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COMPLEMENT COMPONENT C5A- BASED VACCINE

The present invention relates to a medicament to be used in

the fields of medicine, immunology, and molecular biology to

prevent and/or treat complement component C5a induced chronic

inflammatory diseases.

The complement is a central component of the innate immune

system, protecting the host from microorganisms such as viruses,

bacteria, and other foreign and abnormal cells. However, inap

propriate or excessive activation of the complement system can

lead to destructive capabilities against the host itself. Uncon

trolled complement activation is involved in a number of chronic

inflammatory diseases such as Alzheimer's disease, Parkinson's

disease, Huntington's disease, age-related macula degeneration,

rheumatoid arthritis, systemic lupus erythematosus, antiphospho-

lipid syndrome, asthma, vasculitis, atherosclerosis, multiple

sclerosis, inflammatory dermatitis such as psoriasis and chronic

urticaria, Guillain-Barre syndrome, and hemolytic uremic syn

drome .

Uncontrolled complement activation can also occur in cancer,

in pregnancy complications such as preeclamsia and antiphospho-

lipid syndrome, and under acute pathological conditions includ

ing sepsis, acute lung injury, acute respiratory distress syn

drome (ARDS) , and ischemia-reperf usion injury. Massive comple

ment activation is also found on artificial surfaces leading to

hemodialysis-associated thrombosis .

Many of the toxic effects seen in these conditions are at

tributable to the excessive production of the anaphylatoxin C5a

which promotes and perpetuates inflammatory reactions. The main

function of C5a is chemotaxis and activation of granulocytes,

mast cells, and macrophages mediating the release of soluble im

mune factors. Inhibition or modulation of complement activity

has therefore been recognized as a promising therapeutic strate

gy for many years .

Most complement proteins exist in the plasma as inactive

precursors that cleave and activate each other in a proteolytic

cascade in response to three different mechanisms: the classical

pathway, the lectin-induced, and the alternative pathway. The

final result of all three activation cascades is massive ampli

fication of the response and formation of the anaphylatoxins C3a



and C5a and the cell-killing membrane attack complex (MAC) , a

pore causing lysis of cells.

The complement component C5 is a 190 kDa protein and com

prises two chains (a 115 kDa and β 75 kDa) . Activation of either

complement pathway can generate a C5 convertase enzyme capable

of cleaving C5 to C5b and the potent anaphylatoxin C5a. Upon

cleavage of C5 a C-terminal neoepitope on the C5a fragment is

exposed .

Human C5a is a 74-amino acid long glycoprotein with the mo

lecular weight of 12-14.5 kDa. The molecule is composed of four

a-helices which are stabilized by three internal disulfid bridg

es. An asparagine is located at position 64 which has an N-

linked carbohydrate moiety that is not essential for biological

activity but very likely regulates C5a activity in vivo. Shortly

after the cleavage of the C5a fragment by the C5 convertase, the

very C-terminal arginine residue of the 74-amino acid long C5a

protein is removed by serum and cell surface carboxy-peptidases

and the less active C5a desARG molecule is formed. Both forms of

the C5a protein, C5a ARG and C5a desARG, bind to the seven-

transmembrane domain receptors C5aR (CD88) and the less charac

terized C5L2 (gpr77), which are ubiquitously expressed on a wide

variety of cells but particularly on the surface of immune cells

like macrophages, neutrophils, mast cells, and T-cells. The lig-

and-binding site of C5aR is complex and consists of at least two

physically separable binding domains. One binds the C5a disul-

fide-linked core (amino acids 15-46), while the second binds the

C5a carboxy-terminal end (amino acid 67-74) . The binding affini

ty of C5aR to its ligand C5a is very high with a dissociation

constant (K ) of about InM.

It is an object of the present invention to provide means

and methods for the treatment of complement component C5a in

duced diseases or pathologies.

The present invention relates to a vaccine comprising at

least one peptide consisting of 7 to 19, preferably 7 to 14,

amino acid residues consisting of the amino acid sequence

(X 3 )mKDX 2QLGXi (SEQ ID No. 99) ,

wherein



X l is an amino acid residue selected from the group consist

ing of alanine, asparagine, glutamine, glycine, histidine, iso-

leucine, leucine, lysine, methionine, serine, threonine, tyro

sine and valine,

X2 is an amino acid residue selected from the group consist

ing of alanine, arginine, histidine, isoleucine, leucine, ly

sine, methionine, threonine, tyrosine and valine,

X3 is (X )n ISX5 (SEQ ID No. 100) or an N-terminal truncat

ed fragment thereof consisting of 1 to 4 , preferably 1 , 2 , 3 or

4 , amino acid residues,

X 4 is VVASQLR (SEQ ID No. 101) or an N-terminal truncated

fragment thereof consisting of 1 to 6 , preferably 1 , 2 , 3 , 4 , 5

or 6 amino acid residues,

X5 is an amino acid residue selected from the group consist

ing of alanine, asparagine, glutamine, glutamic acid, histidine,

arginine, isoleucine, lysine, methionine, serine and threonine,

m is 0 or 1 , and

n is 0 or 1 ,

wherein said at least one peptide is coupled or fused to a car

rier comprising at least one T-cell epitope.

The present invention relates to an active immunization

against the body' s own C5a, which is up-regulated in various

chronic inflammatory diseases. The neo-epitope on the C-terminus

of C5a which becomes accessible upon cleavage of the C5 molecule

is the immunization target of the present invention. Thus, the

generation and function of the C5b fragment, which plays a major

role in host defence, will not be affected.

In more detail, the present invention refers to a vaccine

based on peptide variants (so called VARIOTOPES) of the original

hC5a C-terminal epitope coupled or fused to a carrier comprising

at least one T-cell epitope, wherein the VARIOTOPES comprise at

least 1 amino acid residue exchange of the original C-terminal

sequences of hC5a.

VARIOTOPES mimic epitopes of interest without being identi

cal thereto, thus the advantage of VARIOTOPE vaccines is to

elude the autotolerance to self -antigens . Moreover, the use of

VARIOTOPES alleviates the risk of unmeant side effects which are

prevalent by the use of self -antigens .

VARIOTOPES of the hC5a C-terminal epitope can be identified



and selected using, for instance, the "alanine scanning" method.

Alanine-scanning mutagenesis refers to a systematic substitution

of individual amino acids within a certain protein or peptide

region by an alanine residue in order to determine the function

al role of certain positions. Alanine is the substitution resi

due of choice because it eliminates the side chain on the β car

bon and does not alter the main chain conformation nor does it

impose extreme electrostatic or steric effects.

Using this technology, amino acid residues of the hC5a C-

terminal epitope that are either crucial or dispensable for the

induction of a humoral immune response to hC5a can be identi

fied. In a next step, the positions which turned out to be ex

changeable without impairing the induction of a humoral immune

response to hC5a can be systematically substituted by amino acid

residues with different characteristics in order to determine

VARIOTOPES which are able to induce antibodies with higher or at

least equal inhibitory activity against human C5a when compared

to the original epitope. Subsequently, combinations of two or

three amino acid exchanges within the C-terminal epitope of hC5a

can be tested for their immunogenicity and functional activity.

VARIOTOPES which are able to induce antibodies which show higher

or at least equal inhibitory activity against human C5a compared

to the original C-terminal epitope are the object of the present

invention .

It surprisingly turned out that a peptide requires the pres

ence of at least the lysine, aspartic acid, glutamine, leucine

and glycine residues of SEQ ID No. 99 at positions 2 , 3 , 5 , 6

and 7 , respectively, to be able to provoke a satisfactory immune

response (Fig 1A and IB) . Even more surprisingly is the fact

that peptides with an amino acid exchange on the last position

(Xl of SEQ ID NO. 99; Χ is an arginine residue in the wild-type

C5a C-terminal region, see SEQ ID Nos. 1 to 4 ) are able to in

duce a humoral immune response against the C5a protein that was

significantly higher than the immune response induced by frag

ments of the wild-type C5a comprising SEQ ID No. 1 to 4 (Fig 1A

to ID) . Importantly, as depicted in Fig 2A to 2D the higher hu

moral immune response resulted also in a significantly higher

inhibition of the C5a activity. Similar results can also be ob

served when peptides that contain an amino acid exchange of the

M residue at the 5th last position of the wild-type C5a C-



terminal region (see e.g. SEQ ID No. 10 or 18) or peptides that

contain an amino acid exchange of the H residue at the 8th last

position of the wild-type C5a C-terminal epitope (see e.g. SEQ

ID No. 7 or 17) are used for immunization (Fig 1 and Fig 2 ) .

This surprising effect that peptides resulting from an amino ac

id exchange of the abovementioned amino acids (R, M or H at the

last, the 5th last and the 8th last position of the wild-type C5a

terminal epitope, respectively; see SEQ ID Nos. 1 to 4 , e.g.)

have the capacity to induce an C5a specific antibody immune re

sponse which is higher and more potent than the immune response

induced by fragments of the wild-type C5a comprising SEQ ID No.

1 to 4 is supported by results shown in Fig 3 to Fig 6 . Here

peptides are depicted that show a much higher C5a inhibitory ca

pacity compared to the corresponding wild type C5a fragment.

Irrelevant for the present invention in the WO 90/09162 sev

eral peptides are disclosed which show some homologies to human

wild type C5a fragments and which are used as agonists of the

C5a activity. However, the peptides disclosed therein were ap

plied as soluble peptides that have not been coupled to a carri

er protein and thus cannot be used for the purpose of the pre

sent invention since they are not able to induce the formation

of antibodies inhibiting the C5a activity. In example 426 of the

WO 90/09162, for instance, a peptide is disclosed which compris

es at position 1 a phenylalanine residue. In the present inven

tion it could be shown that such a substitution results in sig

nificantly reduced C5a inhibitory acitivity (see e.g. SEQ ID No.

54, Fig. 4 ) .

The at least one peptide comprised in the vaccine of the

present invention comprises or consists of 7 , preferably 8 ,

preferably 9 , preferably 10, preferably 11, preferably 12, pref

erably 13, preferably 14, preferably 15, preferably 16, prefera

bly 17, preferably 18, preferably 19 amino acid residues.

According to the present invention X3 is ( )n NIS (SEQ ID

No. 100) or an N-terminal truncated fragment thereof. Conse

quently this N-terminal truncated fragment may consist of ANISX5

(SEQ ID No. 102), NISX5 (SEQ ID No. 103), ISX5, SX5 or X . This

means that the vaccine of the present invention may comprise at

least one peptide having the amino acid sequence ANISX5KDX2QLGX1

(SEQ ID No. 104), NISX5KDX2QLGX1 (SEQ ID No. 105), ISX5KDX2QLGX1

(SEQ ID No. 106), SX5KDX2QLGX1 (SEQ ID No. 107) or X5KDX2QLGX1



(SEQ ID No . 108) , if = 1.

According to the present invention is VVASQLR (SEQ ID No.

101) or an N-terminal truncated fragment thereof. The fragment

of VVASQLR may consist of one of the following amino acid se

quences: VASQLR (SEQ ID No. 109), ASQLR (SEQ ID No. 110), SQLR

(SEQ ID No. Ill), QLR, LR, or R . Consequently the at least one

peptide used in the vaccine of the present invention may have

one of the following amino acid sequences: VVASQLRANI SX5KDX2QLGX1

(SEQ ID No. 112), VASQLRANI SX5KDX2QLGX1 (SEQ ID No. 113),

ASQLRANI SX5KDX2QLGX1 (SEQ ID No. 114), SQLRANI SX5KDX2QLGX1 (SEQ

ID No. 115), QLRANI SX5KDX2QLGX1 (SEQ ID No. 116),

LRANISX5KDX2QLGX1 (SEQ ID No. 117), or RANI SX5KDX2QLGX1 (SEQ ID

No. 118), if m and n are 1 .

The vaccine of the present invention may comprise more than

one peptide according to SEQ ID No. 99. It is particularly pre

ferred that the vaccine comprises at least one peptide having

amino acid sequence SEQ ID No. 99. However, the vaccine of the

present invention may also comprise at least 2 , at least 3 , at

least 4 , or even at least 5 peptides having amino acid sequence

SEQ ID No. 99. Of course it is also possible to combine the at

least one peptide of the present invention with other peptides

or active ingredients which can be used to treat the same condi

tions as those of the present invention.

The peptide/carrier combination is important since peptides

of the present invention do not have the capacity to induce rel

evant amounts of antibodies when injected without coupling to a

carrier. Furthermore, the carrier facilitates the induction of a

long lasting antibody response. Thus, the present invention of

an active immunization against hC5a offers advantages over em

ploying monoclonal antibodies therapy for treating C5a-based

diseases. Shortcomings of monoclonal C5a antibody therapy in

cluding the need for repeated infusions of large amounts of an

tibodies, frequent hospital visits of the patients, and high

production costs of humanized antibodies can therefore be cir

cumvented .

The at least one peptide of the present invention can be

synthetically produced by chemical synthesis methods which are

well known in the art, either as an isolated peptide or as a

part of another peptide or polypeptide. Alternatively, at least

one peptide can be produced in a microorganism such as bacteria,



yeast or fungi, in eukaryote cells such as a mammalian or an in

sect cell, or in a recombinant virus vector such as adenovirus,

poxvirus, herpesvirus, Simliki forest virus, baculovirus, bacte

riophage, sindbis virus or sendai virus which produces the com

pound/peptide which is then isolated and, if desired, further

purified. Suitable bacteria for producing the compound/peptide

include E.coli, B.subtilis or any other bacterium that is capa

ble of expressing peptides. Suitable yeast types for expressing

said compound/peptide include Saccharomyces cerevisiae, Schiz-

osaccharomyces pombe, Candida spp ., Pichia pastoris or any other

yeast capable of expressing peptides. Corresponding methods are

well known in the art. Methods for isolating and purifying re-

combinantly produced peptides are also well known in the art and

include e.g. a gel filtration, affinity chromatography, ion ex

change chromatography etc..

To facilitate isolation of the compound/peptide, a fusion

polypeptide may be generated wherein the compound/peptide is

translationally fused (covalently linked) to a heterologous pol

ypeptide which enables isolation by affinity chromatography.

Typical heterologous polypeptides are His-Tag (e.g. His6; 6 his-

tidine residues), GST-Tag (Glutathione-S-transf erase) etc.. The

fusion polypeptide facilitates not only the purification of the

compound/peptide but may also prevent the degradation of said

compound/peptide during purification. If it is desired to remove

the heterologous polypeptide after purification, the fusion pol

ypeptide may comprise a cleavage site at the junction between

the compound/peptide and the heterologous polypeptide. The

cleavage site consists of an amino acid sequence that is cleaved

with an enzyme specific for the amino acid sequence at the site

(e.g. proteases ).

X l can be a nonpolar, alipathic amino acid residue such as

A , G , V , L , M or I ; a polar, uncharged amino acid residue such

as S , T , N or Q ; a positively charged amino acid residue such as

K or H ; or a polar aromatic amino acid residue such as Y . X2 can

be an amino acid residue selected from the group of A , M , V , L ,

I , K , R , H , T and Y . X5 can be a nonpolar, alipathic amino acid

residue such as A , M , I ; a polar, uncharged amino acid residue

such as S , T , N or Q ; or a charged amino acid residue such as K ,

R , H or E .

According to a preferred embodiment of the present invention

X l is an amino acid residue selected from the group consisting of



threonine, glutamine, tyronsine, methionine, alanine, glycine,

and valin.

A further preferred embodiment of the present invention Χ

is an amino acid residue selected from the group consisting of

alanine, asparagine, glutamine, histidine, lysine, methionine,

serine, and threonine if m is 1 and X5 is an amino acid residue

selected from the group consisting of alanine, histidine, methi

onine and threonine, and/or X2 is an amino acid residue selected

from the group consisting of methionine, alanine, lysine and va

line .

According to a particularly preferred embodiment of the pre

sent invention m is 1 and X5 is an amino acid residue selected

from the group consisting of alanine, methionine and threonine.

According to a preferred embodiment of the present invention

X2 is an amino acid residue selected from the group consisting of

methionine, alanine, lysine and valine.

According to a further preferred embodiment of the present

invention the at least one peptide is selected from the group

consisting of ISHKDMQLGA (SEQ ID No. 14), ANI SHKDMQLGA (SEQ ID

No. 21), KDMQLGA (SEQ ID No. 22), WAS QLRAN ISHKDMQLGA (SEQ ID

No. 23), ANI SHKDMQLGT (SEQ ID No. 24), ANISHKDMQLGQ (SEQ ID No.

25), ANI SHKDMQLGY (SEQ ID No. 26), ANI SHKDMQLGM (SEQ ID No. 27),

ANI SHKDMQLGG (SEQ ID No. 28), ANI SHKDMQLGV (SEQ ID No. 29), AN-

ISHKDMQLGK (SEQ ID No. 30), ANI SHKDMQLGS (SEQ ID No. 31), ANISH-

KDMQLGH (SEQ ID No. 32), ANI SHKDMQLGN (SEQ ID No. 33), ANISH-

KDMQLGL (SEQ ID No. 34), ANI STKDMQLGA (SEQ ID No. 70),

ANISTKDMQLGQ (SEQ ID No. 71), ANI STKDMQLGS (SEQ ID No. 72),

ANI STKDMQLGM (SEQ ID No. 73), ANI SMKDMQLGN (SEQ ID No. 74),

ANI STKDKQLGM (SEQ ID No. 75), ANI STKDMQLGH (SEQ ID No. 76), ANI -

SAKDMQLGA (SEQ ID No. 77), ANI SMKDMQLGA (SEQ ID No. 78),

ANI STKDKQLGA (SEQ ID No. 79), ANI STKDAQLGA (SEQ ID No. 80),

ANI SMKDMQLGS (SEQ ID No. 81), ANI STKDVQLGA (SEQ ID No. 82),

ANI STKDMQLGN (SEQ ID No. 83), ANI STKDMQLGK (SEQ ID No. 84),

ANI SMKDMQLGM (SEQ ID No. 85), ANI STKDMQLGT (SEQ ID No. 86), AN-

ISHKDKQLGK (SEQ ID No. 87), ANI SMKDMQLGH (SEQ ID No. 88), and

ANI SAKDAQLGA (SEQ ID No. 89 ) .

According to a particularly preferred embodiment at least

one peptide consisting of amino acid sequence SEQ ID No. 99 com

prises at its N- and/or C-terminus at least one cysteine residue

bound directly or via a spacer sequence thereto.



This cysteine residue may serve as a reactive group in order

to bind the peptide to another molecule or a carrier. For in

stance, this group may be used to bind the peptide to a carrier

protein. The cysteine residue can be bound directly to the pep

tides of the present invention or via a spacer sequence. The

spacer sequence comprises preferably at least one, preferably at

least two, more preferably at least three, even more preferably

at least four, and optionally a maximum of ten, preferably a

minimum of five small non-polar amino acid residues such as gly

cines .

According to a preferred embodiment of the present invention

the carrier is selected from the group consisting of keyhole

limpet haemocyanin (KLH) , CRM197, tetanus toxoid (TT) , diphthe

ria toxin (DT) , protein D or any other protein or peptide con

taining T-cell epitopes.

According to the present invention the peptide is coupled or

fused to a pharmaceutically acceptable carrier, preferably KLH

(Keyhole Limpet Haemocyanin) , tetanus toxoid, albumin-binding

protein, bovine serum albumin, a dendrimer, peptide linkers (or

flanking regions) as well as the adjuvant substances described

in Singh et al . (Singh et al ., Nat. Biotech. 17, (1999): 1075-

1081 (in particular those in Table 1 of that document) ), and

0 'Hagan et al .(O'Hagan and Valiante, Nature Reviews, Drug Discov

ery 2 (9); (2003) : 727-735 (in particular the endogenous immuno-

potentiating compounds and delivery systems described therein) ),

or mixtures thereof. The conjugation chemistry (e.g. via hetero-

bifunctional compounds such as GMBS and of course also others as

described in "Biocon jugate Techniques", Greg T . Hermanson) in

this context can be selected from reactions known to the skilled

man in the art.

Alternatively it is also possible to fuse the at least one

peptide of the present invention to a protein carrier by methods

known in the art. Such proteins comprise a peptide as described

herein together with an unrelated immunogenic protein. Prefera

bly the immunogenic protein is capable of eliciting a recall re

sponse. Examples of such proteins include tetanus, tuberculosis,

hepatitis proteins and protein D , a surface protein of the gram-

negative bacterium Haemophilus influenza B (WO 91/18926). Pref

erably a protein D derivative is used which comprises approxi

mately the first third of the protein (e.g., the first N-



terminal 100-110 amino acids) and which may be lipidated. Anoth

er carrier which may be used to provide fusion proteins may be

the protein known as LYTA, or a portion thereof (preferably a C-

terminal portion) . LYTA is derived from Streptococcus pneumoni

ae, which synthesizes an N-acetyl-L-alanine amidase known as

amidase LYTA (encoded by the LytA gene; Gene 43; (1986) :265-

292) . LYTA is an autolysin that specifically degrades certain

bonds in the peptidoglycan backbone. Within a preferred embodi

ment, a repeat portion of LYTA may be incorporated into a fusion

protein. A repeat portion is found in the C-terminal region

starting at residue 178. A particularly preferred repeat portion

incorporates residues 188-305.

According to a preferred embodiment of the present invention

the peptide is formulated with an adjuvant, preferably adsorbed

to alum.

The vaccine according to the present invention may be formu

lated with an adjuvant, preferably a low soluble aluminum compo

sition, in particular aluminum hydroxide. Of course, also adju

vants like MF59, aluminum phosphate, calcium phosphate, cyto

kines (e.g. IL-2, IL-12, GM-CSF) , saponins (e.g. QS21), MDP de

rivatives, CpG oligos, LPS, MPL, polyphosphazenes , emulsions

(e.g. Freund's, SAF) , liposomes, virosomes, iscoms, cochleates,

PLG microparticles , poloxamer particles, virus-like particles,

heat-labile enterotoxin (LT) , cholera toxin (CT) , mutant toxins

(e.g. LTK63 and LTR72), microparticles and/or polymerized lipo

somes may be used.

Suitable adjuvants are commercially available as, for exam

ple, AS01B, AS02A, AS15, AS-2 and derivatives thereof (Glax-

oSmithKline, Philadelphia, PA) ; CWS, TDM, Leif , aluminum salts

such as aluminum hydroxide gel (alum) or aluminum phosphate;

salts of calcium, iron or zinc; an insoluble suspension of acyl-

ated tyrosine; acylated sugars; cationically or anionically

derivatized polysaccharides; polyphosphazenes; biodegradable mi

crospheres; monophosphoryl lipid A and quil A . Cytokines, such

as GM-CSF or interleukin-2 , -7 or -12 may also be used as adju

vants .

Within the vaccines provided herein, the adjuvant composi

tion is preferably designed to induce an immune response predom

inantly of the Thl type. High levels of Thl-type cytokines

(e.g., IFN-y, TNFct, IL-2 and IL-12) tend to favor the induction



of cell mediated immune responses to an administered antigen. In

contrast, high levels of Th2-type cytokines (e.g., IL-4, IL-5,

IL-6 and IL-10) tend to favor the induction of humoral immune

responses .

Following application of a vaccine as provided herein, a pa

tient will support an immune response that includes Thl and Th2-

type responses. Within a preferred embodiment, in which a re

sponse is predominantly Thl-type, the level of Thl-type cyto

kines will increase to a greater extent than the level of Th2-

type cytokines. The levels of these cytokines may be readily as

sessed using standard assays. For a review of the families of

cytokines see Janeway et al ., Immunobiology, 5th Edition, 2001.

Preferred adjuvants for use in eliciting a predominantly

Thl-type response include, for example, a combination of mono

phosphoryl lipid A , preferably 3-O-deacylated monophosphoryl li

pid A (3D-MPL) , optionally with an aluminum salt (see, for exam

ple, Ribi et al ., Immunology and Immunopharmacology of Bacterial

Endotoxins, Plenum Publ . Corp., NY, (1986): 407-419; GB

2122204B; GB 2220211; and US 4,912,094). A preferred form of 3D-

MPL is an emulsion having a small particle size less than 0.2 mm

in diameter, and its method of manufacture is disclosed in WO

94/21292. Aqueous formulations comprising monophosphoryl lipid A

and a surfactant have been described in WO 98/43670. Exemplified

preferred adjuvants include AS01B (MPL and QS21 in a liposome

formulation) , 3D-MPL and QS21 in a liposome formulation, AS02A

(MPL and QS21 and an oil-in-water emulsion) , 3D-MPL and QS21 and

an oil-in-water emulsion, and AS 15, available from Glax-

oSmithKline. MPL adjuvants are available from GlaxoSmithKline,

Seattle, WA (see US 4,436,727; US 4,877,611; US 4,866,034 and US

4 , 912, 094) .

CpG-containing oligonucleotides (in which the CpG dinucleo-

tide is unmethylated) also induce a predominantly Thl response.

CpG is an abbreviation for cytosine-guanosine dinucleotide mo

tifs present in DNA. Such oligonucleotides are well known and

are described, for example, in WO 96/02555, WO 99/33488, US

6,008,200 and US 5,856,462. Immunostimulatory DNA sequences are

also described, for example, by Sato et al ., Science 273;

(1996) :352. CpG when formulated into vaccines is generally ad

ministered in free solution together with free antigen (WO

96/02555; McCluskie and Davis, supra) or covalently conjugated



to an antigen (WO 98/16247), or formulated with a carrier such

as aluminium hydroxide ((Hepatitis surface antigen) Davis et

al., supra; Brazolot-Millan et al ., PNAS USA, 95(26),

(1998) :15553-8) . CpG is known in the art as being an adjuvant

that can be administered by both systemic and mucosal routes (WO

96/02555, EP 0 468 520, Davis et al ., J.Immunol, 160(2),

(1998) :870-876; McCluskie and Davis, J .Immunol., 161(9),

(1998) :4463-6) .

Another preferred adjuvant is a saponin or saponin mimetics

or derivatives, preferably QS21 (Aquila Biopharmaceuticals

Inc.), which may be used alone or in combination with other ad

juvants. For example, an enhanced system involves the combina

tion of a monophosphoryl lipid A and saponin derivative, such as

the combination of QS21 and 3D-MPL as described in WO 94/00153,

or a less reactogenic composition where the QS21 is quenched

with cholesterol as described in WO 96/33739. Other preferred

formulations comprise an oil-in-water emulsion and tocopherol. A

particularly potent adjuvant formulation involving QS21, 3D-MPL

and tocopherol in an oil-in-water emulsion is described in WO

95/17210. Additional saponin adjuvants of use in the present in

vention include QS7 (described in WO 96/33739 and WO 96/11711)

and QS17 (described in US 5,057,540 and EP 0 362 279 Bl).

Other preferred adjuvants include Montanide ISA 720 (Seppic,

France), SAF (Chiron, California, United States), ISCOMS (CSL) ,

MF-59 (Chiron), the SBAS series of adjuvants (e.g., SBAS-2,

AS2 ', AS2, SBAS-4, or SBAS 6, available from GlaxoSmithKline) ,

Detox (Corixa) , RC-529 (Corixa, Hamilton, MT) and other amino-

alkyl glucosaminide 4-phosphates (AGPs) . Further example adju

vants include synthetic MPL and adjuvants based on Shiga toxin B

subunit (see WO 2005/112991) .

The vaccine of the present invention may be administered

subcutaneously, intramuscularly, intradermally, intravenously

(see e.g. "Handbook of Pharmaceutical Manufacturing Formula

tions", Sarfaraz Niazi, CRC Press Inc, 2004) . Depending on the

route of administration, the medicament may comprise respective

carriers, adjuvants, and/or excipients.

The vaccine according to the present invention contains the

compound according to the invention in an amount of 0.1 ng to 10

mg, preferably 10 ng to 1 mg, in particular 100 ng to 100 g ,

or, alternatively, e.g. 100 fmol to 10 ymol, preferably 10 pmol



to 1 ymol, in particular 100 pmol to 100 nmol. The compound or

peptide of the present invention is administered to a mammal in

an amount of preferably 100 ng to 1 mg, more preferably 1 yg to

500 yg, even more preferably 10 yg to 100 yg, in particular 20

to 40 or 30 yg, per doses. Typically, the vaccine may also con

tain auxiliary substances, e.g. buffers, stabilizers etc. The

vaccine according to the present invention is applied 3 to 6

times in a time interval of two weeks up to 2 month. Upon exist

ing of anti C5a antibodies the vaccine is applied in regular in

tervals of approximately 6 months.

According to a preferred embodiment of the present invention

the vaccine is used in the treatment of a complement-mediated

disorder (see e.g. Allegretti M et al, Curr Med Chem

12 (2005) :217-236) . Thus the present invention relates also to a

method for treating an individual suffering from a complement-

mediated disorder by administering a vaccine according to the

present invention.

The complement-mediated disorder is preferably an inflamma

tory disease, preferably a chronic inflammatory disease.

The inflammatory disease is preferably selected from the

group consisting of age-related macular degeneration (AMD) , a

neurodegenerative disorder, preferably Alzheimer's disease, Par

kinson's disease or Huntington's disease, allergic asthma, ath

erosclerosis, Guillain-Barre syndrome, vasculitis, inflammatory

dermatitis, preferably psoriasis and urticaria, rheumatoid ar

thritis, antiphospholipid syndrome (APS) , multiple sclerosis,

hemolytic uremic syndrome, and systemic lupus erythematosus

(SLE) .

The complement-mediated disorder is preferably ischemia-

reperfusion injury, acute lung injury, acute respiratory dis

tress syndrome (ARDS) , sepsis, cancer, pregnancy complications

such as preeclampsia, recurrent spontaneous abortions, intra

uterine growth retardation and APS.

A complement-mediated disorder - according to the present

invention - is also a disorder which involves undesirable or in

appropriate complement activity such as hemodialysis-associated

thrombosis. This activity can be determined by methods known in

the art. The disorders which can be treated with the vaccine ac

cording to the present invention are characterized by an in

creased C5a activity.

AMD is a medical condition which usually affects older



adults and results in a loss of vision in the center of the vis

ual field (the macula) because of damage to the retina. It oc

curs in "dry" and "wet" forms, whereas the dry form accounts for

90 % of all AMD instances. One of the earliest clinical hall

marks of wet and dry AMD is the appearance of amorphous lipopro-

teinaceous deposits accumulating extra-cellularly in areas close

to the retinal pigment epithelium. These pathogenic components

are called drusen. Recent studies have implicated local inflam

mation and activation of the complement cascade in the formation

of drusen, the hallmark of dry AMD. This is in line with other

studies showing that beside other molecules the complement com

ponent C5, accumulates within these drusen.

Moreover, it has been shown that C5a, besides VEGF (C5a is

involved in the release of VEGF) , plays a key role in the induc

tion of the choroidal neovascularization, which takes place in

the wet form of AMD. Most importantly, the neutralizing antibod

ies against C5a could be shown to be able to stop the progres

sion of the disease in animal models.

Taken together, there is strong support for complement-

mediated disease in wet and dry forms of AMD and thus C5a ap

pears to be an optimal target for the treatment of both forms of

AMD.

Complement-mediated inflammation, predominately caused by

C5a, is proposed to play a role in the acceleration or progres

sion of Alzheimer's disease. Prolonged complement activation is

triggered by fibrillar Αβ plaques in Alzheimer's disease brain

and many manifestations of the disease can be contributed to

C5a-recruited and activated glia that promote inflammatory

events. Similar events may apply to Parkinson's disease and Hun

tington's disease. Furthermore, preliminary data indicate a spe

cific pathogenic role for the activation fragment of complement

C5 (C5a) in motor neuron disease, a group of degenerative disor

ders causing progressive motor neuron death leading to eventual

paralysis and death.

Blockage of C5aR clearly reduces airway inflammation and

airway hyper-responsiveness in experimental allergic asthma.

However, the role of complement component C5 in asthma remains

controversial. C5 has been described as either promoting or pro

tecting against airway hyper-responsiveness in experimental al

lergic asthma, suggesting a dual role for C5a in allergic asth

ma. One hypothesis is that C5aR signaling during allergen sensi-



tization protects from the development of pulmonary allergy but

enhances the allergic phenotype in an inflamed pulmonary envi

ronment during the effector phase. Thus, C5aR blockage might be

of therapeutic benefit for the treatment of established asthma.

C5a plays also a role in atherosclerosis. C3a and C5a are

expressed in human coronary plaques. Moreover, it has recently

been shown that C5a predicts cardiovascular events in patients

with advanced atherosclerosis and that elevated serum levels of

C5a are associated with the development of restenosis after bal

loon angioplasty of the superficial femoral artery.

Vasculitis is an inflammatory process of blood vessels, his-

topathologically characterized by inflammation and fibrinoid ne

crosis of the vessel wall. The clinical spectrum of this form of

vasculitis is variable ranging from purpura to severe prolifera

tive glomerulonephritis and the complement systems is supposed

to be critically involved in these processes. For instance, C5a

plays an important role in anti-neutrophil cytoplasmic autoanti

body (ANCA) -associated vasculitis, a relatively uncommon but po

tentially life-threatening systemic autoimmune disease. ANCA-

induced necrotizing crescentic glomerulonephritis requires com

plement participation in its pathogenesis. C5a and the neutro

phil C5aR may compose an amplification loop for ANCA-mediated

neutrophil activation. The C5aR may provide a new therapeutic

target for ANCA-induced necrotizing crescentic glomerulonephri

tis.

Complement activation is involved in the pathogenesis of the

inflammatory changes in autoimmune dermatitis including bullous

pemphigoid (BP), psoriasis vulgaris, and chronic urticaria. In

pemphigus complement activation by pemphigus antibody in the ep

idermis seems to be responsible for the development of charac

teristic inflammatory changes termed eosinophilic spongiosis. In

psoriatic scales high levels of C5a are found, indicating that

complement activation is involved in this disease. Psoriasis is

known to be a T-cell mediated disease, however, neutrophils and

mast cells may also be involved in the pathogenesis of the dis

ease. T-cells and neutrophils are chemo-attracted by C5a, there

fore C5a could be an important therapeutic target for treatment

of psoriasis.

Complement activation also contributes to the autoimmune in

flammatory disease, rheumatoid arthritis. It appears that ana-

phylatoxin C5a is the main product of complement activation re-



sponsible for tissue damage in rheumatoid arthritis although

deposition of membrane attack complex as well as opsonization

with fragments of C3b are also important.

The role of complement in the pathogenesis of systemic lupus

erythematosus (SLE) remains controversial. On the one hand, com

plement components appear to mediate autoantibody-initiated tis

sue damage. On the other hand, the complement system appears to

have protective features as hereditary deficiencies of some com

plements are associated with an increased risk for SLE. It is

known that patients with SLE often have hypocomplementemia.

Moreover, it was demonstrated that C5a/C5aR signaling plays an

important role in the pathogenesis of central nervous system lu

pus by regulating the integrity of the blood-brain barrier. The

potential of C5a/C5aR blockage was highlighted as a promising

therapeutic strategy in SLE.

It appears that the tissue reperfusion (R) and not the is

chemia (I) activates complement and leads to inflammation-

induced damage. Even though exact involvement of complement ac

tivation in I/R injury is still unclear, several experimental

studies have indicated a connection between complement and the

pathogenesis of I/R injury, and have suggested complement inhi

bition as a potent therapy. For instance, in a murine myocardial

I/R injury model a systemic C5 inhibition, 30 minutes prior to

reperfusion, significantly protected mice from myocardial I/R

injury .

Complement activation has been demonstrated in many forms of

acute lung injury. C5a concentration is increased in broncho-

alveolar lavage fluids (BALF) in acute lung injury induced by

acid instillation, and C5a concentration is also elevated in

transplanted lungs in human. C5a attracts neutrophils into the

lung and directly actives neutrophils, macrophages, and endothe

lial cells. The protective role of anti-C5a was associated with

drastic reduction in BALF levels of TNF- , as well as a profound

decrease in lung vascular intercellular adhesion molecule ICAM-1

expression, suggesting that C5a is essential in the foundation

of the inflammatory network, regulating the expression of in

flammatory mediators and expression of adhesion molecules.

Acute lung injury and acute respiratory distress syndrome

(ARDS) is characterized by the presence of fibrin-rich inflamma

tory exudates in the intra-alveolar spaces and the extensive mi

gration of neutrophils into alveoli of the lungs. Pharmacologi-



cal blockade of TNF-a and C5a signaling in neutrophils from

healthy volunteers was able to significantly diminish the BALF

induced procoagulant activity of these otherwise normal cells

and cause a concomitant loss of tissue factor (TF) expression.

These results indicate that C5a and TNF-a signaling contributes

to the induction of TF expression in neutrophils accumulating in

the alveoli of lungs affected by ARDS .

During the onset of sepsis, the inflammatory system becomes

hyperactive, involving both cellular and humoral defense mecha

nism. It has been shown that complement activation during human

sepsis, especially as reflected in elevated levels of C5a, is

associated with significantly reduced survival rates together

with multi-organ failure when compared with less severe septic

patients and survivors. Moreover, interception of either C5a or

C5aR dramatically improves survival during experimental sepsis

in rodents. Thus, C5a seems to be a key player for the develop

ment of sepsis and interference of C5a/C5aR binding may present

a potent clinical approach for preventive treatment of patients

at high risk for developing sepsis.

In cardiopulmonary bypass and hemodialysis, C5a is generated

as a result of activation of the alternative complement pathway

when human blood makes contact with the artificial surface of

the heart-lung machine or kidney dialysis machine. C5a causes

increased capillary permeability and edema, bronchoconstriction,

pulmonary vasoconstriction, leukocyte and platelet activation

and infiltration to tissues, in particular the lung. Administra

tion of an anti-C5a monoclonal antibody was shown to reduce car

diopulmonary bypass and cardioplegia-induced coronary endotheli

al dysfunction.

Tumor-driven complement activation can provide tumor growth

advantage. The generation of complement C5a in a tumor microen-

vironment enhances tumor growth by suppressing the antitumor CD8 +

T-cell mediated response. Using a mouse model of tumor growth

revealed that deficiency or blockage of C5aR is associated with

retardation of tumor growth. Complement inhibition is therefore

considered as an effective and promising approach in anticancer

therapy .

A significant increase of complement activation was associ

ated with different pathologic pregnancy outcomes, namely

preeclampsia, recurrent spontaneous abortions, intra-uterine

growth retardation, and antiphospholipid syndrome (APS) . Women



with preeclampsia showed increased plasma concentration of C5a

compared to normal pregnant women. Concerning APS, antiphospho-

lipid antibodies and complement activation (via C3a, C5a, and

MAC) may cooperate in triggering a local inflammatory process,

eventually leading to placental thrombosis, hypoxia, and neutro

phil infiltration. Tissue factor (TF) represents the link be

tween C5a and neutrophil activation in antiphospholipid antibody

induced fetal injury.

Summarizing, the peptide-induced immune response against C5a

results in an effective therapy for C5a mediated (chronic in

flammatory) diseases including neurodegenerative diseases such

as Alzheimer's disease (see e.g. Fonseca, M.I. et al . (2009), J

Immunol "Treatment with a C5aR Antagonist Decreases Pathology

and Enhances Behavioral Performance in Murine Models of Alz

heimer's Disease." and Klos, A . et al . (2009), Mol Immunol "The

role of the anaphylatoxins in health and disease."), Parkinson's

disease (see e.g. McGeer, P . L . et al . (2004), Parkinsonism

Relat Disord "Inflammation and neurodegeneration in Parkinson's

disease."), Huntington's disease (see e.g. Singhrao, S . K . et

al . (1999), Exp Neurol "Increased complement biosynthesis by mi

croglia and complement activation on neurons in Huntington's

disease.") and age-related macula degeneration (see e.g. Nozaki,

M . et al . (2006), Proc Natl Acad Sci "Drusen complement compo

nents C3a and C5a promote choroidal neovascularization."), rheu

matoid arthritis (see e.g. Okro , M . et al . (2007), Ann Med

"Rheumatoid arthritis and the complement system."), systemic lu

pus erythematosus (SLE) (see e.g. Chen, M . et al . (2009), J Au-

toimmun "The complement system in systemic autoimmune disease.";

Jacob, A . et al . (2010), J Neuroimmunol "Inhibition of C5a re

ceptor alleviates experimental CNS lupus." and Jacob, A , et al .

(2010), FASEB J "C5a alters blood-brain barrier integrity in ex

perimental lupus."), asthma (see e.g. Kohl, J . et al . (2006), J

Clin Invest "A regulatory role for the C5a anaphylatoxin in type

2 immunity in asthma."), vasculitis, antiphospholipid syndrome

(APS) , atherosclerosis, inflammatory dermatitis such as psoria

sis and chronic urticaria, Guillain-Barre syndrome, hemolytic

uremic syndrome, and multiple sclerosis. Since uncontrolled hC5a

release contributes to other pathological conditions such as is

chemia and reperfusion injury, sepsis, acute lung injury, com

plications associated with hemodialysis, cancer, pregnancy com

plication such as preeclamsia and APS, neutralization of C5a by



active immunization may provide an effective therapy for these

pathological complications as well.

"Treating", as used herein, refers to providing treatment,

i.e, providing any type of medical or surgical management of a

subject. The treatment can be provided in order to reverse, al

leviate, inhibit the progression of, prevent or reduce the like

lihood of a disease, disorder, or condition, or in order to re

verse, alleviate, inhibit or prevent the progression of, prevent

or reduce the likelihood of one or more symptoms or manifesta

tions of a disease, disorder or condition. "Prevent" refers to

causing a disease, disorder, condition, or symptom or manifesta

tion of such not to occur for at least a period of time in at

least some individuals. Treating can include administering an

agent to the subject following the development of one or more

symptoms or manifestations indicative of a complement-mediated

condition, e.g., in order to reverse, alleviate, reduce the se

verity of, and/or inhibit or prevent the progression of the con

dition and/or to reverse, alleviate, reduce the severity of,

and/or inhibit or one or more symptoms or manifestations of the

condition. A composition of the present invention can be admin

istered to a subject who has developed a complement-mediated

disorder or is at increased risk of developing such a disorder

relative to a member of the general population. A composition of

this invention can be administered prophylactically, i.e., be

fore development of any symptom or manifestation of the condi

tion. Typically in this case the subject will be at risk of de

veloping the condition.

Another aspect of the present invention relates to a peptide

consisting of 7 to 19 amino acid residues consisting of the ami

no acid sequence

(X3) mKDX 2QLGXi (SEQ ID No. 99),

wherein

X l is an amino acid residue selected from the group consist

ing of alanine, asparagine, glutamine, glycine, histidine, iso-

leucine , leucine, lysine, methionine, serine, threonine, tyro

sine and valine,

X2 is an amino acid residue selected from the group consist

ing of alanine, arginine, histidine, isoleucine, leucine, ly-



sine, methionine, threonine, tyrosine and valine,

X3 is ( )n IS 5 (SEQ ID No. 100) or an N-terminal truncat

ed fragment thereof consisting of 1 to 4 amino acid residues,

X 4 is VVASQLR (SEQ ID No. 101) or an N-terminal truncated

fragment thereof consisting of 1 to 6 amino acid residues,

X5 is an amino acid residue selected from the group consist

ing of alanine, asparagine, glutamine, glutamic acid, histidine,

arginine, isoleucine, lysine, methionine, serine and threonine,

m is 0 or 1 , and

n is 0 or 1 ,

wherein said at least one peptide is coupled or fused to a car

rier comprising at least one T-cell epitope.

According to a preferred embodiment of the present invention

X l is an amino acid residue selected from the group consisting of

threonine, glutamine, tyronsine, methionine, alanine, glycine,

and valine.

X l is preferably an amino acid residue selected from the

group consisting of alanine, asparagine, glutamine, histidine,

lysine, methionine, serine, and threonine if m is 1 and X5 is an

amino acid residue selected from the group consisting of ala

nine, histidine, methionine and threonine, preferably alanine,

threonine or methionine, and/or X2 is an amino acid residue se

lected from the group consisting of methionine, alanine, lysine

and valine.

According to a particularly preferred embodiment of the pre

sent invention m is 1 and X5 is an amino acid residue selected

from the group consisting of alanine, histidine, methionine and

threonine, preferably alanine, threonine, or methionine.

According to another preferred embodiment of the present in

vention X2 is an amino acid residue selected from the group con

sisting of methionine, alanine, lysine and valine.

According to a particularly preferred embodiment of the pre

sent invention the peptide is selected from the group consisting

of ISHKDMQLGA (SEQ ID No. 14), ANI SHKDMQLGA (SEQ ID No. 21),

KDMQLGA (SEQ ID No. 22), WAS QLRAN ISHKDMQLGA (SEQ ID No. 23),

ANI SHKDMQLGT (SEQ ID No. 24), ANISHKDMQLGQ (SEQ ID No. 25), AN-

ISHKDMQLGY (SEQ ID No. 26), ANI SHKDMQLGM (SEQ ID No. 27), ANISH-

KDMQLGG (SEQ ID No. 28), ANI SHKDMQLGV (SEQ ID No. 29), ANISH-

KDMQLGK (SEQ ID No. 30), ANI SHKDMQLGS (SEQ ID No. 31), ANISH-



KDMQLGH (SEQ ID No. 32), ANISHKDMQLGN (SEQ ID No. 33), ANISH-

KDMQLGL (SEQ ID No. 34), ANI STKDMQLGA (SEQ ID No. 70),

ANISTKDMQLGQ (SEQ ID No. 71), ANI STKDMQLGS (SEQ ID No. 72),

ANI STKDMQLGM (SEQ ID No. 73), ANI SMKDMQLGN (SEQ ID No. 74),

ANI STKDKQLGM (SEQ ID No. 75), ANI STKDMQLGH (SEQ ID No. 76), ANI -

SAKDMQLGA (SEQ ID No. 77), ANI SMKDMQLGA (SEQ ID No. 78),

ANI STKDKQLGA (SEQ ID No. 79), ANI STKDAQLGA (SEQ ID No. 80),

ANI SMKDMQLGS (SEQ ID No. 81), ANI STKDVQLGA (SEQ ID No. 82),

ANI STKDMQLGN (SEQ ID No. 83), ANI STKDMQLGK (SEQ ID No. 84),

ANI SMKDMQLGM (SEQ ID No. 85), ANI STKDMQLGT (SEQ ID No. 86), AN-

ISHKDKQLGK (SEQ ID No. 87), ANI SMKDMQLGH (SEQ ID No. 88) and

ANI SAKDAQLGA (SEQ ID No. 89 ) .

Another aspect of the present invention relates to vaccine

comprising at least one peptide consisting of 7 to 19 amino acid

residues consisting of the amino acid sequence

(X3) mKDX 2QLGXi (SEQ ID No. 99),

wherein

X l is an amino acid residue selected from the group consist

ing of arginine, alanine, asparagine, glutamine, glycine, histi-

dine, isoleucine, leucine, lysine, methionine, serine, threo

nine, tyrosine and valine, most preferably arginine,

X2 is an amino acid residue selected from the group consist

ing of alanine, arginine, histidine, isoleucine, leucine, ly

sine, threonine, tyrosine and valine, preferably alanine, va

line, threonine, tyrosine or leucine, more preferably valine,

X3 is (X4) nANISX5 (SEQ ID No. 100) or an N-terminal truncat

ed fragment thereof consisting of 1 to 4 amino acid residues,

X 4 is VVASQLR (SEQ ID No. 101) or an N-terminal truncated

fragment thereof consisting of 1 to 6 amino acid residues,

X5 is an amino acid residue selected from the group consist

ing of alanine, asparagine, glutamine, glutamic acid, histidine,

arginine, isoleucine, lysine, methionine, serine and threonine,

most preferably histidine,

m is 0 or 1 , and

n is 0 or 1 ,

wherein said at least one peptide is coupled or fused to a car-



rier comprising at least one T-cell epitope.

Yet, another aspect of the present invention relates to vac

cine comprising at least one peptide consisting of 7 to 19 amino

acid residues consisting of the amino acid sequence

(X3) mKDX 2QLGXi (SEQ ID No. 99),

wherein

X l is an amino acid residue selected from the group consist

ing of arginine, alanine, asparagine, glutamine, glycine, histi-

dine, isoleucine, leucine, lysine, methionine, serine, threo

nine, tyrosine and valine, most preferably arginine,

X2 is an amino acid residue selected from the group consist

ing of alanine, arginine, histidine, isoleucine, leucine, ly

sine, methionine, threonine, tyrosine and valine, preferably me

thionine,

X3 is (X )n ISX5 (SEQ ID No. 100) or an N-terminal truncat

ed fragment thereof consisting of 1 to 4 amino acid residues,

X 4 is VVASQLR (SEQ ID No. 101) or an N-terminal truncated

fragment thereof consisting of 1 to 6 amino acid residues,

X5 is an amino acid residue selected from the group consist

ing of alanine, asparagine, glutamine, glutamic acid, arginine,

isoleucine, lysine, methionine, serine and threonine, preferably

threonine, glutamine, glutamic acid, serine, lysine or aspara

gine, more preferably threonine or glutamine,

m is 0 or 1 , and

n is 0 or 1 ,

wherein said at least one peptide is coupled or fused to a car

rier comprising at least one T-cell epitope.

According to a preferred embodiment of the present invention

X3 is (X4) nANISX5 (SEQ ID No. 100) or an N-terminal truncated

fragment thereof and Χ is arginine. Consequently this N-terminal

truncated fragment may consist of ANISX5 (SEQ ID No. 102), NISX5

(SEQ ID No. 103), ISX5, SX5 or X . This means that the vaccine of

the present invention may comprise at least one peptide having

the amino acid sequence ANI SX5KDX2QLGR (SEQ ID No. 119),

NISX5KDX2QLGR (SEQ ID No. 120), ISX5KDX2QLGR (SEQ ID No. 121),

SX5KDX2QLGR (SEQ ID No. 122) or X5KDX2QLGR (SEQ ID No. 123), if m



= 1 .

According to a preferred embodiment of the present invention

is VVASQLR (SEQ ID No. 101) or an N-terminal truncated frag

ment thereof. The fragment of VVASQLR may consist of one of the

following amino acid sequences: VASQLR (SEQ ID No. 109), ASQLR

(SEQ ID No. 110), SQLR (SEQ ID No. Ill), QLR, LR, or R . Conse

quently the at least one peptide used in the vaccine of the pre

sent invention may have one of the following amino acid sequenc

es: VVASQLRANI SX5KDX2QLGR (SEQ ID No. 124), VASQLRANI SX5KDX2QLGR

(SEQ ID No. 125), ASQLRANI SX5KDX2QLGR (SEQ ID No. 126),

SQLRANI SX5KDX2QLGR (SEQ ID No. 127), QLRANI SX5KDX2QLGR (SEQ ID

No. 128), LRANI SX5KDX2QLGR (SEQ ID No. 129), or RANI SX5KDX2QLGR

(SEQ ID No. 130), if m and n are 1 .

In a particularly preferred embodiment of the present inven

tion X5 of SEQ ID No. 119 to 130 is histidine if X2 is an amino

acid residue as defined above and not methionine.

In a further preferred embodiment of the present invention

X2 of SEQ ID No. 119 to 130 is methionine if X5 is an amino acid

residue as defined above and not histidine.

According to a particular preferred embodiment of the pre

sent invention the peptide is selected from the group consisting

of ANISHKDVQLGR (SEQ ID No. 56), ANI SHKDTQLGR (SEQ ID No. 57),

ANI SHKDYQLGR (SEQ ID No. 58), ANI SHKDLQLGR (SEQ ID No. 59), AN-

ISHKDAQLGR (SEQ ID No. 18), ANI STKDMQLGR (SEQ ID No. 39),

ANISQKDMQLGR (SEQ ID No. 40), ANI SEKDMQLGR (SEQ ID No. 41),

ANISSKDMQLGR (SEQ ID No. 42), ANI SKKDMQLGR (SEQ ID No. 43) and

ANI SNKDMQLGR (SEQ ID No. 44), preferably selected from the group

consisting of ANISHKDVQLGR (SEQ ID No. 56), ANI STKDMQLGR (SEQ ID

No. 39) and ANISQKDMQLGR (SEQ ID No. 40) .

A further aspect of the present invention relates to a pep

tide selected from the group consisting of ANISHKDVQLGR (SEQ ID

No. 56), ANI SHKDTQLGR (SEQ ID No. 57), ANI SHKDYQLGR (SEQ ID No.

58), ANI SHKDLQLGR (SEQ ID No. 59), ANI SHKDAQLGR (SEQ ID No. 18),

ANI STKDMQLGR (SEQ ID No. 39), ANISQKDMQLGR (SEQ ID No. 40), AN-

ISEKDMQLGR (SEQ ID No. 41), ANISSKDMQLGR (SEQ ID No. 42),

ANI SKKDMQLGR (SEQ ID No. 43) and ANI SNKDMQLGR (SEQ ID No. 44),

preferably selected from the group consisting of ANISHKDVQLGR

(SEQ ID No. 56), ANI STKDMQLGR (SEQ ID No. 39) and ANISQKDMQLGR

(SEQ ID No. 40) .

The present invention is further illustrated by the follow-



ing figures and examples, however, without being restricted

thereto .

Fig. 1 shows an alanine scan (SEQ ID Nos: 5-23) of C-

terminal fragments of various length of hC5a (SEQ ID Nos: 1-4)

in order to define positions which can be exchanged without ab

rogating the immunogenicity and the ability to induce antibodies

against hC5a. Fig. 1(A) shows the immunogenicity (depicted as

titers) of the original epitope hC5a position 65-74 (SEQ ID No:

1 ) and VARIOTOPES thereof, (B) of the original epitope hC5a po

sition 63-74 (SEQ ID No: 2 ) and VARIOTOPES thereof, (C) of the

original epitope hC5a position 68-74 (SEQ ID No: 3 ) and a VARI-

OTOPE thereof, (D) of the original epitope hC5a position 55-74

(SEQ ID No: 4 ) and a VARIOTOPE thereof.

Fig. 2 shows the inhibitory activity of the immune sera of

mice which were vaccinated with the VARIOTOPES SEQ ID Nos: 5-23

in relation to the original epitope sequences, which is depicted

as 100 % (SEQ ID Nos: 1-4). Fig. 2 (A) shows the inhibition of

immune sera induced by the original epitope hC5a position 65-74

(SEQ ID No: 1 ) and VARIOTOPES thereof, (B) of the original

epitope hC5a position 63-74 (SEQ ID No: 2 ) and VARIOTOPES there

of, (C) of the original epitope hC5a position 68-74 (SEQ ID No:

3 ) and a VARIOTOPE thereof, (D) of the original epitope hC5a po

sition 55-74 (SEQ ID No: 4 ) and a VARIOTOPE thereof.

Fig. 3 shows the assessment of the inhibitory activity of

the antibodies induced by VARIOTOPES of the 12 amino acid long

C-terminal fragment of hC5a (SEQ ID No: 2 ) where R at position

74 of hC5a was exchanged by amino acid residues of different

characteristics (SEQ ID Nos: 21, 24-38).

Fig. 4 shows the assessment of the inhibitory activity of

the antibodies induced by VARIOTOPES of the 12 amino acid long

C-terminal fragment of hC5a (SEQ ID No: 2 ) where H at position

67 of hC5a was exchanged by amino acid residues of different

characteristics (SEQ ID Nos: 17, 39-55).

Fig. 5 shows the assessment of the inhibitory activity of

the antibodies induced by VARIOTOPES of the 12 amino acid long

C-terminal fragment of hC5a (SEQ ID No: 2 ) where H at position

67 of hC5a was exchanged by amino acid residues of different

characteristics (SEQ ID Nos: 18, 56-69).

Fig. 6 shows the inhibitory activity of the antibodies in

duced by VARIOTOPES of the 12 amino acid long C-terminal frag-



ment of hC5a (SEQ ID No: 2 ) where R at position 74 of hC5a and

one or two additional amino acids at position 67 or 70 were ex

changed by other amino acid residues (SEQ ID Nos: 70-98) .

EXAMPLES :

One object of the present invention is to develop a neutral

izing active immune response against excessive human C5a in or

der to avert its pathological activity in chronic inflammatory

disease or acute pathological situations.

In order to achieve this object so-called VARIOTOPES were

designed and used for immunization in order to induce antibodies

against the C-terminal neoepitope of the human C5a molecule.

This neoepitope on C5a becomes accessible upon the cleavage of

the C5 protein by the C5 convertase resulting in the small ana

phylactic fragment C5a and C5b, a part of the membrane attack

complex. VARIOTOPES are immunogenic peptides which are able to

induce a humoral immune response to a protein of interest by re

sembling an epitope on the targeted protein. Hence, the ad

vantage of VARIOTOPE vaccines is to elude the autotolerance to

self antigens and to alleviate the risk of unmeant side effects

which are prevalent by the use of self -antigens .

All peptides were chemically linked via a cysteine residue

at the N-terminus to the protein carrier keyhole limped haemocy-

anin (KLH) and administered to mice together with Alum as an ad

juvant. All immune sera which were obtained from mice either im

munized with VARIOTOPES or the original C-terminal sequence of

hC5a were analyzed for their ability to induce antibody titers

and functional active antibodies against hC5a.

Material and methods :

Immunization of mice

BALB/c mice were used as a model system for hC5a-VARIOTOPE

immunization experiments. Female BALB/c mice in the age of 6 to

8 weeks were primed and boost-immunized four times in biweekly

intervals with KLH-conj ugated VARIOTOPE vaccines (200 µ ΐ subcu-

taneously in phosphate buffer pH= 7.4) . Aluminum hydrogel was

used as an adjuvant. Five to six mice were used for the immun

ization with the respective VARIOTOPE vaccine.

Immunogenicity assay

The immune sera of the vaccinated mice were analyzed for

their antibody response to the injected peptides (data not

shown) and to the human C5a protein using the Enzyme Linked Im-



munosorbent Assay (ELISA) . Antibody titers were determined as

the sera dilution giving half-maximal binding (i.e. ODmax/2) and

the mean titers of all mice per group are presented.

C5a inhibition assay

The inhibitory activity of the peptide or VARIOTOPE-induced

antibodies against hC5a was assessed by the glucuronidase enzyme

release assay using human U937 cells. U937 cells are differenti

ated with cyclic adenosine 3 ' :5 '-monophosphate and upon stimula

tion with human recombinant C5a protein β-glucuronidase is re

leased. This effect can be blocked by the addition of hC5a spe

cific antibodies or peptide-induced anti-hC5a immune sera.

In more detail, U937 cells were differentiated for 5 days with

0.5 mM cyclic adenosine 3 ' :5 '-monophosphate (cAMP) in RPMI, 10%

FCS . On day 5 the cells were pre-treated with cytochalasin B

(2.5 yg/ml) for 10 minutes at 37 °C. For each approach 1.8 x 105

pre-treated cells were stimulated either with 10 nM hC5a alone

or with 10 nM hC5a pi s 8 % heat-inactivated serum (lh at 56 C )

derived from mice immunized with different peptides or VARI-

OTOPES (SEQ ID Nos: 1-98 as indicated in Table 1 and 2 ) in a fi

nal volume of 120 µ ΐ HAG-CM buffer (20 mM HEPES pH= 7.4, 125 mM

NaCl, 5 mM KC1, 0.5 mM glucose, 1 mM CaCl 2, 1 mM MgCl 2, 0.25 %

BSA) . After an incubation of 10 minutes at 37 °C the cells were

pelleted, the supernatant was transferred to a 96-well micro-

titer plate, and diluted 1:1 with 0.01 M P-nitrophenyl- β- -

glucuronide (dissolved in 0.1 M sodium acetate pH= 4.0) in a to

tal volume of 150 µ ΐ . The microtiter plate was incubated for 1 h

at 37 °C in the dark. Then the reaction was stopped by the addi

tion of 0.4 M glycine buffer (pH= 10.0) . β-glucuronidase con

verts P-nitrophenyl^-D-glucuronide to a yellowish color that is

measured at 405 nm.

Table 1 : Human C5a C-terminal epitopes used as a template for

the generation of VARIOTOPES.

Sequence identification number Sequence

SEQ ID No: 1 ISHKDMQLGR

SEQ ID No: 2 ANI SHKDMQLGR

SEQ ID No: 3 KDMQLGR



SEQ ID No: 4 WAS QLRAN ISHKDMQLGR

Table 2 : List of VARIOTOPES of hC5a C-terminal fragments (SEQ ID

Nos: 1-4) where individual or multiple amino acids were replaced

by different amino acid residues (underlined and indicated in

bold) .

Sequence identifica¬ Exchanged amino acids
Sequence

tion number of hC5a

SEQ ID No 5 ASHKDMQLGR I65A

SEQ ID No 6 IAHKDMQLGR S66A

SEQ ID No 7 ISAKDMQLGR H67A

SEQ ID No 8 ISHADMQLGR K68A

SEQ ID No 9 ISHKAMQLGR D69A

SEQ ID No 10 ISHKDAQLGR M70A

SEQ ID No 11 ISHKDMALGR Q71A

SEQ ID No 12 ISHKDMQAGR L72A

SEQ ID No 13 ISHKDMQLAR G73A

SEQ ID No 14 ISHKDMQLGA R74A

SEQ ID No 15 AAI SHKDMQLGR N64A

SEQ ID No 16 ANAS HKDMQLGR I65A

SEQ ID No 17 ANISAKDMQLGR H67A

SEQ ID No 18 ANISHKDAQLGR M70A

SEQ ID No 19 ANISHKDMQAGR L72A

SEQ ID No 20 ANISHKDMQLAR G73A

SEQ ID No 21 ANISHKDMQLGA R74A

SEQ ID No 22 KDMQLGA R74A

SEQ ID No 23 WAS QLRAN ISHKDMQLGA R74A

SEQ ID No 24 ANI SHKDMQLGT R74T

SEQ ID No 25 ANISHKDMQLGQ R74Q

SEQ ID No 26 ANI SHKDMQLGY R74Y

SEQ ID No 27 ANI SHKDMQLGM R74M

SEQ ID No 28 ANI SHKDMQLGG R74G

SEQ ID No 29 ANI SHKDMQLGV R74V

SEQ ID No 30 ANI SHKDMQLGK R74K

SEQ ID No 31 ANI SHKDMQLGS R74S

SEQ ID No 32 ANI SHKDMQLGH R74H

SEQ ID No 33 ANI SHKDMQLGN R74N

SEQ ID No 34 ANI SHKDMQLGL R74L

SEQ ID No 35 ANI SHKDMQLGW R74

SEQ ID No 36 ANI SHKDMQLGF R74F

SEQ ID No 37 ANI SHKDMQLGP R74P

SEQ ID No 38 ANI SHKDMQLGD R74D



SEQ ID No 39 ANI STKDMQLGR H67T

SEQ ID No 40 ANI SQKDMQLGR H67Q

SEQ ID No 41 ANI SEKDMQLGR H67E

SEQ ID No 42 ANI SSKDMQLGR H67S

SEQ ID No 43 ANI SKKDMQLGR H67K

SEQ ID No 44 ANI SNKDMQLGR H67N

SEQ ID No 45 ANI SIKDMQLGR H67I

SEQ ID No 46 ANI SRKDMQLGR H67R

SEQ ID No 47 ANI SMKDMQLGR H67M

SEQ ID No 48 ANI SVKDMQLGR H67V

SEQ ID No 49 ANI SYKDMQLGR H67Y

SEQ ID No 50 ANI SLKDMQLGR H67L

SEQ ID No 51 ANI SWKDMQLGR H67

SEQ ID No 52 ANI SGKDMQLGR H67G

SEQ ID No 53 ANI SPKDMQLGR H67P

SEQ ID No 54 ANI SFKDMQLGR H67F

SEQ ID No 55 ANI SDKDMQLGR H67D

SEQ ID No 56 ANI SHKDVQLGR M70V

SEQ ID No 57 ANI SHKDTQLGR M70T

SEQ ID No 58 ANI SHKDYQLGR M70Y

SEQ ID No 59 ANI SHKDLQLGR M70L

SEQ ID No 60 ANI SHKDKQLGR M70K

SEQ ID No 61 ANI SHKDHQLGR M70H

SEQ ID No 62 ANI SHKDRQLGR M70R

SEQ ID No 63 ANI SHKDWQLGR M70

SEQ ID No 64 ANI SHKDSQLGR M70S

SEQ ID No 65 ANI SHKDFQLGR M70F

SEQ ID No 66 ANI SHKDNQLGR M70N

SEQ ID No 67 ANI SHKDPQLGR M70P

SEQ ID No 68 ANI SHKDGQLGR M70G

SEQ ID No 69 ANI SHKDDQLGR M70D

SEQ ID No 70 ANI STKDMQLGA H67T and R74A

SEQ ID No 71 ANISTKDMQLGQ H67T and R74Q

SEQ ID No 72 ANI STKDMQLGS H67T and R74S

SEQ ID No 73 ANI STKDMQLGM H67T and R74M

SEQ ID No 74 ANI SMKDMQLGN H67M and R74N

SEQ ID No 75 ANISTKDKQLGM H67T, M70K an

SEQ ID No 76 ANI STKDMQLGH H67T and R74H

SEQ ID No 77 ANISAKDMQLGA H67A and R74A

SEQ ID No 78 ANI SMKDMQLGA H67M and R74A

SEQ ID No 79 ANISTKDKQLGA H67T, M70K an

SEQ ID No 80 ANI STKDAQLGA H/T, M70A and

SEQ ID No 81 ANI SMKDMQLGS H67M and R74S

SEQ ID No 82 ANISTKDVQLGA H67T, M70V an

SEQ ID No 83 ANI STKDMQLGN H67T and R74N



SEQ ID No : 84 ANI STKDMQLGK H67T and R74K

SEQ ID No : 85 ANI SMKDMQLGM H67M and R74M

SEQ ID No : 86 ANI STKDMQLGT H67T and R74T

SEQ ID No : 87 ANI SHKDKQLGK M70K and R74K

SEQ ID No : 88 ANI SMKDMQLGH H67M and R74H

SEQ ID No : 89 ANI SAKDAQLGA H67A, M70A, and R74A

SEQ ID No : 90 ANISMKDKQLGK H67M, M70K, and R74K

SEQ ID No : 91 ANI SHKDSQLGK M70S and R74K

SEQ ID No : 92 ANI SMKDMQLGF H67M and R74F

SEQ ID No : 93 ANI SIKDMQLGA H67I and R74A

SEQ ID No : 94 ANI SMKDMQLGK H67M and R74K

SEQ ID No : 95 ANI SLKDMQLGA H67L and R74A

SEQ ID No : 96 ANI SHKDKQLGF M70K and R74F

SEQ ID No : 97 ANISMKDKQLGF H67M, M70K, and R74F

SEQ ID No : 98 ANI SIKDMQLGK H67I and R74K

Table 3 : Abbreviations for all amino acids and their side chain

properties :

Side chain properties
Amino Acid 3-Letter Code 1-Letter Code

Alanine Ala A Nonpolar, aliphatic

Arginine Arg R Positively charged

Asparagine Asn N Polar, uncharged

Aspartic Asp D Negatively charged

Cysteine Cys C Polar, uncharged

Glutamic Glu E Negatively charged

Glutamine Gin Q Polar, uncharged

Glycine Gly G Nonpolar, aliphatic

Histidine His H Positively charged

Isoleucine e I Nonpolar, aliphatic

Leucine Leu L Nonpolar, aliphatic

Lysine Lys K Positively charged

Methionine Met M Nonpolar, aliphatic

Phenylalanine Phe F Aromatic, nonpolar

Proline Pro P Polar, uncharged,
structural disruptor

Serine Ser S Polar, uncharged

Threonine Thr T Polar, uncharged

Tryptophan Trp W Aromatic, nonpolar

Tyrosine Tyr Y Aromatic, polar

Valine Val V Nonpolar, aliphatic



Example 1: Alanine scan of C-terminal epitopes of hC5a SEQ ID

Nos: 1-4 (Table 1 ) in order to define positions which can be ex

changed so that the immunogenicity and the ability to induce

neutralizing antibodies against hC5a is maintained or even in

creased .

Individual amino acids of the hC5a C-terminal epitope were

substituted by an alanine residue and tested for their immuno

genicity in comparison to the original epitope sequence. All

VARIOTOPES clearly induced specific antibodies which bind to the

injected peptide, however, the titers against the protein hC5a

differ. The alanine exchange of hC5a position 66 (S66A) , K at

position 68 (K68A) , Q at position 71 (Q71A) , L at position 72

(L72A) , and G at position 73 (G73A) clearly abrogated the induc

tion of antibodies which recognize hC5a (Figure 1A and IB; SEQ

ID Nos: 6 , 8 , 11, 12, 13, 19, and 20) . The original sequences

SEQ ID Nos: 1-3 induce relatively high titers, whereas the ti

ters induced by the VARIOTOPES SEQ ID Nos: 6 , 8 , 11, 12, 13, 19,

and 20 drop to less than 13.000 ODmax/2, indicating that the

amino acids S , K , Q , L , and G (hC5a position 66, 68, 71, 72, and

73) are crucial for the induction of hC5a specific antibodies

(Figure 1A and IB, Table 1-2) .

In contrast, the alanine substitution of R at the position

74 revealed a strong increase in anti-hC5a reacting antibodies.

This was not only manifested for the 10 and 12 amino acid long

C-terminal fragment of hC5a (Figure 1A and IB; SEQ ID Nos: 14,

21), but for all C-terminal hC5a VARIOTOPES of different length

and the exchange R74A tested (Figure 1C and ID, SEQ ID Nos: 22-

23). The titers of VARIOTOPES R74A ranged from 56.000 to 88.000

and reached up to a 5.5-fold increase when compared to the titer

gained by the original sequence (Figure ID, SEQ ID Nos: 4 and

23) . VARIOTOPES with the exchanges N64A, I65A, H67A, D69A, and

M70A (SEQ ID Nos: 5 , 7 , 9 , 10, 15-18) exhibit relevant titers

against hC5a to a similar extent as the original epitopes SEQ ID

Nos: 1-2 (Figure 1A and IB, Table 1 and 2 ) . In summary, the sub

stitution of single amino acids within hC5a C-terminal epitopes

of various length result in analog findings, indicating that the

impact of particular amino acid residues on the immunogenicity

against hC5a is only minor influenced by the length of the pep-



tides. Especially the immunization with hC5a C-terminal frag

ments, where the R at position 74 was exchanged by A , resulted

in significantly increased titers against hC5a when compared to

the original epitopes. The peptide fragments which are used for

vaccination comprise at least the last 7 C-terminal amino acids

of hC5a in order to guarantee immunogenicity and may not exceed

19 amino acids, the defined length of the hC5a C-terminal neo-

epitope .

The inhibitory activity of the VARIOTOPES where individual

amino acids were substituted by an alanine residue was assessed

by the glucuronidase enzyme release assay. Briefly, β-
glucuronidase is released from differentiated human U937 cells

upon stimulation with hC5a and this effect can be blocked by the

addition of anti-hC5a immune sera.

Immune sera induced by the VARIOTOPES R74A show the best in

hibitory activity and compared to the original sequence (SEQ ID

Nos: 1-4) up to a 2-fold increase in inhibitory activity was ob

tained (Figure 2A-D, SEQ ID Nos: 14, 21, 22, and 23). Further

more, the immune sera induced by SEQ ID Nos: 5 , 7 , 10, 17, and

18 revealed an inhibitory activity which either exceeds or is

comparable to the signal obtained by the original epitopes (Fig

ure 2A and 2B) . Thus, the exchange H67A (SEQ ID Nos: 7 , 17),

M70A (SEQ ID Nos: 10, 18), and I65A, here only seen for the 10

(SEQ ID No: 5 ) and not for the 12 amino acid long (SEQ ID No:

16) hCa C-terminal VARIOTOPE, seems to be favorable for the in

duction of functional active antibodies against hC5a, however,

the exchange R74A reign supreme albeit the different length of

the VARIOTOPES (Figure 2A-D) .

The obtained protein titers against hC5a and the functional

activity data based on the glucuronidase release assay show a

good correlation. In the subsequent examples only the inhibitory

activity of the immune sera (antibodies) induced by the original

epitope and the VARIOTOPES thereof are shown, which in principal

is more predictive for efficacy than the antibody titers alone.

Example 2:

The key amino acid identified by the alanine scanning method

was R at position 74 of hC5a which resulted in an up to two-fold

increase in inhibition of hC5a (see Figure 2 ) . Thus, in a next

experiment this position was systematically exchanged by a vari

ety of amino acids having either similar or opposed features to



the arginine residue (see Table 3 ) . For this experiment the 12

amino acid long C-terminal epitope was selected as a template,

because this fragment (Figure IB) induced higher titers against

hC5a than the 10- or the 20 amino acid long fragment (Figure 1A

and D ) and show better inhibitory activity than the 7 amino acid

long hC5a C-terminal fragment.

16 VARIOTOPES R74X of the 12 amino acid long C-terminal

epitope of hC5a were tested for their immunogenicity and their

ability to induce functional active antibodies. The immune sera

obtained from VARIOTOPES with the exchanges R74T and R74Q showed

the best inhibition in the glucuronidase release assay (Figure

3 , SEQ ID Nos: 24 and 25), followed by the exchange R74Y (Figure

3 , SEQ ID No: 26) and the replacements of R by the nonpolar, al

iphatic amino acid residues M , A , G , and V (Figure 3 , SEQ ID

Nos: 27, 21, 28, 29). VARIOTOPES where the R was replaced by a

negatively charged amino acid (represented by R74D) or aromatic,

nonpolar amino acids (W and F ) and P , which is a structural dis-

ruptor amino acid, are not favorable to induce hC5a inhibiting

antibodies (Figure 4 , SEQ ID Nos: 35-38).

Example 3:

Histidine at position 67 of hC5a was another favorable ex-

changable position identified by the alanine scanning method.

This position was again systematically exchanged by a variety of

amino acids having either similar or opposed features to the

histidine residue (see Table 3 ) . 18 VARIOTOPES H67X of the 12

amino acid long C-terminal epitope of hC5a were tested for their

immunogenicity and their ability to induce functional active an

tibodies (SEQ ID Nos: 17, 39-55).

The immune sera obtained from VARIOTOPES with the exchanges

H67T and H67Q showed the best inhibition in the context of the

glucuronidase release assay (Figure 4 , SEQ ID Nos: 39 and 40)

with an increase of 20 % when compared to the original sequence

(SEQ ID No: 2 ) (Figure 4 ) . Immune sera induced by VARIOTOPES SEQ

ID Nos: 41-47 exhibit slightly higher or comparable inhibiting

activities as the original sequence SEQ ID Nos: 2 . A clear nega

tive effect on the inhibition of hC5a was seen for the immune

sera induced by the VARIOTOPES SEQ ID Nos: 51-55 indicated in a

reduction of 20 and more percent when compared to the original

sequence (SEQ ID No: 2 ) (Figure 4 ) .

Example :



Methionine at position 70 of hC5a was the next amino acid

which was systematically exchanged in order to define VARIOTOPES

which are able to induce higher inhibitory activity against hC5a

than the original 12 amino acid long C-terminal epitope of hC5a.

15 VARIOTOPES were tested and analyzed for their functional ac

tivity by the glucuronidase release assay. Immune sera induced

by the VARIOTOPES SEQ ID Nos: 18 and 56-62 showed better or com

parable inhibition signals than the immune serum induced by the

original epitope SEQ ID No: 2 (Figure 5 ) . The VARITOPES SEQ ID

No: 63-60 however, showed a stepwise decline in the inhibitory

activity and are not favorable to induce functional active anti

bodies against hC5a.

Example 5:

Amino acid exchanges at the position 74 of hC5a do have tre

mendous effects on the immunogenicity of C-terminal hC5a frag

ments and consequently also on the functional activity of the

induced antibodies (see Figure 3 ) . This effect, however, was

even more pronounced when the positions 67 or 70 or these both

positions of the hC5a C-terminal epitope were exchanged in addi

tion to favorable exchanges at position 74. In the following ex

periment VARIOTOPES containing the exchange R74X and an addi

tional replacement at position 67 or 70, or both positions, re

spectively, were generated and tested for their immunogenicity.

The exchange H67T, H67M, and H67A together with the replacement

of R at position 74 by small nonpolar (A, M ), polar uncharged

(Q, S , N ), and the positively charged H amino acid residues

gained high titers and more than 1.5-fold reactive antibodies

against hC5a when compared to the original epitope SEQ ID No: 2

(Figure 6 , SEQ ID Nos: 70-80) . Advantageous exchanges at posi

tion 74 combined with favorable exchanges either at position 67,

such as H67T, H67M, and H67A, or at position 70, such as M70K,

M70A, and M70V resulted in higher inhibitory activity when com

pared to the original sequence SEQ ID No: 2 (Figure 6 ) . Immune

sera induced by the VARIOTOPES SEQ ID Nos: 90-98 were not favor

able when compared to the original sequence, which is indicated

by a reduced inhibitory activity (Figure 6 ) .



Claims :

1 . Vaccine comprising at least peptide consisting of 7

amino acid residues consisting the amino acid sequence

(X 3 )mKDX 2QLGXi (SEQ ID No. 99) ,

wherein

X l is an amino acid residue selected from the group consist

ing of alanine, asparagine, glutamine, glycine, histidine, iso-

leucine, leucine, lysine, methionine, serine, threonine, tyro

sine and valine,

X2 is an amino acid residue selected from the group consist

ing of alanine, arginine, histidine, isoleucine, leucine, ly

sine, methionine, threonine, tyrosine and valine,

X3 is (X )n ISX5 (SEQ ID No. 100) or an N-terminal truncat

ed fragment thereof consisting of 1 to 4 amino acid residues,

X 4 is VVASQLR (SEQ ID No. 101) or an N-terminal truncated

fragment thereof consisting of 1 to 6 amino acid residues,

X5 is an amino acid residue selected from the group consist

ing of alanine, asparagine, glutamine, glutamic acid, histidine,

arginine, isoleucine, lysine, methionine, serine and threonine,

m is 0 or 1 , and

n is 0 or 1 ,

wherein said at least one peptide is coupled or fused to a car

rier comprising at least one T-cell epitope.

2 . Vaccine according to claim 1 , wherein Χ is an amino acid res

idue selected from the group consisting of threonine, glutamine,

tyronsine, methionine, alanine, glycine, and valine.

3 . Vaccine according to claim 1 , wherein Χ is an amino acid res

idue selected from the group consisting of alanine, asparagine,

glutamine, histidine, lysine, methionine, serine, and threonine

if m is 1 and X5 is an amino acid residue selected from the group

consisting of alanine, histidine, methionine and threonine,

preferably alanine, threonine or methionine, and/or X2 is an ami-



no acid residue selected from the group consisting of methio

nine, alanine, lysine and valine.

4 . Vaccine according to claim 1 or 2 , wherein m is 1 and X5 is an

amino acid residue selected from the group consisting of ala

nine, histidine, methionine and threonine, preferably alanine,

threonine or methionine.

5 . Vaccine according to claim 1 , 2 or 4 , wherein 2 is an amino

acid residue selected from the group consisting of methionine,

alanine, lysine and valine.

6 . Vaccine according to any one of claims 1 to 5 , wherein the at

least one peptide is selected from the group consisting of ISH-

KDMQLGA (SEQ ID No. 14), ANISHKDMQLGA (SEQ ID No. 21), KDMQLGA

(SEQ ID No. 22), VVASQLRANI SHKDMQLGA (SEQ ID No. 23), ANISH-

KDMQLGT (SEQ ID No. 24) ANISHKDMQLGQ (SEQ ID No. 25), ANI SH

KDMQLGY (SEQ ID No. 26) ANISHKDMQLGM (SEQ ID No. 27), ANI SH

KDMQLGG (SEQ ID No. 28) ANISHKDMQLGV (SEQ ID No. 29), ANISH-

KDMQLGK (SEQ ID No. 30) ANI SHKDMQLGS (SEQ ID No. 31), ANI SH

KDMQLGH (SEQ ID No. 32) ANISHKDMQLGN (SEQ ID No. 33), ANI SH

KDMQLGL (SEQ ID No. 34) ANISTKDMQLGA (SEQ ID No. 70),

ANISTKDMQLGQ (SEQ ID No. 71), ANI STKDMQLGS (SEQ ID No. 72),

ANI STKDMQLGM (SEQ ID No. 73), ANI SMKDMQLGN (SEQ ID No. 74),

ANI STKDKQLGM (SEQ ID No. 75), ANI STKDMQLGH (SEQ ID No. 76), ANI -

SAKDMQLGA (SEQ ID No. 77), ANI SMKDMQLGA (SEQ ID No. 78),

ANI STKDKQLGA (SEQ ID No. 79), ANI STKDAQLGA (SEQ ID No. 80),

ANI SMKDMQLGS (SEQ ID No. 81), ANI STKDVQLGA (SEQ ID No. 82),

ANI STKDMQLGN (SEQ ID No. 83), ANI STKDMQLGK (SEQ ID No. 84),

ANI SMKDMQLGM (SEQ ID No. 85), ANI STKDMQLGT (SEQ ID No. 86), AN-

ISHKDKQLGK (SEQ ID No. 87), ANI SMKDMQLGH (SEQ ID No. 88), and

ANI SAKDAQLGA (SEQ ID No. 89 ) .

7 . Vaccine according to any one of claims 1 to 6 , characterized

in that the at least one peptide comprises at its N-terminus at

least one cysteine residue bound directly or via a spacer se

quence thereto.

8 . Vaccine according to any one of claims 1 to 7 , characterized

in that the carrier comprising at least one T-cell epitope is a



protein carrier.

9 . Vaccine according to claim 8 , characterized in that the pro

tein carrier is selected from the group consisting of keyhole

limpet haemocyanin (KLH) , CRM197, tetanus toxoid (TT) , protein D

or diphtheria toxin (DT) .

10. Vaccine according to any one of claims 1 to 9 , characterized

in that the compound is formulated with an adjuvant, preferably

adsorbed to alum.

11. Vaccine according to any one of claims 1 to 10 for use in a

method for treating and/or preventing a complement-mediated dis

order .

12. Vaccine according to claim 11, characterized in that the

complement-mediated disorder is an inflammatory disease, prefer

ably a chronic inflammatory disease.

13. Vaccine according to claim 12, characterized in that the in

flammatory disease is selected from the group consisting of age-

related macular degeneration (AMD) , a neurodegenerative disor

der, preferably Alzheimer's disease, Parkinson's disease or Hun

tington's disease, asthma, atherosclerosis, vasculitis, dermati

tis, preferably psoriasis and urticaria, hemolytic uremic syn

drome, rheumatoid arthritis, Guillain-Barre syndrome, multiple

sclerosis, antiphospholipid syndrome, hemolytic uremic syndrome,

and systemic lupus erythematosus (SLE) .

14. Vaccine according to claim 11, characterized in that the

complement-mediated disorder is selected from the group consist

ing of ischemia/reperf usion injury, acute lung injury, acute

respiratory distress syndrome, sepsis, cancer, pregnancy compli

cations such as preeclampsia, recurrent spontaneous abortions,

intra-uterine growth retardation and hemodialysis-associated

thrombosis .
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