 147 with 50 ttg of either Qp or Ql3-mIL-1f3119-269
(D145K). Starting with day 0, one half of the mice (n - 16) was put on a high fat diet (Provimi Kliba no.
2127: 23.9 % protein, 35 % fat, 4.9 % fiber, 5 % ash, 23.2 % carbohydrates), while the other half (n =
16) was maintained on normal diet (Provimi Kliba  WO 20091109643PCT/EP2009/052639 - 79 - no.
3436: 18.5 % protein, 4.5 % fat, 4.5 % fiber, 6.5 % ash, 54 % carbohydrates) throughout the
experiment. After eight months mice fed the high-fat diet were obese (average body weight > 45 g)
and showed elevated fasting glucose levels (Table 12). 002601 In order to investigate on the diabetic
phenotype of the mice on high fat diet an oral glucose tolerance test was perfoimed by administering a
dose of 2 mg / g body weight of D-glucose intragastrically and determining blood glucose levels at
regular intervals using the Accu-check blood glucose meter (Roche). Table 13 shows that
QP-immunized mice on high fat diet peaked at 318.5 mg/d1 30 minutes after injection and failed to
show a significant decline until 60 min post-challenge; only thereafter blood glucose levels started to
decrease, without however returning to baseline levels within the 2 hour observation period. This
severe impairment in glucose clearance indicates that obese OP-immunized mice had developed a
diabetic phenotype. Obese Q13-mIL-1[3119-269(D145K)-immunized mice showed an initial increase
in blood glucose levels to 318.6 mg/di, which was immediately followed by a sustained decline,
resulting in glucose levels that were consistently lower than in obese Qf3- immunized control mice.
Two hours after challenge blood glucose levels had returned to pre-challenge levels in these mice.
When calculating the area under the curves resulting form the repeated glucose measurements shown
in Table 13, it becomes evident, that obese Qp-mll,- 1[3119-269 (Dl 45K)-immunized mice manifested
an improved glucose clearance with respect to obese OP-immunized control mice (Table 14). Taken
together these data show that immunization with QP-mIL-10119-269 (D145K) resulted in a clear
amelioration of the diet-induced diabetic phenotype. Table 12: Average body weights and fasting blood
glucose levels after 5 hours fasting (means  SEM).  Average body weight (g)
Fastingbloodglucoselevels 



(mg/dl) (xi high fat diet 47.16 2.24 185.9  6.3 OP-mIE-1Plic.269(D145K) high fat diet 51.08  1.23 194.0
4.2 co normal chow 36.95 0.97 148.4  6.5 QII-mIL-1pio.269(1)1451K) normal chow 36.23  1.30 147.0
3.1  WO 2009/109643PCT/EP2009/052639 - 80 - Table 13: Blood glucose levels (mg/dl; mean  SEM)
before and at different time points after intragastric administration of 2mg/g glucose. Mice were fasted
for a period of 5 hours before the experiment.   Mouse group 0'  15'  30'  45' 60'  90' 



120' QP 185.9  315.1 = 318.5  305.5  316.8 = 238.4  220.1 high fat diet 6.3  15.5  23.1  24.4 33.5  21.8
15.3 Qp-mIL-113,19.169(13145K) 194.0 



318.6  290.0 = 278.6= 280.1  218.4  199.4= high fat diet 4.2  18.3  15.7  12.5 10.4  7.8  7.5   Table 14:
Glucose clearance in immunized mice. The area under the curve (AUC) resulting from the consecutive
glucose measurements represented in Table 2 was calculated for each individual mouse. Group
means of AUC are expressed with SEM. Peaks below baseline were excluded form the analysis.
Mouse groupAUC Qp high fat11060 1895 (20-1111L-113t 1i-260145K) high tat7375 539 



81 CLAIMS Use of a composition comprising: (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 said at
least one antigen comprises an IL-1 molecule and wherein (a) and (b) are linked through said at least
one first and said at least one second attachment site, for the manufacture of a medicament for the
treatment of diabetes in an animal. 2.The use of claim 1, wherein said diabetes is type II diabetes.
3.The use of claim 1 or 2, wherein said animal is a human. 4.The use of any one of claims 1 to 3,
wherein said IL-1 molecule is selected from the group consisting of: (a) IL-1 mutein; (b) IL-1 protein; (c)
IL-1 mature fragment; (d) IL-1 fragment; and (e) 1L-1 peptide. 5.The use of any one of claims 1 to 4,
wherein said IL-1 molecule is an IL-1 beta molecule comprising an amino acid sequence selected from
the group consisting of: (a) human IL-1 beta 117-269 (SEQ ID NO:64); (b) human IL-1 beta 116-269
(SEQ ID NO:165); (c) mouse IL-1 beta 119-269s (SEQ ID NO:164); and (d) an amino acid sequence
which is at least 95 % identical with any one of SEQ ID NO:64, SEQ ID NO:165, or SEQ ID 140:164.
81a 6.The use of any one of claims 1 to 4, wherein said IL-1 molecule is an IL-I beta molecule
comprising an amino acid sequence selected from the group consisting of: (a) human IL-1 beta
117-269 (SEQ ID NO:64); (b) human IL-1 beta 116-269 (SEQ ID NO:165); (c) mouse IL-1 beta
119-269s (SEQ ID NO:164); and 



(d) an amino acid sequence which is at least 99 % identical with any one of SEQ ID NO:64, SEQ ID
NO:165, or SEQ ID NO:164. 7.The use of any one of claims 1 to 4, wherein said IL-1 molecule is an
IL-1 beta molecule consisting of an amino acid sequence selected from the group consisting of: (a)
human IL-1 beta 117-269 (SEQ ID NO:64); (b) human IL-I beta 116-269 (SEQ ID NO:165); (c) mouse
IL-1 beta I19-269s (SEQ ID NO:164); and (d) an amino acid sequence which is at least 95 % identical
with any one of SEQ ID NO:64, SEQ ID NO:165, or SEQ ID NO:164. 8.The use of any one of claims 1
to 4, wherein said IL-1 molecule is an IL-1 beta molecule consisting of an amino acid sequence
selected from the group consisting of: (a) human IL-I beta 117-269 (SEQ ID NO:64); (b) human IL-1
beta 116-269 (SEQ ID NO:165); (c) mouse IL-1 beta 119-269s (SEQ ID NO:164); and (d) an amino
acid sequence which is at least 99 % identical with any one of SEQ ID NO:64, SEQ ID NO:165, or
SEQ ID NO:164. 9.The use of any one of claims 1 to 8, wherein said IL-1 molecule is an IL-1 beta
mutein,  81b 10. The use of claim 9, wherein said IL-1 beta mutein comprises a polypeptide, wherein
the amino acid sequence of said polypeptide differs from the amino acid sequence of SEQ ID NO:64 in
1 to 4 amino acid residues. 11. The use of claim 9, wherein said IL-1 beta mutein consists of a
polypeptide, wherein the amino acid sequence of said polypeptide differs from the amino acid
sequence of SEQ ID NO:64 in 1 to 4 amino acid residues. 12. The use of claim 9, wherein said IL-1
beta mutein comprises a polypeptide, wherein the amino acid sequence of said polypeptide is selected
from SEQ ID NO:131 to SEQ ID NO:140 and SEQ ID NO:205 to SEQ ID NO:209. 13. The use of claim
9, wherein said IL-1 beta mutein consists of a polypeptide, wherein the amino acid sequence of said
polypeptide is selected from SEQ ID NO:131 to SEQ ID NO:140 and SEQ ID NO:205 to SEQ ID
NO:209. 14. The use of claim 9, wherein said IL-1 beta mutein comprises a polypde, wherein the
amino acid sequence of said polypeptide is SEQ ID NO:136. 15. The use of claim 9, wherein said IL-1
beta mutein consists of a polypeptide, wherein the amino acid sequence of said polypeptide is SEQ ID
NO:136. 16. The use of any one of claims 1 to 15, wherein said at least one antigen with at least one
second attachment site comprises: (i) an IL-1 beta molecule, wherein said IL-1 beta molecule is SEQ
ID NO: 165 or  82 SEQ ID NO:136; and (ii) a linker, wherein said linker comprises said second
attachment site, and wherein said linker comprises or preferably consists of GGC (SEQ ID NO:178) or
GGCG (SEQ ID NO:188) 



17. The use of any one of claims 1 to 15, wherein said at least one antigen with at least one second
attachment site consists of: (i) an IL-1 beta molecule, wherein said IL-1 beta molecule is SEQ ID
NO:165 or SEQ ID NO:136; and (ii) a linker, wherein said linker comprises said second attachment
site, and wherein said linker comprises GGC (SEQ ID NO:178) or GGCG (SEQ ID NO:188). 18. The
use of any one of claims 16 or 17, wherein said IL-1 beta molecule is SEQ ID NO: 136. 19. The use of
any one of claims 16 to 18 wherein said linker comprises GGCG (SEQ ID NO:188). 20. The use of any
one of claims 16 to 18, wherein said linker consists of GGCG (SEQ ID NO:188). 21. The use of any
one of claims 16 to 20, wherein said linker is covalently bound to the C-terminus of said IL-1 beta
molecule by way of a peptide bond. 22. The use of any one of claims 1 to 21, wherein said at least one
antigen with at least one second attachment site is any one of SEQ ID NOs 220 to 223.  82a 23. The
use of any one of claims 1 to 21, wherein said at least one antigen with at least one second
attachment site is SEQ ID NO:220. 24. The use of any one of claims 1 to 4, wherein said IL-1 molecule
is an IL-1 alpha molecule comprising or preferably consisting of an amino acid sequence selected from
the group consisting of: (a) human IL-I alpha 119-271 (SEQ ID NO:63); (b) human IL-1 alpha 119-271
(SEQ ID NO:203); (c) mouse IL-1 alpha 117-270 (SEQ ID NO:163); and (d) an amino acid sequence
which is at least 80 %, or preferably at least 90 %, more preferably at least 95 %, or most preferably at
least 99 % identical with any one of SEQ ID NO:63, SEQ ID NO:163, or SEQ ID NO:203. 25. The use
of any one of claims 1 to 4 or 24, wherein said IL-1 molecule is an IL-1 alpha mutein, wherein
preferably said IL-1 alpha mutein comprises or preferably consists of a polypeptide, wherein the amino
acid sequence of said polypeptide differs from the amino acid sequence of SEQ ID NO:63 in 1 to 4
amino acid residues, and wherein further preferably said IL-1 alpha mutein comprises or preferably
consists of a polypeptide, wherein the amino acid sequence of said polypeptide is selected from SEQ
ID NO:210 to SEQ ID NO:218, and wherein still fiirther preferably said IL-1 alpha mutein comprises or
preferably consists of a polypeptide, wherein the amino acid sequence of said polypeptide is SEQ ID
NO:210. 26. The use of any one of claims 1 to 4, 24 or 25, wherein said at least one antigen with at
least one second attachment site consists of (i) an IL-1 alpha molecule, wherein said IL-1 alpha
molecule is SEQ ID NO:203 or  83 SEQ ID NO:210, preferably SEQ ID NO:203; and (ii) a linker,
wherein said linker comprises said second attachment site, and wherein said linker comprises or
preferably consists of GGC (SEQ ID NO:178) or GGCG (SEQ ID NO:188), preferably GGCG (SEQ ID
NO:188); wherein preferably said linker is covalently bound to the C-tetininus of said IL-1 alpha
molecule by way of a peptide bond. 27. The use of any one of claims 1 to 4, or 24 to 26, wherein said
at least one antigen with at least one second attachment site is any one of SEQ ID NOs 224 or 225,
and wherein preferably said at least one antigen with at least one second attachment site is SEQ ID
NO:224. 28. The use of any one of the preceding claims, wherein said virus-like particle is a virus-like
particle of an RNA bacteriophage. 29. The use of claim 28 wherein said RNA bacteriophage is
selected from the group consisting of: (a) bacteriophage (213; (b) bacteriophage AP205; 



(c) bacteriophage fr; and (d) bacteriophage GAL 30. The use of claim 28, wherein said RNA
bacteriophage is bacteriophage Q. 31. The use of any one of the preceding claims, wherein said
virus-like particle comprises recombinant coat proteins, mutants or fragments thereof, of an RNA
bacteriophage ,  83a 32. The use of any one of the claims 1 to 30, wherein said virus-like particle
comprises recombinant coat proteins of an RNA bacteriophage. 33. The use of any one of the claims 1
to 30, wherein said virus-like particle essentially consists of recombinant coat proteins of an RNA
bacteriophage. 34. The use of any one of the claims 1 to 30, wherein said virus-like particle consists of
recombinant coat proteins of an RNA bacteriophage. 35. The use of any one of the preceding claims,
wherein said RNA bacteriophage is selected from the group consisting of: (a) bacteriophage (213; (b)
bacteriophage AP205; (c) bacteriophage fr; and (d) bacteriophage GA. 36. The use of any one of the
preceding claims, wherein said recombinant coat proteins comprise SEQ ID NO:3. 37. The use of any
one of the preceding claims, wherein said recombinant coat proteins consist of SEQ ID NO:3. 38. The
use of any one of the preceding claims, wherein said first attachment site is linked to said second
attachment site via at least one covalent bond.  84 39. The use of claim 38, wherein said at least one
covalent bond is a non-peptide bond. 40. The use of any one of the preceding claims, wherein said
first attachment site comprises, or preferably is, an amino group, preferably an amino group of a
lysine. 41. The use of any one of the preceding claims, wherein said second attachment site
comprises, or preferably is, a sulfhydryl group, preferably a sulfhydryl group of a cysteine. 42. The use
of any one of the preceding claims, wherein said first attachment is an amino group and wherein said
second attachment site is a sulfhydryl group. 43. The use of any of the preceding claims, wherein said
first attachment is an amino group of a lysine, and said second attachment site is a sulthydryl group of
a cysteine. 44. The use of any of the preceding claims, wherein said first attachment site is not a
sulfhydryl group, or wherein said linkage of said virus-like particle and said at least one antigen, does
not comprise a disulfide bond. 45. The use of any of the preceding claims, wherein only one of said
second attachment sites associates with said first attachment site through at least one non-peptide
covalent bond leading to a single and uniform type of binding of said antigen to said virus-like particle,
wherein said only one second attachment site that associates with said first attachment site is a
sulfhydryl group, and wherein said antigen and said virus-like particle interact through said association
to form an ordered and repetitive antigen array. 46. The use of any of claims 1 to 37, wherein said first
attachment site is linked to said second attachment site via at least one covalent bond, wherein said
covalent bond is a peptide bond; and wherein preferably said virus-like particle comprises,  84a
essentially consists of, or alternatively consists of, recombinant coat proteins, mutants or fragments
thereof, of an RNA bacteriophage, and wherein said at least one antigen is fused to the N- or the C-
terminus of said recombinant coat proteins, mutants or fragments thereof. 



47. The use of claim 46, wherein said RNA bacteriophage is selected from the group consisting of: (a)
bacteriophage AP205;  85 (b) bacteriophage fr; and (c) bacteriophage GA, and wherein preferably said
RNA bacteriophage is bacteriophage AP205. 48. The use of any of the preceding claim, wherein said
at least one antigen with said at least one second attachment site further comprises a linker, wherein
said linker comprises said second attachment site, and wherein said linker is associated to said
antigen by way of one peptide bond. 49. Use of a vaccine comprising the composition of any one of
the preceding claims for the manufacture of a medicament for the treatment of diabetes in an animal.
50. The use of claim 49, wherein said diabetes is type II diabetes. 51. The use of claim 49 or 50,
wherein said animal is a human. 52. The use of any one of claims 49 to 51, wherein said vaccine
consists of the composition of any one of claims 1 to 48. 53. The use of any one of claims 49 to 52,
wherein said composition is present in an effective amount. 54. The use of any one of claims 49 to 53,
comprising (i)a first composition, preferably in an effective amount, wherein said first composition is a
composition according to any one of claims 1 to 48, and wherein the IL-1 molecule comprised by said
first composition is an IL-1 beta molecule, preferably SEQ ID NO:136 or SEQ ID NO:165; and  85a (ii)
a second composition, preferably in an effective amount, wherein said second composition is a
composition according to any one of claims 1 to 48, and wherein the IL-1 molecule comprised by said
second composition is an IL-1 alpha molecule, preferably SEQ ID NO:203 or SEQ ID NO:210. 55. The
use of any one of claims 49 to 54, wherein said vaccine is devoid of an adjuvant. 56. Use of a
pharmaceutical composition comprising (a) the composition of any of claims 1 to 48 or the vaccine of
any one of claims 49 to 55; and (b) a pharmaceutically acceptable carrier for the manufacture of a
medicament for the treatment of type Ii diabetes in a human.  P1085PCOOMS1 SEQ ID 520:1 HEc - I
- SEQENCE LISTING  



MDIDPYKEFG ATVELLSFLP SDFSTPSVPDL LDTASALYRE ALESPEHOSP HHTALRGAIL 60
SWGELMTLAT WVGNNIFIDPA SRDLVVNYVN TNMGLEIRQL IMERISCINE GKFTVLFYIN 120
SEGVWIRTFT AKEPPNAPIL STLPETTVVR PRDRGRSPER REPSPRFERS QSPERADSQS 180
RESQC     185 SEQ ID 520:2 HBc mutant     



MDIDPYKEFG FTVELLSELP SDFFPSVRDL LDTAAALYRD ALESPETICFP M3TALESDAIL 60
GWGDLMTLAT WNGTNLEDGG KGGSRDLVVS EVILTNVGLEF RQLLWFKISC, LTFGRETVLE 120
YLVSEAVWIR TETAYRPPNA PILSTLPETT VVRRRERGRS PRRRTPSPRR RRSQSPRERR 190
SQSDESQC     198 SEQ ID N0:3 Qbeta CP     AKLFTVTLGN 



IGKDGYQTLV LNPRGVNPTN GVASTSOAGA VPALFKRVIV SVSOPSRNRK 60 NYKVQVKIQN
P1ACTANGSG DPSVTEQAYA DVTFSETQYS TDEFRAFVRI ELAAISASPL 120 LIDAIDQLNA AY
132 SEQ ID 520:4 Qbeta Al     MAKLETVTLG NIGKDGKQTL VENPRGVNINI NGVASLFQAG
AVPALEKRVT VSVSQPSRNR 60 KNYKVQVKIQ NPTACTANGS GDPSVTRQAY 



ADVTFSETQY STDEERAFVR TFLAALLASP 120 LLIDAIDQRN PAYWTLLIAG GGSGSKPDPV
IPDPPIDPPP GTGKYTCPEA IWSLEEVYEP 180 PTIMARPWPIY NAVELQPREE DVAIaDLIZN
lAWRDWDSEL SYTTEKGCRG NGYIDLDATY 240 IATFQAMRDO KYDIREGKEP GAEGNIERET
YIKSINAYCS LSDIAAYHAD (63717GEWPP 300 SSGGAIPFDE TKEDIFTKCPI QAVIVVPRA    329
SEQ ID 140:5 R17 



ASNFTQFVLV NDGGIDGYVTV APSNFANGVA EWISSFASDSQ ANKVIPCSVRQ SSAQNRKYTI 60
KVFVPKVATQ TVGGVELPVA AWRSTANMEL TIPIFATNAD CELIVKAMQG LLKEGNPIES 120
AIAANSGIY    129 SEQ ID N0:6 ft     MASNEEEEVL VDNGGTGDVK VAPSNFANGV AZWISSNSRS
QAYKVTOSVR QSSANNRKYT 60 VKVEVPKVAT QVQGGVELPV AAWRSYMNME LTIPVEATND
DCALIVKALQ GITKIGNPIA 120 



TAIAANSGIY    130 SEQ ID 140:7 GA     MATLRSEVIN DNGGTGNVTV VPVSNANGVA
FWLSNNSASQ AYRVTASYRA SGADKRKYAI 60 KLEVPKIV142 VVNGVEAPGS AWKAYASIDL
TIPIFAATDD VTVISKSLAG LEKVGNPIAE 120 AISSQSGENA    130 SEQ ID 520:8 SP     



MAKENOVILS KIGKNGDQTL TLTPEGVNPT NGVASTSFAG AVAALEKRVT VSVANSRNR 60
KNEKTFIKLQ NPIACIADAC DPSVIRSAFA DVIFESFTSYS TDEFRALIRT FLAALLAPPL 120
INDAIDNINP AY    132 SEQ ID 520:9 SP Al     AKINQVTLSK IGKNGDOIT LTPAGVMPTN
GVASLSEAGA VPAIEKRVTV SVAUSRNRK 60 NTIONIKLQN PTACTEDACD PSVERSAFAD
VTLSFTSYST DEERALIFTE LAALLADPLI 120 



VDAIDNLNPA YWAALLVASS GGGDNPSDPD VPVVPDVKPP PGTGRYKOPE ACYREGSIYE 180
VGKEGSPDIY FPGDEVAVIT DYALEDFLGN TRWRNWSQR11 SDYDIANRRR GRGNGYIDLD 240
ATAMODDEN LSGRYGVEKV KFPGAFGSIK YISRNIQGDAW LDLSEVTAYR SYGMVIGEWT 300
DSKSPQLPTD FTQFNSANCP VQTVIIIPS    329 SEQ ID 520:10 M52     MASNETQFVL
VDNGGTGDVT VAPSNFANGV AFWISSNSRS QAYKVECSVR QSSAONRKYT 60 



IKVFNPKVAT QTVGGVELPV AAWRSY1NME LTIPIHAMS DOELIVKAMQ GLLKDGNAIP 120
SATAANSGTY    130 SEQ ID 520:11 Mll     MAKTQAFTTN GAGKKGDVT1 DINDAGVNPT
NGVAALSFAG AVPALFKEVT TSVSQRSRNR 60 KNYKVQVKIQ NPTSCTASGT CDPSVTRSAY
SDVTFSFTQY STNFERALVP TRTQALLADP 120 MLVNATENLN PAY    133 



SEQID 520:12 14141     MAKIQAITTS GIGKNGDVEL SEMPRGVNPT NGVAALSFAG AVPALEKRVT
ISVSQEDSRNR 60 KNYKVQVKIQ MPTSCTASGT CDPSVTASAY ADVDFSFTDY STDEFRAINR
TFIXALLAPP 120 MLIDAIDNAN PAY    133  P1085PC(10 /PS I - 2 - SEQ ID N0:13 NL95
MARLNKVTLT CIGRAGNWL TLIRRGVMPT NGVASLSEAG AVPALEKRVT VSVAQRSRNR60
KNYKVQIKLQ NPTACTKDAC DPSVIRSGSR DVITSETMS TERERALIRT ELAALIKDDL120
IVDAILMILNP AYWAALLAAS R0001411RYPG VEDSPNVKPP GGIGTYRCPE ACYRRGELIT180
EAKDGACALY ACGSEALVEF EYALEDFLGN EEWRNMDGRL SKYDIETHRR CRGNGYVDLE240
ASVMQSDEYV LSGAYDVIIKM OPPGIIIDSPR YYLEILMEGIY VDLAEVIAYR SYGMVIGEWT300
DSKSPQLPILI FTRENRIINGP VOIVIVIPSL330 



SEQ ID N0:14 f2 ASNEQIIALV NDGEITGYVIV APSNEANGVA EWISSNSRSO AYKTICSVRQ
SSAQNREITI60 KVEVPKVAIQ TVGGVELPVA AWRSYLNLEL TIPIFAINSD CELIVKAMQG
LLKDGNPIPS120 AIAANSGIY129 SEQ ID N0:15 657 MSKTIVLSVG EAIRTLIIIQ STADRQIFEE
KVGPLVGRLR LTASLRONGA KTAYRVNLKL60 DQADVVDGST SVCGELPKVR YIIRVWSHDVI
IVANSTEASR KSLYDLTAISL VAISQVFDIN120 VNLVPLGR128 SEQ ID N0:16 Qbeta-240
AKLEIVILGN IGRDGKQTLV LNRRGVNEIN GVASLSQAGA VPALEKRVTV SVSQRSRNRK60
NYKVOYIQM RTACTANGSC DESVIRQKYA DVTESETOYS TDEERAEVRT ELAALLASPL120
LIDAIRQINR AY132 SEQ ID 100:27 Qbeta-243 AKLETVILGK IGIIDGKQTLV LNERGVNEIN
GVASIMQAGA VPALEKRVTV SVSQRSRNRK60 NYKVQVKIQN PIACTANGSC DPSVIRQKYA
DVIESETQYS ITEERAEVRT ELAAIIASPL120 LIDAIDQLNP AY132 SEQ ID 100:18 Qbeta-250
ARLE11111LCIN ICRIKLMOILV LNRRCVNRIN CVASLSDACA VDALERRVTV SvSQRSMNRK60
NYKVQVKIQN PIACIANGSC DPSVPRQKYA SVITSETUS TDEERAEVRT ELAALLASPL120
LIDAIDQLNP AY132 SEQ 12 1100:19 Qbeta-251 ARLEIVIRIGN IGRDGKQTLV IIMPRGVNIPIN
GVASLSOAGA VRALEKRVIV SVSUSRMRK60 NYKVQVKIQN PTACTANGSC DPSVTROKYA
DVTESETQYS IDEFIRAEVRT ELAALLASPL120 LIDAIDOINP AY132 SEQ ID 100:20 Qbeta-259
ARLETVILGN IGKDGRQTIV LNPRGVNIPIN GVASLSQAGA VPALEKRVTV SVSQPSRNRK60
MYKVQVKIQN PTACTANGSC LIPSVTRQKYA DVTESETUS IDEERAEVRT ELAALLASPL120
LIDAIDOLNP AY132 SEQ ID 100:21 A6205 MANKPMQPIT STANKIVWSD PIRLSTIFSA
SLLITORVEVG TAELNYVSGQ YVSVYKRPAP60 



KPEGGADALIV IMPNENOSIR TVISGSAEML AILKAEWETE KRNVDPIRAS GNAGLGFLDP120
TAAIVSSDIT A7: 31 SEQ ID 100:22 AP205 55T MANKTMQPIT STANKIVWSD PIRLSTIFSA
SLLRQRVKVG IAILLNMVSGQ YVSVYKRPAP60 KREGCADACV IMPNENOSIR TVISGSAENL
ATLKAEWEIN KRNVDTLEAS GNAGLGELDP120 TAAIVSSDTT A131 SEQ ID 110:23 AP205 N14D
MANKPMQP1T STADKIVWSD PTRLSTTTISA St.RQRVKITGLMNVSGQ YVSVYKRPAP60
KEEGCADACV IMPNENOSIR TVISGSAENI. ATLKAEWETHVDTLFAS GNAGLGELDP220
TAAIVSSDTT A131 SEQ ID 100:24 ILlalphal atatatgcta gaccattaca cctaccagag tgatttg37 SEQ ID
100:25 ILialpha2 atatatctcg agtgatatct ggaagtctgt catagag37 SEQ ID 100:26 ILbetal atatatgcta
gcccccatta gacagctgca ctacagg37  P1085PCOOMS1 - 3 - SEQ ID NO:28 cystein containing linker
GGGGGCG7 SEQ ID NO:29 pModEC1 acatcgtata acgttactgg tttcacattc accaccctga attgactctc
ctccgggcgc60 tatcatgcca taccgcgaaa ggttttgcgc cattcgatgg tgtccgggat ctcgacgctc120 tccottatgc
gactcctgca ttaggaagca gcccagtagt aggttgaggc cgttgagcac180 cgccgccgca aggaatggtg catgcaagga
gatggcgccc aacagtoccc cggccacggg240 gcctgccacc atacccacgc cgaaacaagc gctcatgagc ccgaagtggc
gagcccgatc300 ttccccatcg gtgatgtcgg cgatataggc gccagcaacc gcacctgtgg cgccggtgat360 gccggccacg
atgcgtccgg cgtagaggat cgagatctcg atcccgcgas attaatacga420 ctcactatag gggaattgtg agcggstaac
aattccoctc tagaaataat tttgtttaac480 



tttaagaagg agatatacat atggatccac accaccacca ccaccacggt tctggtgacg540 acgatgacas agcgctagcc
ctcgagggtg gtggtggtgg ttgcggttaa caagtttaaa600 cgcggccgca tgcaccacca ccaccaccac tgagatccgg
ctgctaacaa agcccgaaag660 gaagctgagt tggctgctgc caccgctgag caataactag Cataacccct tggggcctct720
aaacgggtot tgaggggttt tttgctgaaa ggaggaacta tatccggatt ggcgaatggg780 acgcgccctg tagcggcgca
ttaagcgcgg cgggtgtggt ggttacgcgc agcgtgaccg840 ctacacttgc cagcgcccta gcgcccgctc ctttcgcttt
cttcccttcc tttctcgcca900 cgttcgccgg ctttccccgt caagctctaa atcgggggct ccctttaggg ttccgattta960
gtgctttacg gcacctcgac cccaaaaaac ttgattaggg tgatggttca cgtagtgggc1020 catcgccctg atagacggtt
tttcgccctt tgacgttgga gtccacgttc tttaatagtg1080 gactottgtt ccaaactgga acaacactca accctatctc ggtctattct
tttgatttat1140 aagggatttt gccgatttcg gcctattggt taaaaaatga gctgatttaa caaaaattta1200 acgcgaattt
taacaaaata ttaacgttta caatttcagg tgccactttt cggggaaatg1260 tgcgoggasc ccctatttgt ttatttttct aaatacattc
aaatatgtat ccgctcatga1320 gacaataacc ctgataaatg cttcaataat attgaaaaag gaagagtatg agtattcaac1380
atttccgtgt cgcccttatt cccttttttg eggcattttg ccttcctgtt tttgctcacc1440 cagaaacgct ggtgaaagta aaagatgctg
aagatcagtt gggtgcacga gtgggttaca1500 tcgaactgga totcaacagc ggtaagatcc ttgagagttt tcgccocgaa
gaacgttttc1560 caatgatgag cacttttaaa gttctgctat gtggcgcggt attatcccgt attgacgccg1620 ggcaagagca
actcggtcgc cgcatacact attctcagaa tgacttggtt gagtactcac1680 cagtcacaga aaagcatctt acggatggca
tgacagtaag agaattatgc agtgctgcca3740 taaccatgag tgataacact gcggccaact tacttctgac aacgatcgga
ggaccgaagg1800 agctaaccgc ttttttgcac aacatggggg atcatgtaac tcgccttgat cgttgggaac1860 cggagctgaa
tgaagccata ccaaacgacg agcgtgacac cacgatgcct gcagcaatgg1920 caacaacgtt gcgcaaacta ttaactggcg
aactacttac totagcttcc cggcaacaat1980 taatagactg gatggaggcg gataaagttg caggaccact tctgcgctcg
gcccttccgg2040 ctggctggtt tattgctgat aaatctggag coggtgagcg tgggtctcgc ggtatcattg2100 cagcactggg
gccagatggt aagracctocc gtatcgtagt tatctacacg acggggagtc2160 aggcaactat ggatgaacga aatagacaga
tcgctgagat aggtgcctca ctgattaagc2220 attggtaact gtcagaccaa gtttactcat atatacttta gattgattta
aaacttcatt2280 



tttaatttaa aaggatctag gtgaagatcc tttttgataa tctcatgacc aaaatccctt2340 aacgtgagtt ttcgttccac tgagcgtcag
accccgtaga aaagatcaaa ggatettott2400 gagatccttt ttttctgcgc gtaatctgct gattgcaaac aaaaaaacca
ccgctaccag2460 uggtggtttg tttgccggat caagagctac caactotttt tccgaaggta actggcttca2520 gcagagcgca
gataccaaat actgtccttc tagtgtagcc gtagttaggc caccacttca2580 agaactctgt agcaccgcct acatacctcg
ctctgctaat cctgttacca gtggctgctg2640 ccagtggcga taagtcgtgt cttaccgggt tggactcaag acgatagtta
ccggataagg2700 cgcageggtc gggctgaacg gggggctcgt gcacacagcc cagcttggag cgaacgacct2760
acaccgaact gagataccta cagcgtgagc tatgagaaag cgccacgctt cccgaaggga2820 gaaaggcgga caggtatccg
gtaagcggca gggtoggaac aggagagcgc acgagggagc2880 ttccaggggg aaacgcctgg tatctttata gtcctgtogg
gtttcgccac ctctgacttg2940 agcgtcgatt tttgtgatgc tcgtcagggg ggcggagcct atggaaaaac gccagcaacg3000
cggccttttt acggttcctg gcCttctgcC ggccttttgc tcacatgttc tttectgcgt3060 tatcccctga ttctgtggat aaccgtatta
ccgcctttga gtgagctgat accgctcgcc3120 gcagccgaac gaccgagcgc agcgagtcag tgagcgagga agcggaagag
cgcctgatgc3180 ggtattttct ccttacgcat ctgtgcggta tttcacaccg catatatggt gcactctcag3240 tacaatctgc
tctuatgccg catagttaag ccagtataca ctccgctatc gctacgtgac3300 tgggtcatgg ctgcgccccg acaccccca
acacccgctg acgcgccctg acgggcttgt3360 ctgctcccgg catccgctta cagacaagct gtgaccgtct cogggagctg
catgtgtcag3420 aggttttcac cgtcatcacc gaaacgcgcg aggcagctgc ggtaaagctc atcagcgtgg3480 tcgtgaagcg
attcacagat gtctgcctgt tcatccgcgt ccagctcgtt gagtttctcc3510 agaagcgtta atgtctggct tctgataaag cgggccatgt
taagggcggt tttttcctgt3600 ttggtcactg atgcctccgt gtaaggggga tttctgttca tgggggtaat gataccgatg3660
aaacgagaga ggatgctcac gatacgggtt actgatgatg aacatgcccg gttactggaa3720 cgttgtgagg gtaaacaact
ggcggtatgg atgcggcggg accagagaaa aatcactcag3780 ggtcaatgcc agcgcttcgt taatacagat gtaggtgttc
cacagggtag ccagcagcat3840 cctgcgatgc agatccggaa cataatggtg cagggcgctg actcccgcgt ttccagactt3900
Cacgaaacac ggaaaccgaa gaccattcat gttgttgctc aggtcgcaga cgttttgcag3960 cagcagtcgc ttcacgttcg
ctcgcgtatc ggtgattcat tctgctaacc agtaaggcaa4020 ccccgccagc ctagccgggt cctcaacgac aggagcacga
tcatgcgcac ccgtggggcc4080 



gccatgccgg cgataatggc ctgcttctcg ccgaaacgtt tggtggcggg accagtgacg4140 aaggcttgag cgagggcgtg
caagattccg aataccgcaa gcgacaggcc gatcatcgtc4200  P 1085PC90 /I'S! -4-- gcgctccagc gaaagcggtc
ctcgccgaaa acgacccaga gcgctgccgg cacctgtcct4260 acgagttgca tgataaagaa gacagtcata agtEcggcga
cgatagtcat gccccgcgcc4320 caccggaagg agctgactgg gttgaaggct ctcaagggca tcggtcgaga
tcccggtgcc4300 taatgagtga gctaacttac attaattgcg ttgcgctcgc tgcccgcttt ccagtcggga4440 aacctgtcgt
gccagctgca ttaatgaatc ggccaacgcg cggggagagg cggtttgcgt4500 attgggcgcc agggtggttt ttcttttcac
cagtgagacg ggcgacagct gattgccctt4560 caccgcctgg ccctgagaga gttgcagcaa gcggtccacg ctggtttgcc
ccagcaggcg4620 aaaatcctgt ttgatggtgg ttaacggcgg gatataacat gagctgtctt cggtatcgac4680 gtatcccact
accgagatat ccgcaccaac gcgcagoccg gactoggtaa tggcgcgcat4740 tgegcceagc gccatctgat cgttggcaac
cagcatcgca gtgggaacga tgocctcatt4800 cagcatttgc atggtttgtt gaaaaccgga catggcactc cagtcgcctt
cccgttccgc4860 tatcggctga atttgattgc gagtgagata tttatgccag ccagccagac gcagacgcgc9920 cgagacagaa
cttaatgggc ccgctaacag cgcgatttgc tggtgaccca atgcgaccag4880 atgctccacg cccagtcgcg taccgtcttc
atgggagaaa ataatactgt tgatgggtgt5090 ctggtcagag acatcaagaa ataacgccgg aacattagtg caggcagott
ccacagcaat5100 ggcatcctgg tcatccagcg gatagtcaar gatcagccca ctgacgcgtt gcgcgagaag5100 attgtgcacc
gccgotttac aggcttogac gccgcttcgt tctaccatcg acaccaccac5220 gctggcaccc agttgatcgg cgcgagattt
aatcgccgcg acaatttgcg acggcgcgtg5280 cagggccaga ctggaggtgg caacgccaat cagcaacgac tgtttgcccg
ccagttgttg5340 tgccacacgg ttgggaatgt aattcagctc cgccatcgcc gattccactt cttoccgcgt5400 tttcgcagaa
acgtggctgg cctggttcac cacgcgggaa acggtctgat aagagacacc5960 ggcatactct gcg5473 SEQ ID NO:30
primerMCS-1F tatggatccg gctagcgctc gagggtttaa acggcggccg cat43 SEQ ID NO:31 primerMCS-1R 



tcgaatgcgg ccgccgttta aaccctcgag cgctagccgg atcca45 SEQ ID NO:32 Bamhis6-EK-Nhe-F gatccacacc
accaccacca ccacggttct ggtgacgacg atgacaaagc gctagccc58 SEQ ID NO:33 Bamhis6-EK-Nhe-R
tcgagggcta gcgatttgto atcgtcgtca ccagaaccgt ggtgcjtggtg gtggtgtg58 SE0 ID NO:34
oligo1F-C-glycine-linker tcgagggtgg.tggtggtggt tgcggttaat aagtttaaac gc42 SEQ ID NO:35
oligo1R-C-glycine-linker ggccgcgttt aaacttatta accgcaacca ccaccaccac cc42 SEQ ID 110:36 HIL-1
alpha MAIN:POPPED IANCYSENEE CASSIDY-11,SL NOKSPIEVSY GPLEFGGMDO
SVSLSISETS60 KISKLIFKES MVVVAINGKV IKKRRISLSO SITDDDLEAI ANDSEFFISK
PASSPFSELS120 NVKYNFMRII KYEFILNDAL NQSIIRANDQ YLTAAALIFSL DEAVKFDMA
YKSSKDDAKI180 TVILAISKIQ LYVIAQDEDE, PVILKEMPEI PKTITGSETN LLAFWETHGT
KNYFTSVANA290 NIFIATK{8DY WVCLAGGPPS ITDFF5ILENQ A271 SEQ ID 110:37 IL-1 alpha
Macaca MAKVPDMEED LKNCYSENEE DSSSIDELSL NQKSFYDVSY GPLHEGCMDC
SVSISISEIS60 KTSKLTFE8QS MVVVSTNGKV LKKARLSISQ SITDENLEAI ANDSEEEIIK
PRSAPFSFLS120 =YENTA'S =FILM= NOTIIRANDQ BLIAAAIENL DFAVKFFMGA YISSKDDIKV180
PVILRISKIQ LEVSAQDFDQ PVLLKEMPEI NKTITGSETN PLEFWETHGT KNYFISVALiP290
NIFIATKEDN WVCLAKGLPS ITDFOILENQ A271 SEQ ID NO:38 IL-1 alpha Equus MAKVPDLFED
LKNCYSENED YSSEIDELSL TOKSPYDASY DPLPEDCMDT EMSLSTSETS60 KILSKLNIFFES
VVLVAANGKT LKKAALSLNQ FITEDDLFAI ANDPEEGIIR PRSVAYNFQS120 NTYYNFMAIV
NHOCTINDAL NQSVIADTSG QYLATAAINN IDDAVKI1DMG AYISEADSQL180 PVTLAISKTA
IFSESAQNEDE PVLLKEMPDT PKTIKDETNL LFFWEALIGSK NYEKSVAAPK29.0 LFIATKQGKL
VHPARGQFSI TDFOILDNQF270 SEQ ID 110:39 IL-1 alpha Ovis MAKVADIFFD LKNCYSENED
ESSEIDELSIC NTESFYDASY EPLAADEMNK FMSLDTSFTS60 =A:LSE:KEN VVMMTANGKI
IKKRALSLNO FITDDDLEAI ANCTFEEIIK PASILEYSFQS120 



NVKYNFMRVI HUCILNEAL NECIIADMISG PYITAATLIEN LEEAVKFDMV AYVSFEDSQL180
AVILA'S= ISVSAQNEDE PVLIKEMPIT PKIIKDETNL LAFWEKEGSM DYEKSVAHAK240 LFIATKEKL
VIIMASGPPSI TDFQILEK266  PI085PC00 /PSI  - 5 -   KTPQLTLIIKS VVMVAANGKI IaKERLSLNQ
FLTADDLEAI ANEVEEETMK ARSVAPNEYS 120 SEKYNYOKII ESQFILNDNL SGSVIRKAGG
KYLAAAALQN LDDAVKFDMG AYTSKEDSEL 180 EVTIERISKTR LEVS202NEDE DVLLKEMPET
PKTIRDETNI, LEFWER8GSK NYEKSVA111,810 240 LIALATOPEQL VEMARGLPSV TDFQILETOS
270 SEQ ID NO:41 IL-I alpha Bos 



MAKVPDLEED LKNCYSENED YSSEIDHINL NQKSFYDASY EPLREDQMNK FMSLDTSETS 60
KTSKINFKEN 171/81VAASGKI ',FUME:281,NQ FITDDDLEAI ANNTEEETIK ERSAHYSFQS 120
YVKYNEHRVI EQECILNDAL NQSITRDMSG PYLTATTLYIN LEEAVII7DMV AIIVSEEDISQL 180
PVTLRISKTQ LEVSAQATEDE PVLLKEMPET PKIIKDETNI, LFFWEKEGSM DYFIKSVARPK 240
LFIATKQEKL VHMASGAPSI TDFQILEK    268 SEQ ID NO:42 IL-1 alpha Sus 



MAKVPDLFED LKNCYSENEE YSSDIDHINL NQKSEYDASY EPLPCDGMDK EMPLSTSKTS 60
KTSRLNFKDS VVMAAANGKI LKKRRISLNQ FITDDDLEAI ANDTEEEIIK PRSAITYSFQS 120
NMITINFMRVI 1111QCILNDAR NQSIIRDPSG QYLVIAAVLDN LDEAVKFDMA ATINNDDSQL, 180
PVTLRISETR LETSAQICEDE PVILKELPET PKITIKDETSL IFFWEKHGNM DYEKSAAPPK 2640
LIVATROEKL VHMAPGLPSV IDEINLENQS    270 SEQ ID NO:43 IL-I alpha Oryctolagus 



MAKVPDLIPED LKNGESENEE YSSAIDIITSL NCKSFYDASY EPLHEDCMNK VVSLSTSETS 60
VSPNLTFQEN VVAVTASGKI LKKRIVESIINQ DIIDVDLETN VSDPEEGIIK PFISVPYTEQR 120
NMRYKYLRII KQEFTLNDAL NQSIVRETSE QYLPAAELQN LGDAVKEDMG VYMTSKEDSI 180
LPVTLEJSQT PLEVSACNED EPVILKEMPE TPRIITDSES DILFFWETQG NKNYEKSAAN 240
POLFIATKPE HLVEMARCIP SMTDPOIS    268 SEQ ID N0:44 IL-1 alpha Canis  



MAKVDDLFED LIKNCYSENFT1 YSSEIDELSI NQKSFYDMSC DPINEDGMSI, STSETSKITSQ 60
LTEKENVVVV AANGKILKKR RISTSWITD DDIEGIANDT EEVIMKPRSV AYNEHNNEKY 120
NYTRIT8SCP TTNENINGST VACITGGIIIYIN TAATQNIDA VKFT0MG4TTS EDSKLAVTT 180
TSKTRLEVSA CNEDEPVIT,K EMPETPKTIR DETNITATINE REGSKEYEKS VAQEKTFTAT 240
QERKLVEMAR GQPSITDPRL LETQP    265 SEQ ID H0:45 IL-1 alpha Mus   



MAKVPDLEED IKATCYSENED ITSSAIEHLST, NQKSFYDASY GSLFIETGTD0) EVSIIIRTSETS 60
KNISNFTEKES RVTVSATSSN GKILKKFIRLS FSETFTEDDL 0ISITHELEET INENAPYTY 120
QSDLRYKLYIK IVROKEVMND SLNQIIIIQDV DKHYLSITWL NDLQQEVKFD MYAYSSGGIDD 180
SKYPVTLKIS ESQLFVSAQG EDQPVLLKEL PETPKLITGS ETDLIFFWKS 1,11ISKNYFTS'A 240
AYPELFIATK EC/SAW-HAAG TP3.1,1'1'13E013    270 SEQ ID N0:46 IL-1 alpha Rattus   



MAKVPDLFED LKNCYSENEE YSSAIDHLSL NQRS2CIDASY GSIBENCTDK FVSTRTSETS 60
KMSTFTFKES EVVVSATSNK GKILKKREIS, FNUFTEDDI, EATAHDTEET ICPESAPHSE 120
QNITLRYKLIA IVKQEFIMND SLIT2NIYVDM DRIIILKAASL NDLQIEVKFD MYAYSSGGDD 180
SKYPVTLKVS NTQLEVSACG PDKPVILKEI PETPKLITGS EYDLIFFWEK INSKNYFTSA 240
AFPELLIATK EQSQVIELARG LESMIDFQIS    270 SEQ ID 140:47 IL-1 alpha Gorilla    



KNCYSENEED SSSIDHISLN QKSFYHVY114G PLHEGGMIXITS VSLSISETSK TSKITEKESM 60
VVVATNGKVI, KKR:87481,SO ITDDDLEAIA NDSEEETIKA RSAPECELSN VKYNFMRITK 120
NEFILNDALN QSTIRANDQY LTAAALENLD EA   152 SEQ ID 140:48 hIL-1 alpha Cavia
FEDLKNCYSE NEEYASAIDE LSLNQIISFYD TNIMPLEENR VDEPVSPNEY ENSEESNFTL 60
EFISSDSSAVV LTSABGEVAK KRPLSI,NQTN SNEDLEALAN DSEEEIIEEW SVPYSFQSNI, 120
KEKYORSIKK GAVITDAMHQ SLIRESNGQH 



LKAMHV17DRK HEVKFDIDGY VSTATRIRPV 180 ILKISKTQLY VCAQEEGQPV LAKE    204 SEQ ID
N0:49 hIL-1 beta     11AEVPELASE 811vLAYYSGNED DEFFEADGPK ONKCSFODLD
LCIPLDGGIQL RISDEHYSKG 60 FRQAASVVVA MDKLRKPILVP CPOTEQENEL STFFPFIFEE
EPIEFDTION EAYVEDAPVR 120 STNCTIRDSQ QKSIVMSGPY ELKALELOGQ DMEQQVVESM
SEVIDGEESND KIPVALGLKE 180 KNLYLSGVLK DDKPIALQIES VDPKITYPKKK 



MEKRECTENKI EINNKLEFES AQFPNWYEST 240 SQAENMPVEL GGTKGGQDIT DICIAINVSS
269 SEQ ID 140:50 IL-1 beta Pan     MLVIVIPOTFQ ENDLSTEETE' ITEEEPIFFE, TWENEAYVHD
AEVITSTNCTI, RDSQQKSLVAI 60 SGICIELKALEI LQGQDMEQQV VESMSIVQGE ESNDKIPVAL
GLKEKNLYLS CVLKDDKETL 120 QLESVDPKNY PKKKMEKREV FNKLEINNKL ETTISAQFPNW
YISTSQAENM PVCAGGTKGG 180 ODITDFTMOF YES 



193  P1085PCOOTSI -6-- SEQ ID NO:51 IL-I beta Macaca   MAEVRELASE MMAYYSGNED
DLIBETVDGRK QMKCSFULD ECTELGGGIQL QISEEHYNEG 60 FRQAVSETVA MEKLRKMLVP
CRQIECDNDL STLIPFIFEE EPVELDTRNN DACVHDARVR 120 SIMCIIRLAQ LKSLVMSGRY
ELKALREQGQ DLEQQVVESM SEVQGEESEDD KIPVALGLKA 180 KNLYLSCVLK DEMPTLQLES
VDPKNYPKKK MFKRFVFNKI FINKEL:BEES AQFPNWEIST 240 



SQAENMPVFL GGERGGNIT DFTMQFVSS    269 SEQ ID NO:52 IL-I beta Oryctolagus
MATVDDETSE MMAYESGNEN DIMDMADGPN YMKSCFULD LCCPDEGIQL RISCQRYNKS 60
FRQVLSVVVA LEKLRQKAVP CPQAPMEDGL RTFFSLIFEE EPVLCNTWDD YSLECDAVRS 120
LECRLDDAQQ KSLVINGTEE LKALHLNAEN -121429VVESMS FVQGKESNDK IPVALGIERG14 180
NLYLSCVMKD DKPITQLESV DPNRYPIEKKM EKRFVFNKIE IKDKLEFESA OFPNWEISTS 240
QTEYMPVFLG NNSGGQDLID FSMEFVSS 



268 SEQ ID 670:53 IL-1 beta Mus     MATVPELNCE MPPFDSDEND LFFEEEDGPQK MKGCFQTEDL
GCPDESIQLQ ISQQHINKSF 60 RQAVSLIVAV EKLWOLPVSF PNTFQDEDMS TFFSFIFEEE
FILCDSWDDD DIDLLVCDVPI 120 RQLBYRIMDE QQKSLVLSDP YELMALBLNG QNINQQVIFS
MSEE700EPSN FKIPVALGLK 180 GKNLYLSCVM KDGEPTLOLE SVDPKQYPKK KMEKRIVENK
LEVKSKVEFE SALFPNINYIS 240 TSCAEBKPVF LGEINSGQDII DFTMESVSS 



269 SEQ ID 670:54 IL-1 beta Rattus    MATVPEINCE IAAFDSEEND LFFEADRPQK IKSCEQAIOL
GCPDESIQLQ ISSOHLDES 60 RKAVSLIVAV EKLWOLPMSC DMSFQDFDPS TFFSFIFEEE
PETGESWEDE DELVCDVPIR 120 SLBCRLRDEO QKCLVLSDPC ELKALMLNGQ NISQQVVESM
SFVQGETSND KIPVAIGLKG 180 LNLYLSCVMK CGTFTLOIDES VDPKQYPKINK MEKREVENKI
EVKTKVEFES AQFPNWEIST 240 SQAEHRPVFL GNSNGRDIVD FTMEPVSS  



268 SEQ ID 670:55 IL-1 beta Eguus     MAAVPDTSDM MTYCSCNEND LETEDDCPWS
MKGSFQPIDDL SEMCNGGIQL ORSBOLYNKT 60 FKBVVSIIVA MEKLKKIPVP CSQAPODDIL
RSLFSVIFEE EPI1CDNWED DYVCDAAVBS 120 VNCRERDIER KSLVISGACE LOAVHINGEN
INQQVVECMS FVQGEEETDK IPVALGLKEK 180 NIMISCGMKD 4114PETQLETV DPNTYPKRKM
EKRFVFNKME IKQNVEFESA MYPNWMISIS 240 QAEKKPVEIG NVRGGRDIJD FIMEITSA  



268 SEQ ID 670:56 IL-I beta Fells     MAP/1414E1SE MMAYYSDEND LFFEADGPEK MKGSLQNLSB
SFLGDEGIQL QISHQPDNKS 60 ISRBAVSVIVA MEKLMKISFA CSULODEET KSLFCCIFEE
EPIICDTWDD GFVCDAAIQS 120  DYTFRDISQ KSLVLSGSYE LRALMLNGQN MNQQVVERMS
FVHGEENSKK IPVVLCIKKN 180 NLYLSCVMKD GKPILQLEML DPKVYNKKKM EKRFVFNKTE
INSNVEFFSS OFPNWEISTS 240 QAFEMPVFIG NTKGGQDITD FIMESAS  



267 SEQ ID 670:57IL-1 beta Sus     MATVPFE1AKE VMANNGDNNN DLIABLADGPK EMKCRIONLD
SPLGDGSIQ LQISHOLCNE 60 SSRPMVSVIV AKEEPMNPSS OVVC,DDDPKS IESSVFEEEP
IVLEKBANGF LCDATINIQSV 120 DCKLQDKDEK ALVLAGPHEL KALELLKGDL KREVVECNSF
VQGDDSDEDBI PVTLGIKGKN 180 LYLSCVMKDD TPTLQLEDVD PKSYPKRDNE KREVEYKTEI
KNRVEFESAL YPNWEISISS 240 AEQKPVFLGN SKGRQDITDE TMEVLSP  



264 SEQ ID 670:58 IL-I beta Cavia     MAAVPELSSE VTAYBSDENE LETEVDGPMK MUCITEDFDL
CSLDEGIKLQ ISHQBENKSF 6C: RQTVSLIVAV EKIMKKLAPC TWAFQDDDIM PLLRFIFEEE
PIVCDTWDEE YESDTPVPSR 120 NCITBDIQBK RLVLSDRCEL KALELNGDNL NRQVVESMSF
VQGERSDNKM PVKLGIMGKK- 180 LYLSCVMKDG KPVLQLESVD GKQYPKKKME KRFVFNKITS
KSTVETESAQ FPNWYISTSQ 240 AEEKPVFLGN NNGODIIDEK LELVSS  



266 SEQ ID 670:59 IL-I beta Bos     MATVPEPINE MNLAYYSDENE LLFEADDPKQ MKSGICELDL
GSMGDGNIQL (EISBQFYNES 60 FROVSVIVA MEKLIENSAYA FEEFEDDDLMS ILSFIFFEEP
VIEETSSDEF LCDAPVQSIK 120 CKLQDREQKS LVLASPCVLK ALHILSQEMN REVVFCMSITT
OGEERDNKIP VALGIKDKUL 180 YLSOVKKGDT PITQLEEVDP KVYPKRNMEK RFVFYKTEIK
NEVEFESVLY PNWEINTSQI 240 FERPVELGHF RSG1EDITDER METLSE  



266 SEQ ID 670:60 IL-1 beta Ovis     MAIVPEPINE VMAYYSDENE LLFEVDGPK16 MKSCTQIEEDL
GSMGDGNIQL OISBNETYNKS 60 FROVSVIVA MEKLRSRAYE EVERDDDLRS ILSFIFEEEP
VIETISSDEL LCDAAVQSVK 120 CKLQDREQKS LVLDSPCVLK ALHLPSQEMS FEVVFCMSFV
QGEERDNKIP VALGIRDKNL 180 YLSCVKKGDI IMITQLEKVDP KVYPKRNMEK RFVFYKTEIK
NTVEFESVLY PNWEISTSQL 240 EEKPVFLGRF RGGODITDER METLSP  



266  SEQ ID 670:61 IL-1 beta Gallus  P1085PC(101PSI MAFVPDIDVI ESSSLSEEFT AGPSCIALQA
XPRLDSEHTI VDVQVIVRKG RGARSFARAA60 VIVITAMIALI RRPRSRDFAD SDISALIFEEV
EEPVTFORIA SSEACARAFR YIRSQSFDIF120 DINQKCFVLE SETQLVALSI QGASSSQAVTI
INIALARARG PAGSAGTGQM AVALAIKGYK180 LAMSCVMSGT EPTIMIDEAD VIAIDIDSVEL
TRFIFYRLDS PIDGITRFAS AAFTGWFICT240 SIQPRQFVCI INORDQVNIA TAKISCR267 SEQ ID
NO:62 IL-1 beta Canis GPGGSNVECC CNINHSSIN DEGIQTQVSH QICNASIRHF VSVINALFAL
KKAGROVIQE60 DDIASIRIAT FEEEPTICAT DADNFMSDAA MQSVDCKLQD ISHAYIVISN
SAFIRAIRIN120 GENVNKA127 SEQ ID 110:63 hIL-1 alpha 119-271 LSNVKYNFMR IIKYEFILND
ALNOSIIRAN SNITAAAIR NIDEAVKFDM GAYKSSKDDA60 RIIVILRISK TQLYVTAQDE
DQPIIIIKAMP EIPKTITCSE TNIAFFWEIN GIKNYFTSVA1.20 HPNIFIATKQ DARTGLACGP
PSITDF5ALF NQA153 SEQ ID 110:64 hIL-1 beta 117-269 ARNARSINCTI RDSQQKSIVM
SGAYELKALE LOGQDREQQV VASMSFVQGF ASNDKIPVAL60 GLKEKNLALS CVIKDDKFAL
QLESVDPKNY FKKAMEKREV ANYIEINNKI EFESAQFPNW120 YISTS0AENM FVFIGGINGG
QPITDFTMQF VSS153 SEQ ID 110:65 mIL-lalphal17-270 MDPREASSEG SCDDDDKALA
RYTYQSDIRY KLMKIEVRQKF VMNDSINQTT YQDVDKAALS60 TIWINDLQQA VIIIIDMYAYSS
GGDDSKYAVA LKISDSOLEV SAOGEDQPVL LKELPETPAL120 TIGSETAIIF FMKSINSKNA
ETSAAYPELF IATKEQSRVE LARGLASMID 150I81120000180 MCG183 SEQ ID 110:66
mIL-lbeta119-269 



110281013880 SGDDEAKALA PIRQLHARAR DEQQKSIRMA DAYELKALHL NGQNINQQVI60
FSMSFVQGAP SADKIRVALC ITIGKNIALSC VMKDSITTIQ LESVDPRQYA 111111112142272120
NKIEVKSKVA FASAEFPNWY ISTSQAEHKR VIRDGNASGQD IIAFTMESVS SLEGGGGGCG180
SEQ ID 110:67 hIL-1 alpha 009-020 MIMIKAEFEL ND12 SEQ ID 110:68 hiL-1 alpha 010-015 RIIKAE6
SEQ ID 110:69 hIL-1 alpha 014-023 YEFILNDALN10 SEQ ID 110:70 hIL-1 alpha 019-030
NDALNQSIIR AN12 SEQ ID 110:71 hIL-1 alpha 035-044 TAAALMNLDE10 SEQ ID 110:72 hIL-1
alpha 035-046 TAAAIHNIDE AV12 SEQ ID 110:73 hIL-1 alpha 045-054 AVEFDRIGAYK10 SEQ ID
110:74 hIL-1 alpha 052-062 AYKSSKDDAK I11 SEQ ID 110:75 hIL-1 alpha 055-084 SSKDDAKIIV
ILRISKTOLY VIAODEDQPV L SEQ ID 110:76 hIL-1 alpha 063-075 VILRISKTQL YVT13 SEQ ID
110:77 hIL-1 alpha 063-084 VILRISATQL AVIAQDEDOP VI22 SEQ ID 110:78 hiL-1 alpha 069-089
TQLYVTAORE DQPITILKEMP20 SEQ ID 110:79 hIL-1 alpha 082-102  P1085PCVOTS1 



-8-- PVILKEMPEI PKTITSSFIN  21  SEQ ID NO:80 hIL-1 alpha 087-100  EMPEIPKTIT GSM'  14 SEQ
ID NO:81 hiL-1 alpha 093-104  KTITGSETNL IF  12 SEQ ID NO:82 hIL-1 alpha 093-113
AKTITGSETN LIFFWFTHGT K   SEQ. ID NO:83 hIL-1 alpha 097-106  GSETNLIFFW  10 SEQ ID
NO:84 hIL-1 alpha 



123-134  LIDIATKQDYW VC  12 SEQ ID NO:85 hIL-1 alpha 124-136  FIATKQDYWV CIA   SEQ ID
NO:86 hIL-1 alpha 125-142  IETKQDYWVC LAGGPEST   SEQ ID NO:87 hIL-1 alpha 129-133
KQDIKI   SEQ ID NO:88 hIL-1 alpha 147-153  QIIESQA    



SEQ ID 240:89 hIL-1 beta APVRSL SEQ ID 240:90 hIL-1 beta 001-006 001-012  APVFISINCTL RD
12 SEQ ID 240:91 hIL-1 beta 006-015  INCTIRDSQQ  10 SEQ ID 240:92 hIL-1 beta 011-022
RDSQQKSIVM SG  12 SEQ ID 240:93 hIL-1 beta 027-038  KAINIQGQDM FQ   SEQ ID 240:94 hIL-1
beta 027-040  



KALHLOGODM FQQV  14 SEQ ID 240:95 hIL-1 beta 039-048  QVVIKSMSFVQ  10 SEQ ID 240:96
hIL-1 beta 046-056  SINEGEESNDK I   SEQ ID 240:97 hIL-1 beta 049-080  GFESSDKIPV
AIGLKEKNLY ISCVIKEALKP TL 32 SEQ ID 240:98 hiL-1 beta 058-070  VALGIKEKNI ELS   SEQ ID
240:99 hIL-1 beta 058-080  VALGIKEKNI YISCVLEDDK DTI 



23 SEQ ID 240:100 hIL-1 beta 066-085  KNLYISCVLK DDKPTICIES V  21 SEQ ID 240:101 hIL-1 beta
078-097  PTLQIESVDP KNYPKISFMEK  20  P108SPOKI /PSI SEQ ID N0:102 hIL-1 beta 083-095
ESVDPKNYPK KKM SEQ ID N0:103 hIL-1 beta 088-099 KNYPKKXMEK RE SEQ ID NO:104 hIL-1
beta 092-101 KKKMEKRFVF SEQ ID NO:105 hIL-1 beta 092-109 KIIKMEKTIFVF Ian:LEEK SEQ ID
N0:106 hiL-1 beta 120-133 WYISISOAEN MPVF SEQ ID 140:107 hIL-1 beta 121-135 YORMOAFER
PVIAAG SEQ ID 140:108 hiL-1 beta 122-143 ISTAORENME 8E10088000 DT22 



SEQ ID 140:109 hiL-1 beta 126-131 OAENMP SEQ ID 140:110 hIL-1 beta 147-152 IMQFVES7 SEQ
ID 140:111 mIL-1 beta 001-012 VPIROLEYRI, RD12 SEQ ID 140:112 mIL-1 beta 027-040
KALKINGONI 14640814 SEQ ID 140:113 mIL-1 beta 121-135 FISTSOAEAKif SEQ ID 140:114 rIL-1
beta 066-085 NLYEACVMKD GIETLOLFSV20 SEQ ID 140:115 riL-1 beta 078-097 PITOLESVDE
YOYEKKKMFET20 SEQ ID 140:116 rIL-1 beta 122-143 ISTSCAEHIIP 881014320140 IV22 SEQ ID
140:117 AP590 atggcaaata agccaatgca accgatcaca tctacagcaa ataaaattgt gtggtcggat60 ccaactagtt
tatcaactaa allot 030700 agtctgttaa gccaacgtgt taaagttagt120 atagccgaac tgaataatgt ttcaggtcaa
tatgtatctg tttataagcg tcatgcacct180 aaaccggaag gttgtgcaga tgcctgtgtc attatgccga atgaaaacca
atccattcgc240 acagtgattt cagggtcagc cgaaaacttg gctaccttaa aagcagaatg ggaaactcac300 aaacgtaacg
ttgacacact cttcgcgagc ggcaacgccg gtttgggttt cattgaccct360 actgaggcta tcgtatcgtc tgatactact gattagggat
coggataatg catctaagct420 421 SEQ ID 140:118 AE592 atggcaaata agccaatgca accgatcaca tctacagcaa
ataaaattagt gtggteggat60 ccaactcgtt tatcaactac attttcagca agtctgttac gccaacgtgt taaagttggt120
atagccgaac tgaataatgt ttcaggtcaa tatgtatctg tttataagcg tcctgcacct180 aaaccggaag gttgtgcaga
tgcatgtgtc attatgccga atgaaaacca atccattcgc240 



acagtgattt cagggtcagc cgaaaacttg gctaccttaa aagcagaatg ggaaactcac300 aaacgtaacg ttgacacact
cttcgcgagc ggcaacgccg gtttgggttt ccttgaccct360 actgcggcta tcgtatcgtc tgatactact gcttgaggat ccggataatg
catctaagct420 421  P11185PC00 /1181 -10- SEQ ID NO:120 pINC-36 gtaagcttag atgcattatc
cggatcccta agcagtagta tcagacgata cg52 SEQ ID NO:121 pINC-40 gtaagottag atgcattatc cggatcotca
agcagtagta tcagacgata52 SEQ ID NO:122 pINC-34 ggtccggagc gctagcccct tacac SEQ ID NO:123
pINC-35 gtaagottat gcattatgat atctggaaat ctgteataga SEQ ID NO:124 HIL-1 atatatgata tccctgtacg
atcactgaac tgcacg36 SEQ ID NO:125 HIL-2 atatatctog agggaagaca caaattgcat ggtgaag37 SEQ ID
160:126 42-1 tatggatatc gaattcaagc ttctgc goo_ gctogagtaa ttgattac45 SEQ ID 160:127 42-2
ctaggtaate apitactcga gcagctgcatcgatatccaSO SEQ ID 160:128 425-1 tcgagcacca ccaccaccac
cacggtggtot gctaataata attgattaat ac52 SEQ ID 160:129 425-2 ctaggtatta atcaattatt attagcaacc
accgtggtgg tggtggtggt go52 SEQ ID N0:130 hIL-1 beta 116-269 MDIPIIRSIENG flEDSQQKSL
VMSGPYELKA 1OL0000MEQ ISSIVESMSFWE GEESNDKIPV60 ALGLKEKNLY LSCVIKDDKP
TLCINSVDPK NYPKKKMEKR EVENKIEINN KLEFESAQFP120 



NNYISISSAE NMPVETGGIK GGSDIIDEIM QEVSSLEHHE SIIDGGG1.66 SEQ ID 160:131 hIL-1 beta
116-269(R4D) MDIPVDSPNC TLPDSQQRSE VMSGP4PELKA LIELQGQDNEQ IIVVYSMSRVO
GKESNDKIPV60 ALGLKEKNLY ISCVLKDDKP ILQI,ESVDPK NPKKKMPKR FETE KIEINN
K1EFESAQFP120 NWEISTSCAE NMPVEIGGIK GGSDITDEIM COEVSS155 SEQ ID 160:132 hit-1
beta 116-269(L6A) MDIPVRSANC TILEDSSOKSL VMSGPYELKA 180000034E0 0234E8518E34I1
CEESNDKIPV50 ALGLKEKNLY 1SCV3K00KP LLINEDISVDPK NYPKKKMEKR FVFNKIEINN
61E8E834000120 - NWEISTSQAP NMPVELCIGTX GGUITDPEM 0I735155 SEQ ID 160:133 hIL-1
beta 116-269(T9G) MDIPVRS-ENG GLRDSQQKSL VMSGPTELKA 0EP2000E14E0 QV7E314S1S62
GEESNDKIPVCO ALGIAIEINNLY LSGVLKDDIKP E005E8710P34 NYTKKKMEKR FVFNKIEINN
KLEFESAQFP120 NVIYISTSQAE NMPVFIGGEK GGODI1DFIM SEVSS155 SEQ ID 160:134 hIL-1
beta 116-269(8110) MDIEVRSIING TIGDSQQKSL VMSGPYELKA LPAIONTOMFQ QVVESMSFINC
GEESNDKIPV60 ALGLKEKNLY ISOVIKDDKP 2I00E370014 NYEKKKMEKR FVFNKIEINN
KLEFESAQFP120 NNYISTSQAP NMPVITOGGET GGQDITDFEM QFVSS1.55 SEQ ID 160:135 hiL-1
beta 116-269(D54R) MDIPVP5SLNC TIRDSNKSI VMSGPSELKA LOLOTENMEQ QVVESMSEVQ
GEESNRKIPV60 ALGIKEKNLY ISCVIKDDYP ILQLESVDPK NYPLIKKMEKR FVFNKIEINN
KLEFESAQFP120 NWEISTSQAE NMPVEIGGITI CGQDITDFIM SEVSS155 SEQ ID 160:136 hIL-1
beta 116-269(D145K) MDIPVRSLNG ELRDSQQKSL VMSGPSELKA LOLQGQDMEQ QVIIFSMSEVQ
GEESNDKIPV50 ALGIKEKNLY LEGVIKDDKP IIINLESVDDK NYPKKKMEKK FVFNKIEINN
KIEFFSAQFP120 NWEISTSOAE NMEITELCIGTK GOIQDILIKETM QINNIS155 SEQ ID 50:137 hIL-1
beta 116-269(DEE50,51) MDIPVRLIENG TIARDSQQKSI VMSGPYELKA 081000034E0
QVVESMSEVQ GSNDKIPVAL60 GLKEKNLYLS CVLKDOKPIL QI4ESVDRKNY PKKKMDKREV
FNXIEINNKL EFFSAQFPNW120  P1e85PCOO/PSI 



YISTSQUNM PVFIGGTKGG WITDFINENT VSS153 SEQ ID 110:138 hiL-1 beta
116-269(DSND52-54) MDIPVRSINC TLRDSQQKSL VMSGPYFLKA LELQ0005IE0 OVVESMSFVQ
GEEKIPVALG60 LKEKNLYLSC VLKDDKPILQ LESVDPKNYP KKKMEKRFVF NKIEINNKLE
FESAQFPNWY120 ISTSCAENMP VFLGC4KGGQ DITDFTMCFV SS152 SEQ ID 110:139 hIL-1 beta
116-269(K63S/K65S) MDIPVRSLNC TIaDSQQKSL VMSGPYFLIKA LFILQGQDME0 OVVESMSFVQ
GEESNDKIPV60 ALGLSESNLY LSCVLKDDKP TIQLFSVDF54 NYPKKKMEKR FVFNKIEINN
KLEFESAQFP120 NWEISTSQAP NMPVFLGGTK CCODITDFIM QFVSS155 SEQ ID 110:140 hIL-1
beta 116-269(Q126A/E128A) MDIFERSLNC TLEDSQQKSL VMSEDYELKA IHNIQGQDMEQ
QVATSMSFVF4 GEESNAKIPV60 ALGLKEKNLY LSCVLKDDKP TIQLESVDP14 NYINUFKMEKR
FVFNKIEINN KLEFESAQFP120 NWPISTSAAA NMDVFLGGIK GGQDITDFIM QFVSS155 SEQ ID
110:141 HIL-3 atatatcata tgctgagcaa tgtgaaatac aacttt39 SEQ ID 110:142 HIL-4 atatatctcg agcgcctggt
tttccagtat ctgaaag SEQ ID 110:143 R4D-1 catatggata tccctgtaga ctcactgaac tgcacqctc SEQ ID
110:144 R4D-2 gagcgtgcag ttcagtgagt ctacagggat atccatatg29 SEQ ID 110:145 L6A-1 gatatccctg
tacgatcagc taactgcacg ctccgggac39 SEQ ID 110:146 L6A-2 gtccoggagc gtgcagttag ctgatcgtac
agggatatc39 SEQ ID 110:147 T9G-1 gtacgatcac tgaactgcgg tctccgggac tcacagc37 SEQ ID 110:148
T9G-2  ctgtgagtc ccggagaccg cagttcagtg atcgtac37 SEQ ID 110:149 Ri1G-1 



gaactgcacg ctoggggact cacagc26 SEQ ID 110:150 R11G-2 gctgtgagtc cccgagcgtg cagttc26 SEQ ID
110:151 D54R-1 caaggagaag aaggtaatcg caaaatacct gtggccttg39 SEQ ID 110:152 D54R-2
aaggccaca ggtattttgc gattactttc ttc000 SE0 ID 110:153 EE-1 catgtccttt gtacaaggag gtaatgacaa
aatacctgtg40 SEQ ID 110:154 EE-2 cacaggtatt ttgtcattac ttccttgtac aaaggacatg4.0 SEQ ID 110:155
SND-1 ctttgtacaa ggagaagaaa aaatacctgt ggcctgg37 SEQ ID 110:156 SND-2 caaggccaca ggtatttttt
cttctccttg tacaaag37 SEQ ID 110:157 K63655-1 gtggccttgg gcctcagcga aagcaatctg tacctgtcct g41
P1085PC00 /PS1 -12- SEQ ID NO:158 K63658-2 caggacaggt acagattgct ttcgctgagg cccaaggcca c4]
SEQ ID NO:159 QE-1 gtacatcagc acctctgcag cagcaaacat gcccgtcttc40 SEQ ID NO:160 QE-2
gaagacgggc atgtttgctg ctgcagaggt gctgatgtac40 SEQ ID NO:161 D145K-1 goggccagga tataactaaa
ttcaccatgc aatttgtgtc40 SEQ ID NO:162 D145K-2 gacacaaatt gcatggtgaa tttagttata tcctggccgc90 



SEQ ID NO:163 miL-1 alpha 117-270 without tag PYTYQSDLRY FILUCLVROJEF VMNDSLNQTI
YQINDKAYLS TINTENDLQGE VKFDMYAYSS60 MGDFSKYPVT IKISDSQLEV SAIIGEDQPVL
LKELPETEKL IIGNETDLIF FWKSINSKNY120 FTSAAYPELF IATKEQSRVE LARGLPSMID FQIS154
SEQ ID NO:164 mIL-1 beta 119-269 without tag PIRTERYRIER DEQQKSLVLS DPKELKALEL
NGQNINQQV1 FSMSFVQGEP SNDKIEVALG60 LKGKNLYLSC VMKDGIPTLQ LESVDPKQYP
KKKNEKRFVF NKTEVKSKVE FESAEFPNWY120 ISTSQAEHKE VEIGNNSGQD ITDFTMESVS
S19611 SEQ ID N0:165 hIL-1 beta 116-269 without tag MDIPVRSLNC ILTINSQQKSL
VMSGPICELLKA LIELOGNMEQ QVVESMSEVQ GEESNDKIPV60 ALGLKEKNLY LSCVLKDDKP
ILOLESVDPK NYPKKKMEKR FVFNKIEINN KLEFESAQFP120 NWEISTSQAE NMFVFLGEFEK
GSQDITTFTM QFVSS155 SEQ ID NO:166 interleukin 1 receptor, type I MKYLIRLICE IALLISSLEA
DKSKEREEKT ILVSSANEID VRPCPLNPNE MKGTITWYKD60 DSKTPVSTEQ ASRINQHKEK
LWFVPAKVED SGBYYCVVRN SSYCLRIKIS AKEVENEPNL120 CYNAQA1FKQ NLPVAGDGGL
VCPYMEFFKN ENNELEKLQW YKDCKPLLLD NINFSGVEDR180 LIVMNINEEKH RGNYTCEASY
TYLGKQYPIT RVIEFITLEE NKETRPVIVS PANETMEVDL240 GSQIQIICNV IDSQLSDIAYW
KWNGSVIDED DPVLGEDYYS VENPANKRRS TLITVLNISE300 IESRFEKBPF TCFAKNIEGI
DAANIQLMYR VINFQINIMIG ICVTILTVIIV CSVFIYKIFK360 IDIVLWYRDS GYDFLIETRAS
DGKFIDAYIL YEKTVGEGST SDCDIFVFKV ITEIVIFKQCG420 YKLFTYGRDD YVGEDIVEVI
NENVKKSRRL TIIIVRETSS FSWIGGSSEE OTAMINAINQ480 DGIKVVIMEL EKIQEYETEMP
ESIKFIKQKE GAIRWSGDFT QGPQSAKTRF WKNVRYHMEIV540 QPRSPSSKEQ LLSPATKEKI
CREARVPLG569 SEQ ID N0:167 interleukin 1 receptor, type II MLRINVLVMG VSAFTLOADA
ATGAARSCRE RGREYKREFR LEGEPVALRO PQVPYWLWAS60 VSPRINLIKH KNDSARTVPG
EIM=MWAQD GALWILPALQ ENSGINVCTI RN. ASYCDKMS120 IELRVFENTD AFLPFISYTIQ
TICELSTSGVI VCPDINEFIR DKIDVELOY XDSLLINKON180 EKELSVEGIT FILVEDVALE
DAGYERCVLI FAMEGQQINI TRSIELRIKK KKEETTPVII240 SELKTISASL GSRLTIPCKV
FLGIGIPLIE2 MLWWIANDTH IESAYPGGRV TEGPRQEYSE300 NNENYIEVPL IFDPVTREDL
HMDFKCVVEN IELSEQTLRIT VKSASSTELSW GIVLAPLSLA360 



FLVIEGGINMH RCKHRTGKA DCLIVLWPRII QDFIDSYPK398 SEQ ID NO:168 interleukin 1 receptor,
type I (mouse) MENEKIVELGL ICLMVPILSL EIDVCIEYPN QINLIMESVNE IDIRKCPLTP
NKRERGDIIIW60 YKNDSKTPIS ADRDSRI3QQ, NEHLWFVFAK VEDSGYYNCI VENSTYCLKT
KVIVTVLEND120 FGEGYSTQAT EPQRLHIAGD GSLWILINYISY FKDENNELPE VQWYKNCKPL
ILLENVSFEGV180 KDKLIVRLIVA EEHRGDY1CR MSY1TRGKQY PVERVIQPIT IDENKRDRPV
ILSPRNETIE240 ADILISENQLI CNVTGUSTL VYWKWNGSE1 EWNDPEILAED YQFVEBPSTK
KKIELLITTLN300 ISENKSQFYR YPEECVVKNT NIFESAHVEME IINEVRDEKNY LIGGFIILTA
IFIVICVCINK360 VEKVEIVLWY RDSCSGFILIS KASEGKENDA YILYPKILGE GSFSDLDIFV
FKLLPEVLEG420 OFGYKLFING ADDLE/GEE/1g EININENVEKS FERLIIILVRD MGGENWLGQS
SEECIAINNA460 LIQEGIKIITT LELEKIODYE TIMPDSIQFIK QINIGVICWSG DEQERPONAK
TRFWKNLRYQ590 MPAQINESPLS KIEFILILDPV RDTKEKLPAA IHILPLG576 SEQ ID N0:169
interleukin 1 receptor, type II (mouse) MFILLVLVTG VSAFTTPTVV ILEGEVSESPI SEKFTINIGD
NCQFEGREFK SELPLEGEPV60 VIRCPLAPHS DISSSSESEL TWSKLDSSQL IIIRDEPRMWE
KGNILWILPA VQQDSGINIC120 TERNASECEQ MSVELKVESEN TEASLPHVSY LOISALSTIG
LIEVCPDIEKEF ISSNADGKIQ180 WYKGAILLDK GNKEFLSAGM KTRILISNTS MEDAGYERCV
MIFTYNGQEY NITRNIELRV240 KGITTEPIPV IISPLETIPA SLGSFLEIVPC KVFLGIGTSS
NTIVWWIANS IFISAAYERG300 RVTEGLEBQY SENDENYVEV STEIFDPVTRE DLITIDEKCVA
SNPRSSQSLII TIVKEVSSIF360 SWSIALAPLS LIILVVGAIN MRRECKERAG KTYGLEKLRT
DNODEPSSPN410  P1085PC00 /PS1 - 13 - SEQ ID NO:170 peptide GGICGG SEQ ID NO:171 linker
CGG GGG SEQ ID 110:172 linker CGDKTHISPP CGDKTATSPP10 SEQ ID 110:173 linker
CGGPKPSTPPGSSGGAP 



OGGPKPSTAPGSSGGAP17 SEQ ID N0:174 linker GCGGGG CC 6666 SEQ ID 110:175 linker DOG
GCS; SEQ ID N0:176 linker GGGGS GGGGS SEQ ID 110:177 linker GCGSGGGGS GCGSGGGGS
SEQ ID 110:178 linker GGC GGC3 SEQ ID 110:179 linker GGC-NH2 GGC SEQ ID 110:180 linker
PKTATSPPGG SEQ ID 110:181 linker PKPSTPPGSSGGAPGGCG PKPSTPPGSS GGAPGGCG
SEQ ID 110:182 linker GGGGCG GGGGCG SEQ ID 110:183 linker DOG (2) GCG SEQ ID 110:184
linker SGGGG SGGGG SEQ ID 110:185 linker GSGGGGSGCG SEQ ID 110:186 linker GGKKGC
GC1KKGC SEQ ID 110:187 linker CGKKGG CoGKKGG SEQ ID 110:188 linker GGCG 



GGCG SEQ ID 110:189 linker GSG GSG3 SEQ ID 110:190 His-Tag with Linker LEESHAHAGG C
P1085PC00 /PSI -14- SEQ ID NO:192 pI140-75 gatccggagg tggtgagaccc attagacagc t31 SEQ ID
140:193 pI140-77 gtaagcttag gaagacacag attccat27 SEQ ID 140:194 pI140-74 gatgaggagg tggtgoccct
gtacgatcac tgaactg37 SEQ ID 140:195 pINC-76 gtatgcatta ggaagacaca aattgcatgg tgaagtc37 SEQ ID
140:196 ILlalC atatatcata tgtetgoccc ttacacctac cagagtg37 SEQ ID 140:197 alphaD145Y-1 ggactgccct
ctatgacaaa attccagata tcactcgag39 SEQ ID 140:198 alphaD145K-2 ctcgagtgat atctggaatt ttgtcataga
gggcagtcc39 SEQ ID 140:199 halphaD145K-1 gggccaccct ctatoactaa atttcagata ctgqaaaacc40 SEQ
ID 140:200 halphaD145K-2 ggttttccag tatctgaaat ttagtgagag agggtggccc470 SEG( ID 140:201
Histag-GGC LE111111E11EGG 011 SEQ ID 140:202 miL-1 alpha 115-270 without tag
MSAITYTYQSD LRYKLMYLVE QKTDIMNDSLN 011173020KII MISTPWLNEN7 QQEVYFDYMA60 



SATSGGDDSKY PVTLIDISDSO LEVSAQGEDQ PVIAKELPET PKLITGSETD LIFEWKSINS120
KNYFTSAAYP FILFIATKEQS RVALARGLPS MIFFQIS157 SEQ ID 140:203 hiL-1 alpha 119-271
without tag MASKVKINFM RIIKYEEILN DALNQSTIPA NPQMLTAAAL HYLDEAVKET
MGAYKSSKIDD60 AKITVILRIS KTQLYVTAQD EDQPVLLKEM PEIPKTITGS ETNILEFWET
11GTKNYETESV120 APPITTFIATK QDYWVFLAGG PFSITDFQII ENQA154 SEQ ID 140:204 miL-1
alpha 115-270(D145K) DSAPYTYQSD TRYKLMITIMR QKFVMNESLN OTTYQDVDKE
YLSTTWILNDL QC1EVKI7DMYA60 ICSAGGDASKY PIADAKISFSQ AFVSAWEDQ PVLLKEIPET
PKLITGSETD LIFFWKSTNS120 KNYETSAITYP ELFIATKEQS RVHLARGLPS MTKEQ1S157 SEQ
ID 140:205 hIL-1 beta 116-269(K8814) MATIPMASINT TIRDSQQNST VMSGPYTTIAA
LITLQGQDMEQ QVVYSMSFVQ GEESNDKIPV60 ALGLKDKNLY LS0VAKD0I6D TIQTESVDPN
WYPKKKMEKR FVFNKIEINK KTDDESAQFP120 NWYISTSQAD NMPVFLGGTK GGQIIMTDETM
QEVSS155 SEQ ID 140:206 hIL-1 beta 116-269(R98Q) MDIPATRSITIG TIRDSQQNST7
VMSGPYFAIMA LALIQGQDMEQ QVTAFSMSITVQ GEESNDKIPV60 AIGLKEYNLY ISCVLADDKA
TLQIMQVDP19 NYIPTIKKMDKQ FVFNKTFMNN KLEFFSAQFP120 NWYCISTSQAE NMPTFTGGIK
GGNITDFTM QEVSS155 SEQ ID 140:207 hIL-1 beta 116-269(K103L) MDIPTIRSINC TLRDSQQAST
VMSGPYFLKA LIILIQGODMEQ 057F5FSMSFVQ GEESNDKIPV60 AITATKDKNLY IMOVTADDKA
TTQLESVDPK NYPKKKMD1911 FVFNIMFINN KLEFESAQFP120 KWYTATSTQAE NMPVFIGGIK
GGC1DITA5FTM UTTSS155 SEQ ID 140:208 hIL-1 beta 116-269(Rkkk92-94) MDIPVASIINC
TLREASQQNSL VMSGPMFILKA LIFLOWQDMEQ QVVMSHISFVQ GEESNDKIPV60 ALGLKEKNLY
LSCVLEDDKP TITQLESVDPK DAPMEKREVE NKIEINNKLE FESAQFPNWY120 ISTSQAENMP
VFLGGTIAGGQ 0ITDFTMQED7 SS152 SEQ ID 140:209 hIL-1 beta 116-269(L1ON) MDIEDIRSLNC
TNRDSQUSL VMSGPFELNA LEILQGQDMEQ 022II5915120 GEESNDKIFTI60 ALGAKEMNLY
ASCVLKDDKP TLQLESVDPK NYPKKKMEKR FVENKTEINN KLEFESAQFP120 NWYISTSQAE
NMFVFLGGIK GGODITDFTM 01255155 



P1085PC00 /PS1 -15-- SEQ ID NO:210 hIL-1 alpha 119-271(D145K) MLSNVEYNFM RIIKYEFILN
DALNQSIIRA NDQYLTAAAL BNIMEAVKFD MGAYKSSYDD60 AKITVILPAS KTQLYVTAET
EDQPVLLKEM PEIPKTITGS ETIMAFFWET HGTKNYFTSV120 AHPNLFIATE QDYWVCIAGG
FASITKFOIL ENQA154 SEQ ID 120:211 hiL-1 alpha 119-271(L18K) MISNVITYREM RIIKEEFIEN
DALNQSIIRA NDQYLTATFAL HNLDEAVKFD MGAYESSKDD60 AKITVILIFIS K1Q1KVTAQD
EDQPVITAKEM PEIPKTITGS ETNLLETWET SGTKNYFTSV120 AHPNLFIATK QDYWVCLACTS
PPSITITTP2IL ENQA154 SEQ ID NO:212 hIL-1 alpha 119-271(F146N) MIRNVKYNFM RIIKEEFILN
DALNQSIIPA NDQYATAAAL HNLDEAVEFD MGAYKATKDD60 AKITVIARIS KTQLYVTADA
SDQPVLKEM PEIPKITIEMS EINLLFTWE1 DGMCNYFTSV120 AAPNITIATE QDYWVCLAGG
PPSITDNQII ENQA154 SEQ ID 510:213 hiL-1 alpha 119-271(F10A) MLSNVICYNFM AIIKYEFILN
DALNOSIIPA NDQYLTAAAL HNLDEAVKFD MGAYKSSKDD60 AKITVIIMIS KTQLYVTAQD
EDQPVLLEEM PEIPKTITGS ETNLLFTWET SGTKNYFTSV120 AHPNLFIATIT QDYWVCLAGG
PPSITDROPIL ENQA154 SEQ ID 510:214 hIL-1 alpha 119-271(162A) MESNGTENFM RIIKEEPTIIN
DALR2SIIRA NDQYLTAAAL SNIKEAVKFD MGAYKSSKDD60 AKATVIIRIS KTQLYVTAQD
EDQPVILKEM PEIPKTIIGS ETNLIFEWET EGITNYFITV120 ASTNIFIATK ODYWVCLAGG
PPSITDFQIL ENQA154 SEQ ID 510:215 hIL-1 alpha 119-271(W107F) MLSNVKYNEM RIIKYETIIN
DAINOSIIRA NDQYIKAAA1 HNLDEAVKFD MGAYKSSEDD60 ANITVILRIS KTQLYVTACT
EDQPVIAKEM PEIPKTIIGS ETNIAFFEET HGTENYFTSV120 AHPNLFIATK QDYWVCLAGG
PPSIADFECIL EMQA154 SEQ ID 510:216 hIL-1 alpha 119-271(020V) MLSNWAYNFM RIIKEEFI1N
VALNQSIIKA NDQYLTAAAL HNIDEAVKFD MGAYKSSKDD60 AKATVILRIS KTQINVTAQD
EDQPVIAMEM PEIPKTIEMS ETNLLFFWEI HGETNYFTSV120 



ARPNLFIATK QDYWVCLAGG PPSITDFQII ENQA154 SEQ ID NO:217 hIL-1 alpha
119-271(rFIL16-18) RITNVKYNFM RILEYENDAL NQSIIRANDQ YLTAAALHNL DEAVKFDMGA
YKSSEDDAKI60 TVILRISKTQ LYVTAQDEDQ PVILKEMPFI PATITGSEIN LIFFWEINTDI
ENYFTSVASP120 NLFIATKODY WVCLAGGPPS ITDDDILENQ A151 SEQ ID 510:218 hIL-1 alpha
119-271(rITGS96-99) MLSNVKYREM RIIKEEFIIN DALNQSIIPA NDQYLTAAAL SNLDEAVKFD
MGAYKSSKDD60 AKITVILRIS ETQLYNTAQD EDQPVLIKEM PEIPETEINL LFFWETAGTE
NYTTSVAHPN120 LFIATKODYW VCLAGGPPSI TDFQILENQA150 SEQ ID 510:219 Histag-000
LEADISHIETGG CG12 SEQ ID 510:220 hiL-1 beta 116-269(D145K) with LEHHHHHHGGCG-tag
MDIPVRSLNC TIARDSQQKSL VMSGRYELKA LELQGQDMEQ QVVERMSFVQ. GEESNDKIPV60
ALGLKEKNLY LSCVLKDDKP TLQIESVDPE NYPKKKMEKR FVFNEIEINN ELEFESAQFP120
NWEISTSQAE NMPVFLGAIA CGQDITKFTM QFVSSLEHSE FAKHCCCG167 SEQ ID 510:221 hIL-1
beta 116-269(D145K) with GGCG-tag MDIRVRALNC ILRDSQQKS1 VMSGPIELKA IRAQGQDMEQ
QVVESMSFVQ GEESNDKIPV60 AIGLKEKNLY ITSCVIRDDKP ILQADSVERK NYPEKKMEKR
FVFNKIEINN KLEFESAQFP120 NWEISTAQAE NMPVFLGGIR GGONITKFTM Q1KSS0000159 SEQ
ID 510:222 hIL-1 beta 116-269(D145K) with GGC-tag MDIPVRSANC TLRDSQQKSL VMSGPYELKA
LHIQGQDMEQ QVVESMSFVQ GEESNDKIPV60 ALGAKEKNLY LSCVLKDDKP TIQLESVDPK
NYPKKKMEKR FVFNKIEINN KITTESAQFP120 NWEISTSQAE NMPVFLGGIK GGQDITKFTM
QFVSSGGC158 SEQ ID 510:223 hIL-1 beta 116-269 with GGCG-tag MDIPVRSANC 11RDSQMNSI
VMSGRYELKA IRLQGQDMEQ QVIPFSMSFVQ GEESNDKIPV60 ALGIKEKNIY LSCVIKDDKP
TIQLESVDPE NYRKKKMEKR EMENKIEINN EIEFESAQFP120 NWEISTSQAE NMPVFAGGIK
GGDMITDFTM OPVSSCFIGG159  P1085PC00 feS1 -16- 



MISNVKYNEM ROIKYEFIIII DALNOSTIRA NDULTAAAL HNIDEAVYWD MGAMKGSKDD60
AKITVILMIS KTOTYVIAQD EDQPVILKEM PEIPKTITGS EINIIFFWET MITKNYFTSV120
AMPNIFIATK QDYWVCLAGG PPSITDFOII ENQAGGCG158 SEQ ID NO:225 hIL-1 alpha 119-271
(D145K) (SEQ ID NO:204) with GGCG-tag MIMYVKYNFM RIIKYEFILN DAINQSIIRA NDOYLTAAAL
HNLDEAOKED MOAYKSSKDD60 AKITVITARTS KTQIIIVIAQD EDOPVIIIIFM PEIPKTITGS
ETHLIEFWET HGTKNYETSV120 AHPNLFIATK ODYWNCLAGG PPSITKPOII ENQAGGCG158 SEQ
ID 110:226 IL1BETA-3 atatatgata tocccattag acagctgcac tacagg36 SEQ ID 110:227 IL1BETA-2
atatatctog agggaagaca cagattccat ggtgaag37 SEQ ID N0:228 mIL-1 beta 116-269 (D145K)
MDIPIROLNY RI5RDEQQKSI VISDPIELKA LEINGONINQ QVIFSMSFVO GEPSNEWIPV60
ALGLKGKNLY ISCVMKDSTP ILOLESVDPK 0146KKKMEKR FVFNKIEVKS KVEFESAEHT120
NWHISTSQAF MKPVFLCNNS GODIIKFTME SVSSLEHHHE HHGGC165 SEQ ID 110:229 D143K-1
cagtggtcag gacataatta aattcaccat ggaatctgtg Sc42 SEQ ID 110:230 D143K-2 gacacagatt ccatggtgaa
tttaattatg tcctgaccac tg42 








