NGF CONJUGATES AND USES THEREOF Field of the Invention [0001] The present
invention is in the fields of medicine, public health, immnol ogy,

nol ecul arwbi2oddagys2and virol ogy. The invention provi des ©QFEP08i068209
conprising a virus-like particle (VLP) linked to at |east one antigen,
wherein said antigen is a NG antigen. The invention also provides a
process for producing the conposition. The conpositions of this invention
are useful in the production of vaccines, in particular, for the treatnent
of chronic pain. Mreover, the conpositions of the invention induce
efficient i mune respéns€ONIVQATES AND BisESHddyEREAPbnses. Rel ated Art
[ 0002] Nerve growth factor (NGF), which is also known as NGFb, is a
neurotroagig f%ctor and the founding nmenber of the fam |y of neurotrophins
whi ch doridrths I8Yen8P8i n Derived Neurotropic Factor (BDNF), neurotrophin 3
and neurotrophin 4/5 besides NGF (Pezet and McMahon, Annu. Rev. Neurosci.
29: 50106 ] yentlipkentidn ineuthetfiedghohsedyape; Bulelxcpheasltlednagu@plogy,

Doy ox g oiBRHas KRG il A bt oY E ey R B )
Sei dah pattidt (VBPYLihRed b at 13dst.0n8ahtiBéh, (WIRD6h) saidTimtsgemeit uMeGF anbipexeTlies its

bi ol ogi.cal function by binding to two receptors: the conmon receptor
p75NTR INVHItIOR aﬂﬁOrm@thss AIProGess fotW@‘il}Fﬁl% ﬂw qopnogitions fhaceyposifiany of tie hi gh
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tyrosi ne nase ich rrzes upon activates di ferent
signalmmglp&mmmwwﬁtK&hﬁnmnmﬂﬁh&nﬁahdnRemuband@umGﬂﬁcwﬁbummMBur@@onkm il (3):
272- 80 2001 ék early devel opment these signaling pathways activated
by NGFPPFWRaFﬁ? ‘EQF'%Wnﬁﬁock apoptosi s and prompte the survival and neura
outgrowt h of sensory neurons of the nociceptive system (Patel et al.

Neuron 25(2): 345-57 (2000)). After birth these neurons | oose their
dependdetacdArtNGE for survival but NGF continues to exert profound

bi ol ogi cal effects on nociceptors also during the postnatal period. It
regul ates the expression of neurotransmitters, receptors and voltage-gated

i on chapeE) Ndrike Rt FRAGT @GF)"@vHﬁlﬁsrﬁﬁoEﬁbﬁzﬂ/ eNREFpOfis ARChGEBpRIE Factbnot her
functlonally inportant action of NGF is to sensitize nociceptor responses
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McMahon, Annu. Rev. Neurosci. 29: 507-38 (2006)). Like all neurotrophins, NGF is
expressed as a pro-protein of approximately 27 kDa and it is cleaved to a mature form of
approximately 14 kDa (Edwards et al., J Biol Chem. 263(14): 6810-5(1988); Seidah et al.,
Biochem J. 314: 951-60 (1996)). This mature form exerts its biological function by binding to

NIR which binds to all neurotrophins with low

two receptors: the common receptor p75
affinity, and to the high affinity tropomyosine receptor kinase A (trkA) receptor. TrkA is a
receptor tyrosine kinase which dimerizes upon ligand binding and activates different signaling
pathways (Patapontian and Reichardt, Curr Opin Neurobiol. 11(3): 272-80 2001)). During
carly development these signaling pathways activated by NGF-trkA interaction block
apoptosis and promote the survival and neural outgrowth of sensory neurons of the
nociceptive system (Patel et al., Neuron 25(2): 345-57 (2000)). After birth these neurons loose
their dependence on NGF for survival but NGF continues to exert profound biological effects
on nociceptors also during the postnatal period. It regulates the expression of
neurotransmitters, receptors and voltage-gated ion channels thereby controlling the

responsiveness of nociceptors. Another functionally important action of NGF is to sensitize

nociceptor responses through post translational controls which lead to enhanced



[0003] NGF is involved in the nediation of pain perception in animls and
humans due to its role in the regul ation of nociceptor responsiveness in
adul ts. Swal2bossbs2at aneous or intramuscul ar injections eCTNEE00gI0¥s209i Se to
pain and tenderness |asting for days (Pezet and McMahon, Annu. Rev.
Neurosci. 29: 507-38 (2006)). In humans a correl ati on between NGF | evel s
and pain intensity coul d be assessed—iZra number of painful conditions |ike
chronic prostatitis (MIller et al, Urology, 2002. 59(4): 603-8 (2002))
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ot hers. sentially t t ypes, of.-paj be di stingui shed: Nociceptive
pai n aMEﬁglﬁﬂlbéQPHi evpﬁ)eﬁlfoggh??'egoﬁbﬁ @8@@3\@ pain arises fromthe
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course of an inflammtion, after injury or surgical incision, neuropathic
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cell types in the periphery |like keratinocytes, epithelial cells, snpoth
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of NGF Brak Weén73t0wd 7207 Si1997)) | asinotherdeEsseats @l lpatwo sgpss bif \piaity cian tee
nunber ©of. nocj ceﬁﬂi ve pain . nodels in g.odents For exanple it decreased
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t r eat MyRtLytonHRAR) ﬁf&&ing%ﬁsggaﬁéﬁir&lspai nin rodents (Ranmer et al., Neurosci.
Lett. 251(1): 53-6 (1998), Raner et al., Eur. J . Neurosci. 11(3): 837-46

(1999) (0004 dp8)ndUsn pafl anmasiondyGP ggtcinimslgogenigsiaflgmmapriammedesor. dt & -
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PRI T %cfls 24 macrophages. NBFIRVEIN ant sitstamiatly levatod dusink iaanesation ind
chronic painful conditions in animals and humans. Blocking of NGF has been shown to
significantly decrease pain sensitivity in a number of nociceptive pain models in rodents For
example it decreased thermal and mechanical hyperalgesia after cutancous injection of CFA
(Woolf et al., Br. J. Pharmacol. 121(3):417-24 (1997) and suppressed arthritis associated pain
(Shelton et al., Pain 116(1-2): 8-16 (2005)) and bone cancer pain (Sevcik et al., Pain 115(1-2):
128-41(2005)) among others. Although the role of NGF in neuropathic pain is less well
established than in inflammatory pain, some groups have also shown the success of anti-NGF
treatment in models of neuropathic pain in rodents (Ramer et al., Neurosci. Lett. 251(1): 53-6
(1998), Ramer et al., Eur. J. Neurosci. 11(3): 837-46 (1999)).

[0005] US patent 5,147,294 claims the use of NGF antagonists - among them NGF
monoclonal antibodies - for the treatment of pain. Since then a number of patents have been
filed which claim the use of monoclonal antibodies against NGF for the treatment of chronic
pain.

[0006] Chronic pain is a serious health problem affecting approximately 20 % of the

European and U.S. population. Less than 30 % of patients suffering from chronic pain obtain



European and U.S. popul ation. Less than 30 % of patients suffering from
chroni c pain obtai nadequate relief with current therapies (Pezet and
McMahon, worzaoy/iese3 Neurosci. 29: 507-38 (2006). Even nprc®/EP2008®6$20g dr ugs
used for the treatnent of chronic pain, nostly opioids and non-steroidal
anti-inflammtory drugs (NSAIDs), are acconpani ed by serious side effects
if taken for an extended period of time: Summary of the Invention [0007]
The novel therapeutic strategy which is disclosed herein is based on active
i muni adtquate el wsh cNGHl thddised Fsed aad dIdatpos AnhekewiNcotostindicd 7t e

duct j NGE- neut.ral i zi tibadi es by the i f.
DL o200 by T s GHETa B T TR o At R et T S AU B NGED,
and, t hgg.stdiSdall KEUEE MRG0 WudSONIIADSY, ¢ HebonPaahe8 byVRriBaY Side ROMEts if

surprisinguy found that the inventive conpositions and vaccines,

r especttilealfgr arcextgndicd pegode! tireaist one NGF anti gen, are capabl e of inducing
i nmune responses, in particular antibody responses, |eading to high

anti body titer against NG-. Mdreover, we have surprisingly found that

i nvent iSuenreaROHictIniigioand vacci nes, respectively, conprising at |east one
NGF antigen, are capable of reducing pain in aninmal nodels for chronic
pain. This indicates that the i nmune responses, in particular the

ant i bogj d i i - GOFE it lons i .
Fespect o] dHRAAE rttorallic sBHRDY VR GE PR MU AR LEREA I active g
neut r alimmungratdion agaihstoNGHREg Ditdodadract compodiiOS vhdteindspe dic mbdudtéon of
inventiqg is tqetefore %fc nposi.tion conprising:.(a), a.virus-like particle
(VLP) WeFrngptraliziag agfRodigs byt thg imgunskiteiaf e P%W&t-(fbﬁmétlmné‘%%at’@ﬁén%’nti gen
with at.d.gagt erﬂﬂﬁné%ﬁﬂ?&hﬁh&@%'TR@FB,SAIIde thUM 8RS R4S thedleciGBE Hai@PBr@NT1 gEN
is a NGF antigen; and wherein (a) and (b) are [inked through said at 1east
one fi ngekan¥cdaivd, mew] saptisogéy Sendrttatathcashersnte ainmsitNGgsandniachines, a

receptor |igand conpri.sin i ol oqi tivity which result. in undesired
(i de e frud iheromm ing s fett: pde N R Ak, HeShallher entins pPDUes
conposirtdpgAsesiLp it idu Riadtibedy RIspbRIA, icadmpy Cighieibddy aner Mg giNGpai d
NG- nutein conprised reduced or no biologic activity while it still retains
its capdericpyarywehaymaerisieg NGRmdribaftinedntiy agmpesitiansdind yaccimssrespastizely,
preferr bodj.nen f invention L deN ntigen is. I\ ein.
Foo00] “BaHErar o e ofte O daDEF T e ep Rt B PR B BYR Do BBl AT e The

i nduct icafondd paln.CEi$ indeSp3nbBashdimmathd redmics, a€ paieslar thaentbsdiesgdneainad of
the invention however are partjcularly useful to efficiently induce strong
ant i body the §PEAEES CHyRPHEPNS Hi YICEINghtIEERS§UIVF Y hits. thye, capable’of specifically

binding NGF in vivo, and neutralizing and inhibiting its function.

[0008] One aspect of the invention is therefore 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 is a NGF antigen; and wherein
(a) and (b) are linked through said at least one first and said at least one second attachment
site. NGFPB which is a receptor ligand comprising biologic activity which may result in
undesired side effects when administered to an animal. The invention thus provides
compositions wherein said NGF protein is an NGF mutein, and wherein said NGF mutein
comprised reduced or no biologic activity while it still retains its capability of inducing NGFf3
neutralizing antibodies. Thus, in a preferred embodiment of the invention, said NGF antigen
is an NGF mutein.

[0009] Generally, highly undesirable side effects may be associated to the induction of T cell
responses by anti NGF[} vaccines. The compositions of the invention however are particularly
useful to efficiently induce strong antibody responses against the NGF antigen within the

indicated context while lowering or eliminating unwanted T cell responses. In a preferred



i ndi cated context while lowering or elimnating unwanted T cell responses.
In a preferredenbodi nent the conposition of the invention therefore further
conpr i seswatoés%mes23one pol yani oni ¢ macronol ecul e, wher eipaTER2@8PE829@NI ONi C
macr onol ecul e i s packaged into said VLP, and wherein preferably said

pol yani oni ¢ macronol ecule is a polyanlonlc pol ypepti de, and wherein
preferably said pol yani onic pol ypeptide-is polyglutamc acid or

pol yaspartic acid, nost preferably polyglutam c acid. [0010] A further
aspecteumoﬂmanﬁnhennﬁmnmﬁbnaoﬂdﬁnMH@n@mnﬁbsbﬁﬁ@dhﬁmnpmhsmmgsaﬂ least one
therapeu |calky effectiv %#ﬁunt af t?e conposi tion o& Ihe nv ntion

[0011] PROEDIPHeMAGSRRLCuss Wik FIEMONEAI na matypplRelle, SRSk EE WSS on
conpri symg: an(i%)rhe@mﬁ%@f@ﬁ'bl}l &id pblyhRBnicveRbmeRcuRNS a(ﬂ&yaal&lhtap@%@mdbcal l'y
acceptabl e carrier. %ﬂy 12] A further aspect of the invention i1s nmethod of

i muni @aduvolrrﬁrelprmﬁ@r yalégmlmlommpblypgml@ mepdivgluttonpracisi ag palyaspartst er i ng
t he conpay, sh%hpn % el uag%lgad t he vacci ne conposition of the invention,
or the pharna p X%p ion of the invention to an ani mal, preferably
to a hyowr A ﬂﬁ)fh%} as?)eéttﬂfttﬂitﬁﬁwé(&ﬁﬁaqﬁ aaﬁcoﬁﬁeecdnﬁpb@mbmampﬁsﬁlgatﬁ@m@ﬂc&ﬂpn of
the invention, the vaccine conp05|t|on of the invention, or the
pharnaé@%?@%%ﬁmﬁ%%ﬁﬁﬁﬁ@P@@O%Fm%ﬁ@iPﬁ%@ﬁﬂ@bn for use as a nedicanent. [0014]
A furt S t t f

vent 100 REP R ash O of BERLEATL § o N3G ol QBRIRATLRRANE (B, | o
manuf accbmlpesmén af the diveatiemtant gb) & ﬂstelrmamtmﬂryt acoéptflee barripr.ef er abl y of

chronic 015] A further aspect of the i nvention js conposition of
t he m»lg‘ﬁ&l o%fu T 3G QitheXeHRBds MeBRd o IMARNiZAGYh Pr Jrablyraggmst NGER,

phar magef fn%ﬁlo dC Qgﬁl‘ﬂ?lsiﬂgoéhrﬁfnl&gﬁn% e @(t)llng\ﬂsﬂ(tl%ﬁ JHSend fﬁv%ﬁ'ﬁoﬁ rgatyReinOof
pain, preferably of “chrohic pain 0016] further aspect of the invention

is a rm:bmpdsmbnmfdha@m\ragltlbheorcmﬁmhsrmhmti@fal ttmeposivientof ghe isa@ntonebhaod
conpr|5|qgﬂﬂé %zﬂﬁOVId a VLP with at |east one first attachnent site;
(b) prdéH R RACS %1NGF antigen with at |east one second attachnent

site; 30613] A firkhds RPeGIfdh YR ARgnSakitk DApaRfiden tROinREABIL eh SR ine

conposition, wherein said NG- antigen and sald VLP are |inked t hrough said
at | easpmpnsitipn pEtheamgngian.cordbe prampcoricalseopmeditiontod dhamarentiintfor ugy 4sef
n.of the Drawings Figure 1 : In vitro neutralization of nNG- b by

Descri
urlflg%aﬁéPg?lgcs of i mmuni zed m ce.
[0014] A further aspect of the invention is the use of the composition of the invention, or the

use of the vaccine composition of the invention for the manufacture of a medicament for the
treatment of pain, preferably of chronic pain.

[0015] A further aspect of the invention is composition of the invention, or a vaccine
composition of the invention, or a pharmaceutical composition of the invention for use in the
treatment of pain, preferably of chronic pain.

[0016] A further aspect of the invention is a method of producing the composition of the
invention, said method comprising: (a) providing a VLP with at least one first attachment site;
(b) providing at least one NGF antigen with at least one second attachment site; and (c)
linking said VLP and said NGF antigen to produce said composition, wherein said NGF
antigen and said VLP are linked through said at least one first and said at least one second

attachment site.
Brief Description of the Drawings

Figure 1: In vitro neutralization of mNGF[ by purified total 1gGs of immunized mice.

Proliferation of TF-1 cells in response to mNGF[ was determined via BrdU incorporation.



Proliferation of TF-I cells in response to nNGFb was determ ned via BrduU
i ncorporation.Proliferation in response to 10 ng/m nNGFb in the presence
of 10 ng/wb 20@tmbs28gGs of b i mruni zed ani mal s was set &ETHEP0B682d9 t he
TF-1 proliferation in response to all other conditions calculated in
relation to that value. Circles represent values derived after pre

i ncubation with 1gGs from Q-inmuni zed ani mal s, squares val ues derived
after pre incubation with 1gG from Qb- MNGFb- Hi s- GGC-i mmuni zed ani mal s.
Aver ag@soldbratih ph irespoes to/ -0 @n&nﬁ\l@F&ﬁntheEjrg&ﬂnee 2f 10 Pevre] opatdpbs of QP

clinical scores and avera eb i CIA ce. Mce were inmuni zed at
day 0, THUHEE DR @Pm u@gd%a% Gﬁ&f EFrl Pifd’h gration HCNSHP%%Ith?#lt?fFFfti c
SCOores c%dmo% chﬁ'ﬂ}h@é@ﬁﬁre‘l‘d&dﬁ Hnhf th@%&@l@@f&ﬁ%seﬁf vQﬂeM@ed‘ﬂ%r%@- (open

circles). Values are given as average scores of four I'Inbs per nouse
and gr ongmbéticB )with -IgGEI\/EomeBAmanmgaed)cadyna/lzel gthtar&:sf valuee demmedhiafied pet h Qb
(filled squares) or H s- G3C (open circles). Values are_given as
aver agdh atgpwﬁgmGS( ﬁelel)Qﬁ/mN@ﬁﬁ/@s- %ﬁwl@n@mm o AT Arppeesen@irlicafety and
rrechanqc/;zé %Hdég&gl a in zynosan A induced inflamratory pain. Mce were

I mmuni ze 10 and 20 and inflammuatory pain induced at day 3 1 by
injection of zympsan A into the left hind foot paw. A) Thernal
hypersensitivity of mce_imu %agl zed w | ed squar es) or

Qb- miNGtigWyes2: Qseloppisht ef ¢lniea)soerst é?‘ir?Yf‘é%gea‘%O WF 1Nt Bdrlawaices Mige WOR ues
gi ven a5, aneladeda @‘14))anﬁl2'0 G ﬁhué%la%%&whn@hé %}y@lﬁtﬁcaqfartm‘lﬁg sédrpuni zed

with Q (filled sduares) (open circles) determ ned as
appl i edf mleas&nlmenxza;ﬂmluhgg[ﬁ)aﬁ\llw sqmdreay\ai QpVaNGES-lgisve@GCdspavardgesvilnest) +/ -
SEMs. Figure 4 : Thermal hyper sitivity and nmechani cal allodynia i n

Zy mos artt RS AT STHIY SRRt O fg%ur RS OBL POy and Brosean 15 H/s SEdds B

i muni

i nfl am?g\%(g %S)g' E}Qe‘f stvé?r?glucqexﬂ%%{ngzg &bdggﬁlﬂﬁ?%ﬁ %Sﬁog%zym)cgﬁ }3% I nto t he
left hi ﬂpisnfmtespHMueﬁareEhmrmIavémgeb(&@nxséightv(mt:&) of SEMxe | mmuni zed with Qb
(PolyGu) (filled squares) Qo (PolyQ u)-nNG- b-Hi s-G&C (filled triangles)
or Qb- mMNGFb-H s-G3C (open circles) determ ned as paw wit hdrawal tine.

Val ues a I ca Nj ce
ey SRR TR 1oty By RO, ATMARIO e 22
(grey finfldnedatoiy pdleslwlaamdﬂaimmiﬁhe&latsdm (16ped 20iand irfbmmdgbeyr paim edluasd
appl i ed for r.awa

SEMs. g ﬁg?f%ﬁg@% Zgﬁlo(%i}lrp HAto, thg, ée?fﬁlgﬁsfo ip\él%vr.] A%sl"hae}/rgg afglpersgns:it@ity” )
of mice immunized with QB (filled squares) or QB-mNGFB-His-GGC (open circles)
determined as paw withdrawal time. Values given as averages (n=4) +/- SEMs. B)
Mechanical allodynia of mice immunized with Qf (filled squares) or QB-mNGFB-His-GGC

(open circles) determined as applied pressure causing paw withdrawal. Values given as

averages (n=4) +/- SEMs.

Figure 4: Thermal hypersensitivity and mechanical allodynia in Zymosan A induced
inflammatory pain in QB-(PolyGlu)-mNGFB-His-GGC immunized mice. Mice were
immunized at day 0, 14, 28 and 42 and inflammatory pain was induced at day 62 by injection
of zymosan A into the left hind foot paw. A) Thermal hypersensitivity of mice immunized
with QB (PolyGlu) (filled squares) Qf (PolyGlu)-mNGFB-His-GGC (filled triangles) or Q-
mNGFB-His-GGC (open circles) determined as paw withdrawal time. Values given as
averages (n=4) +/- SEMs. B) Mechanical allodynia of mice immunized with Qf (PolyGlu)
(filled squares) QP (PolyGlu)-mNGFB-His-GGC (grey filled circles) or QB-mNGFp-His-



[0017] Unl ess defined otherwi se, all technical and scientific terns used
herein have the sane neani ngs as commonly understood by one of ordinary
skill in wbeoavasos2e whi ch this invention bel ongs. [0018pCcAmre@snss20s used
herein, the term"antigen" refers to a nol ecul e capabl e of bei ng bound by
an antibody or a T cell receptor (TCR) if presented by MHC nol ecul es. The
term"antigen", as used herein, also—énconpasses T-cell epitopes. An
antigen is additionally capable of being recognized by the i mune system
and/ or GﬁCr(gp@apia@bsé deterimmbdcasngppdict domse adausingpae withpawsle Vahdsgivaehd ul ar
i mmune resgoqe _ﬁagERghto the activation of Band/ or T-lynphocytes. This
may, hEWEdess i at least in certain cases, the antigen contains
or is Irnked to a Th cell epitope and is given in adjuvant. An antigen can

have oqeﬁgkdqgggqegmygp§§h&§mK§pd T- epitopes). The specific reaction
referred to above is nmeant to indicate that the antigen will preferably

react i dj

ant i bo&byﬁ W cfe ngd %'t'h%% sdﬁ &4 ctaia% %ftlﬁcr%ﬁlps usteéh r%d{ esV%gfrPe %a%

whi ch I’i‘ﬁe}anb%s Qy @KlﬁdlolﬁYy aideetto@nby gleen(sf or&ﬁlhmﬁm iRthcused Wibtiethis Myntadis0 be
m xtures of several individual antigens. In a very preferred enbodi nment ,

t he an@Fb@ﬁSis an NG- antigen. [0019] Epitope The term'’ epitope refers to
contin jor t of ol i und
munod P o ATEEE AU RRR, theRimyn? UBRAD oottt Elh AR LRI

cont extboohd ap aividatibadyeend € .cell muepts gECKY) i Cpiosandkédlgy ¥HEC uddsculonTapeant i ¢

bi ndi ng but does no neces?arrl excl ud oss-reag%évihé. An 'tQﬁf

typi cal PYEThp AP decGhasin Al n&&asﬁ?ﬁ Ce[%a?prtapesc P&t bn F% ¥

uni que ctaﬁaﬁlg%f%iﬁg)&%og{ngga% 08 306 Y stchD nd BF Bh1 r%scsa?)c&bfét &8nd(Bigid S
noun associ ation) as uSed herfein refers“to all possi Dbl e ways, preferably
cheni cdiumomdlemacuriconesponlsy andor helivdar mmhenmteegormeéeqdmgr@dtht@gewtmn of@rem cal
|nteract| nﬁ‘kﬁﬁ%'gs g,alent and non-cov ht | Rerac %ﬁ ﬁ

exanpl 891% R ents TAY-dIPYE Pl r’i%q“e\fre Foff €25t AR & aéP F?fﬁ’é yar&phobi c
i nt er agbh@NS oRlhis Medag e ThhNdpitoph 2 ERB S AR BRI attNABAEEI0NS AVE oRasEd, by
way of exanple, on coval ent bonds such as ester, ether, phosphoester,

am de, npmpteiptrepe%ﬁ bewd Ehcﬁ@ﬁﬁm&)sTbeﬁﬂ@lfleaw@wngf@fefrmd torhoycuptragsto

the. phriige® i B G RERRTL pre vl Al PR, noh b bR R S ERELT
occur r icogesdonbinghatididy, orPrEX efidhbtywidi thie nﬁdlatu\z[l: Bf omeMtMeet TCRopMge, or
which is artrfrcrally added to the VLP preferabl to the VLP of an

RNAbac ey Rpptked byithgrgnfigein Anfigensaongdetdr Pi‘r?éfrﬁls%b? BIREESI sy §iRked.

The fi riﬁ&iviﬂh&laaﬁﬂg%t In a very preferred embodiment, the antigen is an NGF antigen.

[0019] Epitope: The term “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.

[0020] Associated: The term “associated” (or its noun association) as used herein refers 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.

[0021] 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-



site may be a protein, a polypeptide, an am no acid, a peptide, a sugar, a
pol ynucl eotide, a natural or synthetic polyner, a secondary netabolite or
conmpound Wbi2o0a9/080828| uor escei n, retinol, digoxigenin, mnetralr/APRINS/068209

phenyl met hyl sul fonyl fl uoride), or a chem cally reactive group such as an
am no group, a carboxyl group, a sulfhydryl group, a hydroxyl group, a
guani di nyl group, histidinyl group, or/a conbination thereof. A preferred
enbodi ment of a chemcally reactive group being the first attachnment site
i s t he bagtieneplyeouy whichns artifisallxcidded te thea¥LP ys¢farblyl to the prlet ef ne RNA-

nbodi nent .said first attachment site.is th i f.a |lysi
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RNA- bact eri ophage. [ 002 he first attachnent site is located, typically
on t he ntwrélaete synthetiop pelyaicabp yscepndane racielalite @r f eppepophnd t (heotipy Bluopese¢iar abl y

of the VLP, of;. ap. - eriop e S eferabl a -fpacteri ophage
Q. NUIr?ﬁ%géll’edﬁ%Pr“ ngl\t ?Igegi&llnéo rlllg ’ Eﬁ%&mgﬁ%ﬂs%&e@@ﬁ%&@ﬁxt ﬁlfe asél}lrefl?}glécazél elR, gerag "6t abl y
on t he gastipesuchWsf ACeminof grobie, ¥ cabsxyli deeupad biltydryl piredgrabydtonfl drogp,\d-P of
an RNAbacteri ophage, npst preferably of the VLP of RNA-bacteri ophage Qb,
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occurring with the VLP. Al ternatively, in another. preferred. enbodi nent the
first é&’sg%f‘c?ﬁ%iﬁ?’ wherginy prefgrably saidJysife zepidig 18 6 kYﬁ@e\?E%i@fuq wﬂac%plﬁ Sepralhy

embodi mRAkihPSifh! hri VED LACRPBN with k&id VL RSSACRRIEShWirfoBhsal d VLP through at
| east one coval ent bond, preferably through at | east one peptide bond,

wher ei 10823 dhelfrst atsachmgRl sige fs lanatRiAybaetlgongphagdacqred erebiaplybn the

RNAbact er i ophage . a furthe referre odi nent said first
ot acioalir SEHRE S KLP ety BB oriEs G S pETRRhe SR e iRk ko  y i ne
resi dugni RNA-bytéiphh@siGRIevieftiic GR8t aRh iR, siRisefre It @h tAcGaatachy ot ein
of an RNA- bact eri ophage, nost preferably of RNA-bacteriophage go In a
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f ur t hedrgeebbrorethcaniidiunfees of dicdvirysrldee particle Hrelsrabdy pbthesV wNAT oup

of a lysin | d f tei faﬁNg - terio - rej
prefer ?%%tfﬁosﬁahﬁlgé’c glgotsp rrgﬁega?)w congrr%rei Isvg“go c?rf pr e%cgﬁfoyﬁ%%engﬂg 3 gplcc)%\n? hagﬂd;m no
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attachnment site is a_l )f)si ne residue, wherein preferabl%/ said_|ysine residue
is a | paiaretreuigdke YL hERgn ahrgriedns, coprlenbbemt preferablvciBERUEE A IEhoRT  an
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prefer nt
with the VLP. Alternatively, in another 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 RN A-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
QB. 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:1. 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 Q. In a further preferred embodiment

said first attachment site is a lysine residue of the coat protein of RN A-bacteriophage Qp.



said first attachnment site is a |ysine residue of the coat protein of
RNA- bact eri ophage Qb.[0023] Attachnent Site, Second: As used herein, the
phrase "swoana/mbg2achnment site” refers to an el ement whipch/EPsoosasszoal |y
occurring with or which is artificially added to the NG- antigen and to
which the first attachnent site may be |inked. The second attachnent site
of the NGF antigen may be a protein, & pol ypeptide, a peptide, an am no
acid, a sugar, a polynucleotide, a natural or synthetic polynmer, a
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conbi nation thereof. A preferred enbodi mrent of a chemcally reactive group
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preferr e a d
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"TSFGF antigen with at | east one second attachnent site", as used herein,
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Fesoo: Arelrmbe nﬁ@fzsmﬁe@% EHPOUPR Y Bad 15 Lﬁ?@ﬁﬁy \E&P et PIBETRDLY 2
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t he NG- ant| gen wt | east one second attachnent site further conprises
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attachnq ere% turt er.n r ef er.abl ¥ %ﬂbg é qu% fed to the NG
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refers attQctandnk rdde. RAOSRI PrefEH&f @hMBHMMRt,S HRUBdon®T atBichdbr gite Gapstdalgf a
virus, preferably of an bacterlophage whi ch is capable of being
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by whi @ha&lﬁ&natsnbaasdsswmd iwigt that N&imﬁﬁﬁgenSlh'&@Jgéhnd tehet ade beaddnt dﬁxﬁdsecona
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coval eninkbrocuohsprsoc it lasst @eat second taltechmanh esg hvdesdie fyrtlemipdeferably said linker is
fused to the NGF antigen by a peptide bond.
[0024] 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 term “linked” (or its noun: linkage) as used herein, refers to all possible
ways, preferably chemical interactions, by which the at least one first attachment site and the
at least one second attachment site are joined together. Chemical interactions include covalent
and non-covalent interactions. Typical examples for non-covalent interactions are ionic
interactions, hydrophobic interactions or hydrogen bonds, whereas covalent interactions 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,



pepti de, carbon-phosphorus bonds, carbon-sul fur bonds such as thioether, or
i mde bonds. In certain preferred enbodinents the first attachnent site and
t he secomloanesashsment site are |inked through at | east eoe/RPowaloesdy bond,
preferably through at | east one non-peptide bond, and even nore preferably
excl usively through non-peptide bond(s). The term"linked" as used herein,
however, shall not only enconpass a ditect |inkage of the at |east one
first attachnment site and the at | east one second attachnent site but al so,
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way of laked @agirisener mmisewexmlycbner@meme rrea‘uﬁreadmknsaialysemw @facﬁrheﬂt&;ﬂ;s tis one
peptide bond. 1n case of a second attachnent site not naturally occurring
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at t achnent,.ish b H%‘Pécul%%%ﬂl 1smgbary L@é ey 1-PL eéffoﬁﬁégls’ sud aVAYOf 8@1&%1' 8135t

one coval ent bon nor e pr y way o t one pepti

[0027] c&cﬂbh@cyda,c iad ci¢lodkenyl, Theylt er nhdtapanyd mciety. | Mokerver,r dfilesrs tommidingnker

compri s rer}gra%fy a %61 66 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 NGF antigen is preferably
by way of at least one covalent bond, more preferably by way of at least one peptide bond. In
case of a second attachment site not naturally occurring with the NGF antigen, the linker is
associated to the at least one second attachment site, for example, a cysteine, preferably, by
way of at least one covalent bond, more preferably by way of at least one peptide bond.
[0027] Amino acid linker: The term “amino acid linker” refers to a linker comprising at least
one amino acid residue. Generally, the term “amino acid linker” does not imply that said
amino acid linker would consists exclusively of amino acid residues. However, in a preferred
embodiment said amino acid linker exclusively consists of amino acid residues. The amino
acid residues of the linker are, preferably, composed of naturally occurring amino acids or

non-natural amino acids known in the art, all-L or all-D, or mixtures thereof most preferably



one am no acid residue. Cenerally, the term"amno acid |inker" does not
inply that said amno acid |Iinker would consists exclusively of amno acid
resi dues.wboenmsns23i n a preferred enbodi ment sai d am noPaTiE®k2008/0ks209

excl usively consists of am no acid residues. The am no acid residues of the
linker are, preferably, conposed of naturally occurring amno acids or
non-natural amno acids known in the &9t, all-L or all-D, or mxtures

t hereof nost preferablyall-L. Further preferred enbodinents of a |inker in
accor dafide Rinthert prcfericd vanbddomerts eofro | ledat es acorrdancsi wehathssulrfvieytaory largyr oup

or a cyst.eine residue and h nol ecul es are, therefor | so &N assed
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preferably, said NG- antigen is an NG- nutein. The term"NG- antigen”, as

used hdP@i8h NG entgn: éhfcmaME aptisan’tasansd detednarferot 41 N&R piescingl udi ng
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necessagrind YNCEahﬁilgNG’: @ntidedeliereia, speaet fehﬁcﬁhlb%séfsopbbd-ttbyslmt h@dﬁﬁcaaaﬂu or
pol ycl onal anti anti bodi es, [0029] NGF protein: The te " NGF
pr ot ei Anclyding, ?@'fdl% éméteﬁ ta bGPty linasrsaiationy nhesshesptions of &ﬁ&}l PFjanggeror

al ternatiy, 0, e n o] 22,
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t he pol i des of .S | D NGs, to 39., An NGF protein pi cal ly, but not
necessa{%‘&eﬁ%gﬁnﬁfﬂ%g%? JFiyi é\ifﬁFam%w gy i) $9 Engempdss any
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al so enconpass any polypeptide conprising,” or altérnatively or preferably
consi stIDrl‘@Oo?rZ tl@rmowatNﬁlébf BEQIENN L ok yhearogrichimand arg mﬂmtﬁdmavmmgthmr e

than 70 (V fera t 80. % referably nore than 8 ven nor e
or of er ABISATyFS PRERR900F ffae divh BREFEPTReY AR An gt Bbaprihoe

prefer @EIQ'HDIN@S Bhad 397 AKNGF t@ﬁl t%]éﬁ@l%ﬂ%@ Qot AREJakiWy, \@bhﬁmgégembugﬁal NGF
of SEQ ID NG 22, the nouse N NO 24, or the corresponding

ort hol @g%wfyﬁ orsferaplyoinhe @elhnrqhéfrrathrh asse B r PTG, phieoteémn‘N%l% prdeid” laeue¢d

shoul &\ CUGL NGB! 8 USOTRASS (ROSEILANE! BhhANGhs TBALILARH.ANS: Laskuding but

not |i m cosy | ons, ons NGE

pr ot ei moﬁﬁstd'%fdfnﬁ@ Iﬁihﬁ‘dbor g%neti(ﬁﬂﬁl@hg’mééied N@Eanp hmlﬁg moreaﬁlaﬁl g0 Uhgdcbrbel n,
consists of at mpst 200 am no acids in length, and even nore greferabl y of
at mostmors handt go. e lgeabish moss Hag, 85stop |everbfr@rf*ep%€rr9blatm%stbaq ® “ant&i8! aci ds

139 L englidte pldfabR! h¥redith B5 ©f &indthdst pPatdbNFroR RAEHH of SnBRPESEdid s&lchye bound
identity with the human NGF of SEQ ID NO:22, the mouse NGF of SEQ ID NO:24, or the
corresponding orthologs from any other animal. The term “NGF protein” as used herein
should furthermore encompass post-translational modifications including but not limited to
glycosylations, acetylations, phosphorylations of the NGF protein as defined above.
Preferably the NGF protein, as defined herein, consists of at most 200 amino acids in length,
and even more preferably of at most 150 amino acids in length, still preferably at most 130
amino acids in length. Typically and preferably, said NGF protein is specifically bound by
monoclonal and/or polyclonal anti NGFf antibodies. Furthermore, NGF protein which is
useful for the purpose of the invention is typically and preferably capable of inducing the
formation of anti NGF antibodies in an animal, when administered to said animal in form of
an immunogenic conjugate, preferably in form of a conjugate with a VLP of bacteriophage
QP. Most preferred are NGF proteins which are capable of inducing the formation of anti
NGF antibodies in an animal, when administered to said animal in form of an immunogenic

conjugate, preferably in form of a conjugate with a VLP of bacteriophage Qf, wherein said



nonocl onal and/or pol yclonal anti NG- b anti bodi es. Furthernore, NG
protein which is useful for the purpose of the invention is typically and
pr ef er ablwocapaishs3of i nducing the formati on of anti NGPCarHPR@s@be89 i N an
animal, when administered to said animal in formof an inmunogenic
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Exanples 9 to 12 and 15). It is apparent for the artisan, that typically
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consi stthangdo%e ahinowsid kfuerstiiddntinptoethp pefypeptideyo fah). Posttrably, the term “NGF
fragment” as used herein encompasses any polypeptide comprising, consisting essentially of,
or alternatively or preferably consisting of, at least 12 contiguous amino acids of the NGF
protein of SEQ ID NO:22 and the same polypeptide comprising, consisting essentially of, or
alternatively or preferably consisting of at most 45, still more preferably at most 40
contiguous amino acids of the NGF protein of SEQ ID NO:22. The term “NGF fragment” as
used herein should furthermore encompass post-translational modifications including but not
limited to glycosylations, acetylations, phosphorylations of the NGF fragment as defined
above. An NGF fragment typically, but not necessarily, comprises biological activity,
preferably in a cell proliferation assay. Typically and preferably, said NGF fragment is
specifically bound by monoclonal and/or polyclonal anti NGFf antibodies.. Furthermore,
NGF fragments which are useful for the purpose of the invention are typically and preferably

capable of inducing the formation of anti NGF antibodies in an animal, when administered to

said animal in form of an immunogenic conjugate, preferably in form of a conjugate with a
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deletion or by any combination thereof, wherein preferably the amino acid residues in said
positions are altered by substitution. Typically, but not necessarily, said NGF mutein is
specifically bound by monoclonal and/or polyclonal anti NGFp antibodies. An NGF mutein
comprises reduced biological activity as compared to said amino acid sequence to be mutated.
Most preferably, said NGF mutein does not comprise detectable biological activity.
Furthermore, an NGF mutein which is useful for the purpose of the invention is typically and
preferably capable of inducing the formation of anti NGF antibodies in an animal, when
administered to said animal in form of an immunogenic conjugate, preferably in form of a
conjugate with a VLP of bacteriophage QB. Most preferred are NGF muteins which are
capable of inducing the formation of anti NGF antibodies in an animal, when administered to
said animal in form of an immunogenic conjugate, preferably in form of a conjugate with a
VLP of bacteriophage Qf, wherein said anti NGF antibodies are capable of neutralizing the
biological activity of NGF protein in an in vitro and/or in an in vivo assay, preferably as

described herein (cf. Examples 9 to 12). It is apparent for the artisan, that typically and



conprises reduced biological activity as conpared to said am no acid
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is at pre |y at Teast nore preferably at” [ east 80
% prohferatlon which is at least 20 %, preferably at least 50, still more preferably at least 80 %

of the maximal proliferation, which is achieved with an appropriate standard. An NGF
antigen, preferably an NGF mutein, is not biologically active if it is not inducing a detectable
level of cell proliferation. Typically and preferably, an NGF antigen is not biologically active
if it is inducing cell proliferation which is at most 20 %, preferably at most 15 %, more
preferably at most 10 %, still more preferably at most 5 % of the maximal proliferation, which
is achieved with an appropriate standard. An NGF mutein is regarded as comprising reduced
biologically activity if it induces cell proliferation which is less than 100 %, preferably less
than 80 %, still more preferably less than 60 %, still more preferably less than 40 %, still
more preferably less than 20 % as compared to a polypeptide consisting said amino acid
sequence to be mutated.

[0034] In the context of this invention an NGF antigen and in particular an NGF protein, an
NGF fragment and an NGF mutein is regarded as being “capable of inducing antibodies”, if it

induces an antibody response, when administered to a test animal in form of an immunogenic
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detected as the amelioration of pain in said animal model. Preferred animal models for pain
are collagen induced arthritis in mice, zymosan A-induced inflammatory pain in mice, taxol-
induced neuropathic pain, wherein preferably said assay is performed essentially under
conditions as disclosed in Examples 10, 11, or 15.
[0036] Ordered and repetitive antigen array: As used herein, the term "ordered and repetitive
antigen array" generally refers to a repeating pattern of antigen or, characterized by a typically
and preferably high order of uniformity in spacial arrangement of the antigens with respect to
virus-like particle, respectively. In one embodiment of the invention, the repeating pattern
may be a geometric pattern. Certain embodiments of the invention, such as 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
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this invention.
nature of the amino acid is maintained. Typical conservative amino acid substitutions are

substitutions between amino acids within one of the following groups: (a) Gly, Ala; Val, lle,
and Leu; (b) Asp, Glu; Asn, Gln; Ser, Thr, Cys; Lys, and Arg; and (¢) Phe and Tyr.

[0040] 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.).

[0041] Virus-like particle (VLP): The term virus-like particle as used herein, refers to a non-
replicative or non-infectious, preferably a non-replicative and non-infectious virus particle, or
refers to a non-replicative or non-infectious, preferably a non-replicative and non-infectious
structure resembling a virus particle, preferably a capsid of a virus. The term “non-
replicative”, as used herein, refers to being incapable of replicating the genome comprised by
the VLP. The term “non-infectious”, as used herein, refers to being incapable of entering the
host cell. Preferably a virus-like particle in accordance with the invention is non-replicative

and/or non-infectious since it lacks all or part of the viral genome or genome function due to



[ 0039] Conservative am no acid substitutions, as understood by the artisan,
i nclude isosteric substitutions, i.e. substitutions wherein the charged,
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by the VLP. Thus, the polyanionic macromolecule can be enclosed by the VLP without the
existence of an actual binding, in particular of a covalent binding. In preferred embodiments,
at least one polyanionic macromolecule is packaged into said 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
WO02006/037787. Reference is made in particular to Example 4 of W02006/037787.
[0044] 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 ligands, nucleic acids capable of inducing and/or



macronol ecule in relation to the VLP. The term "packaged" as used herein

i ncl udes binding that nay be covalent, e.g., by chemcally coupling, or

non- coval wot2p098g823 i oni ¢ i nteractions, hydrophobi C i nt ecamre@s®es2hydr ogen
bonds, etc. In a preferred enmbodinent, the term "packaged" refers to the
encl osenment, or partial enclosenent, of a pol yani oni ¢ macronol ecul e by the
VLP. Thus, the pol yani oni ¢ macr onol eCthe can be encl osed by the VLP w t hout
t he exi stence of an actual binding, in particular of a covalent binding. In
pr ef er reebanemmigodi rentusg raspdnefagetndohpzomdﬂsy@ahrideﬂ LR Ndoms| preferably shepa@maged

t d VLP t | ent
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WO2006/ 0377 Reference is made in particular to Exanple
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response, such as T I1-]ike receptors lig nucl ei ¢ ac
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to a nol ecule that IS not capab e of 1nducing cytokine productr on.
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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
mixtures of L- and D-glutamic acid. Most preferably said polypeptide only comprises L-
glutamic acid residues.

[0047] Poly (GluAsp): The term “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 therecof. Most preferably said
polypeptide only comprises L-glutamic acid residues and L-aspartic acid residues.

[0048] Pain: pain either arises from the stimulation of pain receptors (nociceptive pain), e.g.

by injury, or it is caused by a malfunction in the nervous system that leads to a pain signal



preferably at |least 95 % nore preferably at |least 99 % nore preferably
100 % aspartic acid residues out of the total nunber of amno acid

resi dues wornpewmsestsby sai d pol ypeptide. The aspartic acipdTme00d0eR00f said
pol ypeptide are hereby either all-L, all-D, or mxtures of L- and
D-aspartic acid. Most preferably said gol ypeptide only conprises L-aspartic
acid residues. [0046] Pol yglutanmic acil®- The term "pol yglutanmic acid", as
used herein, refers to a pol ypeptide conprising at |east 50 % preferably
at | eadeingGeds torthe brapr, ef idroabbviaus ploashl Gisé4 nowmpatipe péie). Palnymatudeedet 95

% f ly at. least 99 % and t ferably 100 % gl utamnic.acid
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either all-L, all-D, or mxtures of L- and D-glutanic acid. Mst preferably
sai d pahypegtheenstionpyralgmpri ses Lgl utamic acid residues. [0047] Poly

(A uAsp) " "Pol y . »her el refer 0 epti de
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said p ept ] . u | g0l ecul ot 1 iq.:
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L- aspar}i id residues 0048] Pain:. pain either arises fromthe
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signal béing sent to the brain,”w thout obvious physical Cause (neuropathic
pai n) . vRthiont bheibusiebysidabrcaescampiheas dvbétaoasuropathy, ohpatiom lintheparatani dost
arthri &J ) Eai n ancer pain, visceral pain, chronic |ow back pain, and

chr oni FCRERHAEHAE % i br onyal gi a, di abetic neuropathy, phantom |inb pain and
post heoes iGne"@Himb® ifeiturk QF49us MR SQPINdVErRAIKR: paFti@ed B tht haY eeRidd e
pai n" as used herein, refers to a pain arising fromthe stinulation of the
pai n r agepnstive gumeementgiihgir subynery or di sease that affect the tissues,
such a 11048 .and. .can [ y ai i hcl hroni ain.
pr ot or 1002 bl B R R, RS APPSR RedeE O LR
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chroni ¢ headache. [0Q050] Neuropathic pain: The term "neuropathic pajn" as
used héPBYRING epentiallylprsanpisung eberah profeingl mykats Yrragmente thessofolsasy st em

that | %@ﬁ-btagteﬁomigg i an'aﬁlonpg ivﬂgs-ﬁﬁé"{)alrtigletotf%nWA-rbacteriophage is resembling

the structure of an RNA-bacteriophage. Furthermore, a virus-like particle of an RNA-

bacteriophage is non-replicative and non-infectious. Typically and preferably, the term "virus-
like particle of an RNA-bacteriophage” furthermore refers to a virus-like particle of an RNA-
bacteriophage which lacks at least one of the genes, preferably all of the genes, encoding for
the replication machinery of the RN A-bacteriophage, and typically and further preferably
even at least one of the genes, preferably all of the 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, wherein the aforementioned gene or
genes are still present but inactive, and, therefore, lead to non-replicative and noninfectious
virus-like particles of an RNA-bacteriophage. In its broadest definition the term “virus-like
particle of an RNA-bacteriophage” therefore also encompasses a virus particle of an RNA-
bacteriophage, the genome of which has been inactivated by physical or chemical or genetic
methods so that the virus particle is non-replicative and/or non-infectious. Preferred VLPs of

RNA-bacteriophages exhibit icosahedral symmetry and consist of 180 subunits.



wi t hout obvi ous physical cause, such as diabetic neuropathy, phantomlIinb
pain and post herpetic neural gia. [0051] One comon feature of virus

parti cl eswarndowisos2s- | i ke particles is the highly orderesgcamp008pes20¢i ve
arrangenment of their subunits. [0052] Virus-like particle of an

RNA- bact eri ophage: As used herein, the term"virus-like particle of an
RNA- bact eri ophage" refers to a virus=1?ke particle conprising, or
preferably consisting essentially of or consisting of coat proteins,

nmut ant §0@43] fOregrent snit Wherethfe, teuhs HonedRNAa’baxten’ ephagd. inlthisatishlesuon  they
virus-like‘g rticle, of.. an RNA—bacHerigfhﬁge.hs { senbling the structure of
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preferably, the term"viruslike particle of an RNA-bacteriophage"
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parti cl - i ] ] A REME NG nes

are stfﬁ%dgﬁgggﬁ?qﬁg%ggﬂg@??gg?FgﬁggﬁkSé?%P%Fg&BIeadq%éggggrgg%?9§%¥§€e and
noni nf eatl irepsitivierans gén-Ké.Poardyi. dh @sc fofred rnfiddihacts ef itiophavgetion,mtil¢ast BOpadest

definitio e term"virus-1jke particle aof an - bacterio e" therefore
al so erpeﬁnﬁraégsaéieaé%,rrﬁ%m@a?fﬂaﬁlyeaté?asaﬁo,pﬁ %PENF%@%@Q% ,1ea§ﬁﬂza<§é%i?é>%f

whi ch haske A8/ INRCIIMAGE dnRYeRYSHARY (©theoVEpi cal or genetic nethods so
that the virus particle is non-replicative and/or non-infectious. Preferred

VLPs ofl008§A-Avuctiariknphvage shearhhbiing i oglateedmdiresymve siryctaredneobssdtctaf 180

subuni ts. 3] ., One n.. th erns_"one" a",.or."a are used
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human. 1@ohipesiregd6.dmctinels avdnr pegs Tohipe fdepagq d) liac i Thescidelqsurasiasd e
(VLP) ?ﬁ%%g%%&h%%%ﬁl n a§b{%§mﬁ&%achnent site; and (b) at |east one antigen

with a oné second attachnent site, wherein the at | east one antigen
is a NEposoptVigsss andirhkeparticky cande (Ppddiree ahd pidified Mooy ghud-igecdd tahst
one first and the at |east one second attachment site. Preferably, the NG
ant i gerfuitarcy.i faedee puspessoivResnatipndle fesuking pirapes sy davedika particlss derd fake
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employed to inactivate the viral genome function, such as UV irradiation, formaldehyde
treatment.

[0057] In one 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 a skilled artisan.

[0058] 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 coat protein (Ulrich, et al., Virus Res. 50:141-182 (1998)) or its surface protein
(WO 92/11291); d) measles virus (Warnes, et al., Gene 160:173-178 (1995)); (e) Sindbis
virus; (f) rotavirus (US 5,071,651 and US 5,374,426); (g) foot-and-mouth-disease virus
(Twomey, et al., Vaccine 13:1603 1610, (1995)); (h) Norwalk virus (Jiang, X., et al., Science



preferably at |east 30, nore preferably at |east 60, still nore preferably
at least 120, and nost preferably at |east 180 NGF antigens are |inked to
the VLP. WwOQb®jos#sry virus known in the art having an or geraskesoesepetitive
structure may be selected as a VLP of the invention. Illustrative DNA or
RNA viruses, the coat protein of which can be used for the preparation of
VLPs have been discl osed in WD 2004/089t24 on page 25, line 10-21, on page
26, line 11-28, and on page 28, line 4 to page 31, |line 4. These

di scl 02aP8$8ar 83 nd8PPordbedi, HeMei nt b, vayliof Inefser Eht456 [1806E]19M)),uSkes or

out tor APERBRN B RS e ErRloRt A% PBRCEKYD b AP TRN HiiEibfSa 75, °!!
Vi r us- lpriBraBB/ the ptRsinpred) hembe PasiNend vatlus YIWOIDEN 663 1) Bes) PlasoaeRehd; ¢n)

engi neering, physical or chem cal nethods can be enployed to inactivate the
viral dJeheere mesatst Yion; anseh Flosk Blpuise Vads.at i on, formal dehyde treat ment.

[0057] 1k oRE BIGLE L SERAALIEM v PEoNbR L Sr Ao SEOTPLIAN YR 4AlIDSt

all co nt'y Rno ViTuses have’been sequ need and are readi y aval abl e to
t he pubkidseqidiRe geeRraneotiwtgarhin® a¢tbdeqPEmkeid titRcbab@ant prteirhe Mutdnted by
a skilled artisan. The preparation of VLPs by reconbinantly expressing the

coat prosfieEment therprfsin ¢ Suriticr RrseTFerberabBANkc Hiswl BB gemBTiser ariconsisly o4eti san.
L0058] 124b Sferf BEISPESERRATLIRAL onk NEcoid BN deblife RACLIR G ARIPIISER  OF

alternatively co recombi nant protei mitants or fragnents
t her eofsgcomtl @olypaptige seientedn faarino hbel graupccohs caidti prgtadf, o @) mutants or

RNA- bact eri oph ; bact eri.oph ; it irus, f bl

L b o (Bl g e ek SEER 8 e SE

surfac %ecmn‘atp%i%beém S8hdt 1280l 1k FIRAS RSteMEd BabE MAIAE Jaid $rst@loly egﬁ'&e
55Y): (e d : 51 and US

160: 173- 178 *( 1995) e) Sindbi's virus; (f) rotavirus (US 5,071,
5, 374, 428pris¢ g afoot acah dequentheoltd Sestiseatyirotgsn, OTwdmeygnteor Ghgmendaterend,

13: 1603 161Q, (1995)): (.h) Norwal k vi.rus (Jiang, X et al, )

Sci encdd é%@g@%_"%s@%?ﬁ@ég%semmesa& amigo ﬁ_fl,ﬁ sglucgiee 0ha seepfl ROt RIS O 8% 1456
1461 ( 1984tk or frhgmOhR s fUshedein saﬁ&ﬁfs@ubart;fﬁ@temr@ﬁ%ﬁbdeyoﬂd SoaBpfatdlh kel n
(WD 96/30523); (k) retrotransposon Ty, preferably the protein pi; (1) human

Papi | | ¢fet ipteus of o sagyerams.1and whereiporsfenghlywsatdugrus inyn Rbpabacterapsage Avi r us;
compr i 208 S RERE S P anr iyt 808 TGP BRI breb P o, o
two anmni@a@cVidP.sequences, of the reconbi nant proteins, nut ants or f ragnent s
thereof. In a further preferred enbodi ment, the VLP conprises or_consists
of at [0060] The term “fragment of a recombinant protein” or the term “fragment of a coat
protein”, as used herein, is defined as a polypeptide, which is of at least 70 %, preferably at
least 80 %, more preferably at least 90 %, even more preferably at least 95 % the length of the
wild-type recombinant protein, or coat protein, respectively and which preferably retains the
capability of forming VLP. Preferably, the fragment is obtained by at least one internal
deletion, at least one truncation or at least one combination thereof. 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.
[0061] The term “fragment of a recombinant protein” or “fragment of a coat protein” shall
further encompass a polypeptide which has at least 80 %, preferably at least 90 %, most
preferably at least 95 % amino acid sequence identity with the “fragment of a recombinant
protein” or “fragment of a coat protein”, respectively, as defined above, and which is
preferably capable of assembling into a virus-like particle.
[0062] The term “mutant recombinant protein” or the term “mutant of a recombinant protein”

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

“mutant of a coat protein”, as interchangeably used in this invention, refers to a polypeptide



| east one first polypeptide and of at |east one second pol ypeptide, wherein
said first and said second pol ypeptide conprise an am no aci d sequence of a
coat protworepovsos2B nmut ants or fragments thereof, whereiPaoTiEPROBAHS209 aci d
sequence of said first polypeptide and of said second pol ypepti de are not
identical. In a further preferred enbodi nent, said first polypeptide
conprise an amno acid sequence of a Rirst coat protein, or of nutants or
fragnents thereof, and said second pol ypeptide conprise an am no acid
sequendeviof @ smoonatid caquepcotdeiingd Gronotheruldntyse mccormtalgam mretetnh er ewhi
wherein Saldfll’ oa rotein and said second tei re at
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Hepatitis B core protein mutants having above noted corresponding amino acid alterations.
The invention further includes compositions and vaccines, respectively, comprising HBcAg
polypeptides which comprise, or alternatively consist of, amino acid sequences which are at
least 80 %, 85 %, 90 %, 95 %, 97 % or 99 % identical to SEQ ID NO:21.

[0065] In one preferred embodiment of the invention, the virus-like particle is a virus-like
particle of an RNA-bacteriophage, wherein preferably said RNA-bacteriophage is selected
from the group consisting of (a) bacteriophage Qf; (b) bacteriophage R17; (c) bacteriophage
fr; (d) bacteriophage GA; (¢) bacteriophage SP; (f) bacteriophage MS2; (g) bacteriophage
M11; (h) bacteriophage MX1; (i) bacteriophage NL95; (k) bacteriophage {2; (1) bacteriophage
PP7, and (m) bacteriophage AP205. In a very preferred embodiment said virus-like particle is
a virus-like particle of RNA-bacteriophage Q.

[0066] In a further preferred embodiment, said virus-like particle comprises, 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



virus. The preparation of Hepatitis B virus-like particles is disclosed,
inter alia, in WO 00/32227, WO 01/85208 and in WO 01/ 056905. AU three
docurent swaneosnsps28ci t |y i ncorporated herein by way of PrefT@apeonsmss2@ her
variants of HBcAg suitable for use in the practice of the present invention
are disclosed in WD 01/ 056905, in particular on pages 34 to 39 therein.
[0064] In a further preferred embodi mBAt of the invention, a |ysine residue
is introduced into the HBcAg pol ypeptide, to nediate the I|nking of NGF

ant i gerfrano thehgroup PoistinBoAge) Hantepophager@f (Brbadirmphegs RVLRs) bfmtieriOphage

{ t
oo i OL Ry Srbdfer A by Tosfiine st 0. R R S W Bis S | o
NO 20, Mhi;¢h) baztdiRghddcadx30(iy BatkeridpBa@™N9s5.ak) Bict@topRRAsd ﬂ2+ ANBact@iphge 80 are

repl aced with a peptide havi ng the am no acid sequence of

dy-d ?ﬂZyg,nddrg)@cgﬁrlomg@ ARYOF e furder pwéqrg‘esemb@elreﬂtgsmw;@smetp@r@m | D
NG 21. t t
cg%rﬁ Stgg@“?{?%}\ﬂg]% c%nglgg kéﬂ%ﬁil 'of. &eépe%?attrrve%ecorn%fslts cyfet%c& ﬁ%ﬁ@ I ons

48 and or i T Cer esbon prefe

1- 144 @batlprbéfns, aﬁlﬁaﬂwtoatfe@rﬂsnmmetdw oﬂdieRvawﬁt¢mhhgé twigdreiinrsal URIBS,
conpositions conprising Hepatitis B core protein nutants having above noted
cor r es pafaTioRNagminerleded fram BPaflh sWe05 MM nlreny PRPrelsricHembodimenfegid

COMPOSifi}, 0N %Q&c&'@ s, doRSRETLLMaLY dgmrtéﬁhrg%égﬁ d&@st?BH’e@S’BB%lﬁts

whi ch conpris or alternatively consi st sequences Ich are
at | easbatd@ognsSmubimts0 ﬁ%gnﬁﬁts%er@o?f 6 RNA9ShcUrioghapici@@l to SEQ I D NO 21.

[ 0065] é@ iqe prefefred e i ment of the |nven%|0n the virus-like

par t i cIlB047 I apenysioriqdectp PHIANS 08 therin FRPIYd eFPIPASIGEN GmILIcH coat

pr ef er albeying, %Qtaa%rtf@a%heusqrqa«agﬁ orm'b%&ﬁ&phfag&mheeugﬁer&am @§1‘dscto'(af‘ g of

(a) bacterrophage bact er i ophage R bact eri ophage fr;
bact er |p®(pthmg eome e} pizdorklyi c@plsna‘gef BPam(1fo) adyésetcelrenoq)mwed\/szm thg)group

b

bact or IOPHAGE §124e) BEY AL R abe Rl CPaf A s SHbRaSE ASEY | n a
very prnefRo:edeRmhRddreIp AS ereiﬁR’f(b? -dE@DPROEI; qU$ SER) liD\N(DMS(é)I seopayticle
of RNA- bact eri ophage further preferred enbodi ment, said

vi rus- NQe; parsk@|l Ngbn@r(r[géégmxéws:fs%& dBDMAEG and SEQX ID HO:FL {lor HRi el y

%mshzztﬁ%gg gbﬁggg%v\g g\)%%(ﬁr e[?er agq)’;lﬁg %?gtlm-ébac}t(lér i g{;@%@r%%ﬁ%‘g oA
sel ect aDfNom 3;e) §EQUID msnsro)r@@fID(ND:mqwsE@mw.@b; af®]q) SEQ ID

bacteriophage R 7; (c) bacteriophage fr; (d) bacteriophage GA; (e)
bacteriN)(g'ﬁége SP; (f) bacteriophage M52; (g) bacteriophage M | ; (h)

bacterizg QE Mirihe! Qre#@?éc?éﬁlggﬁﬁg&lt'\"sgéi’ vield-1iRAGHLEUOPRRFS 1 de8; cdubists

bacteri op
essentlally of, or alternatively consists of recombinant coat proteins, mutants or fragments

thereof, of RNA-bacteriophages. In a further preferred embodiment, said virus-like particle
comprises, consists essentially of, or alternatively consists of recombinant coat proteins,
mutants or fragments thereof, of RNA-bacteriophages, wherein said coat proteins comprise or
preferably consist of an amino acid sequence selected from the group consisting of: (a) SEQ
ID NO:1; referring to QB CP; (b) a mixture of SEQ ID NO:1 and SEQ ID NO:2 (referring to
QP Al protein); (¢) SEQ ID NO:3; (d) SEQ ID NO:4; (e) SEQ ID NO:5; (f) SEQ ID NO:6,
(g) a mixture of SEQ ID NO:6 and SEQ ID NO:7; (h) SEQ ID NO:8; (i) SEQ ID NO:9; (j)
SEQ ID NO:10; (k) SEQ ID NO:11; (1) SEQ ID NO:12; (m) SEQ ID NO:13; and (n) SEQ ID
NO:14; (o) SEQ ID NO:40; (p) SEQ ID NO:41; and (q) SEQ ID NO:42.

[0069] In a further preferred embodiment, said virus-like particle comprises, consists
essentially of, or alternatively consists of recombinant coat proteins, wherein said
recombinant coat proteins comprise or preferably consist of the amino acid sequence of SEQ

ID NO:1.



PP7, and (m bacteriophage AP205. In a further preferred enbodi nent said
virus-like particle conprises, or alternatively consists essentially of, or
al t er nat iwelzgoosoeBst s of reconbi nant coat proteins, nuPramEP2as/06820gment s
t hereof, of an RNA-bacteri ophage, wherein said RNA bacteriophage is
selected from Qb, fr, AP205 or GA. In a very preferred enbodi nent said
virus-like particle conprises, consis€&—essentially of, or alternatively
consi sts of reconbi nant coat proteins, nmutants or fragnents t her eof , of
RNA- bad0&H0] dplagerdired 606ddiment ofthe pmwﬁlépn,etfhe dtidbdiamosaiolV LiPrenipmsers i on,

th t t t t f h f, of
RN bt Al SR L dSoRariey (R BiccRar a5f §ind B ietuepf woes FECRoRpPY SaTg ©
prefer %@id)’se@@é?ﬁb§ Tof@t)ate}ﬁ»o@iﬂsnﬁu%morwwﬁth%%owm HNAMBcReioPhiePIn

consi sting of: IgJlga) SEQ I D NO 1; referrlngtoQJCP (b) a mxture of SEQID

NO 1 a®dcSEQ i1 @Q@d’zn(hOéfr@frm; thg Vld® @mpiscppoelegrngtivelcyonsise efiwrdifferepd) SEQ

SEO 1 bR Pt eR N Helobbries Wil e ool iR i 207D
NO 1 1ipréféJabSEQnbit Mehd amn(d”rz)m@%aubl&e&l@f $80 (DWOSEGhd BENADIND -£,a)r oBER | D

NG 40; (p) SEQ ID NO 41; an EL %E NO. 42. [0068] In a further
preferraéﬁn‘é%é)é‘?%ﬁ‘%es 0§§E@I\IRN 6 pidREQAPING| 7o BRIV Yes, consi st s

essentl f r At t r rns,

ot ant 4007 1R lone ARl MoHR GRAVLE R PV IIE P TNARLCAGR B OB e
enbodi repdid os adirdslike qmrtialekef 104 shios¥ en dovsphddsesphagoiticshipsidssanturalvith of , or
alternativel sists recombi nant coat proteins, tants or ra rrents

t her eo 1af8?teéﬂﬁggé‘€f apgd gpﬁé@’@§l SX}%‘@F%%?@%P%S&: 8?“%1’1’& On“sopé%grﬁfrﬂfh

prefer %%%1& O&}ﬁ'l@& aféf hﬁﬁe@% @Qvél%'n@ %ﬁﬁh‘ﬁ?&%earﬁeﬂlé%&tn?&sftﬁp rHlstuhﬁdeQr
consisting of: (a) SEQ ID NO 1; ref errlng o0 @ CP;, (b) "a mxture o

NO 1 ar\iGoBE@alrrmlm R. e(traéf étlmqtmq 4:432h5 M (1996)))elmrﬁ)mg facy r@&(ﬂ(ahbe M@bidity ()ﬂ) SEQ

D NO 6 d
520 1 DS it AR diovis ditesBe tsresbdtnd TRskest BoRéy PEg. Ssea D
NO 1 1ihowkkeSE@ohRtNedt Hdicd(vik dﬂiﬁlh@bh@s ﬂ&@th@ﬂ%&ﬂts%@ub@hy@aﬂﬁd 60) SEQ
ID NO 40: (p) SEQ ID NO 41: and Q ID NO 42, [0069] In a further

pref er ﬂ@@ﬂmiﬁéldl 1ﬁ€fﬁt1 Theatapsii qfu@gl’ V3 &&)WS&I@SW pHistanss to eagricssodvents
co et Al LTS, ST STE LS ST BRRO S LRI,
t he amcbceatitomeguagces 3 %$EQ1 pianNGnilin B&E@ﬂnra{tt@)n@ ae hjphedsar Wedb sotditcirent
of the tllleng/tg‘tr)ﬁl‘:yoonf thte régps\l/(li_ I:".l"heshlg’?h ggﬁfl‘ftg 0}/ ‘I[_hlz c(azlggg rollr S\}L}gof QP is an advantageous
feature, in particular, for its use in immunization and vaccination of mammals and humans in
accordance of the present invention.
[0072] Further preferred virus-like particles of RNA-bacteriophages, in particular of RNA-
bacteriophage QP and RNA-bacteriophage ft, in accordance with this invention are disclosed
in WO 02/056905, the disclosure of which is herewith incorporated by reference in its
entirety. In particular, Example 18 of WO 02/056905 provides a detailed description of
preparation of VLPs of RNA-bacteriophage Qf.
[0073] In another preferred embodiment, said 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 at amino acid 14 to aspartic acid, 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 VLPs comprising AP205

coat proteins, and hereby in particular the expression and the purification thercof. WO

2004/007538 is incorporated herein by way of reference. AP205 VLPs are highly



or alternatively consisting of nore than one am no acid sequence,
preferably of two ami no acid sequences, of coat proteins, nutants or

f r agnent swoheesshsg2zof an RNA- bact eri ophage. | n one veryPpraPeoosmes209

enbodi ment, the VLP conprises or alternatively consists of two different
coat proteins of an RNA-bacteriophage, wherein said two different coat
proteins conprise or preferably consigt—of the anino acid sequences of SEQ
IDNO 1 and SEQ ID NO 2, or of the am no acid sequences of SEQ ID NGO 6 and
SEQ | DiN@uinpgenes padt dangheylinfedOvith ahhigon® typehby red pecfbiadlynescraaivdcokl i s a

VLP of RNA- bact.er,i ophage . The capsid o irus-like rticle of .b.sho
an 1 coSanaen diptagBe AteutRinal th SRPTe arbraRE oI Sred it G 0o HT dnd T<3
quasi  <YewRRt hyainsth@icCap i 00t HitBsnsl 8Rbwiapi @8t dhkéhantgals ReotHable ¥hi ch
are linked in coval ent pentaners and hexaners by disul fide bridges

( Gol nohetarsadig WRh cstls gf the igimynst systeny tgieallysmd nrefogd)y withdigeltsg and thas,

r emar k tability of the Q capsid. Capsids or VLPs nmade from
reco%%ﬁ%ﬁrﬁ@%glggt protein may contain, however, subunits not |inked via

di sul f ij0@74pandsc pef@tdiesmisodirdenit! $idWILRI ddniphiScL@Dh6ists @f ainnaamebet gbitin
|l i nked. The capsi d or VLP of shows unusual . resi stance to organic¢

sol ventof aamaisdeieitrablyref ayBNsbacterionhage nyhereingfe maiianti9sbpipddin s beamvso
and ac LE i [Wel3 0 . i dini
concenti it by SN SRLL RES 198 8L ARV br AR MultTay of, 1
hi gh stdabitibhtly aabthichprefapsl antmrdiktR, df VP oSthamnadtiantagposs of eatsisteof i n

particular, for its use.in inmmunization a ccinatjon of ma | s and
hurans & AURBEERAIRFRIELET 4 Fuy rpé%‘fjém_%thf b éﬂﬁﬁ}%? 3[366“?25138—% PORERD BicdPiipkd
virus- |c'ol§t3pﬁﬁre{ﬂ gheseaf n%i@@%%/ea[dcﬁﬂbﬁ%t 1A tRAHCE Py%%ﬁealres%ue_ b}(1 Wtaf}l,i gsf

RNAbact eri ophage Qo and RNA-bacferiophage fr, in accCordance wt
i nvent isobstiduteondirsicdrdyeday of ine0Rh 0569@Yctiarh sulblitiswiaseraddgfoni at hedssone

h ith.i d by ref inits.entirety. | ticul I
16 of WOIBDIOKBSGR B oRE e feirer PLaowliu bt fatlosr “aPapkrEt riuaroiips
of RNAqBasde e adsodd pEPOrRInitsho Mt EP, Fufe@’&%[ﬁéf eRbodi PRt an RNAL VLP
is a VLP of RNA-bacteriophage AP205. Assenbl y-conpetent nutant forns of

AP205 \mesriophaee.(divstharznscamerts fyrtbe dpsigiwh hspepidicsiapeng eanbegnctof prol i ne
at am i h I P X i n. Wi h Ltutjon of
spar ag VBT Af ol PR RGNt e A RP e b B REEL it P W BB Rl
practi aatigdn ddneity ovestio dro. ahd tdreatatiten ddnbey”, ps efcdricedn agtedionthatiscrade t he

i nvention., WD 2004/007538 describes, in particular in Exanple 1 and Exanpl e

2. how™BbshPhHIgHR pagol@cmﬁ,sr‘ivg]ichgs Japdsagsper ‘subunit, preferably per coat protein, of the
VLP, and hereby preferably of the VLP of an RNA-bacteriophage. Thus, this value is

calculated as an average over all subunits of said VLP, preferably of said VLP of an RNA-
bacteriophage, in the composition or vaccines of the invention.

[0076] VLPs or capsids of QP coat protein display a defined number of lysine residues on
their surface, with a defined topology with three lysine residues pointing towards the interior
of the capsid and interacting with the RNA, and four other lysine residues exposed to the
exterior of the capsid. Preferably, the at least one first attachment site is a lysine residue,
pointing to or being on the exterior of the VLP. More preferably, the at least one first
attachment site is the amino group of 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 the coat protein of RNA-bacteriophage QP. In a further preferred
embodiment said first attachment site is an amino group of a lysine residue of SEQ ID NO:1.
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:1. In a further



coat proteins, and hereby in particular the expression and the purification
t hereof. WD 2004/007538 is incorporated herein by way of reference. AP205
VLPs ar e woghésyisoszanogeni ¢, and can be |inked with anti gem/mreoosyps2oal |y and
preferably generate vaccine constructs displaying the antigen in an
oriented and repetitive manner. Hi gh antibody titer is elicited against the
so di spl ayed antigens showi ng that |iAked antigens are capabl e of
interacting with cells of the inmune system typically and preferably with
B- cel | grefametl tinbedimenesaidnisicgtedingent [s00 71 {hel amion erquped feanyeehcentibdilysamt
said VLP. @JOITDI’I se o consi st a tant coat protein of a virus,

f
pr ef er ABTJOLANWC hﬁgétteélf)f %ﬁgﬁﬁpm erein the nutant coat protein has

been @t €38 Ryitah&PNRbinkpaded!l reidged a/rélraﬁadeasvyw infks W@&YbOhised for
substitution and/or by way of deletion. In another erred enbodi nent,

t he VLPhopresent inysasion; Ehu%ormpmtb@rspr@ferwlsqum@nt thﬂmmpnfcma@ntmmﬁl@ n of
a vi W%m?ﬁ&%?e ARy 88‘{“131&% d%f% ﬁt?g’lfya&%r XYPe a"%‘v%lé, Pons{&ét 8 houfs 931 té)ﬁoy way

prot ei n has 1"on | eas sine resi
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addi ti on of at | east one |ysine residue allows varagi ng the degree of
coupl i #ng agid sequeyice gigkeciedr fpmgthe o wpsoRtstHE efntd dé[?r%ﬂu(éﬁ(z D PHdda: per

the reddr Feamnpe YO IPREL 0L B -2 (1) R 6 ORI e Rt B2 1
e
herein Arg&fjeféé]tlﬁeﬁﬁelsyﬂ%i @85&%3%@3‘8#52?6{9 ]gge 1%881%%%1%\/6& ?1%/$§Qa1?)nked

per subymirh, TIY &nSifRlox, Qﬁfres%%tanﬁrﬁfrﬁicgtﬂoﬁf)f ihréeabm‘g 1nd"1"dl@jedh@BGr‘ﬁ){arch%fa§r abl'y
of the VLP of an RNA-bacteri ophage.” Thus, this value is calculated as an

aver agergeies, aiukans Bfirvonts pufteig aVI;IP&/IaF?d qapsﬂer wbpactivélys aied ds4chbed imnWO

FRAbaC SRRy DRIP4 955 5 g PBeny o, (907

resi duggom®) thhabthes préfRERd cMBJliRcHEdT ﬂ@%r&%@h@@s}ﬁtﬁ@nt thd Yik@eliky panrle
resi dues pointing towards the interior of the capsid and interacting with

t he RNA&oM@iiges, oumltormgiclyyonpistsresseniisdy afxposléeamtovalneorsiste of srutytt cone

CapSI d é)rg‘;el%foefr El X]i Hlﬂl?lt% r hg&ﬁém? nl?erédfr ?ulld g% tt C@%’Fﬁe%vﬁgkg Iﬁ) té&{ SIlnrhe

residu poi nt he exterior o pr eferably,
t he at fhﬁasrtpxef@refdl ¢raboditeac hhenirusilike pasidlhieoaptine, grrailieritivalyl ysisines
residue pointing to or being on the exterior of the VLP. In a further

pr ef er CEYFNERHE AT neint I RMVELY coRsials of crHaRE cQsit PEtEYL Acasin maidmytant spak
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corresponding A1l protein.

[0079] 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. 5:2485-2493 (1996),
Tars, K et al., J. Mol.Biol. 271:759-773(1997)) and of fr (Pushko P. ¢t 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, R. et al.,
Structure 4:543-554 (1996)). Using such information, surface exposed residues can be
identified and, thus, coat proteins of RNA-bacteriophages 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.



enbodi nent said first attachnent site is an am no group of a |lysine residue
of SEQID NG 1. In a further preferred enbodi nent said first attachnent
site is tweaomwasas2gr oup of any one of the |ysine resi duesTinPR2@8®s$200Nns 2,
13, 16, 46, 60, 63, and 67 of SEQ ID NO 1. In a furtherpreferred enbodi ment
said first attachment site is the amno group of any one of the |ysine

resi dues exposed to the exterior of the —capsid. [0077] Q mutants wherein
exposed | ysine residues are replaced by argini nes can be used for the

pr esent[008} dntonompreftirad cnbedamatthte WGEfatiged isab@di meneinoin @ﬁﬁeplp@rf@mht

t th k ticl ts tiall
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Lysl 6- Ar@cmfis E&@téd}rbi@ah)lona'bBSEQI‘IEtNOEQB@cﬂIZS en«pmemmn and purification of
t he abaove |nd| cated mut ant coat proteins, ant Qb coat protein VLPs

and cap@9&id Inpoas ;Pé‘éfﬁr?@IepflbOé%f%eIHe@@rN@Ed)rPtﬁlf\/\@ @z/mmﬁGﬁ An waedpehenr it
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pref er ment of the present vent i e VITrus- parti cl

conpri segycnee saf foethniat SHQI1) WONR1. sIhlsamaﬂsae prefatrey cofbodoneral theM@r |pveﬂe;n

consi sts of. mutant .c rotel tants or fragne her eof , and
of t he SCBIPFSSHHRIFIRY gb?ky g%%tép heW%mlfn&ratC?Bé%eqaﬁ%q Py %rﬁs[l ﬁ%ﬂtﬁ Phe
viTus- ke@rfty i £he SOMREASEDrofREab LEFAAIIN ol or GRRE b?éf’éra%ﬁﬁ@t”ltehﬁ'dy%o‘c or
alternatively consists of nutant coat protein, wherein said nutant coat

pr ot ei ndéngicglevigeSEQ IDrdhi22ny one of SEQ ID NOs 15, 16, 17, 18, and 19, and

f th d RNA- bac h t
or ot o1 AORLTE BEF Bl st rBRBlIRefl e O st o e prstLy B &8
bact er iaglindasitd s@!f@&fc@' 181 WhicRREEID AlQ:22 G fierdd b4 tedStordc 1Dy athhdsdt Qgskaya,
TM et al., Dokl. Akad. Nauk SSSR 287:452-455 ﬁ1986) Adhin, MR et al.

Vi rol og)g?efwblmfsatzimt ()1169@91) by Prm%ﬁrﬁdo wmoregrefgrably by af et ongipd by 2ugostd- 297
( 1995) ) mnkcp%cqgﬁrlgy u’éan 1%1/5)1l (? ld/fgé% %Hfgé)g%rgo arns'?lplo Pn t1réofes of GA

' Bi q00832 14 aﬁﬁﬂh@r?;&éﬂe@&a)e}nb@ﬂﬁn@ft the NG prkein Rom@tised or préfieaibly &H@lstsﬁ 883-
891 (1993), Liljas, L.et al. J Mdl. Biol. 244:279-290, 1994@-have been
di scl o9t mutped @pyag agid ssqugReyPEcEsin dspaling aplAcBIKaeeto RspRegEY ihasQdkn

det er mI\'JCG@L(aCE\lQil WRRGHTRA amiffo a&H s@duence to be mutated is altered in at least one and in at

most 20, preferably in at least one and in at most 10, more preferably in at least one and in at
most 5 positions, wherein the amino acid residues in said positions are altered by substitution,
by deletion, by insertion, or by any combination thereof.

[0084] In one preferred embodiment, the NGF protein comprises or preferably consists of an
amino acid sequence, in which SEQ ID NO:22 is altered by at least one and by at most 20,
preferably by at most 10, preferably by at most 5 amino acids by deletion. In one further
preferred embodiment, the NGF protein comprises or preferably consists of an amino acid
sequence, in which SEQ ID NO:22 is altered by one, two or three amino acids deletion.

[0085] In a further preferred embodiment, the NGF protein comprises or preferably consists
of a mutated amino acid sequence, wherein the amino acid sequence to be mutated is SEQ ID
NO:22, and wherein at most 10, 9, 8 7, 6, 5, or 4 amino acid residues are deleted from said
amino acid sequence to be mutated. In a very preferred embodiment, the NGF protein

comprises or preferably consists of a mutated amino acid sequence, wherein the amino acid



Structure 4:543-554 (1996)). Using such information, surface exposed
resi dues can be identified and, thus, coat proteins of RNA-bacteriophages
can be nosof20@dssszeh t hat one or nore reactive am no aciPdTmEPddveR0can be
inserted by way of insertion or substitution. Another advantage of the VLPs
derived from RNA-bacteri ophages is their high expression yield in bacteria
that allows production of |arge quantfies of material at affordable
cost.[0080] In one preferred enbodi nent, the NGF antigen is a NG~ protein.
I n one Spq@heer tetic emidatdd ne HEQ M NMEE, mdovvéimin' 3, 3edmprddrablyorh drhimo gacalip
con5|st|n rotein b do G- protein; (c) a feline
NG pr PEDY o e OB ReF T Brai R etigalie la e BSRtse NG protein 1n one
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ot her animals, preferably of mamal s, wher ei n rther preferably said NG-
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85 % east 90 % or nost preferably at |east 95 %
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pr ot ei N0@RYPn afesharprpfcate leaibb;tinmm,sths NGIoproqgin aaﬁmdsaair@rsfemb@nomsisitm
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at least one and in at nost 5 positions, wherein the amno acid residues in

sai d p@sprimsefsraile himinceabihyessdiséyiarainssried pytodeidamme, acky sqauseeq ke or
by any Iﬁﬂg@anatl on thereof. [0084] In one preferred enbodi ment, the NGF
protein conprises or preferably consists of an am no acid sequence, in

whi ch $6638] Dh biek ﬁl%férﬁedaérhlﬁfc&ldeﬂﬁytl&tNGE@Sdte@%nﬁjﬂdei)M I&Efemlﬁjz c@ikistpoder abl y
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amino acids by substitution, preferably by conservative substitution.

[0089] In one further preferred embodiment, the NGF protein comprises or preferably
consists of an amino acid sequence, in which SEQ ID NO:22 is altered by one, two, three,
four, five, six, seven, eight, nine or ten amino acids substitution(s), preferably by conservative
substitution(s). In one further preferred embodiment, the NGF protein comprises or preferably
consists of an amino acid sequence, in which SEQ ID NO:22 is altered by one, two or three
amino acids substitution(s), preferably by conservative substitution(s).

[0090] In a further preferred embodiment, the NGF protein comprises or preferably consists
of a mutated amino acid sequence, wherein the amino acid sequence to be mutated is SEQ ID
NO:22, and wherein at most 20, 19, 18, 17, 16, 15, 14, 13, 12,11, 10,9, 8 7, 6, 5, or 4 amino
acid residues of said amino acid sequence to be mutated are exchanged by amino acid
substitution, wherein preferably said amino acid substitution is a conservative amino acid
substitution. In a very preferred embodiment, the NGF protein comprises or preferably

consists of a mutated amino acid sequence, wherein the amino acid sequence to be mutated is



sequence, in which SEQID NO 22 is altered by one, two or three am no acids
deletion. [0085] In a further preferred enbodi nent, the NG- protein

conpri seswonoprasbesabl y consists of a nutated am no aci #CTER@soes20nher ei n

the ami no acid sequence to be nutated is SEQ ID NO 22, and wherein at nost

10, 9, 8 7, 6, 5, or 4 amno acid residues are deleted fromsaid am no acid
sequence to be mutated. In a very preB&rred enbodi ment, the NGF protein

conprises or preferably consists of a nutated ami no acid sequence, wherein
t he aniSkd) HeiN3@quanicehdreinbls 2mat,girefdrably, SEIND abid iR2Pduendofwhael @hmo3icid?, or,

preferably, 1 amno acid residue(s) are del.eted from said.am no acid.
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NO 22 is altered by at |east one andcl;ly at nost 20, preferably by at |east
b

one and0®3l]dn oneprefemed pmbedipraat.dhaBiGE biptein is BrdunymeNGRdrpgursar. Fbeic 5
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[0087] In a further preferred enbodinment, the NG- protein conprises or
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aci d segugen i o ' ImS 9,
18, 17 008 ﬁ%gér Qofg?‘t %Eta%a% ?I%Epgf’#e@wga%@a%%ﬁ’wg?& 5o PhordFRetl g feasth e
are i n98r% edentindlovigaSEQADINMO:28ci d sequence to be nutated. In a very

preferr odi nent, the N r ot ei onprises or ferably consists of a
mut at cdt8aaT 8 o4 waer}lsga@sﬂléegwﬁ@%? NEhemeR> 2ENLE 3@3&@?@& W8 sttt at ed
I's SEQNE&: N%gggent%'aglp‘gﬁ% Bt Qlt@maﬁiwew coiShs&Jrall ¥Yast Jon@nbdlﬂfb Cinthe&d fHe(s)

are inserted into said am no acid sequence to be nutate 0088] In one

pr ef er dettrmmootdicrepribpe(s hef A@EEo b et kngenpe itbe sutoyanpP €T &FRO0§/0069] das of

an am no.aci d, sequence, i ich ID NO 22 is altered, by at | east ,one
and” by SRR S5 SIS RapdnP Som I Tisbaitosagh ohafs, T 6 s tu g i

prefer a)l@:pygém HerdiR At tRRE spRAUIDYis@dbsiBSire RdMPIIcAd Bt By reFebidd. 1tus ton,
preferably by conservative substitution. [008 In one further preferred

enbodi Meroted Hut Name prahed hatsarperal bsapmliqshkst teretheypelyneptsdesansigean. @ no
acl d S HERECare 'nBt %’é@c‘r%{%d%@ﬁb? I}@agaislcl%seag 1%?&%@0(@'?@49&@‘0 , three, four,
five, sIX, seven, ei g]h , hiné &7 fen"amno "aci ds' substi tu ion(s),

pref er §0098] y € presaredatinbedimehs bf thd peBés ) invdntioaN ehef NIGFh efiti gnefsednr MG F
enbodi nent, the NG- protein conprises or 8referab|y consi sts_of an_am no

aci d sdifgBree In p furifist prefeserd qrppadamnont spid MEF diagmepl Caspaises. i aliprathyedwor

preferably consists of, at least 8, preferably at least 12, more preferably at least 20, still more
preferably at least 30 contiguous amino acids of the human NGF of SEQ ID NO:22. In a
further preferred embodiment said NGF fragment consists of 5, 6, 7, 8,9, 10, 11, 12, 13, 14,
15,16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, or 30 contiguous amino acids of SEQ
ID NO:22, wherein preferably said NGF fragment consists of 10 contiguous amino acids of
SEQ ID NO:22, and wherein further preferably said NGF fragment consists of the 10 N-
terminal amino acids of SEQ ID NO:22. Thus, in a very preferred embodiment said NGF
fragment consists of the amino acid sequence of SEQ ID NO:44.

[0094] In one preferred embodiment, the NGF antigen is a NGF mutein, wherein preferably
said NGF mutein comprises reduced biological activity, and wherein further preferably said
NGF mutein is capable of inducing neutralizing antibodies when administered to an animal in
form of an immunogenic conjugate. In a very preferred embodiment said NGF mutein does
not comprises biological activity, and said NGF mutein is capable of inducing neutralizing

antibodies when administered to an animal in form of an immunogenic conjugate.



am no acids substitution(s), preferably by conservative substitution(s).
[0090] In a further preferred enbodi nent, the NGF protein conprises or

pr ef er ablwocomgisas2s of a nutated am no acid sequence, WRrETAPR00SIN68289 NO
acid sequence to be mutated is SEQ I D NO 22, and wherein at nost 20, 19,
18, 17, 16, 15, 14, 13, 12, 11, 10, 9, 8 7, 6, 5, or 4 amno acid residues
of said am no acid sequence to be nutd?ed are exchanged by amino acid
substitution, wherein preferably said am no acid substitution is a
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pr ef er nednerbobisagerhce tdbe NEFa@idtib géarddsinat INGE oncagdentat méwe Yepositsaisd NGF
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i nvention, the NG antigen is an N fragnent. In a furt her greferred

enbodi fhem, J2P6. N4 ag%‘é"r% ‘b]orﬁfp?ilBﬁ@@VaoN adttadrinBiol wdiep, dP9pr 13 Abpy

I
20, st irrorr e ERahs P sEoPURE B G G o TP R %sle. himan
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ConSIStS of 5, 6, .7, 8 9, 10, 11, .12, 13, 14, 15, 16, 17, 18, 19, 20, 21,
22, 230t ganutsisd apino aexd sergenery whekeimthe agipe atie §elusheaie becnatedris SEQ 10h
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acids o
most 3, preferably in at least one and in at most 2, and most preferably in exactly one

position, wherein the amino acid residue(s) in said position(s) are/is altered by substitution.
[0098] In a further preferred embodiment said NGF mutein comprises or preferably consists
of a mutated amino acid sequence, wherein the amino acid sequence to be mutated is SEQ ID
NO:22, and wherein said amino acid sequence to be mutated is altered in at least one and in at
most 3, preferably in at least one and in at most 2, and most preferably in exactly one
position, wherein the amino acid residue(s) in said position(s) are/is altered by substitution,
wherein the substituted amino acid residue(s) are selected from any one of the amino acid
residues 4 H, 5 P, 7 F or 8 H of SEQ ID NO:22 (Kullander et al. J Biol Chem, 1997. 272(14):
p- 9300-7; Woo, S.B. and K.E. Neet J Biol Chem, 1996. 271(40): p. 24433-41; and Beglova,
N., et al. J Biol Chem, 1998. 273(37): p. 23652-8.). In a very preferred embodiment, said
NGF mutein consists of any one of SEQ ID NOs 46 to 52.

[0099] In a further preferred embodiment said NGF mutein comprises or preferably consists

of a mutated amino acid sequence, wherein the amino acid sequence to be mutated is SEQ ID



SEQ I D NGO 22, and wherein further preferably said NG- fragnent consists of
the 10 Nterm nal amno acids of SEQ ID NO 22. Thus, in a very preferred
enbodi mrenwoaiahsd3E fragnment consi sts of the am no aci dprsempessmes2dd SEQ | D
NO 44. [0094] In one preferred enbodi nent, the NG- antigen is a NGF nutein,
wherein preferably said NGF nutein cogri ses reduced biol ogical activity,
and wherein further preferably said N&¥F—nmutein is capable of inducing
neutralizing anti bodi es when adm nistered to an aninmal in formof an
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3, preferably in af |least one and in at nost 2, and nost preferably in
exact | Y1HHE BBYstE PHHY Mt SER HANCQf1H8 64ci d resi due(s) in said position(s)
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said N rrueln corrprlssor y consi st
consists of a mutated amino acid sequence wherein the amino acid sequence to be mutated is

SEQ ID NO:22, and wherein said amino acid sequence to be mutated is altered in exactly one
position by substitution, wherein the substituted amino acid residue is selected from any one
of the amino acid residues 75 H, 84 H, 100 R, 111 V, 112 L, 114 R, 115 K, 113 S (Kullander,
K. et al. J Biol Chem, 1997. 272(14): p. 9300-7; Larsson, E. et al. Neurobiol Dis, 2008,
Kruttgen, A., et al. J Biol Chem, 1997. 272(46): p. 29222-8). In a very preferred embodiment,
said NGF mutein consists of any one of SEQ ID NOs 67 to 74.

[00102] In a further preferred embodiment said NGF mutein comprises or preferably
consists of a mutated amino acid sequence, wherein the amino acid sequence to be mutated is
SEQ ID NO:22, and wherein said amino acid sequence to be mutated is altered in exactly 2
positions, wherein the amino acid residue(s) in said position(s) are altered by substitution,
wherein the substituted amino acid residue(s) are 75 H and 84 H (Kullander et al. J Biol
Chem, 1997. 272(14): p. 9300-7). In a very preferred embodiment, said NGF mutein consists
of SEQ ID NO:75.



of a nutated ami no acid sequence, wherein the am no acid sequence to be
mutated is SEQ ID NGO 22, and wherein said am no acid sequence to be nmutated
i s altereanoiznosasod2zeast one and in at nost 3, preferablyPpcm/ERRodsmesn9 one and
in at nost 2, and nost preferably in exactly one position, wherein the

am no acid residue(s) in said position{s) are/is altered by substitution,
wherein the substituted amino acid redidue(s) are selected from any one of
the amno acid residues 4 H 5 P, 7 For 8 Hof SEQ ID NO 22 (Kull ander et
al. J B0&103Chern on@eriferﬁenmbbﬂimmt @B@Om?psitmlmpo@ptimesandlt«naivdkjeemnsﬂstsai ol
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am no acid residue(s) are selected fromany one of the am no acid residues
94 G 9RaRIgAdyIBCOBMIGEFOPD NO 22 (KuIIander et al. J Biol Chem 1997.

23652 400E SRk PRiRY feidYorjofps Blay i By BT NG chdhfheR
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NGs 6 1 to 66. [00101]. In a further preferred_ enbodinment_ said NG- nmutein
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the amgqyy ‘?ﬁhﬁng SOHRRES o %d&@tﬂ)ﬂ‘él%xib?hty to the fusion construct. This diminishes

the potential destabilizing effect the foreign sequence which is fused into the sequence of a
VLP subunit, and, thus, this diminishes the interference of the foreign sequence with the VLP
assembly.

[00105] In other embodiments, the NGF antigen can be fused to a number of other viral
coat proteins, by way of example, to the C-terminus of a truncated form of the A1 protein of
QP (Kozlovska, T. M., et al., Intervirology 39:9-15 (1996)). Alternatively, NGF antigen may
be inserted between position 72 and 73 of the CP extension. For example, Kozlovska et al.,
(Intervirology, 39: 9-15 (1996)) describe QBA1 protein fusions where the epitope is fused at
the C-terminus of the QBCP extension truncated at position 19. As another example, the NGF
antigen can be inserted between amino acid 2 and 3 of the fr CP (Pushko P. et al., Prot. Eng.
6:883-891 (1993)). Furthermore, the NGF antigen can be fused to the N-terminal protuberant
B-hairpin of the coat protein of RNA-bacteriophage MS-2 (WO 92/13081). Alternatively, the
NGF antigen can be fused to a coat protein of papillomavirus, preferably to the major coat

protein L1 of bovine papillomavirus type 1 (BPV-1) (Chackerian, B. et al., Proc. Natl. Acad.



SEQ I D NO 22, and wherein said am no acid sequence to be nmutated is altered
in exactly one position by substitution, wherein the substituted am no acid
resi due iwoedssveed from any one of the ami no acid resi ¢aueEPZ®sios284 H, 100
R, 111V, 112 L, 114 R, 115 K, 113 S (Kullander, K et al. J Biol Chem
1997. 272(14): p . 9300-7; Larsson, E. et al. Neurobiol D's, 2008,
Kruttgen, A, et al. J Biol Chem 19932-272(46): p. 29222-8). In a very
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sequenggsih@ N Mitgdh @6l chst bRl &Th VituL¥Red hintadtPOShiidnRinss theRSF eale bBgh am no
acid residue(s) in said position(s) are altered by substitution, wherein

t he sussiciased BUWANL O/ Q184 pegs oitine £0 & paged8Hinenty 84l her¢ikare meemerased al . J
Bi ol em. 1 ; (14): p. 9300-7). In a very preferred enbodi nent, said
NGF nuc't%é/i“ﬁaycot%%geget%égof SEQ I D NO 75.[00103] In one preferred enbodi nent, the

CONpOoSi[00108] COMPLh&RS REfehtd embaldinkdt ¥hENGH Hitigee Sfapdd talditfieothe Nofor the
alternatively consists of (a) a virus-like particle with at |east one first
at t achrfetrminyseof Hepeptptelt, Preal Mubs anfragaeny threed, 9ERAA-bifdcriophagy

attach si : ' j S [ ' ' . .and
aher o noCLy" SheIERFLIly S ERinrb €77 br SRR e o A AR o
| east @nefembyoruasiatstod chienemino scideseqamde wélested fromaing dne K 8GO IDsNGisd 4atnd east
one pept.i de_bond, ef er usively via peptide bond(s). In a further
pr ef er FEd° %ﬂBﬂ?tﬁ’é ?rag]_é’i%bsj\ﬁyc?ﬁéﬂq:gg particle with at |east one first _
at t achiygwio7si t ¢, 3n€ gﬁ?sh@'r I@f&&@@ Em®B&inddHt i HRNuRIR profks Fule@dmPHfisdenet i c

fusion. A gene encoding NG- antigen is in-frame ligated, either internally
or pr efspacebl wherointdagd $paceristpositiGnedbetiveas sefd ¢dag prpdeie, enowtinh@r flagmeohat

protein, of th R.. Fusi on ma 0 be ef ed.by ipserting sequences of
Phe. it 68 R s eleFingusfs Xp705 2o G, NS FRtishfe BB 7 HURES R

pr ot ei RofRANRINGEcRagabeen odeketedes, thata, age1f unt hero, 8eh e6,1ed dindScids.
truncation mutants. Truncation nutants may have N- or C-term nal, or

i nt er naierdgradetiablys sad sprpct isgfonmpscd eflichde4of. @.1e 8cdall. glot 2i 13, 1Fher Fusi on
pr ot ei %ﬁ@@é\(}%dfr eferably retain the ability of assenbly into a VLP upon
expressi on i'ch can be exam ned by el ectron m croscopy. [00104] Fl anking

am no go60108] es it ues preedtrddensabdaderitotht kemickitiam tor@phisds or alichahtiedy thBistase
t he di stance between the coat protein and.the NG- antigen. dycine and
seri ne spedtiglp el aralisapatively spnssts #fdpba varsnseapdrticlee¥itg g dedss ose fifgked in

the Tl apkifgent SHEENGE6) at least one antigen with at least one second attachment site, wherein
said at least one antigen is a NGF antigen; and wherein (a) and (b) are linked through said at
least one first and said at least one second attachment site, and wherein said linkage is via at
least one non-peptide covalent bond, and wherein preferably said first attachment site does
not comprise or is not a sulfthydryl group, and wherein still more preferably said first
attachment site does not comprise or is not a sulfhydryl group of a cysteine.
[00109] In one preferred embodiment, the first attachment site comprises, or preferably is,
an amino group, preferably the amino group of a lysine residue. In a further preferred
embodiment, said first attachment site comprises, or preferably is, an amino group of a lysine
residue, wherein said lysine residue is a lysine residue of a recombinant coat protein
comprised by said VLP. In a further preferred embodiment, said first attachment site
comprises, or preferably is, an amino group of a lysine residue, wherein said lysine residue is
a lysine residue of a recombinant coat protein of an RNA bacteriophage which is comprised

by said VLP.



Such flanking sequences confer additional flexibility to the fusion
construct. This dimnishes the potential destabilizing effect the foreign
sequence Wwbi2eodv/ises2Bused i nto t he sequence of a VLP subumrct/Erasvd/ocs2hus, this
di m nishes the interference of the foreign sequence with the VLP assenbly.

[ 00105] In other enbodinents, the NG- antigen can be fused to a nunber of
other viral coat proteins, by way of—-éXample, to the C-termnus of a
truncated formof the Al protein of @ (Kozlovska, T. M, et al.,

| nt er vi[d®l18yy 3® aJurther(prole6icy cflodenerdtseideviyys-INGpantlcgath sag abécashemr t ed

bet _position 72 and 73 of, the ! t ensj on. F | e, | t
o o TR lchBieah g VBusThicd 18] ShuS RN ABishipriiee Befrte s S ner o
t he epith@RBoptgt €L dndkaitl TR stCattaehMb Uit QontphiSeBEPrE4hBIPSE, 0 4rhioGRbEH at

position 19. As another exanple, the NG antigen can be inserted between
am no & iadysneiegidge.gfhar¢ia preferably(sisslykioe pesidue 1gp lysiRrigsiduEnip rego@aagn 1

(1993))...Furt her t tjge f t e M -

br ot ubeP ol tes b b7 St AR B RO B e

92/ 13082)d roRbhinaiti acat yrotbhe iNGonastis @eby sahl beublikedpirticla 606atn RNoAei n of
papi | | omavirus, preferably to the major coat protein LI of bovine

papi | | baeteTioRMeeeype 1 (BPV-1) (Chackerian, B. et al., Proc. Natl.

Acad. Sgj 96 - : TR A ' aci ds
130- 130 ST Epyan it RS RldbogHiE SRR UL h BDISR AR

I nvent iattachremt tshte rcoemiosds, wentists @bsdntis | I p @ f NBral@ntatiyely canssoadf geranhbinanof a

virus, or to nmutants or fragnents thereof e been discl gsed i
2004/ 069D Of5ae TEHAN H%LT%)‘%F‘E}S 6%%%“28? R F‘u@?fgyf)aaﬁ’?ﬁo @ P]regﬁr%tﬂb’r‘?g 3:{%? at ed
by way b@étefi]@%}%gg"(‘%%-an& QQ406Lt dehcRMCLNST BLHIREY, o8 p?ém?gly%,rﬁm arhiA8 NS

antigen is f ' either the N or the Gtermnus of a coat protein, or
of nut aftdywone fesidgerevhescinipesfenbly safd IRMAE besedueris o hsapacARROSNtNhet @i said
preferably said coat protejn, or of nutant r .f nts .t hereof conprises
br ©or eretigit s iy Ehoptifbo e b E o bt BAUR A Bt PR S it Bhe o
SEQ | Ddﬁ@iﬁ—‘ﬂaactéﬁ%lﬂge 0p. 42, nost preferably of SEQ ID NO 41. [00107] In
one further preferred enbodi ment, the fusion protein further conprises a

spacer [00H21 ei An sdpdhepuelsrred snpwdimemnenl Yatskdlenpaticly widaet isagtasicrfirsor
nmut ant ar fr 0 f - terio . AP2 d.saj

ant - gert AR HBRL A ans e RO AR L L RRERR) SRR G fegns 1,
16, 15, codtdprottn ofl 2n RINA-b3a&eriGphafe, Wherbin said fecaiibimantcdat protdias Yompasesabl y,

sai d spacer is conposed of 1, 2, 3, 4, 5 6, 7, 8, 9, 10, 11,. 12, 13, 14,
or 15 #nslseablxicqasist of the amino acid sequence of SEQ ID NO:T; and’ wherein said first

attachment site comprises, or preferably is, an amino group of a lysine residue of SEQ ID
NO:1.

[00113] In another preferred embodiment of the present invention, the second attachment
site comprises, or preferably is, a sulthydryl group, preferably a sulthydryl group of a cysteine
residue. In a very preferred embodiment of the invention, the at least one first attachment site
1S an amino group, preferably an amino group of a lysine residue, and the at least one second
attachment site is a sulthydryl group, preferably a sulthydryl group of a cysteine residue.
[00114] In one preferred embodiment of the invention, the NGF antigen is linked to the
VLP by way of chemical cross-linking, typically and preferably by using a hetero-
bifunctional 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 sulfthydryl group, preferably of cysteine(s) residue inherent of, or

artificially added to the NGF antigen, and optionally also made available for reaction by



[00108] In one preferred enbodi nent, the conposition conprises or
alternatively consists essentially of, or alternatively consists of (a) a
virus-| i kwopaswises2e with at | east one first attachnent ectr&EP2@sdes2b) at

| east one antigen with at | east one second attachnment site, wherein said at
| east one antigen is a NG- antigen; and wherein (a) and (b) are Iinked
through said at |east one first and saf#d at |east one second attachnent
site, and wherein said |inkage is via at | east one non-peptide coval ent
bond, aedhctiber$dvarabhefeer-bifinctoailderbss latkeat aradimormmt insthe ertdddsseniotludotipr | se

at t achiigrene] veatoet SPPRL i PSe sES PR T EeRh Sulp o ghSuptir S, | <"
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conprises, or preferably is, an amno group, preferably the am no group of
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first attachnment site conprises, or prefer ablza an am no group of a
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VLP.[O I'n a urt er pre I mrent sal I rus artic W th
sai d atthd Bagt amrgen fahd slic SLPagomeotiplsig @réferred vioss+Bakdrk belpagmg td éhiotlagn

RNA- bact age, abl ro hage Qb, and said first
attachﬁ%‘ﬁ‘tléesgq é’xﬁ%‘ﬁg géﬁé an%% Bﬁ)Mﬁ&(&ege an am no group of a lysine
resi duggoiyaer eijf a@?&%ﬁé@%xo&ﬁieﬁt 'tbfé&dlﬁpds%x%ﬁhb $nv@nti¥s Fitehek %%hlﬁiH@esOJ a
reconbi nant coat protein, prefer ably of a reconbi nant coat protein of

RNA- badindei .opigigecr@ing ofihereon swichmay oitoitnahe Nﬁ)létanpgcn & achisvasbbiptlicsed by
said virus-=like partjcle f.an R act er i ophage. a furthe
r et o et bk & PrtofapTe coml ik £l | SRS i g hut R S R
at t achr@thmbhesi ONROE SRS to ERNEIsSlosuRS HMhisahb¥nt®dn. Weréfbt&rinat pré&dryed
consi sts of reconbi nant coat proteins, nutants or fragnents thereof, of an

RNA- bacrehodipeidgé thaipresast sblcption. arlhOks A it wrouphagethedYCEpatise by iy of at
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sai d RNA- bacteriophage, preferably of RNA-bacteriophage Qb. [Q0112] .In a
f ur t hePrefeaicd Pt dsmspd ﬂ%ﬁ‘eld’tlk@aﬁoalﬁﬂsreﬁé‘ suifegdnd oy @reﬁefarblmof Reystithe
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further preferred embodiment, the amino acid linker is a CGG- or a GCG-linker, preferably a
CGG-linker. Linkers which are suitable for the purposes of the invention are disclosed in
WO02005/108425A1, page 32-33, which is incorporated herein by way of reference.

[00116] Linking of the NGF antigen to the VLP by using a hetero-bifunctional cross-linker
according to the preferred methods described above, allows coupling of the NGF antigen to
the VLP in an oriented fashion. Other methods of linking the NGF antigen to the VLP include
methods wherein the NGF antigen is cross-linked to the VLP, using the carbodiimide EDC,
and NHS. The NGF antigen may also be first thiolated through reaction, for example with
SATA, SATP or iminothiolane. The NGF antigen, after deprotection if required, may then be
coupled to the VLP as follows. After separation of the excess thiolation reagent, the NGF
antigen 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 NGF antigen can

react, such as described above. Optionally, low amounts of a reducing agent are included in



coat protein of an RNA-bacteriophage, wherein said reconbi nant coat
proteins conprise or preferably consist of the am no acid sequence of SEQ
| D NO 1;werrdoovdses2ei n said first attachnent site conpri ET/EPRs0sSps2DEr abl y
is, an amno group of a lysine residue of SEQ ID NO 1. [00113] In anot her
preferred enbodi nent of the present invention, the second attachnent site
conprises, or preferably is, a sulfhyd?yl group, preferably a sulfhydryl
group of a cysteine residue. In a very preferred enbodi nent of the

i nvent itbmreachen atixtueadn forleerfmetbodsathadkitemtigontie aftachad tarthe ¥ 1gk osmg a

f er abl i f a lysi i t : d
bt ¢ acnigr-EReBlod? S Bdrd i eifrafuaeraaP, Talidlh, B8 RPEELSEf
cyst ei Rehdr &obWHNhonldIBiEkfohd) PENE-1RKkefsaL#1e thRIBRII I®IYs redctivB ol Rkiign, the
NGF antigen is linked to the VLP by way of chem cal cross-1inking,

t ypi calgrqupamd cpberd gamipg obtheudbhg a het er obi functional cross-linker. In
preferr (o]a]] ts, it -0- bj t.L.o Cr,oss-1i Y

Punct o0y o SERY Spntiolfn P4 8 % bie BRah S Blout VRS Sorh YAy FERRARIE 0L ¢ s,
pr ef er altkpnatib ¢1 cohestarbseatigiyooPa vivs-BkPpaitiercaiedwo NGE bBetigui e chgrieps of

| ysine residue(s) of the VLP, and_a further functional group which can
react WECKagiHRNSy "efariedf lsastoonr af fsRriBiragiions isined a gowlerhhend: Sughoup,

prefer%@ac%nscyﬁfcﬁi&%ﬁ? 6?§1£H@dit§hﬁ{t€%é -ngtboa;, Atk akdoy ﬁﬁ.ﬁggnéo the
NGF anti1 gen, and opt1 ona Py al'so made availa f’e or reaction blf/re ction.
Sever alintbetgon-Lhnking of therMalLP or the NGF nhiegen andclofiatrediby Hidinydating thhdd &

i nclude the preferr ross-1inkers SNV Pierce), Sulfo-MS, Sulfo-EMS,
Sul f o- g@%szmr%aﬂn}goti%f\&éca%tﬂeﬁas Smta%%%glgﬂ/mtelévsa SI'A and ot her
Cross- '[06%1%? S VRl d2RNerdl U tBXATR B EOM & gmf'aﬁﬁ%%n,%ﬁb&@{ta%@”ane and

havi ng one functional group reactive towards am no groups and one

f unct i onlaunigefothp Widagréfeaabipwhce pseteinsyaf RN Agrastepiophapes, rablevablythmougned
- 14 nk |. lead,to f ti f id ft t] ith
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cl ass aflo¢apRSAl dpokigicSteatiirt abtiR VNP b8 RNAMateBopHagbd@nd NV paYticOMr oS the
characterized by the introduction of a disulfide |inkage between the NG~

ant i gerVldhef RNA-Racterigpbagec@Bpis ithit. thepessihiilitydo epede sevicrld apgdsIpshpimgitt o
this cl el f ampl S ul fo-LC- SPDP (Pierce). [00115]
In a pr@?%arﬂroeﬁ fgld gﬁe%ﬁg,&l%ae&ggen%%ﬁeﬁ?%ﬁ ‘of the invention further
conpri 466113] | | mkereryEngfonedrenit@daher of exoinde@ionatheMear aatigen fsdinkbé viNGE

antigen is achieved by the association of a |linker, preferably containing
at | eaststeie revifusohadiebestiadderd © cbiesibe dhteraitug Ok therfttemimis e cradiaiyat o t he

di scl ogytEme Msidld Withil RO hMhen AL EHOFKidukDoPeddt FloRLiRESF the VLPs of RNA-

bacteriophages, and in particular to the coat protein of RNA-bacteriophage Q.

[00120]  As described above, four lysine residues are exposed on the surface of the VLP of
QP coat protein. Typically and preferably these residues are derivatized upon reaction with a
cross-linker molecule. In the instance where not all of the exposed lysine residues can be
coupled to an antigen, the lysine residues which have reacted with the cross-linker are left
with a cross-linker molecule attached to the e-amino group after the derivatization step. This
leads to disappearance of one or several positive charges, which may be detrimental to the
solubility and stability of the VLP. By replacing some of the lysine residues with arginines, as
in the disclosed Qp coat protein mutants, we prevent the excessive disappearance of positive
charges since the arginine residues do not react with the preferred cross-linkers. Moreover,
replacement of lysine residues by arginine residues may lead to more defined antigen arrays,
as fewer sites are available for reaction to the antigen.

[00121] Accordingly, exposed lysine residues were replaced by arginines in the following

QPcoat protein mutants: QB-240 (Lys13-Arg; SEQ ID NO:15), QB-250 (Lys 2-Arg, Lys13-



enbodi mrent of the present invention, a linker is associated to the NG
antigen by way of at |east one coval ent bond, preferably, by at |east one,
t ypi cal | ywonreoypspt2sde bond. Preferably, the |inker conpPCIEP2008/068209
alternatively consists of, the second attachnment site. In a further
preferred enbodi nent, the |linker conprises a sul fhydryl group, preferably
of a cysteine residue. In another preférred enbodiment, the amino acid
linker is a cysteine residue. In a further preferred enbodi nent, the am no
aci d | iAkeSEQIDaNQGR), QB-249 ACG 2-Amdrys1 prAeteSBQIND :MOOCEBahd QIPe2S]; Uiyskér s
whi ch are suitable for thgg{)urposes of the invention are disclosed. in
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oriented fashion. O her nethods of |inking the NG- antigen to the VLP
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DSG, BM PEQ 4, BS3, (Pierce) or other known hono-bifunctional cross-linkers
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of an RNA-bacteriophage Q. In a very further preferred embodiment, said polyanionic
macromolecule is polyglutamic acid and/or polyaspartic acid, preferably polyglutamic acid.

[00124] In this context, the term “essentially 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 pg, preferably
less than 20 pg, more preferably less than 10 pg, even more preferably less than 8 pg, even
more preferably less than 6 pg, even more preferably less than 4 pg, most preferably less than
2 ug, per mg of the VLP. Most preferably, the host RNA, preferably the host nucleic acids,
which are comprised by said VLP and/or by said composition of the invention are below the
detection limit. Host, as used within the afore-mentioned context, refers to the host in which
the VLP is recombinantly produced, wherein said host typically and preferably is E. coli.
Conventional methods of determining the amount of RNA, preferably nucleic acids, are

known to the artisan. The typical and preferred method to determine the amount of RNA,



t he exposed |ysine residues of the coat proteins of VLPs of

RNA- bact eri ophages, if sterically allowable. A specific feature of the VLPs
of RNA- bawOenisshkeges and in particular of the VLP of RR&THERetosns2phage o,
is thus the possibility to couple several antigens per subunit. This all ows
for the generation of a dense antigen array. [00119] In a very preferred
embodi nent of the invention, the NGF=aAtigen is linked via a cysteine

resi due, having been added to either the N-term nus or the C-term nus of,
or a narefeablyoysied nady, es ichoedanice with tNGPresent ingention o deygiled in dsioipkesl of
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Typically and preferably these residues are derivatized upon reaction with
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ich is suitable for obtaining even higher density arrays of antigens than
wi t h widegtadgeoncmadugsy. ot ei n of RNA- bact eri ophage Qo (SEQ ID NO 1). [00122]

I n one f erred enbodi nent.of. the i nventi qn, id virus-1ljk article is
' aconoilREer] " KeanTree oy iffsinte R s it oo SR vl i B Bl e | &
essent ingihlnfiztd S€re@ficdiQmin AN T a81H rdbP6iiRE Nsulh @6 effeihia®ey o céilrbpohbkend
particle is essentially free of host nucleic acids, wherein preferably said

Vi r us- [ciytedoxgartt qedll resposise api ofleer junkenisdsidecifectst seah RNAIcwaiE spihgaing n a

f“rthe%nBﬁf&ﬁﬁ%ﬁgm%g&%%%g%ﬂ&whéQﬁg&ﬁﬂpOSiti0” further conprises at |east
[00127] In one aspect the invention relates to a process for producing the composition of the
invention, wherein said process comprises the steps of: (a) providing a VLP with at least one
first attachment site; (b) providing an NGF antigen with at least one second attachment site,
and (c) combining said VLP and said NGF antigen to produce a composition, wherein said
NGF antigen and said VLP are linked through the first and the second attachment sites. In a
further preferred embodiment, the step of providing said VLP with at least one first
attachment site further comprises the steps: (a) disassembling said virus-like particle,
preferably said virus-like particle of an RNA-bacteriophage, to said coat proteins, mutants or
fragments thereof, (b) purifying said coat proteins, mutants or fragments thercof; (c)
reassembling said purified coat proteins, mutants or fragments thereof to a virus-like particle,
wherein preferably said virus-like particle is essentially free of host RNA, preferably host
nucleic acids. In a still further preferred embodiment, the reassembling of said purified coat

proteins is effected in the presence of at least one polyanionic macromolecule. Methods for



one pol yani oni ¢ macronol ecul e bound to, preferably packaged into or
enclosed in, the VLP. [00123] In a preferred enbodi nent, said virus-1like
particl e we 20misns23- | i ke particle of an RNAbact eri ophagecTmpedosnet2hy a
virus-like particle of an RNA-bacteri ophage b, wherein said virus-I|ike
particle of an RNA-bacteriophage, preferably said virus-like particle of an
RNAbact eri ophage Q, is reconbi nant!ly3produced by a host, and wherein said
virus-like particle of an RNA-bacteri ophage, preferably said virus-Iike
parti clreassfmizlmgRidAt atdimr o fdPRAgRcCbiophagce gshniprakbhog dfrag astforlegmiyaRiiajc and

wherein said conposition further c i one pol yani onic
macr olnﬁla(%(iﬂl e @}Elefolrli CEYMY A 1scl1%s§§$? g%@?@@gkg@c maclroor%l elcul 13 is
packaggq@oi28] 0 $Riode\kpats; ihckavoRidd piovidds A0ade baghesitioRAas riRieties abl y

into said virus-like particle of an RNA-bacteriophage Qb. In a very further
pr ef er cempesiioriphainvestdrl pol yani oni ¢ macronol ecul e is pol yglutam ¢ acid

ef a@nveyivel pol yani oni ¢ mcroml ecul e i s T me
cont oxt000AE" T2 hiEuREiped s ThRAORMRIEE ARR ApF ool AL

aci ds" vascitks @shpsitiinrcontpeised & dodsibRf anstipeutitaliogtecRNAampiifogEnapbile bOSt
nucl ei ¢ aci ds, . conpri sed by the VLP, which anount typically and preferably
i s | esdhq ¢pappostionp of thednventiphy | ess than 20 ng, nore preferably |ess than

10 M. 1600 "NL R SIRL-ARI Fntl @Rt N Sadlthe c%\&%sﬂl‘&p%rug%i?&ﬁfx@ggé’st tZ%%tzt ng”

6 ng, even re preferably Tess than 4 ng, nost prefe
per ng oot atlhevawt. AheMakhinptefienalfltiic at kesthost adiNAgnt piaf leeraby yctdreprivogd,

nucl ei ¢ acids, which are. conprised. by sai VLP and/or by said c osition
of the PRERCIVKOHP Y Yt Tt t?ﬁédaéw [29R qfithe tn.lvq%gfe,waﬁp%%%anvao ﬁreﬁmt he

af or e- meL QRed sGRRH &%k ein TGS So h8nisPEeieStintlatthd 6P tHEnfhie F&ponse or
reconmbi nantly produced, wherein said host typically and preferably is E

col i . Gobstawts tabdllavegdnsdgioofof delepotm thelpst weichmhentcombirRNAyithpthe freccaind vy
nucl ei ¢ acid§ ar r]Pg{glown t?.the arti.san. The,.typic g}and referred net hod
Co dot SPRPRAPR Ang RIAHI G5 TRl QP RIS S TG oY e O B qa S, Mol PR aDe. wi t h
the presenlic FaNu@veR Mdrs cilRsesd Refuhdrdsyais! Exanlpled o MR A0 RhOhe&aNR-ant

| dentical, simlar or anal ogous conditions are, typically and pretferably,
used fdrclpfeanépeieiahbt ¢onisoPf coapatdand IneprRIKe %ﬁléfdé? pyarjyelugiigiugei ds,
for in i I tians ISl . h . .flcations
" oSO SAEREDL I P TRLLE SR ARARG K0 Pug R ot

arti sanpelsidueh ayabmiivmahyéroaidd, berfanicdt s salsstarces path shosdlccithypipdadonyc and
preferably be understood as conprising val ues having a.devjation of 10%
pr ef er FBIXPIHROIVAGIORS. MEDidRS; Oih clsians, Keyholerimpet Apmaewingu digitrephgaelyand
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aci ds, ddnptebatterionigirnah.|Suchyadijihasatszed 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,
Aluminium salts (Alum), MF-59, OM-174, OM-197, OM-294, and Virosomal adjuvant
technology. Still further adjuvant include immunostimulatory nucleic acid, preferably the
immunostimulatory nucleic acid contains one or more modifications in the backbone,
preferably phosphorothioate modifications. The modification is to stabilize the nucleic acid
against degradation.
[00131] In another preferred embodiment, the vaccine composition is devoid of adjuvant. An
advantageous feature of the present invention is the high immunogenicity of the composition,
even in the absence of adjuvants. Thus, the administration of the vaccine composition to a
patient will preferably occur without administering at least one adjuvant to the same patient
prior to, contemporancously or after the administration of the vaccine composition. VLP has

been generally described as an adjuvant. However, the term “adjuvant”, as used within the



by the host. The RNA, preferably nucleic acids, may, however, undergo

chem cal and/or physical changes during the procedure of reducing or

el i m nat iwgQ 200v8eszunt of RNA, preferably nucl ei c aci dspcrgreaalobszoand
preferably by way of the inventive nethods, for exanple, the size of the
RNA, preferably nucleic acids, may be shortened or the secondary structure
t hereof may be altered. The term host3®NA or nucleic acids al so includes

t hese degradati on products. [00126] Reducing or elimnating the anmount of
host RNéntept ef éﬁsabpglicm@t roafecd ®i @y adn'ilmnﬁtmebemg the dIde ssadnfea rthe chvEniped |
responses, such aaz nflgnut ﬁy Vﬁ? response and cytotoxic T cell
responscgmpaﬂ O HEPCT IR adHEVYOsTe eV EF f ect s, such as fever, while maintaining
st r ong [eet32p odycchRSPAIPSSitidAd MES ifvRRtANirk 8818 to b@%?ﬂlaédlogawyaa%@aﬁ&blé he
invention relates to a process for producing the conposition of

i nvent |16themm@ﬁéllﬁtr%ta¢1dcw be éelsratedpni gascipkrntsndiysdus: Flerél}erpthmwcwge a VLP
wth at a " I’OVI g W th
at 1 casprBRStiafiS it bbaR B iRy ) R AkRS ARG
NGF antahg@ioun® thit pedtieca dediasi Hysio givdl et Iﬁmdjcdﬂﬁ-}t@mﬁegmﬂeﬂﬁtdl siad d VLP
are linked through the first and the second attachnent sites. In a further
pr ef er edrehifvaiofrgieal offtst Stagellyrangrmsoicartiy isBicdunPIosyipe BT Hhe redustionnl
first %td& achnment site further conprises the steps: (a) disassenbling said
virus-Iike particle, preferably said virus-like particle of an

RNA- bac[ﬂ(&:lﬁ%dlnange aspert sthe dnvomaibn pratidesws pharntaaaitscabrompagtientwehdriiarsaaf , (b)

purifying said co rot.eins, nutants or fragnments thereof; (¢
reasse ’frH@Ceélé]uCaﬁb‘RIgP‘F?lEan GBEIPTHF%)P&OH?OSH{H%% SVBrCIpY a‘@ﬁ‘é}?g’é‘)oflh%f B to a
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essentially free of RNA, preferably host nucleic acids. In a still
furthe rphplrrmcentn@di cqnp@sdilmemmpms%@e atthfasmlmali}n@ff@ravs anmupmf th¢ eamperation
pr ot ei n% g%fén th e ence of | east Oﬁ o %ﬁﬁﬂ\“ﬂ)ﬁ ¢
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i n the jRieRIBAC R @iy 8¢ id £&Srim %&hwnyaaﬁ\s Qs CoFBG S b Rats 8r 8Mher siftRfane¥anpl e,
di sclosed in V\02006/ 037787A2. 00123] In one aspect, the invention provides

a vacciwack erpéesitabbnfardmmrpsingghe kéfieaspdshe conughte Feamplesrefi materfadn129]
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I n one ?r ef erFr ed enbodi nent, said vaccine conposition further conprises at

| east urther components of pharmaceutical compositions include sterile aqueous (e.g.,
physiological saline) or non-aqueous solutions and suspensions. Examples of non-aqueous
solvents are propylene glycol, polyethylene glycol, vegetable oils such as olive oil, and
injectable organic esters such as ethyl oleate. Carriers or occlusive dressings can be used to
increase skin permeability and enhance antigen absorption.
[00134] The invention further discloses a method of immunization, preferably against NGF
antigen, said method comprising administering the composition, the vaccine composition, or
the pharmaceutical composition to an animal, preferably to a human. The animal is preferably
a mammal, such as mouse, monkey, chimpanzee, dog, cat, horse and particularly human. The
composition, the vaccine composition, or the pharmaceutical composition may be
administered to said animal, preferably to said human by various methods known in the art.
Typically and preferably, the composition, the vaccine composition, or the pharmaceutical
composition is administered to said animal, preferably to said human, by injection, infusion,
inhalation, or oral administration. Further preferably the composition, the vaccine

composition, or the pharmaceutical composition is administered intramuscularly,



one adjuvant. The adm nistration of the at |east one adjuvant nmay hereby
occur prior to, contenporaneously or after the admnistration of the

i nvent i vewoanpasdg23on. The term "adjuvant” as used her ePOTEPR@S8®6$209
non-specific stinmulators of the inmune response or substances that allow
generation of a depot in the host which when conbined with the vaccine
conposi ti on and pharnmaceutical conpositi-on, respectively, of the present
invention may provide for an even nore enhanced i nmune response. Exanpl es
of t he iatraviceasiy, ondraasinuscaally,i ndtansderamnty,pr efeasisi Ny, c ongtiraperiineelnpl et e and
inconple%e Freuqd's adj uvant, al um ni um hydroxi de, alum niumsalts, and
nodi fi & WA pepti de. Further adjuvants are nineral gels such as

al um nijpe 33y dihOhk dSpect Wid BreendaiveNEorSpHBsidaNs BRtdaGBr pevetm@l o 6h bdtiBular
pl uroni c polyols, polyanions, peptides, oil enulsions, keyhole |inpet
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Monophosphoryl |ipid i nmunonodul ator, Adj.uVax 100a, QS-21, S-18, CRL1005,
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adj uva | QY. i St . i tral PO L b JG;

nucl ei % hlabtc0 ?ﬁﬂé}g rse]?lepraéﬁsyéh% %IIelU F&m%n&gtg Wn%%gt I(I)l ra;ﬁllrrl%g]le%]":ec aci egﬁlscd(?ril&%lglﬁt%mone or
nor e nowcicestatel s isi astiidoerthaiik paneshepmefoed afdhrytipeds, paocatpaimaisecral pain,

nmodi fications. The npdificatiqn is to stabjlize the nucleic acid against
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invention is the high immunogenicity of the conposition, even in the

absencéhopaimdy aausadthy. injlinys, t he adm nistration of the vaccine conposition
to a pati wi || preferably occur wthout adm nistering,at |east one
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as an adjuvant. However, the term"adjuvant", as used within thecontext of

this appfh eapegricrpaticarcyralgiaagonddjanvdendingto danpgr ehecrve peliskkic stpka ore
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Further, the vaccipe. conpositions of the inventjon will be adm nistered in
a "t hercap@OfienpPy 9f Wik RIS ulfi GATPOSIfiopas ZMedisampRt. t hat pr oduces a
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vaccine composition for the manufacture of a medicament for the treatment of pain in an
animal, preferably in a human, wherein preferably said pain is nociceptive pain or neuropathic
pain. In a very preferred embodiment said pain is chronic inflammatory pain. In a further
preferred embodiment said pain is ostheoarthritic pain, rheumatoid arthritis pain, cancer pain,
visceral pain, chronic low back pain, or chronic headache, pancreatitis pain, cystitis pain or
prostatitis pain. In a very preferred embodiment said pain is bone cancer pain. In one
preferred embodiment, the pain is caused by injury.

[00139] In another aspect, the invention provides a composition, a vaccine composition or a
pharmaceutical composition as described herein for the treatment of pain in an animal,
preferably in a human, wherein further preferably said composition, said vaccine or said
pharmaceutical composition is to be administered to said animal, preferably to said human,
and wherein still further preferably said pain is nociceptive pain or neuropathic pain.

[00140] In one embodiment, the present invention relates to a composition comprising,

consisting essentially of, or preferably consisting of: (a) a virus-like particle (VLP) with at



desired physiological effect typically and preferably is the suppression or
the reduction of pain. [00133] In one aspect, the invention provides a

phar macewocad9/ms08zposi t i on, wherei n sai d pharmaceuti cal PCORP®ISIESN9
conprises a conposition or a vaccine conposition of the invention, together
wi th a pharmaceutically acceptable carrier. In a preferred enbodi ment said
phar maceuti cal conposition conprises 4ltherapeutically effective amunt of
t he conposition of the invention. When a conposition or a vaccine
conposiltdasbond Srshatdachinsntertedwhercansaich¥iRiisladLP ¢ ff Rivdybdsecriophagef @, randiibc h

contains,salts, buffers, adjuvants, .or qther substances whjch are desirable
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and injectable Qrganic'esters such as ethyl oleate. Carriers or qcclusive
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phar maceutical conpqsition to an animal, prefe ly to a human. The ani nal
is preﬁ@?&@??Lge Q%%ﬂqm% Gﬁmggﬂﬁﬁﬁg_? e#M% i npanzee, dog, cat, horse
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pharmaceuti cal conposition nay be adm nistered to said aninmal, preferably
t o sai dohsistanrg dsyentmtly edsormet feoddy knowwstingoft ke avirus-livppaéicley(Vadd) with at
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t he conposition, the vaccine conposition, or the gﬁarnaceutlcal conposi tion
i s admicamprisesed NaF feagmsatipd 4 Ynkost angwelirseis|pycietap b Y G§dragment consists

t ransdey ) I i rlt [.: I . 35]
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conpos ilySisnresilug @f éﬁ]ﬁ%ﬂ? 06 rRé‘ﬁ%Tbngeyopl@gg Qftyriid 1whereln said second attachment

site is comprised by said linker, and wherein said linker is fused to said NGF protein by a
peptide bond, and wherein said second attachment site is a sulthydryl group of a cysteine; and
wherein preferably said first attachment site and said second attachment site are linked
through a hetero-bifunctional crosslinker, preferably by SMPH.

[00142] In one embodiment, the present invention relates to a composition comprising,
consisting essentially of, or preferably consisting of: (a) a virus-like particle (VLP) with at
least one first attachment site, wherein said VLP is a VLP of RNA-bacteriophage Qf, and (b)
at least one antigen with at least one second attachment site, wherein said at least one antigen
comprises an NGF mutein and a linker, and wherein preferably said NGF mutein consists of
any one of SEQ ID NOs 45 to 75; and wherein (a) and (b) are linked through said at least one
first and said at least one second attachment site, and wherein said first attachment site is an
amino group of a lysine residue of said VLP of RNA-bacteriophage Qp, and wherein said
second attachment site is comprised by said linker, and wherein said linker is fused to said

NGF protein by a peptide bond, and wherein said second attachment site is a sulfhydryl group



wherein typically and preferably said animal, and preferably said human, is
suffering frompain. In one preferred enbodi nent, said pain is nociceptive
pai n. | n woweerwosps2ef erred enbodi mnent said pain i s chronipcTinrRéoadmvebOr y
pain. In a further preferred enbodi nent said nociceptive painis
ostheoarthritic pain, rheumatoid arthritis pain, cancer pain, visceral

pai n, chronic | ow back pain, or chronft¢— headache pancreatitis pain,
cystitis pain or prostatitis pain. In a very preferred enbodi nent said pain
i s bonefeapstemc paidnyhdrein prefepbbfserd fadt @tdshaicmente and had pedond iaadmesesitdy

injury. 1 e ferred enbodi nent , . saj N Js a neuropathic
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pain is caused by injury. [00139] In another aspect, the Invention provides
a conpdgiind waiduaof/seed A 1EoNPok ianil edenin aalqb heoond etathingal sigoisgowiptisahbias

oo REMIMEEF d Pheker it TRAET D s REua SO £ RaRBb TRy 4 DRBF AR o 3

phar maGatlrk5adai € QBERGRS] Ait&hrhéntls@tehig aaﬁﬂﬂfyd$§ﬁg t&f §@y§ieﬁ1ré* rmﬂd, whRéefrer abl y
to said human, and wherein still further preferabl sald painis

noci cerw@fvebbamd (fKStr?étiith@@tlhﬁlée o paid [semmttawhn@néwé@rb@dmwtthrq%é a
present v conprIS|ng, conS|st|ng
essent |h5 P %%ﬁc%%ngl er aeb1 %;g%gnygfgi/iﬁgf (a) a virus-like particle

(VLP) vmohmatllnerﬁ&t erﬁh@dlfndhstthatptre@lntrﬁntensﬂoheela\n&betroea moﬁ@b@[tlh(hleom@namgj_P of
RNA- bact eri ophage b, and (b) at | east .one_antigen w at | east one second
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at least one antigen with at least one second attachment site, wherein said at least one antigen
comprises an NGF antigen and a linker, and wherein said NGF antigen is selected from the
group consisting of (i) NGF protein, preferably SEQ ID NO:22; (i1) NGF fragment, preferably
SEQ ID NO:44; and (iii) NGF mutein, preferably any one of SEQ ID NOs 45 to 75; and
wherein (a) and (b) are linked through said at least one first and said at least one second
attachment site, and wherein said first attachment site is an amino group of a lysine residue of
said VLP of RNA-bacteriophage Qp, and wherein said second attachment site is comprised by
said linker, and wherein said linker is fused to said NGF antigen by a peptide bond, and
wherein said second attachment site is a sulfhydryl group of a cysteine; and wherein
preferably said first attachment site and said second attachment site are linked through a
hetero-bifunctional crosslinker, preferably by SMPH, wherein said composition further
comprises at least one polyanionic macromolecule, wherein said polyanionic macromolecule
is packaged into said VLP, and wherein preferably said polyanionic macromolecule is

polyglutamic acid.



SEQ I D NG 22; and wherein (a) and (b) are linked through said at |east one
first and said at |east one second attachnent site, and wherein said first
at t achmenwvooassoe3dan anmi no group of a |ysine residue ofPCTaiPd0gloEs209

RNA- bact eri ophage Qb, and wherein said second attachment site is conprised
by said linker, and wherein said linker is fused to said NG protein by a
pepti de bond, and wherein said second4attachnent site is a sul fhydryl group
of a cysteine; and wherein preferably said first attachnment site and said
second attachnment site are |inked EKAMBhEa het er o- bi f uncti onal
crosslinker, preferably by SMPH [00141] In one enbodi nent, the present
invention relates to a conposition conprising, consisting essentially of,
or preferably consisting of: (a) &#wANWwSEl i ke particle (VLP) with at | east
one first attachnment site, wherein said VLP is a VLP of RNA-bacteriophage
Qb, and (b) at Clenisg of meprarNGigkeDNAt intaa prekmyotia expressionivetorachnent site,
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wher ei (@) byRPER(Bn e hiEY ﬂrﬂﬁ%ﬁ%ﬁ%ﬁ-@i&ﬂ@#ﬁ 119'?@).@6? shq BRFNGRI d at

| east one second attachnent site, rein said first attac nt siteis
an ani fthogR ¢8PQAD MOL3/R| Hee PER ipderbicofvas digdstetl Rithf NeRiNand &b BardipdwaayeinGb, and

wh i i.d d at h .site is. i i i I d
wher of MGG s THiogaul ot afer A B gedied BY-SopeHt MBE i ond e
wher ei Rnsaded SRGRAGh et Ning bidtst NCFEU HY 46 bl 0Re OlorfaiGy e

and wherein preferably said first attachnment site and said secon

at t achmyvinesifolédovaadebyl 4 epseaing dirtlouGHemihest er o- bi f uncti onal crossli nker,
preferably by SMPH [00142] In one enbodi nent, the present invention
relates to a conposition conprising, consisting essentially of, or
preferably consisting of: (a) a vigxugwmipilke particle (VLP) with at | east one
first attachnment site, wherein said VLP is a VLP of RNA-bacteriophage Qb,
and (b) at KCeastruction efivt pGB28 vproN Gl B-Hie61G O rekanobindxprassiomveetor si t e,

wherei n_sai t |lea e antigen conprises an NGE nutein a | i nker, and
wher ei r{"we m@\i@%ﬁ]weﬁm @Pﬁ@%@?i?@%? © '%‘P?E‘QJBTH@%%CI@F?‘T@MS to
75; an r.ej . - 1 1.1k Cﬁi%ﬁ i i and
sai d a?) eglglﬁ{ é(;tnl{eea?soelgdowﬁlﬁl(gg%hf(g ﬁnn%érﬂg ' g&trgﬁr an vm%%fejT'fﬂGSsﬁa(?gﬁfll\@;? g;zta{nzitchrrent
site i snanNéaiFenlo wyrioupSEQ #D1 HOid9e. ThsiPdike poddustivas Mgtedf inRNACRAETEOPIOophage

Q, and wherein sai eco nent site.i s co ised b id|ljnker,
and wnaetth GaosanERe PERTERT Ty HendieSatelh B9 anfeptr hadbiis, " and
wher el Rogdidd REENTE qu nehf Bodt Rtk DR @ OFRALs Bty plasinlte: and
wher ei n pre erglg)l y s@ti Tl rstgattac%rrent Sl tg ang segi d secce)%d 1a%/?achmant
si t e ameslnankegpCH2ASomploNGRaIBr G-abd urtcles toral sigmabssjuemdeaterivpd ef ticdlapya by
SMPH. light chain of gamma immunoglobulin which was derived of the pSECTag2/Hygro A,B,C

vector (Invitrogen) followed by the mproNGF[ sequence, a Hisg tag and a linker containing

two glycines followed by a cysteine at the C-terminus.

EXAMPLE 3
Expression of pCB28-proNGFB-His-GGC in 293T HEK cells
[00147] 1 ng of the pCB28 proNGF His C expression vector containing the puromycin
resistence gene was mixed with 200 pl Opti-MEM (Invitrogen) and 7.5 ul Lipofectamine
2000 (Invitrogen) and transfected into 1.5 * 10° HEK 293T cells. After 4 hours cells were re-
fed with D-MEM medium containing 10 % FCS and 1 % non-essential amino acids
(Invitrogen). After 24h, 1 mg/l puromycin (Invitrogen) was added to the medium to allow for
selection for puromycin resistance. Puromycin resistant cells were grown in poly-L-lysine

coated roller bottles in FCS-free D-MEM medium containing 10 mg/I glutathione reduced



[00143] In one enbodi nent, the present invention relates to a conposition
conprising, consisting essentially of, or preferably consisting of: (a) a
virus-|i kwopaswdses2e (VLP) with at | east one first attachkoemr2@isies2onherein
said VLP conprises or preferably consists of SEQ ID NO 1, and (b) at | east
one antigen wth at | east one second attachnent site, wherein said at |east
one antigen conprises an NGF antigen4hd a |inker, and wherein said NGF
antigen is selected fromthe group consisting of (i) NG~ protein,

pr ef er dBlulra)SEQ! i/ NS R 2tyl-LidyreiNGEF Iikagntnmton-gpseftad atrline 8&E, 11 DoNEn#4ljinand
(i) NtGF rrutejrt Vprefe§abdoi; any one of SEQ ID NGs 45 to 75; and wherein
(a) andTeRPTYFE (FvpEeseny ARhL g 'PRUTE™ east one first and said at |east

one seqoesptSiehiieiis & fuBomPdlf rdR4RicBlISRER Halvested ahll 36Ku¥RREtc8 5L BId 1? an
am no group of a lysine residue of said SE; I D NO 1, and wherein sai
)

second Zunicas e ecndiifugatian Eidiepaegees Billspare) andnwaon aahyoMEPAGE Bisiriy i nker
is fus sali d\N nt 1 gen . tide. ho n ernein.,.saj d
at t achriahim Bl IR At Do SRt iR D car Rl VPR o7 B BFERLS b
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t hrough a hetero-bifunctional crosslinker, preferably by SMPH [00144] In
one entsl§BPRERtcd bhuisprlizagian of mband pbAPRIeKERaslytls P& Hi offespedsip thisi ng,

consi st | ent i-all-y , Y. Asi st img .of ; . i - ke
corti ol SPRGTRSECRE Bl faPhaRieHAIGR XoRRMNE b i BLund DhideX SHOUR 1D | ¢
a VLP ofoROA-(edce pioRpisafieo fMatudd ehNGFp HisGeaslel B&1 Aifd tHaap¥inhtuindfroheast
one second attachnent site, wherein said at | east one antigen conprises an

NGF antmipeNGhifidHa-GGokexpresamg MAKr2937 edisdvGrerdind peRdingnsleprduteeh frdom t he
group consj st | of (i). NG protein, preferably SE 1 22; (1), NGF
fragneﬁ?Yealfﬂéﬁﬁa%w 9@@6%9{@1 amieyacidy ?f?m fﬁﬁiﬁrﬁn%&r@r@wﬁw fhy one
of SEQ f&b ;o a rej F i i d at
| east (gﬂrlléeD [ resyéb%gtr?g %@%“8 %dﬁ"‘@ﬁﬁh@ﬁé%ﬁl\éﬁé‘gﬁdﬁ Iﬁ%‘f%@ %E&gﬁteegg%g%mﬁgdrei n
sai d fipisdesditid 6CRPRNGES-Hes-GE @R BNGRE-FisaG@COHy REKYSBTecllesi due of said
VLP of RNA-bacteriophage Qo, and wherein said second attachnent site is
conprised by said linker, and wherein said |[inker is fused to said NG
antigen by a peptide bond, and vvh% i Pi%jzfj second attachnment site is a
sul f hydryl group of a cysteine; an erein preferably said first

attachnent site and said spgaAfiga@di dCHNEHB-Hid-6GCe |inked through a
het er o- bi functi onal crosslinker, preferably by SMPH, wherein sajd

conposi[0919] fuNGFSr HisenpEi ses mtrified afomo hEK c10an sunsimatange oyndii e cfifieity
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nitrilotriacetic acid (Ni-NTA)-binding buffer (500 mM NaH,PO4, 1.5 M NaCl, 100 mM
Imidazol, 100 mM B-mercaptoethanol, pH8) and then pumped over equilibrated Ni-NTA
superflow beads (Qiagen) packed into a column for 16 h at 4°C using a peristaltic pump.
After binding, the column was connected to an AEKTA Purifier FPLC System and Ni-NTA
superflow beads were washed with four column volumes of washing buffer (50 mM
NaH,PO4, 150 mM NaCl, 20 mM imidazol, pH8) to reduce the amount of unspecifically
bound impurities. Subsequently mNGFP was eluted with a gradient of 2 column volumes
from washing to elution buffer (50 mM NaH,PO4, 150 mM NaCl, 500 mM imidazol, pH8).
Eluted protein was run on a 12% NUPAGE Bis/Tris gel under reducing conditions to check
the quality of the purification. Highly pure mNGFB-His-GGC could be derived in such a way
and was used for further development of the QB-mNGFB-His-GGC as described in
EXAMPLE 7.



pol ygl utam c aci d. EXAMPLE EXAMPLE 1 C oning of nproNGFb cDNA into a
prokaryotic expression vector [00145] Muse proNGFb was anplified froma
cDNA | i breoyeoefosnszsi ne enbryonal brain tissue by PCR usipo@/ErR@sies2bowi ng
primers: Nde-proNGF-F (SEQ I D NO 26) and proNGFXho- R (SEQ I D NO 27). The
PCR product was digested with Ndel and Xhol and ligated into pMH s-GEC
vector. The resulting plasmd was namd@d—pM proNGF- H sGGC, whi ch encodes a
fusion protein conprising nouse NGFb, a FHs tag and a |inker containing two
gl ycines followed by a cysteine aEXA™PCEt%er m nus. EXAMPLE 2 Construction

f CB28 NG=_b-Hi s: fi i t 00146] Th
gpr ngGt:b ség:rjgnchwghﬁWH%fq?ﬂﬁ#&#@@B{(/?IB’?':?O gﬁ:@@[@ect o]r byePCR
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ot ORGSO R Bider B RGP is TECNE AR (b dhriep L D 1ifker- A0
PCRI | - HORGFB emirtficd fromi Jubagailary Hign BERIrhicE G deeerhthcdVag sah deishatl 18iAt h Pad

and Xhol and the resulting nproNG-b-H sGGC fragment |igated into the QCBZS
vect or .usifge merqglqriahgntp antihady (almselcorehrgnateraNdPr Fipfure aad gobstondes f or
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rabbit anti sheep antibody (Chemicon International). After six final washing steps with PBS-T

the enzymatic reaction was started by adding 100 ul of a solution consisting of 10 mg OPD

substrate (Fluka) and 8 ul H,O, (30%) in 25 ml citrate buffer (66 mM NaH2PO4, 35 mM

citric acid, pH5) to all wells. The colour reaction was stopped with 5% H,SO,4 and absorbance

measured at 450 nm using an ELISA reader (BioRad). The ELISA revealed equal recognition

of both recombinantly expressed mNGFB-His-GGC and mNGFf indicating that mNGF-His-

GGC is correctly expressed and folded in the correct tertiary conformation.

EXAMPLE 6
Bioactivity of mNGFpB-His-GGC
[00151] The bioactivity of mNGFB-His-GGC was tested in an in vitro cell proliferation assay
using the mNGFB-responsive factor dependent human erythroleukemic TF-1 cell line
(ATCC) as readout system as described by others (R&D NGFp product sheet). Briefly, 10?
TF-1 cells were seeded in 100 ul DMEM medium (supplemented with 10% FCS, 10 mM
HEPES, 1 % Penicillin/Streptomycin and 1 % Glutamax) per well of a 96-well flat bottom
plate. Increasing concentrations of 0.8 to 100 ng/ml of mNGFB-HisGGC or mNGFf purified
from submaxilliary glands of mice was added to the cells. After 48 h cells were labelled with
BrdU labelling reagent (Roche Diagnostics) to be incorporated into proliferating cells. 24h



[ 00148] Supernatants of puromycin resistant cells were harvested and
concentrated 5-fold by Am con ultra centrifugation filter devices

(M 11iporwd20mhsosza on a 12% NUPAGE Bi s/ Tris gel (I nvit POgaPR00S0GSE209

reduci ng conditions. Expression of NG- was visualized by i mmunobl ot

anal ysis using an anti penta histidine-specific antibody (Q agen).

Expressi on was denpnstrated by visuatf€ation of a band of approximately 15
kDa whi ch corresponds to the expected size of 14.7 kDa for nmature nNG-b
cont ai datagcelsHiveret fxgedaardl sublseqicetly [(BEQatcD With 8(Q)croxidase eonjugricd ewsiBig Lof

mat ure mMNGF, b-Hi s rel eased into the. supernatant fro r oNGF
b- Hi s- E8Rogloppleant Yﬁ%@%@%&%ﬁq@- WHEST FEFSnpive QY ashingy %‘m@g AStErbePBi and

reveal ednSHhERuBEratd@Ibtorew N LFEMPlcham N R Chfhir QfachBh Was stFEDwith!y S
corresponded to the five expected am no acids of mature nNG-b and verified

cor r ect% ebtgh(es sid absomblapreonessired) a b S Orp moNGRD -ahi ISl ISACr ¢ agl e ntI&tikadi) SBAEBC by
HEK 293 | s. LE 4 Purificatjon GFQ- Hi.s- 00149 .

NGFb- ﬁ&&%@gp @ngm@é@*rfﬁr %Wﬁgkm%ﬁzﬁrg%gﬁﬁ é?@ﬁ%;ecdo epmrgbiea%tf% R
purifi i j | : 1S, . with 1/1 O0th vol une
PE o Bl iickin® %Q%ﬁ?%ﬁﬁmﬁ%ﬁ&ﬁﬁ’g%gﬂ@%ﬁg? (500 mM NaH2PO4, 1.5
M NaCl, 100 nM I m dazol, 100 mM b- ner capt oet hanol, pH3) and then punped

over equilibrated N -NTA superflow_beads (Q agen) packed into a colum for
16 h at 4C using a peristaltic punp: 7bi ndi ng, the colum was

connected to an AEKTA Pdri i -_@(ta)@ In- superfl ow beads were
washed with four col unné{;/%[}lhf%%ﬁ%{%\@gﬁlﬁsﬁg u?? QP ?@g nmnvi NaH PO , 150 nmM
NaCl , 200¥8Y| i @pdazed (2 pHdnlh avdreddaetcdh@itdnautbldomoliiys@atist o€ ahd hehound
impurities. Subsequently nNG- b was eluted with a gradient of 2 columm

vol unedifungtionak hiasg-linkce| Wuconingylff-gi-maBimidepNatpRoidodisxanhRdSMPEO0 mv

i mi dazq). El .ut ed t ej 12% NUP, i s/ Tri | ,und
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devel opnment  of the Qb-MNGFb- Hi s- GGC as described in MPLE 7. MPLE 5
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pur 11 A8 BTk b B9 g Ao dedp i Eat bEh GRPsScaPey e RN treELl sa
in such a way were then used for coupling to the target protein.
[00153] Before coupling, purified mNGFB-His-GGC obtained as described in EXAMPLE 4
was dialyzed in coupling buffer and reduced for 1h at room temperature (RT) with a 5-molar
excess of TCEP. Reduced mNGFB-His-GGC (0.25 mg/ml) was incubated with derivatized
QP (0.25 mg/ml) in a total volume of 100 ul for 4 h at 4°C. After completion of the reaction
the reaction tubes were centrifuged to remove possible precipitation. The coupling reaction
was analysed by running the coupling product on a 12% NuPAGE Bis/Tris gel under reducing
conditions and immunoblot analysis with an anti-penta His antibody and revealed efficient

coupling of mNGF[ to QB-VLPs. Protein concentration was measured by Bradford.

EXAMPLE 8
Immunogenicity of QB-mNGFB-His-GGC
[00154] Male DBA/I mice were immunized subcutaneously with 50 ug QB VLPs coupled to
mNGFB-His-GGC obtained from example 7 at day 0, day 10 and day 20 in the absence of
adjuvant. As negative controls, mice were immunized with QB-VLPs only. At days 10, 20 and

30 blood was taken. Serum was prepared by spinning the blood samples in serum tubes



usi ng a nonocl onal anti NGFb anti body (Chem con International) for capture
and pol ycl onal sheep anti nNGFb anti bodi es (Chem con International) for

det ect i orwOBpo9afsbsz3 nonocl onal anti nNGFb anti body was @cChrmpreastnes209 85
ng/mM in carbonate buffer (0.1 MNaHCO3, pH 9.6) and coated overni ght at 4C
on mcrotiter wells. Plates were then washed 3 tinmes with PBS- 0.05 %
Tween20 (PBS-T) and afterwards bl ocked’with 2 % BSA in PBS-T for 2h at 37C.
Then pl ates were incubated for 2h at roomtenperature with increasing
concent(Matotang, BD Biogitwe00 10§00 faflOnGFPetdc8eGEGNDIGHING@ebificsmtibedes f r om

submaxillary glands diluted in 1% BSA in PBS-T, Then plates were washed 6
times Wi SRIUPBS2MDIsH dVasndiisabr EdSdhusiog e #nd JHken figat M NRYGFButiRd H8EY f or
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submaxilliary glands of mce was added to t cells. After 48 h cells were

| abel | éecaginch aBd 0 nngpaing agER Exyepador RBevRady d§addilSdsycviealeddhpingtenor at ed
int i f i |I1's.. 24h | s. fixed b t |
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Di agnosfinfislsatiof p@foRKE&BEbMEabéRENI Ng, 100 nl of tetrabenzyl benzi di ne
substrate solution was given to each well. The col our reaction was stopped

with 5 % H SO and absorbance neasured at 450 nm using an ELI SA reader
(Bi oRad). Both EXAMPLE 9

Neutralizing activity of antibodies raised with QB-mNGFp-His-GGC
[00155] The ir vitro neutralizing activity of antibodies raised by immunization with Q-
mNGFB-His-GGC was tested in an in vitro cell proliferation assay as described in EXAMPLE
6. Briefly, mice were immunized with either QB or QB-mNGFB-His-GGC as described in
EXAMPLE 8. Sera of immunized animals were collected and total IgG fractions isolated
from sera by protein G purification. The capacity of purified total IgGs from Qf or Qp-
mNGFB-His-GGC immunized mice to neutralize the bioactivity of mNGF[} was then tested in
the TF-1 cell proliferation assay. Briefly, 10 TF-1 cells were seeded in 100 ul DMEM
medium (supplemented with 10 % FCS, 10 mM HEPES, 1 % Penicillin/Streptomycin and
1 % Glutamax) per well of a 96-well flat bottom plate. Increasing concentrations of 0.2 to 10
ng/ml of mNGFf purified from submaxilliary glands were pre-incubated with total IgGs
purified from sera of mice immunized with QP or QB-mNGFB-His-GGC for 30 min at RT
and then added to the cells. After 48h cells were labeled with BrdU labelling reagent (Roche

Diagnostics) to be incorporated into proliferating cells. 24h later cells were fixed and



M\GFb- Hi s- GGC and nNGFb from submexi |l ary gl ands stimul ated the
proliferation in a simlar fashion indicating that mNGFb-H s-GGC i s

bi ol ogi cavbypo@asisze. EXAMPLE 7 Coupling of mNGFb- Hi s- GGECTEPCINSNGES209 00152]
@-VLPs (2 ng/mM) were reacted with a 5-fold nol ar excess of the

het er obi functi onal cross-1inker

Succi ni myl - 6- (b- nal ei mi dopr opi onani doffexanoate (SMPH, Pierce) for 30 min
at roomtenperature. SMPH was taken froma 50 mM stock dissolved in

di met hyhbssgidnblyi ideibaRdarith @ nenoxoldsicemwiptal aitialBrdk boiongddnd antiwslydRanlges  of

coupl i buf f.e 0 mM MES, 300 a, 10 %glycerol, pH6) with a 10 kDa
mol ecul HRERASt tAéﬂte-%?nlswfﬂa}s_g’élgmm‘?f,tetﬁ‘o@%g)%nﬁfigﬁeﬂ]g%r%\%%ohﬁéﬂ\B?Srred at
roomt %ﬁ%%rtétegélﬁwel@f%%%r%édt%ﬁ%aé%Ebéirb@d SHES0R HIBY, Wed SHsbhBR é*@ga’sufr&r

coupling to the target protein. Bef ore coupling, puri 19|
MNGFb- Hit 45GE8 witgamedl s raddsiciBibkal)i € cEXHAMPUEted widls indicabyzednéantoom i ng
buf fer an uced for Ih at roomte rature (RT), with 5-nol ar excess of
TCEP. &35&8@3&%@1&9@@@ &@.%énw”ﬁ‘f}lg@lswm&aéa}@@awa& HREPEG4ETSed Qb
(0.25 @bt nbRufprbQid o Mot a@bn. ¥ Hinfi®hted WittBihcAGsinflcbfEent@RBAESF ON Of
the reaction the reaction tubes were centrifuged to renove possible

pr eci pinlGFP pre-itvabatodiplithnld ngador 60 nwasl widlly&e droay QBunNIGHp-HiseGGOUpl i ng
product. on a 12% NuPAGE Bi s/ Tris gel under reducing conditions and
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m ce WEFgutenyuni zed subcut aneously with 50 ng Qo VLPs coupled to

nMNGFb- Hi s- GGC obt ai ned from exanple 7 at day 0, day 10 and day 20 in the
absence of adjuvant. As negative controls, mce were inmmunized with Qb-VLPs
only. At days 10, 20 and 30 bl OOdEN?@N}BEi‘%' Serum was prepared by spinning
t he bl ood sanples in serumtubes(Mrotainer, BD Biosciences) at 10.00Qy for
10 m n.EfBei@ocdfi @f-neN GIFNEsbG 6 vadcimativntin hoppressing cscienin inolhgs indacdbne by
ELI SA using tag and linker free nNGFb purified fromsubmaxillary gl ands of
mce for coating. Briefly, nNGFbaGR&itifiingmigy to a concentration of 2.5

/m i . . . ni t 4
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Tween2QrthRBSwhy canldarbitie b wasds nbddet kEHhwarh oA BBAtE (R RBSokafled Callagdén 37C.

Then plates were_ incubated for 2h ] ] o
Induced Arthritis (CIA). In this model RA was induced by intradermal injection of collagen

type 2 (MD Biosciences) in Complete Freunds Adjuvant (CFA) followed by an intradermal
injection of collagen type II in Incomplete Freunds Adjuvant (IFA) 21 days later. The
inflammation progresses steadily and culminates in ankylosis and permanent joint destruction
accompanied by weight loss. Male DBA/I mice (n=8) were immunized with 50 pg Q-
mNGF-His-GGC at day -35, day -21 and day -7, as a negative control mice were immunised
only with Q. After three immunizations, RA was induced at day 0. The inflammatory
process was monitored over 7-9 weeks and clinical scores were assigned to each limb
according to the following definitions: 0 normal, 1 mild erythema and/or swelling of
digits/paw, 2 erythema and swelling extending over whole paw/joint, 3 strong swelling,
deformation of paw/joint, with ankylosis. Figure 2A shows the progression of arthritis in both
the QP and QP-mNGF-His-GGC immunized animals. Arthritis progressed to a very similar
extend in both groups. During the same period the body weight of mice was determined on a
daily basis (Figure 2B) and showed a substantial deviation in the average body weight
between both groups especially after onset of the disease indicating a suppression of

autoimmunity associated cachexia in QB-mNGF-His-GGC immunized mice.



at roomtenperature with serumsanples diluted in PBS-T + 2% BSA usi ng
3-fold dilution steps and starting with an initial dilution of 1:200. Then
pl at es wewe 20muisest36 times with PBS-T and i ncubated w t irCa/EP2d08/0682d9 | ut i on
of a peroxi dase conjugated goat anti nouse | gG-c anti body (Jackson

| mmunoResearch Laboratories) for Ih at roomtenperature. After 6 washes the
enzymatic reaction was started by addi*fg 100 nml of a solution consisting of
10 ng OPD substrate and 8 M H2Q2 (30 %9 in 25 m citrate buffer (66 MM
NaH2PO4, 35 mMcitric acid, pH5) to all wells. The col our reaction was
stopped with 5% H2SO and absor bangwr?d at 450 nmusi ng an ELI SA
reader (BioRad). The ELI SA reveal % rong autoanti body responses

agai nst by 6PORIMRG I PLING EG O X aldin A0 T dilppr &stngRi M ni 6y pAIH D 8at i on
prot ocol described above. EXAMPLE 9 Neutralizing activity of “anti bodi es
rai sed with Q- nNGFahbsan GG Jueed hiflarimatiny pain nwdekimtmidei zi ng activity of

ant i bodj .sed b im"PJn' zation w th. Qh- GFb- Hi s- was tested in an
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cells were |abeled with BrdU | abel ling réagent (Roche Diagnostics) to be
i ncor porastdsterimnesl withlanfedecatoniag! lyeongollghinsirament @ddntarteserléed Baste). The
andsubseguent | y. jngubated with a,peroxi das onj ugat ed anti,- BrdU nonocl onal
o Do tERY o R L el Vs e RSTEL L AR /57 ALl A 1 PR RIS

t et r abepgikirhRBRI 06 REFSHBSEH Bl SoUtW heBsWas @ity @tré @aleaCindvldan vEgesol or
reacti on was stop(ged with 5% H SO and absorbance neasured at 450 nm usi ng

an EL| Salcplagate To(diesmagy meckamicnl sensaiyiae dbe wsponscrie sEEsilatipncwite sacelded ons
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wi t h i ndrielasn ngresngepmicsairé omsbOhpplied to the plantar side of the mouse foot. With an
electronically controlled instrument (IITC, Woodland Hills, USA) the applied pressure which
led to foot withdrawal was determined. Six measurements were taken per foot and mean
values calculated. At day 31 inflammatory pain was induced by injection of 20 ul of a 3
mg/ml solution of zymosan A into the plantar side of the left hind foot. Hypersensitivity in
response to thermal and mechanical stimulation which arises shortly after onset of the
zymosan A induced inflammation was determined as described above by paw withdrawal 2 h,
4h,6h 8h,1d,2d, 3d 4dand?7 d after induction of the inflammatory pain. As
demonstrated in Figure 3, animals that were immunized with QB-mNGF-His-GGC showed a
significantly reduced hypersensitivity after both thermal (FIG. 3 A) and mechanical

stimulation (Figure 3B) as compared to animals immunized with Qf3 only.



MNG-b pre-incubated with 10 ng/m or 50 ng/m total 1gGs from

Q- MNGFb- Hi s- GGC on the ot her hand exhi bited significantly decreased
proliferavoanowmbss provi ng the NGFneutralizing activit pCofEPaousiobs2dd es

rai sed by immunization with Qb-nNGFb-Hi s-G3C (Figure 1). EXAMPLE 10

Ef ficacy of Qb-nNGF-Hi s- GGC vacci hation in suppressing cachexia in collagen
induced arthritis in mce [00156] Thed@bility of the Qb- mNGF-Hi s- GGC

vacci ne to reduce cachexia in autoi mune arthritis was evaluated in a nouse
model of Rheunatoid Arthritis (RAEXAi\éPbléIIIZed Col | agen | nduced Arthritis

(CA. S : i nduced i ntradermal .i t| on of | | agen
type 2 ( hisicaed oEREHSHETGRE an ppiaee e weiupas Boi o ey raRrsilen by an
intradermal injecti Onirﬁhrﬁﬁld@%ﬂeﬁmﬂhh phafh llnaagrmln%@ Freunds Adj uvant
(IFA) 2 1 days later. The inflammtion progresses steadily and cul m nates
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both the Qo and Qb- nNGF-Hi s- GGC i'mmuni zed animals. Arthritis progressed to
a very asilhistaforesnoded 2-hwsekhbgfeouislecibusi h§g Ttihen saﬁ’ehqi@mroderttheoctﬁmyr
subar at s G AR RTRCIRE a0t Spe ool R BrbOhe BerRhiY R liE® °

especi alihyilatibh ey moisaedd @%r;tétﬁexchagzaaaesdnr@ed ﬁlaEXAg/ﬂaLES uppr essi on of
aut oi nmuni ty associ ated cachexia in Qo- MNG-- Hi s- GGC i mmuni zed m ce. EXAMPLE

11 Efficacy of Qo-nNGFb- H s- GGC vaccination in suppressing inflanmatory
pain in a zynosan A-induced infla YeRgin nodel in mice [00157] The
ability of the Qb-nmNG--Hi s- GEC vaccine to reduce inflammatory

hyper sensi t Clriiyg, eRpre3siph)Werificationeinidouplifi € Eiman CeGFB tto QP-WLIPeN caused
by the injection of the yeast extract zynosan A (Sigma) into the plantar
si de of[ 0K Heman D@N@%mamp@flﬁﬂ(ﬁ@nmbuman fetal brain tissue cDNA library by PCR

and the PCR product is ligated into the pCB28 expression vector. The resulting plasmid is
named pCB28 huproNGF His C and encodes for a signal sequence derived of the kappa
light chain of gamma immunoglobulin followed by the huproNGFf sequence a Hiss tag and a
linker containing two glycines followed by a cysteine at the C-terminus. The eukaryotic
expression vector pCB28 huproNGF His C is transfected into HEK 293T cells essentially as
described in EXAMPLE 3 and supernatants containing mature huNGFB-His-GGC are
harvested for purification by Ni-NTA essentially as described in EXAMPLE 4. The purified
protein has a sequence as set forth in SEQ ID NO:31. Purified huNGF3-His-GGC is coupled
to SMPH derivatized Qb-VLPs according to the protocol described in EXAMPLE 7.

EXAMPLE 14
Efficacy of vaccination with mNGFB-His-GGC coupled to Qp-particles that contain the
polyanionic macromolecule polyglutamic acid
[00160] Qp-particles containing the polyanionic macromolecule polyglutamic acid, herein
after referred to as QB (PolyGlu), were generated as described in Example 4 of WO
06/037787. mNGFB-His-GGC was coupled to QB (PolyGlu) as previously described in



evaluated in the follow ng way: Male BL/6 mce (n=4) were imuni zed at days
0, 10 and 20 with 50 ng of Qb-MNGFb- Hi s-GGC or Qb al one. At each tine point
t hermal hypeoeasss2si vity of the plantar side of both hi RET/EPRE0SI¥EER09
determ ned in response to thermal and nechani cal stinmulation. For

determ nation of thermal sensitivity latency of foot wthdrawal after
stinulation with a heat source of def?Phed intensity (infrared beam was
nmeasured. Latency was determined with an electronically controlled

i nst r uxamp{cPl .dhlicamiresiogetigoy BASIH @olyTlogmMGEPd]is-¢(@F wakelcteeatned ontloe was
adj usted so, that for untreate imls |latency was appr.oxi mately For
each hifMpPy88tvag: hermalg ?Qve‘? RN VRS aﬁnws elglr@a}l@m%é@f O

det er mype [ t t
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pl ast i enGFRBBIGGQinkiRedWith. 331 %4 Adiydlasdends pdjesair &t 6aR Headaphld2echdtss t he
plantar side of the nouse foot. Wth an electronically controlled
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of the oot . rsensitivity in response to thermal and
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i nduced i nflammation was determ ned as described above by paw wi t hdrawal 2
h, 4 hredicpd IgG3p but clgvatod deGRtitgrs @ablednd 7 d after induction of the

i nflarmatory pain. As denonstrated in Figure 3, animals that were i muni zed
W th Qb-MNGF- Hi s- GGC showed a significantly reduced hypersensitivity after
bot h t heabrall: (kddatiod of)mMNGFprBebidiol adibotids mileaimmun(Aatigl veitBBP(RbyGhipar ed
to animals i mmnized with %Fonl EXAMPLE 12 Efficacy of NG--H s-G3C in
suppr eSBNAEB AéisEpatoni QB -pRI GFf-hliaGEH. d\im@ Ve smpuatdedrit day Or 14.i 28cudet?
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i s determ ne response to thermal and mechanical stinulation as
descr i Be@s, IpGEXARIcEadd [g(Fa iststypebdn sdrnondampbsvadre axdlyzed byrfIUSH. (CCl) i s
i nduced by ligating the sciatic nerve or leaving it unaffected (sham
operated control group). Ligation of the sciatic nerve causes

hypersensitTiviTy in tjie Tespective I'inb Whigh figvel ops wi thin 14 days|and
| asts for anehper Z- 3] weekg (payne |t | dgshNGEs-Hi&E6C! $ aprasCrphNaipd
rodent | nodel for His-GGC
0 0 0 0
14 0 4063 2186
28 0 6054 1737
42 0 5396 1448
56 0 11703 2892
IgG1
Days QB (polyGlu) QB-mNGFb-His-GGC | QP(PolyGlu)-mNGFb-
His-GGC
0 0 0 0
14 0 1245 3804
28 0 1952 3438
42 0 1979 2470
56 0 4762 3789
IgG2a
Days QB (polyGlu) QB-mNGFb-His-GGC | QP(PolyGlu)-mNGFb-
His-GGC
0 0 0 <100
14 0 3442 <100
28 0 5247 <100
42 0 5802 <100
56 0 11898 111




neuropathic pain. After the CCl operation, sensitivity in response to
thermal and nechanical stinulation is neasured every other day as descri bed
i n EXAMPLEORM09/BYARPLE 13 C oni ng, expression, purificarcompasnd/oes2opl i ng of
human NGFb to Qb- VLPs [ 00159] Human proNGFb is anplified froma human fetal
brain tissue cDNA |ibrary by PCR and the PCR product is ligated into the
pCB28 expression vector. The resulting?plasmd is naned

pCB28 huproNG-_Hi s _C and encodes for a signal sequence derived of the kappa
i ght chain of gamma i mmunogl obulin followed by the huproNGFb sequence a
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i mruni zed on days 0, 14, 28 and 42 with 50 ug of either Qo (PolyGu),” Q
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pr epar SAPEREPSHRERALEH opthy thermal japd sesanied] sHmudgnp Y heradaptions waresprlap iy i n
EXAMPL . i d : i _]-qﬁﬁﬁgﬂ'_ i: C i bodi es i nduced by

I mmuni %@iogggﬁi%ﬁe%?%gplfﬁiwﬁgﬁ- H s- \C/\}gr@e significantly | ower than

t hose induced with Q- MNGFb- Hi s- GGC and showed a Th2 1 gG isotype pattern as
i ndi cated by reduced | g&a but el evated IqG titers (Table 1). Table 1:

| nducti on of nNGFb-specific antibbdredPefder i munization with Qb(Pol yQ u)-
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neuropathic pain model in rats
[00162] Adult male Sprague-Dawley rats are immunized on days 0, 14 and 28 with 500 ug
QB-mNGFB-His-GGC or Qf alone. On day 35 neuropathic pain is induced by 4 intra-
peritoneal injections of 2 mg/kg of paclitaxel on alternate days (35, 37, 39, 41). Beginning
three days after the last injection of palitaxel and continuing for 4 consecutive weeks, tests for
altered pain sensitivity are performed every other day by measuring the heat-hyperalgesia and
mechanical allodynia on the plantar surface of hind paws essentially as described for mice in

Example 11.

EXAMPLE 16
Evaluation of NGF muteins as possible antigens coupled to Qp-VLP
[00163] NGF muteins (SEQ ID NOs 45 to 75) with sequence modifications as described
above are recombinantly expressed and purified as described in Examples 1-4. Bioactivity of
the produced muteins is tested in the in vitro bioactivity assay essentially as described in
Example 4. Muteins with low to no bioactivity in the in vitro assay are selected and coupled

to QP VLPs essentially as described in Example 7. Immunogenicity of the muteins coupled to



with Qo(Polyd u), Q(Polyd u)-m\GFb-H s-GEC or Q- MNGFb- Hi s- GGC. Bl ood was
taken at day 0, 14, 28, 42 and 56, serumwas generated and titers of
nMNGFb- spewof2n@/ases2al 1 gGs, |1 gd isotypes and | g&a i sSot PREEPRIVSHES209N
sanpl es were anal yzed by ELI SA.[00161] The ability of anti-nmNGFb-specific
aut oanti bodi es i nduced by inmunization with Q(Pol yG u)-nNG-b-H s-GGEC to
suppress nociceptive pain in a zynmbsaf3A i nduced inflammatory pai n nodel
was assessed in the follow ng way: Fenale BL6 mice (n=4 per group) were
subcut QfeVhd! and mwtnrilizey ativayy tbe idice@ 8nabolidPangi deberfineycotntedltshey Qb
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of the left hind foot. The ability of the vaccine to reduce

hyper se@ntibadies toysuppressampbarbcachexin gy tastbd dnia viee medele ab described ax Examples
assessed described in Exanple 11. As indicated in Figure 4 anti-nNG-b
aut oant'i'body | evel s i nduced by vaccination with Qo(Pol yd u)-nNGFb- H s- GGC
were sufficient to reduce hypersensitivity after both thermal and
mechani cal stinulation. The reduction was simlar to that observed after

i muni zation with Qb- "NGFb- Hi s- GEEXAMNPLE 15 Suppressi on of neuropathic
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rodel | n 1 oS AR A GETCnd R1ud Pl LRAIH ISR G PO " 1oy
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neuropathic pain is induced by 4 intra peritoneal injections of 2 ng/kg of
paclitaxel on alternate days (35, 37, 39, 41). Beginning three days after

the |astal ni€6ipifiE AmRaEF tﬁi%etdﬁ"ﬂeﬁtﬂibti@ﬁﬁ%ﬁﬁdét&%ﬁﬁﬂﬁdn\ﬂmks1

tests for altered pain seﬁéitivity are perfor every ot her day by

measuring the heat-hyperal gesi a and ¥ddhani cal all odynia on the plantar
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descri bed above are reconbi nantly expressed angﬂgurified as described in
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Resolubilized AP205 VLP is then reacted at a concentration of 2 mg/ml (determined in a
Bradford assay), with 2.85 mM SMPH (Pierce) for 30 minutes at room temperature (RT). The
reaction mixture is then dialyzed against HBS buffer, and reacted with 0.714 mM mNGFf-
His-GGC or FLAG, diluted in the reaction mixture from a 50 mM stock in DMSO. The
coupling reaction is left to proceed for 2 hours at 15 °C, and the reaction mixture dialyzed 2 X
2 hours against a 1000-fold volume HBS, and flash frozen in liquid nitrogen in aliquots for
storage at -80 °C until further use. An aliquot is thawed, and coupling of the antigen to an
AP205 subunit is assessed by SDS-PAGE and the protein concentration is measured in a
Bradford assay. Upon derivatization of AP205 VLP with the cross-linker, dimers, trimers,

tetramers, pentamers and hexamers produced by cross-linking, is detected in SDS-PAGE in

addition to the monomer form of the subunit.

B. Immunization of mice with mNGFp-His-GGC peptide coupled to recombinant
AP20S5 VLP analysis of immune response and IgG subtype determination
[00165] AP205 VLP coupled to mNGFB-His-GGC peptide peptide are injected s.c. in mice
(3 mice each) at day 0 and 14. Each mice is immunized with 10 ug of vaccine diluted in PBS

to 200 ul. Mice is retroorbitally bled on day 20, and the titer of the antibodies specific for the



to Qb VLPs essentially as described in Exanple 7. Imunogenicity of the

mut ei ns coupl ed toQb-VLP and neutralizing activity of the induced

ant i bodi esoan®/mdaes2er m ned essentially as descri bed i n Erampmireas®cszng 9.
Mut ei ns whi ch show | ow to no bioactivity but still induce neutralizing

ant i bodi es when coupled to Qb-VLP are selected. In vivo efficacy of induced
anti bodies to suppress pain and cachexfa is tested in in vivo nodels as
described in Exanples 10-15. EXAMPLE 17 Coupling of nNGFb-H s- GGC and Fl ag
Pept i denatpgbsGGC ARptids i\sll_rﬁl?asmnd h el 3 At aig@hlsmeWEijw-Gﬁ}Gm@ﬂder lss GGC

Coupl ed .of _NGFb+ H d.Fl tid
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and Fl apSEQIKR Ne¥ed Ide tcut&dRith €Blipied mA&eﬁﬂemdnaﬁmradémeﬁ@atﬁm ofkIown

met hods. AP205 VLP (SEQ I D NO 14) is expressed andaﬁurl fied as described in
Exanpl ew/ml dhd pbates arlacth@zl@m@/tbmsmbqtpg wittssergylyatitntes moasosarbi Bowwd in
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VLP i en react a CORt i'on ermn in a Bradford
assay) respetthveduBlypadVIASMRIIn(rBI, @fe@m)nuhe Kera @f Menidb@Inidé afcQy® tk@eer ature (RT).
The reaction mxture is then dial yzed agai nst HBS buffer, and reacted with
0.714 mM mMNGFb- Hi s-GGC or FLAG diluted in the reaction mxture froma 50
MM stock in DVMBO. The coupling reg Md]gg gleft to proceed for 2 hours at
15 0C, and the reaction mxture dialyze X 2 hours against a 1000-fold
vol une I-B&slomnﬂmﬂ\l(éEmﬁfalgnmnto APIZDS]M[LP nndﬂngmml'zm(ni ofcMideswitiomsGBpage at
-80 OC until further use. al i u i,s thawed, and coupling of the antigen
to an AP205 subunit is asse @@H‘eg @B@t?’ 03 YR he protein concentration
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are injected s.c. in mce (3 mce each) at day 0 and 14. Each mice is

i muni 2exidescribediio Bl /BP2QAcI4A L and i WD20R4/0B%> Ieh 20eppdtively delujtdemale,
N A S R
pept i dd-10Tpeptide (SEQ ID NO:44). 50 ug of dialyzed vaccine was diluted in PBS to a volume of

200 ul and injected subcutancously (100 ul on two ventral sides) on days 0, 14, 28 and 42.

The vaccine was administered without adjuvant. As a control, a group of mice was injected

with PBS or AP205 VLP alone. Mice were bled retro-orbitally on day 0, 14, 28, 42, 56 and 70

and their sera analyzed by ELISA.



MNGFb- Hi s- G3C is coupl ed to bovine RNAse A using the chem cal cross-Iinker
sul fo- SPDP. ELISA plates are coated with coupl ed RNAse preparations at a
concent r avpoanoafsose®@ ng/ mM . The pl ates are bl ocked and t Irem/EpPra@sivet2ed Wi t h
serially diluted nouse sera. Bound antibodies are detected with
enzymatically | abel ed anti-nouse 1gG anti bodi es specific for the respective
subtypes. As a control, preinmune ser&of the same nmice are al so tested.
EXAMPLE 18 Fusion of nmNGFb fragnent to AP205 VLP, and | nmuni zation of Mce
wi t h mNIGFb 4 eagpsitionfapsapdising: AP205 VLP [ 00166] Constructs contai ni ng AP205

fused to the N, or C. termnal. p of. . the MNGFh. 1- 10 pepti de ar,e obtai ned
by & method di 481 o2diTIERANIE VLPoR et Reppsar Gsa ST Bihod. of

purification ofpyt hat BXR0AS aRhUSHON Q06 Rebifl StbBhamtsital |y the sane as
di scl osed in Example 2 of PCI/ EP2005/054721. The construction and sequence

of PAP405 avdgrpnmagat lgps oge setigebdsia NOHETIZEP2005/ 054721 and in

WO2004/ 007 I ectiyely. . It q, 7 6~m per )
wer e vacci %ﬁ?%ﬁ{,ﬁlﬁﬁ;@ﬂo@?? %ljeslé@(%g-t e %H%g Ia>; q:%gg{jéueeﬁ{%ég—%g%g fg l%agégﬁege
(SEQ | D NOsécbnd abichmien®kiteli al yzed vaccine was diluted in PBS to a vol une of

200 mM and injected subcutaneously (100 mMl on two ventral sides) on days O,
14, 28 and 42. The vacci ne was adm ni stered w thout adjuvant. As a control,

a group of -m Nl i {: o} 205, ; ) . ed
et o o bi {4 HESb ] TAEHre En AR LA e an MR iR R Gy
ELI SA. 1. Apcanippsi NG rapommt bsamyGF(rajtem. vi rus-1i ke particle (VLP) wth at

| east one first attachnent site; and (b) at | east one antigen wth at | east
one second attachnment site, wherein said at | east one antigen is a NG

ant i gen; - anghe WhkhEkitloh 81 ardhe(dthn @cédh@ﬁgirﬁsbw&%hhl S & 18dst bﬁ@a?&tigfeﬂ@shfi rst

and said at |east one second attachnment site. 2. The conposition of the
precedi ng ehdNGE pwhenevhersiaisdiday¥ GF gagttingossisis oif ge amine aond NGEceowdEnen an

NG~ fragment..or .an NGF nutein. 3.. The conpogjtion of. a ne of the .

br eced; ng. G RIS RSl TEa FAmRHS LT DAL *antraest EM KA Bpipai
V\,h_er enn fsa'squél@:e Of SEO! ID R@NS2, Sdnd Wher&i éﬂ@ﬂefh%lﬁ%i&i I\ﬁ(ﬁ?ﬁéﬁﬂ@i_ﬁ,coﬁﬂ% R fhSal d
am no acid sequence conprises at |east 90 % sequence identity to the am no

aci d sequenBen@iciSERQUETeNGSER IRAND @herei n preferably said NGF protein
consi sts of the

4. The composition of any one of the preceding claims, wherein said at least one antigen is

an NGF fragment, wherein preferably said NGF fragment consists of SEQ ID NO:44.

5. The composition of any one of the preceding claims, wherein said at least one antigen is
an NGF mutein, wherein preferably said NGF mutein does comprises reduced
biological activity, and wherein most preferably said NGF mutein does not comprise

biological activity.

6.  The composition of any one of the preceding claims, wherein said at least one antigen is
an NGF mutein, and wherein said NGF mutein consists of an amino acid sequence

selected from any one of SEQ ID NOs 45 to 75.

7. The composition of any one of the preceding claims, wherein said VLP is a VLP of an
RNA-bacteriophage, wherein preferably said RNA-bacteriophage is selected from the
group consisting of:

(a) Dbacteriophage Qp;
(b) Dbacteriophage R17;



am no acid sequence of SEQ ID NO 22. 4. The conposition of any one of the
preceding clainms, wherein said at | east one antigen is an NG~ fragnent,
wher ei n pwefeedishsessai d NGF fragment consists of SEQ | DPRDEP4008H6820he
conposition of any one of the preceding clains, wherein said at |east one
antigen is an NGF nmutein, wherein preferably said NG-F nutein does conprises
reduced biol ogical activity, and wher&mn nost preferably said NGF nutein
does not conprise biological activity. 6. The conposition of any one of the
precedi ng cl ai (e, hhadewophagafrd at | east one antigen is an NGF nutein, and
wherein said N%(Ili: tein %gnsj;ét,s of an am no acid sequence sel ected from
any one of SEQ¥D CXPEE° 75> 7. The conposition of any one of the
preceding cl ai @, %@é@ﬁhﬁa@gg VLP is a VLP of an RNA-bacteri ophage,
wherein preferably said RNA-bacteriophage is selected fromthe group

consi sting of: ({a) bpderiantegpNEge Qb:; (b) bacteri ophage R17; (c¢)
bact eri ophage fr. iAphage GA; (e) bacteriophage SP; (f)

bact eri ophage 2;%?%?£%%%§%nghage M | ; (h) bacteriophage MXlI; (i)

bact eri ophage KW95badtéophags MXigphage 2; (1) bacteriophage PP7, and (m
bact eri ophage AP205. 8. The conposition of any one of the preceding clains,
wherein said VP c@ﬁ‘ﬁ?l‘l@@égff@éggbi nant coat proteins, nmutants or fragnents

t hereof, of an RNA 5 8hbophage, wherein preferably said coat proteins
conprise or é erg ‘?S%q%%ngél)st’ of SEQID NGO 1. 9. The conposition of any of

t he precedi ng ¢lai bagtendpdings APBaind first attachnment site is linked to said
second attachnen ite.via at st one coval ent bond. 10. The conposition
of claimo, vngﬁ“i\l a@%ril‘EPhé%?/éPéﬁf' bond is a non-peptide bond.

8.  The composition of any one of the preceding claims, wherein said VLP comprises
recombinant coat proteins, mutants or fragments thereof, of an RNA- bacteriophage,

wherein preferably said coat proteins comprise or preferably consist of SEQ ID NO:1.

9.  The composition of any of the preceding claims, wherein said first attachment site is

linked to said second attachment site via at least one covalent bond.
10. The composition of claim 9, wherein said covalent bond is a non-peptide bond.

11. The composition of any of the preceding claims, wherein said first attachment site
comprises, or preferably is, an amino group, preferably an amino group of a lysine

residue.

12.  The composition of any of the preceding claims, wherein said second attachment site
comprises, or preferably is, a sulthydryl group, preferably a sulthydryl group of a

cysteine residue.

13.  The composition of claim 9, wherein said at least one covalent bond is a peptide bond,

and wherein preferably said VLP is a VLP of RNA-bacteriophage AP205.

14. The composition of any of the preceding claims, wherein said VLP is a recombinant

VLP, and wherein said recombinant VLP is essentially free of host RNA.



11. The conposition of any of the preceding clains, wherein said first
attachnent site conprises, or preferably is, an am no group, preferably an
am no gr oNp 2009/®0828si ne residue. 12. The conposition of pamEPRFOSIbE209
precedi ng clains, wherein said second attachnment site conprises, or
preferably is, a sulfhydryl group, preferably a sulfhydryl group of a
cysteine residue. 13. The conposition36f claim9, wherein said at |east one
coval ent bond is a peptide bond, and wherein preferably said VLP is a VLP
of RNA-bacteri ophage AP205. 14. The conposition of any of the preceding

cl ai ns,, wherein sai re ombi nant VLP,..an ere sal recombi nant
VLP is ldss ﬁf.cgmpwlg%gf skimad %%aldfﬂalpeemgﬁ‘{]@aﬁoepﬂﬁsaﬁ gaphone
wher ei n saipdlyaRBRRShhdreMofcdi N he@ MR §68Fa@bnic 8RSk oRHR RO |1§/E<{Uk@§6dcmto
nacronnlecule wherein said polyanlonlc macronol ecul e i s pac aged into said

VLP, and meﬂthPpmed gy pgefmbbowém%mn@mﬁawmﬁwﬂeel& & pelyssiopimni oni c

polypeptldﬁopr @ﬂm%ﬁ%%@ Lran- 16. The conposition of claim15, wherein
sai d pol yani oni ecu e 1's a polyanionic pol ypeptide selected from

t he group conS|st|ng of : (a) polyglutam c acid; (b) polyaspartic acid; (c)
pol y(d uAs%); and any chem cal nDdlflcatlons of (a) to (c), and mhereln
preferdBly @sucen@e$ly%P6ﬁaen bol Yhsapinisa nodyaninigmastemodecsls; ig agiedyagionic

pol yaspart tpghf?%t(ijde g?ﬁit\éﬁ'eﬁrﬁhl” tHOr eéo%r %Ph%l o}f‘ &128&1&%@&%& Caf1@! YBfPLI de

is polyglu C aci e conp s ion rern sald
pol yani oni polyaspaotiobadice pioiy(@hlﬁa;p) oamdc(dbieny lchﬂmcahdlotzlif&amm e e &l y

said anlonlc dextran i s sel ect. froma gr nS|st| a), dextran
sul fate; (B} c‘aﬁ%%yp TRV e tnommqneﬁ tofy $eorssy|p0 letﬁlalw ! %1) ?Fﬁ%w

sul fonate dexhaic R, (Eﬁd q}ﬂ%&?&ﬁ”&o@%&@ﬁ%ﬁf safd ﬁ@*ly‘éﬁi%ﬁic”%o%gi’ﬁ%' f4 on

conprising a‘therapeutically effective amount of the conposi tion of any one
of the pre¢edghgmnkawns wherein preferably said vacci ne conposition
further conprises an adjuvant.

17. The composition of claim 15, wherein said polyanionic macromolecule is an anionic
dextran, and wherein preferably said anionic dextran is selected from a group consisting
of:

(a) dextran sulfate;

(b) carboxylmethyl dextran;

(¢) sulfopropyl dextran;

(d) methyl sulfonate dextran; and
(e) dextrane phosphate.

18. A wvaccine composition comprising a therapeutically effective amount of the
composition of any one of the preceding claims, wherein preferably said vaccine

composition further comprises an adjuvant.

19. A pharmaceutical composition comprising:
(a) the composition of any one of the claims 1 to 17; and

(b) apharmaceutically acceptable carrier.

20. A method of immunization comprising administering the composition of any one of
claims 1 to 17, the vaccine composition of claim 18, or the pharmaceutical composition

of claim 19 to an animal, preferably to a human.



19. A pharnmaceutical conposition conprising: (a) the conposition of any one
of the clains 1 to 17; and (b) a pharnmaceutically acceptable carrier. 20. A
met hod ofwoOrmnisaseBi on conpri si ng adm ni stering the conmpaIiEPR@R8/06$208Ny one
of claims 1 to 17, the vaccine conposition of claim18, or the

phar maceuti cal conposition of claim19 to an aninmal, preferably to a
human. 21. The conposition of any one- 8 —clains 1 to 17, the vaccine
conposition of claim 18, or the pharnaceutical conposition of claim19 for
use as a nedicanment. 22. Use of the conposition of any one of clains 1 to

17, or yse.of the vaccipe conposition of ¢laim118 for the manufacture of a
medi carint PSEOPRENTPEAL FRREGT AR | By LF SPEEIS TS eOERPIRPE SpAHn IHoSt
preferably thshabRb QublcalcbRpbsition BAEIRIm 2B for IR€asLIRARLALEAN Of any one of
claims 1 to 17, or the vaccine conposition of claim18, or the

pharmaceutical conposition of claim19 for use in the treatnment of pain,
preferably of oni i n, st pr e kd ar it N, 24.
A et hod o s PRlsh s S e pEHELR g 5t T8k 8 Fhs bbb e,

sai d et ho@dfeRimnBSomntic n{adhfapfudy bl Agddanbit fot tha techtrha@@ st paingprefckaily of
attachnment site; (b) providing at |east one NG- antigen wth at |east one
second at t SBIRENMAIB Mest PERTAbly Yhqumatoid grtBEIHPAP and sai d NGF antigen to
produce said conposition, wherein said NG- antigen and said VLP are |inked
t hrough said at |least one first and said at |east one second attachnent
site. 23. The composition of any one of claims 1 to 17, or the vaccine composition of claim 18,

or the pharmaceutical composition of claim 19 for use in the treatment of pain,

preferably of chronic pain, most preferably rheumatoid arthritis pain.

24. A method of producing the composition of any one of the claims 1 to 17, said method
comprising:
(a) providing a VLP with at least one first attachment site;
(b) providing at least one NGF antigen with at least one second attachment site; and
(c) linking said VLP and said NGF antigen to produce said composition, wherein said
NGF antigen and said VLP are linked through said at least one first and said at

least one second attachment site.



