WO 03/ 042244 PCT/ DKO2/ 00764 1 NOVEL | MMUNOGENI C M METI CS OF MULTI MER
PROTEINS FIELD OF THE | NVENTI ON The present invention relates to the field
of therapwotisms22az nunot herapy, and in particular to the fricainkofoomati ve

i mmuno- 5 therapy targeted at down-regul ati ng aut ol ogous ("self") pro teins
and ot her weakly imunogeni c antigens. The invention thus provides novel
and i nproved i munogeni c variants of nut- tineric proteins as well as the
necessary tools for the prepa- ration of such variants. The invention
further relates to 10 net hods i mrunot h era%é as well as conpositions

E

usef ul |HOV§BcEMWN98§§ICBM@4 ROPEFTFHELMRGERFPERIUSe of active

i nmunot herapy ("vaccination"”) as a neans of cur- ing or alleviating disease
has recej gr.ow i over 15 the last 2 decades. Notably, the
use of ah¥§gg Pﬁﬁﬁﬂgtﬁ&&ggékgg a nmeans for breaking tol erance to autol ogous
proteins that are sonehow related to a pathol ogical (or otherw se

undesire ogi t ep, kn i nce te.seventies
wher e thg% |§Q¥§e§%e?b%§ﬁ?9gh %%E ??fggt? Ft?wgégc?%eghmﬁgbgu%ig rgborted

VaCC|neSmagathskapytohﬁgomﬁ paktgensabave thadifteonablyabeene pmepaved by
"i mmunogeni zi ng" the rel evant sel f-protein, cheni cal_ coupl i ng

by
(" conjughhfEAPY FéraeFﬁggétfgpgpgﬁeaHéatFﬁﬂuﬁB%@ﬁP@oeérKlé?lﬁrétBFﬁ “(cf. US

4,161, 519); 9K QMdeEHéangékﬁgoﬂmﬂﬁnB shoBR SRPSLEHSt SThet weeR they
aut ol ogous protein and reign carrier profein (cf. WO 86/07383). In

such conthssrpcbsldehenoaeﬂlendpamproﬁedhémmnnugegénlUammaetaleflmuﬂe-
sponsi bl g.for .t he provision epitopes %or T- hel hocyt es, SUBSTI TUTE
SPeET (RESSES SERbS 02304 "Bet BRosrB0nRaoSsREy FYORACEYLCEnS BRlph
ration of such variants. The invention further relates to
10 methods of immunotherapy as well as compositions useful in

such methods.

BACKGROUND OF THE INVENTION

Use of active immunotherapy (“vaccination”) as a means of cur-
ing or alleviating disease has received growing attention over
15 the last 2 decades. Notably, the use of active immunotherapy
as a means for breaking tolerance to autologous proteins that
are somehow related to a pathological (or otherwise undesired)
physiologic condition has been known since the late seventies
where the first experiments with antifertility vaccines where

20 reported.

Vaccines against autologous antigens have traditionally been
prepared by “immunogenizing” the relevant self-protein, e.g.
by chemical coupling (“conjugation”) to a large foreign and
immunogenic carrier protein (cf. US 4,161,519) or by prepara-
25 tion of fusion constructs between the autologous protein and
the foreign carrier protein (cf. WO 86/07383). In such con-
structs, the carrier part of the immunogenic molecule is re-

sponsible for the provision epitopes for T-helper lymphocytes
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2 ("TH epitopes”) that render possible the breaking of autotole- rance.
Later research has proven that although such strategies may indeed provide
for the bweakiomg4of tol erance agai nst autol o- 5 gous prot ecmskoea/onseaber of
probl ens are encountered. Mdst important is the fact that the i mune
response that is induced over tinme will be dom nated by the antibodies
directed against the carrier portion of the i munogen whereas the
reactivity against the autol ogous protein often declines, an effect that
10 is, particularly pronounced when the carrier has preV|oust served as
an i munddén epxtwge@hbn@m®momem%emr@mws%@l%aﬁb¢ébre%k¢ﬁﬁ 5| v PEedler. g.
Kal i yaperumal et al. 1995., Eur. J. Im nunol 25, 3375-3380). However, when
usi ng t hefap8uti c vacci na- “tion it is usual Iy necessary to re-inmmunize
several tines per 15 year and to maintain this treatnment for a nunber of

years anﬂﬁt&?'§e§£§9cﬁeﬁggtﬁrbgeﬁ %héﬂagﬂgﬂoﬁeﬁrguEHeskggﬁgﬁléQSRQQSe

agai nst the carrier portionwll be iIncreasingly dom nant on the éxpense
of the ifmmdaedrpspunde #gai hbe bhea&ihgl ojotislempheeubkgaingtFanthép—

probl e i nvol ved when usi ng. hapten-cartier technolo far ea _
aut ot e98H§epF§gFﬁﬁsneaaPP@86§tQsi8r8kaggfsa§§ egFPg§t8§egarB05$ % t he
aut ol ogoysrpratei8 paet thB:SUBALCORe ShmuUekSreiBenBEMBRAELON sacaasskhl e
B-cell epitopes that resem_ ble the conformational patterns seen in the

nati ve a@vero§ous #51pr beeramisasreeRyr EbgcentdbedisssiipretsHi epaing tor
masking phe £RLLOBES L GUR 1 %Bgfﬁhﬁﬂhbggﬁ'wﬁgéggg chadyeedhgikhe self-
t inall'y, f a

part of € I'nmunoge i's ver Icult to cterize
a hapt enagatnker thel eatibéogpusupfribteént odétai HeclWDe8%/ 8584% fpravicted for a

refinement of the above-nentioned 30 hap tEn carrier strategies. &t was
denonst 1 ABcRAERACUSBF.YpPGONSIBSFATHRENSHPET CAROEE 2B)S Previously

served as an immunogen — this phenomenon is known as carrier
suppression (cf. e.g. Kaliyaperumal et al. 1995., Eur. J. Im-
munol 25, 3375-3380). However, when using therapeutic vaccina-
tion it is usually necessary to re-immunize several times per

15 year and to maintain this treatment for a number of years and
this also results in a situation where the immune response
against the carrier portion will be increasingly dominant on
the expense of the immune response against the autologous

molecule.

20 Further problems involved when using hapten-carrier technology
for breaking autotolerance is the negative steric effects ex-
erted by carrier on the autologous protein part in such con-
structs: The number of accessible B-cell epitopes that resem-
ble the conformational patterns seen in the native autologous

25 protein is often reduced due to simple shielding or masking of
epitopes or due to conformational changes induced in the self-
part of the immunogen. Finally, it is very often difficult to

characterize a hapten-carrier molecule in sufficient detail.

WO 95/05849 provided for a refinement of the above-mentioned

30 hapten-carrier strategies. It was demonstrated that self-pro-
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WO 03/ 042244 PCT/ DKO2/ 00764 3 teins wherein is in-substituted as little as
one single fo- reign TH epitope are capabl e of breaking tol erance towards

t he aut ovogows22ps ot ei n. Focus was put on the preservati oRCafDRo0876lI ary
structure of the autol ogous protein in order to ensure 5 that a maxi num
nunber of autol ogous B-cell epitopes would be preserved in the i ”Mmunogen
in spite of the introduction of the foreign TH element. This strategy has
generally proven ex- trenely successful inasnmuch as the antibodi es induced
are broad-spectred as well as_of high affinity and that the immune 10

r esponse tRa&Saifne&PL el SoAdet UhSd 14 Uhicghés thilttérd o men aigats ingdén fftren

| Ui 21 Bg ! B 0 1A0bLT QP8I cGALELET ofOBELENSh, +¥.00420024, BLQY dRd Tor
an expansi on of the above principle. Tt was o%n that Tntroduction of

si ngl e THugpilbgpes pmotkdn.coddicng seguendte ohorthse ifrepratveitionc aifl demduce
cytotoxi¢c.T 15 | hocyt e Ls) .that reacts specifical]y with cells ex-
pressing%ﬁﬁéyséF¥H§F8f iﬁ% %ﬁé ?ééﬁ SI8YY &F BB AB0GFRA &6 SFSHViSded f or
conbi ngdthher apiaxiheme nhebl rartsi bedias g Elee 112 itkdeed oulidn dhese
enbodi nents, the imunogens would still = be required to preserve a

subst ant P&ESEraeti 6n shepiegnogsin- 120 sPdiyes o ANOhGS 08 gagluatd ONDoFS /G642
both dis agci no J Lt down-regul ating the
activity%%?%$ﬁéa%5t%fe%§ﬁ?'n%@?%s?éggg%?grﬁg%,8§£§§%3E¥n§r?ﬁsgl$§d in the

pat hol ogyreotlyeweraksdifsdadeassuch as type ahtdibabdiees i ndiewantagied ar 25

thritis, and inflamuatory bomgl di sease. Both disclosures teach,
pr eser vaPFOAIGFPERETEEY fRaMFldt AScOdr 810D REidRtYTRRE thisén this d™Wsinécul e

confront $ekbenisBMuAe sustem WP 00/s82038 4 & %ti%%etxo QW) egul ahisen of
interleukin 5 (I1L5), a nolecule involved in the activation of eosi nophi

gr anul o- s8@ncyhenad¢mnvntiy inkawiitd anpeeaddnt onglt ke pachogenssirsicaf. a num

WO 00/20027 provided for an expansion of the above principle.
It was found that introduction of single Ty epitopes in the
coding sequence for self-proteins could induce cytotoxic T-

15 lymphocytes (CTLs) that reacts specifically with cells ex-
pressing the self-protein. The technology of WO 00/20027 also
provided for combined therapy, where both antibodies and CTLs
are induced - in these embodiments, the immunogens would still
be required to preserve a substantial fraction of B-cell epi-

20 topes.

WO 95/05849 and WO 98/46642 both disclose vaccine technology
that is suitable for down-regulating the activity of TNFo (tu-

mour necrosis factor a), a cytokine involved in the pathology

of several diseases such as type I diabetes, rheumatoid ar-
25 thritis, and inflammatory bowel disease. Both disclosures

teach preservation of the tertiary structure of monomer TNFa

when this molecule confronts the immune system.

WO 00/65058 relates to down-regulation of interleukin 5 (IL5),
a molecule involved in the activation of eosinophil granulo-

30 cyte activity that is important in the pathogenesis of a num-
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SUBSTI TUTE SHEET (RULE 26) WO 03/ 042244 PCT/ DKO2/ 00764 4 ber of airway

di seases such as chronic asthma. It is taught that down-regul ati on can be
acconpl i swedsloy22aeans of both pol ypeptide vaccination tecamakigporchi ve
vacci nes and nucleic acid vaccination and it is further taught that the
preserva 5 tion of B-cell epitopes is inportant if raising an i mune re-
sponse agai nst |IL5. Even though the above-referenced technol ogi es have
provided for very promsing results, there are several factors that nmay
conme into play when assessing the viability of a vaccine ap 10 proach in
conbat i ngSF @ifs@dddayoss e 9o sBIFh@ord it he ey ek bh fav@ht of t he

i nmmunogend Kol g roys R f i ! cine to
be func-pdtk%(;cﬁal, t%eegl;"{eaﬁﬂsl% ans ebcét;51 |%%b%{#tw§%ﬁss?ﬁm él%?lco- di ng
an "i munregemiepdd'deavtag] mig@isi qar dtestimaiusty bel iabd evd o iaxed Sanpd esscldrec

i munogen i.n, suffi.cient amunpt.s so tq i nduce ui tabl e i nmune
response.ac,&lds&acﬁc}lﬁelﬁq c?éwgds%cedl%;lsﬁtﬁbest Séaqu& r attn%q“? HEF § $Ydgeni ¢
protei B Gamne HEedwaad ddi tsd $-1 4 aghsyt AP0 unt sréirbiafr%lmthﬁ&ﬁd@é re-
fernentation process. How ever, it is often observed that even slight
changes iSPX¥¥WE 2@3dMsto Iddi-d sequence of a known protein can have dramatic

ef- fects on the anounts of protein that can be recovered. Further, the

stability of %?Peti cally nodified protein se- quences may al so be | ess than
opt i nal %/Eﬁ’ﬁtnh UGy Mo rhaTa Teefgqencatt terhrraisas dtals 1pggvidedi vo) .

25 Final lpsr whew, ?}%ﬁ@ifﬁd)rﬁs‘ﬂﬂ:st,haéhéﬂe 5 deslyed if o s 'agu afe,ls a
het er opol ynmer or honopol yrmer it Is not necessar- iIly so that a variant” of a
nononer i come tingfo thiay privireiassdddind e eapaisel ofty ndlc ngpantridodes t hat
g; g ¢ Z;ﬂé\f Ipq_”lo%rc]:thl )_{'Lns Fc):eo_mbcaltfiln(%_; fao rdit sheea sceo.nfoor{erm(;[ f chqensaé[ I aecg oorst hies ptollx rreexr:—l- ¢

pression level of the immunogenic protein.

For instance, in order for a nucleic acid vaccine to be func-
tional, the cells transfected in vivo with a construct enco-
ding an “immunogenized” autologous protein must be able to ex-

15 press the immunogen in sufficient amounts so as to induce a
sultable immune response. Also, polypeptide based vaccines re-
quire that the immunogenic protein can be produced in satis-
factory amounts in an industrial fermentation process. How-
ever, it is often observed that even slight changes in the

20 amino acid sequence of a known protein can have dramatic ef-

fects on the amounts of protein that can be recovered.

Further, the stability of genetically modified protein se-
quences may also be less than optimal (both in terms of shelf-

life and in terms of stability in vivo).

25 Finally, when the self-protein that it is desired to down-
regulate is a heteropolymer or homopolymer it is not necessar-
ily so that a variant of a monomeric unit of this protein will
be capable of inducing antibodies that are sufficiently spe-

cific for the conformation native to the polymeric protein.
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SUBSTI TUTE SHEET (RULE 26) WO 03/042244 PCT/ DK02/ 00764 5 OBJECT OF THE

I NVENTION It is an object of the invention to provide for inproved i nmu-
nogeni ¢ awealoogurs4 of pol yneri c aut ol ogous proteins as wel lPCaDKROOBAOVI de
for inmproved nethods for inducing hunoral inmunity 5 against such polyneric
aut ol ogous proteins. It is a further oggect to provide for imunogenic
anal ogues of self-proteins that have amr inproved stability and exhibit

i nproved charac- teristics when expressed in heterol ogous host cells.

Finally, oddeds @l iﬁﬁ% the invention to provide for nmeans and 10
nmeasures that are 33%?% @Eﬁ%ﬂeparing or utilising the im proved
i munogens. SUVMARY OF THE | NVENTI ON When produci ng | arge-scal e anounts of

reconmbi nant ipr aheigh ikt Ractgrd al . celds, it . ten desired that the
expression 15 prod&gt becone§§gﬁg§¥§gﬁq§ &8 ﬁﬁbvﬁ§%bﬁaﬁb&WE§xVﬁ§1démW%é bac
teria. TReJreasonsafloguss ofapelyseariel auferl ogpaiP e dthe reX 2 sPrRSSI

yields a roally consi derably higher when the pro- tein is expressed as
mwmmﬁﬁgﬁ%ﬁ%&%ﬁﬁﬁmﬁﬁiﬂ%&MwMﬁwmemmm@mw

facilijabgdinecassent bo19@e2Q cShi@d18%RILES $irOR RHQAUGt ;s easily,and
conveniently ssgarated, fromsoluble protein fromthe bacteria
f er ment aPPeRCTWhBNPERFESsITRG AmPusossiniananpilogeics as isedd-phloe cinel usi on

bodi es, kHatS en,n r ect the expressi.on pro- duct to
vari ous E?%Fe?gg%e?8|gﬁﬁg%§?§cégégﬁgﬁﬁyoﬁa refgléﬁiaﬁﬂpfgvﬁﬁ FRagac-
bio|ogicaerysa¢csvshénraprassbhisniaen@&aabeuQCQ%@E-c%@h%.e%ﬁﬂa&ﬁﬁugh
such a stgp.lea?s to, a cgrtain | oss of total reconbinant protein t at is
never folded®i At8Ct RBIEGFPeCE bN6- 1P¥gREAPPY tacPiresitier ForSUBSTETERE SHEET

(RULE ®6peasures that are useful when preparing or utilising the im-

proved immunogens.

SUMMARY OF THE INVENTION

When producing large-scale amounts of recombinant protein in
bacterial host cells, it is often desired that the expression

15 product becomes available as inclusion bodies inside the bac-
teria. The reasons for this are sevarel: For exXample the ex-
pression yields are normally considerably higher when the pro-
tein is expressed as insoluble inclusion bodies, and the puri-
fication of the protein is also facilitated because the de-

20 sired expression product is easily and conveniently separated

from soluble protein from the bacterial fermentation.

When expressing a recombinant protein as insoluble inclusion
bodies, it is often necessary to subject the expression pro-
duct to various protein refolding processes in order to obtain
25 it in a biologically active form, but this is normally accept-
able even though such a step leads to a certain loss of total
recombinant protein that is never folded into the correct bio-

logically active form.
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WO 03/ 042244 PCT/ DKO2/ 00764 6 However, when produci ng reconbi nant

i nmunogeni ¢ variants of non-imunogenic self-proteins it i s necessary to

i nt r oducewOH3/0ep2ist opes and thereby the prinmary structure @CTIE2p0BRE N
product becones altered when conpared to the native self-pro 5 tein. The
present inventors have experienced that even the slightest of changes
renders the traditional approach of in-9clusion body expression followed by
refolding inpractical: The yields of protein after refolding that has
preserved a satis- factory fraction of B-cell epitopes conpared to the

nati ve 1Hoseverprobennprapdugény secembiBantahlMPRPISPi6bYaMm PREFe@Ses with

the comphexl t¥rahobBfiR" 8LEENLLBLQUASLEON; 5! hoBas oY BECRntouRdLhal
designing and effectfing expression of protein constructs that are produced
as sol ubkpipoptei andf tharbbgt eheapir$émarguperiiotuneyobf theepaptagn

i mmunogeni c vari. 15 ants of self-proteins - even ough, subse nt
purifigaPFBﬂuCEt@Sgoﬁﬁéoﬁgtﬁﬁ?g UofpI FERPayc egauggeoﬂﬁEFvgoF%EEép5P6teins

have t pgifemyedpribenti DaleRUbrEl gdvandxparieatby takdedvenr educt is
obtained in significantly higher yields than when conpared to the

traditionaighppebach chehgmredrabeess Ahd, tvefyt2onpApsPpPanery, ofhénpurified
prOte'”SgﬁﬁégbggﬁPEQSQ%%QEESEXRGfBElg%éBr§§Sk8ﬁopéﬁh§;E?QEQEEEEBEQ The

unpr eced pre-"serve B-cel I'“eprtopes rve

sel f - proy,gendkr em phovehint heyear ecdenvad. thatbhaef praseervdidng sattibe
present 1nvention, soluble expres- 25 sion of variant proteins-is an
excel | enfasEpP&yt £6ACELPRePfoRCRAéNSPAFPPEF| ¢ORRPEEE R FBF PAMINGgeni c

vari aff S0 f§P§S%%1npEQEebgrgh@Etéﬁe1%HLtQHBetBQE ﬁeeghegthgerea@@gses- In

order to obtafln e goal o ol ubl e protelin expression o such
i munogeniizbdthel Eoppdeaiiny Odndhet beptprot énnguwkéien30 changes have been
introduced in the primary sequence), a num

It has now been found that designing and effecting expression
of protein constructs that are produced as soluble protein
from bacteria is a superior way of preparing immunogenic vari-
15 ants of self-proteins - even though subsequent purification
steps become more complicated because other soluble proteins
have to be removed, the final purified and correctly folded
product is obtained in significantly higher yields than when
compared to the traditional approach outlined above. And, very
20 importantly, the purified proteins obtained from this type of
expression exhibit a hitherto unprecedented ability to pre-
serve B-cell epitopes of the native self-protein from which

they are derived.

In brief, according to the present invention, soluble expres-
25 sion of variant proteins.is an excellent selection criterion
when initially selecting for immunogenic variants of a self-

protein that are suitable for vaccination purposes.

In order to obtain the goal of soluble protein expression of
such immunogenized self-proteins (and other proteins where

30 changes have been introduced in the primary sequence), a num-
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SUBSTI TUTE SHEET (RULE 26) WO 03/042244 PCT/ DKO2/ 00764 7 ber of paraneters
can be varied - nmultineric proteins that are difficult to assenble can be
produce bwosBalm2ki sing their structure both on the nonomeCT®Koeewelsdbut

al so by preparing nononeric mmcks of the multinmer, and also sinple
nmononeric 5 proteins can be stabilised according to the teachings set

forth herein. Another inportant factor Vs the fernentation conditions -
findings in the present inventors' |ab have e.g. indicated that
fermentation of bacteria at |lower tenperatures than those 10 normally used
for obt abakngt hbghamebersespnebsi Bargedar| puibimerirt Bretenespebatickén of

soluble foraeof the YaLianioPLon LE BRoalBe BLesealslhuentotaehave found

t hat pre%é ation o nonone- rrzed rns o y provide for
i munogest eusbliee BOtRUbASthavinBgomehighletrabi biityalsopeyi prepaminggeni city
and de sirable productlon characteristics ticular, the éI6|d of

prot ei n PQNEHPHEFsTHGLGKAI §h ﬁh@nm8}59@§§rn6nﬂeééﬁﬁlﬁéﬂplep8P9 Bpfitfes

Const'éugggtéy éweaﬂvﬂensﬁébQElBb&5abeb98§neyton%ﬁest@Ecﬁlagatgee li nker
and includi ng orelgn T hel per cel O epitopes. It is beliéved that this

findi ng €onshi hetesna gen- eral appllcable finding relating to nmultimeric
proteins, the quarternary structure of which allows for tailoring of a

nono- meric version thereof. It is believed that the present technology is
especi al RpotRersimpedterdE HREBAK A LhRUAGEERSTASEOBr 68RFAG180E0 ol er ance

agai nst_aytgl ggausDLALCL DS ALNGE LAECLL oduction of dLhendsentide | nker

can be el'ggantFy conbi ne e provision of foreign T hel per epitopes
whi | e at thhe sapmehiakiphesér bangertiheal8Dlsweuc tempeah tithre snihenmehiose
proteln (i.e Ereservatlon
normally used for obtaining high level expreSSlon greatly fa-
cilitate the production of soluble forms of the variant pro-

teins.

The present inventors have found that preparation of “monome-
rized” forms of IL5 and TNFa may provide for immuncgenic mole-
15 cules having a high stability, superior immunogenicity and de-
sirable production characteristics. In particular, the yield
of protein is surprisingly high when expressing recombinant
polypeptides constituted by two monomers of hIL5 joined by
means of a peptide linker and including foreign T helper cell
20 epitopes. It is believed that this finding constitutes a gen-
eral applicable finding relating to multimeric proteins, the
quarternary structure of which allows for tailoring of a mono-

meric version thereof.

It is believed that the present technology is especially

25 suited for preparing immunogens for breaking autotolerance
against autologous proteins, since the introduction of the
peptide linker can be elegantly combined with the provision of
foreign T helper epitopes while at the same time preserving
the 3D structure of the multimeric protein (i.e. preservation

30 of both elements from tertiary and from quarternary structure
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30 of both elenents fromtertiary and fromquarternary structure

SUBSTI TUTE SHEET (RULE 26) WO 03/042244 PCT/ DKO2/ 00764 8 of such a
protein, Wooupnsi ng the original quarternary struc- turePOm/TIKIR/O0NEBW
tertiary structure in the nononeric protein). Hence, in one broad aspect,
the invention relates to an i nmu- nogeni ¢ anal ogue of a polyneric protein,
said polyneric pro 5 tein consisting (i P nature) of at |east 2 nononeric
units that are not joined by neans of a peptide bond, wherein said ana-

| ogue a) includes substantial fragnments qof at |east. 2 nononeric units of
sai d pol frﬁgrsluccqipl’ao éoﬁc,e%erabé’i ﬁ"?gisdlré%ﬁearﬁrll%lrﬁ]aquar% Y & YT ned
via pept itdehords nhmamgh e+ iReRt ide-ddiikas i) cHhahdiiase Aic [Baste gne, MHC
Class Il binding amino acid sequence that is heterologous to the polyneric
protein, and 15 c) can be produced as one single expression product froma

cel | har biemdeng ian cexphassiddmsteetr Breodivghiivh ardral@gues atheimprnesent
inventors have al so _found that a nunber of par- ticular manipulations in

the ami n&C8E G S BTG S P Indh Girerie £ ish PIE imbs i id IRP AR DREION of
monones wRlieCWRs ithat Ar@ Pt draunageni o and canall & i@t\}r?i'%anr_%aac

functional quarternary structure, neaning that these nolecul es S SO
hi gh degege eotpriedaered vt erctang yista gotniriale Haind heyhe spontsmiebusiar- can
formfunciti r%al , receptor binding, dinmers 25 and triners, and al so that

t hese moioMers are produced as soluble proteins in bacteria. Sonme of these

mani pul ations that have been perforned in the TNFa protein are believed to
be generallyagpgﬁéfggég %8559£8Eial fragments of at least 2 monomeric

units of said polymeric protein, wherein said substan-
10 tial fragments are joined via peptide bonds through a

peptide linker,

b) includes at least one MHC Class II binding amino acid

sequence that is heterologous to the polymeric protein,

and

15 c) can be produced as one single expression product from a
cell harbouring an expression vector encoding the ana-

logue.

The present inventors have also found that a number of par-

ticular manipulations in the amino acid sequence of monomeric
20 TNFo results in the provision of monomer molecules that are

both immunogenic and capable of attaining a functional

quarternary structure, meaning that these molecules has so

high degree of preserved tertiary structure that they

spontaneously can form functional, receptor binding, dimers
25 and trimers, and also that these monomers are produced as

soluble proteins in bacteria.

Some of these manipulations that have been performed in the

TNFo protein are believed to be generally applicable for pro-
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SUBSTI TUTE SHEET (RULE 26) WO 03/042244 PCT/ DKO2/ 00764 9 teins where it is
desired to prepare a stabilised tertiary structure conpared to a native
prot ei n. wopaitizeul ar aspect of the invention relates to &CmIEIR00TH
variations in the TNFa nonomer structure that are sufficiently 5
non-destructive so as to allow correct folding of the TNFa nononers while
at the sane time introducing at |east dche MHC Cass Il binding am no acid
sequence. It has e.g. been found that insertion of a foreign TH epitope
can be made in one par- ticular |oop structure in native TNFa wi thout this
havi ng adihsegatio et npacie virahet @xprewsion chiaabt e3¢t St H LY he pro-

tein or gn the nononer’'s ability. feg) 1 a functional TNFa diner or
triimer .Sqfl%h%e“}rea Cf?%?]f%cﬁ?&paar tn%%/l‘?% ]ipéﬁéeﬁg tion relates to an
i rmunogeni ¢ anal ogue of human TNFa, wherein the anal ogue includes at | east

one foregl a%ﬁfrssaé%%c?é noﬂ'a%}g%]nﬂq@é?lﬁfoﬁcf:gl§€8§e@§ea apghber ther has

the characteristic of ng - uman TNFa nononer or a nononeri zed

anal ogue;of 1 FNEn Hfin e PrESE NhohaMEnt & orucliee ethahasrbesuf f hseenedy or
in- substituted at |east one foreign MHC Cass Il binding 20 am no acid
sequencendmtde$t exiil ee | sopas, tandl bow - car heoanf INFangopbnekre oFNE

nononeri zed anal ogue. of TNFa of the, present inventiop,.wherein been
i nt r odudRRPARST st Lt dF eI 78R B}ﬁ%gbn{?]ﬁ%?uﬁ%%i ?ste%a? eonf‘f\lll:—[\gﬁ%ono-

mer 3D Séi#ézéuff’bm:(ﬂé ABino 8 bUBEe JNERCEDNDAERA OF e g MOPOSRT fZ@Ed
anal ogue of TNFa of the present invention, wherein any one of am no acids

1, 2, 3thdt Bps€rt¥ongefandforehgrhBs AR iPRerFAMURS WAL BealddFied,
and/ or SUBSTI TUTE SHEET ( RULE 26% X . . .
ticular loop structure i1h native TNFa without this having a
10 negative impact on the expression characteristics of the pro-
tein or on the monomer’s capability of forming a functional
TNFo dimer or triimer. Hence, a important part of the inven-

tion relates to an immunogenic analogue of human TNFa, wherein
the analogue includes at least one foreign MHC Class II bin-
15 ding amino acid sequence and further has the characteristic of

being

- a human TNFo monomer or a monomerized analogue of TNFa of
the present invention, wherein has been inserted or in-
substituted at least one foreign MHC Class II binding

20 amino acid sequence into flexible loop 3, and/or

- a human TNFa monomer or a monomerized analogue of TNFa of
the present invention, wherein has been introduced at
least one disulfide bridge that stabilises the TNFo mono-

mer 3D structure, and/or

25 - a human TNFo monomer or a monomerized analogue of TNFo of
the present invention, wherein any one of amino acids 1,
2, 3, 4, 5, 6, 7, 8, and 9 in the amino terminus have

been deleted, and/or
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WO 03/ 042244 PCT/ DKO2/ 00764 10 - a human TNFa nononer or a nononerized
anal ogue of TNFa of the present invention, wherein an inserted or

i n- subst iwotoamext4at | east one foreign MHC Cl ass || bindi n@gcamiw/oomai d
sequence into loop 1 in an intron position, and/or 5 - a human TNFa nononer
or a nononerized anal ogue of TNFa of the present invention, wherein at

| east one foreign MHC Cass Il binding%am no acid sequence is introduced
as part of an artificial stalk region in the N-term nus of human TNFa,
and/or 10 - a human TNFa nononmer or a nononerized anal ogue of TNFa of the
present i nveat hamanwieiFei moatoriegastr enendroms gireddHenadiamse 10f FiNF® i ani no
aci d sequence i s introduced sq .as twﬁ@stabi lize the JONOITET, struycture by

i ncreasi ng t F&ChPre§ IBVETY OBF HETH i St eraction T it ertace, 15
and/or - a hyparThka 1BRRTRIL Orf A JTRIOMRIG Zet snal@iedingTNra el the
present invention, wherein at |east one foreign MHC Cass Il binding am no

aci d sequencedildasestianceyliydind oqres duent sSHtEREY RAF G- AKI% uted in
the TNFa am no 20 acid sequence, and/or - a human TNFa nononer or a
nononeri zed anal ogue of TNFa of the present invention, wherein at |east
one fbrei gn MHEuUMGrasEIHd nyinmiary ok Beghsk i fagun s (1B B rof n-

substituted in the DE | ao nd/ or -.ah n_T :
mononeri zed an¥l GFE B MFETD lOnt’heW%berreeslenntal{_inﬁlveeanstl\gl:(;%nl{,reoﬁer 8i ab?{ T east
one foreign MIGsOm@spilddbindimicharddil asd ghaespienc el itscddisesrd e or i n-
SUBSTI TUTE SHEET (RULE 26) WD 03/.042244 PCT/ DKO2/00764 11 |

part of an artificial stalk region in the N-terminus of

human TNFo, and/or

10 - a human TNFo monomer or a monomerized analogue of TNFa of
the present invention, wherein at least one foreign MHC
Class II binding amino acid sequence is introduced so as
to stabilize the monomer structure by increasing the hy-
drophobicity of the trimeric interaction interface,

15 and/or

- a human TNFo monomer or a monomerized analogue of TNFa of
the present invention, wherein at least one foreign MHC
Class II binding amino acid sequence flanked by glycine
residues is inserted or in-substituted in the TNFa amino

20 acid sequence, and/or

- a human TNFa monomer or a monomerized analogue of TNFa of
the present invention, wherein at least one foreign MHC
Class II binding amino acid sequence is inserted or in-

substituted in the D-E loop, and/or

25 - a human TNFa monomer or a monomerized analogue of TNFa of
the present invention, wherein at least one foreign MHC

Class II binding amino acid sequence is inserted or in-
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substituted between two identical subsequences of human TNFa, and/or - a
human TNFa nononer or a nononeri zed anal ogue of TNFa of the present

i nventi orvowdesrin at | east one salt bridge 5 in hunman TNPaTha2bemn
strengthened or substituted with a disul phide bridge, and/or - a human
TNFa nmononer or a nononerized anal ogue of TNFa of the present invention,
wherein solubility and/or stabi- lity tldwards proteolysis is enhanced by
introducing muta 10 tions that mimc murine TNFa crystalline structure,
and/ or - a human TNFa nononer or a nononerized anal ogue of TNFa of the
present inventilrtiviferdi bepoeent Fue 1osneieyli supacddeRedsoPfaBelMfBhed by
i ntroduction f& at Iegzt one point 15 nutation. In general, it has been
found that al1 of’ tHe H%%t suited i m munogeni ¢ anal ogues of the invention
are those that are sol- uble proteins already at the stage when they are

roduced and isol at i | ubl e f f t hei i t _h Ils.
D The  t nvant? GRoTaA L FRFC JPOUPREE POr rlieRaREtSerd FraoRtnEeot (SIER 56 Diua

fragnent s) en@@§$g§e§@ﬁb L puRegsni ¢,y rBabogues 1889:abse LO1VeBLonge
i ncl udi ng such fragments. The Invention also provides for transforned

cel |l sauseful fmrhupsiepanraghibebasal sguesgtBé&ndeorngehstdnutadt hieékh a
provi des for i mmunogenic conpositions conprising the anal ogous or the
vectors of thelppiRiifentridiBsT? SHEET (RULE 26) WD 03/ 042244

PCT/ DKO2/ 00764 12 Al so provided by the invention are nmethods of treatnent,

where nultinmeric proteins are down-regulated and to treatnent of
spei cific di seadesancTHFRJINPBONRE PAr &) BANARSHUFEAnBRREOPRE- of TNFa of

the present invention, wherein solubility and/or stabi-
lity towards proteolysis is enhanced by introducing muta-
10 tions that mimic murine TNFoa crystalline structure,

and/or

- a human TNFo monomer or a monomerized analogue of TNFa of
the present invention, wherein potential toxicity is re-
duced or abolished by introduction of at least one point

15 mutation.

In general, it has been found that all of the best suited im-
munogenic analogues of the invention are those that are sol-
uble proteins already at the stage when they are produced and

isolated in soluble form from their recombinant host cells.

20 The invention further provides for nucleic acid fragments
(such as DNA fragments) encoding such immunogenic analogues

and also to vectors including such DNA fragments.

The invention also provides for transformed cells useful for

preparing the analogues.

25 The invention further provides for immunogenic compositions

comprising the analogous or the vectors of the invention.
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teins. 5 LEGEND TO THE FIGURE Fig. 1: The p2ZOP2f insect cell expression
vector. The sequence of the vector is set forth in SEQ ID NO 60. The
vect or cowDaBms22a4 mul ti-cloning site (MCS) downstream t he PCOIKG2/0pTod MOt er
and upstream of an OplE2 poly A tail (OplE2pA). 10 The marker zeocin
resi stance gene (ZeoR) is under the control of a second Opl E2 pronoter.
DETAI LED DI SCLOSURE OF THE I NVENTION Deéfinitions In the follow ng, a
nunber of terns used in the present speci- 15 fication and clains will be
defined and explained in detail in order to clarify the netes and bounds
of the iAlentpoonidie kerege imygnphoeyaee BeEhods cef | troptrene udR/Tent er -
changeabl y. for mphocytes_of _th re.r b, for
vari ous L}é& #at%ﬁo?en%rrﬁ%ealrfées%geﬁ}s}egé Qié't ?a%%&fgcr) Efgﬁﬁﬁ%é? J(Zl%ti vity in
the humegdidimuneds espoaserelakewn se, thhepar’e;tmléB-myh’phmeyie"patnd
"B-cell" will be used interchangeably for antibody-producing |ynphocytes.
A "pol yne®i®Sprotein" is herein defined as a protein that in- cludes at
| east two pol ypeptide chains that are not joined 25 end-to-end via a
pepti de bond (the term"multineric protein” is used interchangeably
therewith). Hence, polyneric proteins SUBSTI TUTE SHEET ( RULE 26)
03/ 0422 44ECENY DRO2THO 764GURB nmay be pol yners consi sting of several
pol ypeptides that are kept together in polynmeric formby neans of
di sul fide bonds and/or non-coval ent binding. Also included within the term
are protegsed: pFlee ppot@PAE ARASHEOCHLbt @?‘ngﬁﬁéfmaVFEFoﬁr ocessing 5
i ncl ude @ﬁe ?ggﬁdﬁ %feﬁh %85959'1§nge€tf5§€ﬁtlﬁ“@Ebr§9 No:tepm fhe
Finally, Tn Inthe termis also tenporaril

vector contains a multi-cloning site (MCS) downstream the

OpIE2 promoter and upstream of an OpIEZ poly A tail (OpIE2pA).
10 The marker zeocin resistance gene (ZeoR) is under the control

of a second OplEZ promoter.

DETAILED DISCLOSURE OF THE INVENTION

Definitions

In the following, a number of terms used in the present speci-
15 fication and claims will be defined and explained in detail in

order to clarify the metes and bounds of the invention.

The terms “T-lymphocyte” and “T-cell” will be used inter-
changeably for lymphocytes of thymic origin that are responsi-
ble for various cell mediated immune responses as well as for

20 helper activity in the humeral immune response. Likewise, the
terms “B-lymphocyte” and “B-cell” will be used interchangeably
for antibody-producing lymphocytes.

A “polymeric protein” is herein defined as a protein that in-
cludes at least two polypeptide chains that are not joined
25 end-to-end via a peptide bond (the term “multimeric protein”

is used interchangeably therewith). Hence, polymeric proteins
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exi sting conpl exes between at |east two pol ypeptides that may formup an
unstabl e but yet biologically active nolecular en- tity that has a distinct
3- di rensiwpaB/osauct ure. 10 "An i mmunogeni ¢ anal ogue” ( or Pa&M/DK02/00764

"i mmunogeni zed" anal ogue or variant) is herein neant to designate a single
pol ypeptide that includes substantial parts of the sequence information
found in a conplete polyneric protein.1l¥hat is, the anal ogue protein of
the invention includes one polypeptide chain 15 whereas a polyneric protein
i ncludes at |east 2 polypeptide chains. It should be noted that the

anal oguenamypeh el wegt -cansisoing el A yarrs PRI It 24T ucture,

but in that .case, the i enj ﬂpg: i fQs oy pol yneric
protein i % e:tht ratlrj} Mﬂﬁe na iQt\%e%% y%reacfﬁ%%sﬁi “nmononeri zed"

anal ogueyrd/ drarm@itc®faleepol yireding prat s ninsluded thistIpiesent torm exte a
singl e pol ypeptide that includes, in covalently |linked formyvia a peptide
bond, atP¥EESS FIIGPRRIeIHR THA %OT%%%EWTS a- ot y?r&i% %‘rr%?ee‘?%lli?

nature, mhergyd f%eéqgaww@pfw@ €hgi A%i @1 eai@tat | Dkesh vido as peptiide bond.

25 "A :sulbstantla fragment” of a nononeric unit of a multineric proteinis
i nt endedt¢onitelan Bipakly of imchodederlthpol Vpepteee 13 hatseohetPetreslat

| east enou of the noner.i ¢, pol ypept | S ) i t

fol ds up®¥ h%%fb%t%‘?ff‘ﬁ?}ﬁst %t‘g%%% agD{%%sh o‘?%(gt?%%y%%ﬁg%ﬁe%e ?oﬂnrhgfn t he
mul ti merfSrpres eim. uSHBST1 Wik SHEETo { RUbd 26) 1 Y\ 68104 284 e BCTA DKERF 00764
14 An "I1L5 polypeptide" is herein_intended to_denote pol ypeptides having
the ami noitithaeduence SisFiBChr dTeiRNLPRYLdSFFORT hGmans and ot her
manmal s. Al so ungl ycosylated fornms of IL5 which are prepared in

pr okarozo\t‘i C systemare inclilded within 5 {he boundari eﬁ,,ofant e lgrm.as are
f or me- havi g RS §F ye b2 L egPat i 6RT patt et AEUB0ESP Lt He TREBFUR yeast s

or OtheerPfént) is herein meant to designate a single polypeptide

that includes substantial parts of the sequence information
found in a complete polymeric protein. That is, the analogue
protein of the invention includes one polypeptide chain

15 whereas a polymeric protein includes at least 2 polypeptide
chains. It should be noted that the analogue may be a varia-
tion of the polymers monomeric subunit structure, but in that
case, the immunogenic analogue is capable of forming polymeric

protein complexes that resemble the native polymer.

20 A “monomerized” analogue or variant of a polymeric protein is
in the present context a single polypeptide that includes, in
covalently linked form via a peptide bond, at least 2 polypep-
tide chains found in a polymeric protein in nature, where

these 2 polypeptide chains are not linked via a peptide bond.

25 “A substantial fragment” of a monomeric unit of a multimeric
protein is intended to mean a part of a monomeric polypeptide
that constitutes at least enough of the monomeric polypeptide
so as to form a domain that folds up in substantially the same

3D conformation as can be found in the multimeric protein.
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manmal i an eukaryotic expression systens. It should, however, be noted that
when using the term"an IL5 pol ypeptide" it is intended that the

pol ypept iwe m4uestion is normal ly non-im 10 nmunogeni ¢ wren/mKesensted t o
the animal to be treated. In other words, the IL5 polypeptide is a
self-protein or is a xeno-ana- |ogue of such a self-protein which will not
normal |y give rise to an inmmune respodde against |L5 of the animal in
guestion. A "TNFa pol ypeptide" is herein intended to denote pol ypepti des

15 having the am no acid sequence of TNFa proteins derived from humans and
ot her mémelE:5 ASRARIYEVS Y} athar ¢ o M eIn et O Wi RAC 2ArRO PRGRTESFT n
prokaryaqtic. s e i e i £ hi (%Fg%%' t as are
forns hglva}\ﬁlgn%Z%@%nnagﬁ%%/%&{gy%a%%ﬁné@pa?% 2%152 ue t% %h@éﬂisi&%)fﬁe%. yeast s
or ot hermumgm LGt é amankal yotALs @ xymebsi osy byse@nsorms sholild,

h , b ted that wh [ the t "a TNF I tide' .t
|t ended i Ao ROTERRI e PO ERLCTbh 755 o ik Ty HORCTTH REHbgRni c

when pr esented 49t es abk MBhe t QB8 44 eat&dso s OhARIng WRE 81 nd hel Jd-a
pol ypeptide is a self-protein or is a xeno 25 anal ogue of such a
sel f - pr oteiat v atavi¢tnmoduaotorathy e eol r¢ s@- t veRARC§ NNt R poride

agai nst TNFa of the aninmal.in_gues-_1ion "1 L5-an "o L5
ponpepf?%E@%éﬁ%% %%.a%%%%l%i?%%$esi%%je%¥€§%?%'c%gn§%§9?§’i%éwﬁf?%hry
struct ung: ansi & that wisen 30s &sgochat esdrmi tin el Biepdsypepidehett nbs ecul ar

speci es. Such_a_ SUBSTI TUTE SHEET (RULE 26) WO 03/042244 PCT/ DKO2/ 00764 15
change chtengedphah the PoIWPPLIdRi bh SFeshiPR5lPoProHERL U OR Gt E™

sui t L on; partner (Loent8gChangei SnPriiBEy BLT Hezatbge exchusbyely
invoﬁ3%§E£%§égﬁh gﬁﬂﬁft%rn$n%F add?tio%s %f am no acid ?esidues) and/or it
can be iwotde, fonen DE5i pskypéptidasiand/ selfebeoiohs andidrasyudpReTaWRT oNS

In the Ifgggglgf such a self-protein which will not normally give rise

to an immune response against IL5 of the animal in question.

A “TNFa polypeptide” is herein intended to denote polypeptides

15 having the amino acid sequence of TNFa proteins derived from
humans and other mammals. Also unglycosylated forms of TNFa
which are prepared in prokaryotic system are included within
the boundaries of the term as are forms having varying glyco-
sylation patterns due to the use of e.g. yeasts or other non-

20 mammalian eukaryotic expression systems. It should, however,
be noted that when using the term “a TNFa polypeptide” it is
intended that the polypeptide in question is normally non-im-
munogenic when presented to the animal to be treated. In other
words, the TNFo polypeptide is a self-protein or is a xeno-

25 analogue of such a self-protein which will not normally give
rise to an immune response against TNFa of the animal in ques-

tion.

An “IL5 analogue” is an IL5 polypeptide which has been either
subjected to changes in its primary structure and/or that is

30 associated with elements from other molecular species. Such a
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peptide's am no acid sequence. Al so enconpassed by the term are
derivatized IL5 nol ecules, cf. the discussion below of nodifications of

I L5. A "TWbasasmhogue" is a TNFa pol ypepti de whi ch has be@eaT@rb76410
subj ected to changes in its primary structure and/or that is associated
with el ements from other nol ecul ar species. Such a change can e.g. be in
the formof fusion of a TNFa pol ypepti d&@ to a suitable fusion partner
(i.e. a change in primary struc- ture exclusively involving C and/or
N-term nal additions of 15 am no acid residues) and/or it_can be iani&_%e
form of dhegee GFos Bndioriniding iHan i/ DS Eebset (3R i b PALYRRPT

poly- p tid%zﬁ IO AL SO, €Nc seth byrihe-§ esfmyare
deri vat ?C?Je(fl %ﬁ%ecﬁféegfé . the dfis'céu)sg'inon bel ow O]PEYJC m)df icatlilons of
TNFa. 2Qure wixdlusel waideristvomid;itdal- 1drisd Amd N-NFermied bguedditiews iaf ¢l ude

nonomeri ¢ variants that. contai ns,substantial parts, of | L n
, ) a S g%p ogl}g@%ete 5 and

t
TNFa nmuldims i3St e e s gttt HeP bt et at Fons and ¥ TNFa"

herei B, ¢S ishd/ d¢ s asd efed aneesub ox 1 hier Both §0118CE e SEYBIERSEE- Of
mature, 25 wildtype IL5 and TNFa (al so denoted "IL5nm" and "ILSwt" as well
as " TNF(peptiderl ¢ FHEave "adied efefuenespett s et Ycomp & d hvahle | E8Th s

denoted hl L5, hlL5m or ggﬁ ri re. Ij?l‘ lﬁ deppted, pl LS,
m L5m oarr%q_%vaanl ead g#ﬂﬂl}%jrl syn %%(J’ iégfhrs%(tﬁéj C%(L)% 2 1h case% where a
DNA considducts daned argeso £ nfos mat i on SUBSTI TUTE SHEET (RULE 26) WO 03/ 042244

PCT/ DKO2/ 00764 16 encodi ng a | eader sequence or other material, this wll
nor- mally be clear fromthe context. The term "pol ypeptide"” is in the

present onhexd Al Bhsles” tos sreamrdopbl gheptipepthdes hbsfbean2etioh&d ani no
acid residues, 5 oligopeptides of from 1l to 100 am no acid resi d\ngs, and

pol y10 subjected to changes in its primary structure and/or that

associated with elements from other molecular species. Such a

change can e.g. be in the form of fusion of a TNFa polypeptide
to a suitable fusion partner (i.e. a change in primary struc-
ture exclusively involving C- and/or N-terminal additions of

15 amino acid residues) and/or it can be in the form of inser-

tions and/or deletions and/or substitutions in the TNFa poly-

peptide’s amino acid sequence. Also encompassed by the term
are derivatized TNFa molecules, cf. the discussion below of

modifications of TNF«a.

20 It will be understood, that IL5 and TNFa analogues also in-

clude monomeric wvariants that contains substantial parts of

complete IL5 and TNFo multimeric proteins.

When using the abbreviations “IL5” and “TINFa” herein, this is

intended as references to the amino acid sequences of mature,
25 wildtype IL5 and TNFa (also denoted “ILSm” and “IL5wt” as well

as “TNFom” and “TINFawt” herein), respectively. Mature human
IL5 is denoted hIL5, hIL5m or hIL5wt, and murine mature IL5 is

denoted mIL5, mIL5m, or mIL5wt and a similar syntax is used

for TNFa. In cases where a DNA construct includes information
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pepti des of nore than 100 amino acid residues. Furthernore, the termis

al so intended to include proteins, i.e. functional bionolecules conprising
at | east woaspalypepti de; when com prising at | east two pomEEpRITes,
these may form conpl exes, 10 be covalently |inked, or nay be non-covalently
| i nked. The polypeptide(s) in a protein can be glycosylated and/or |ipi-
dat ed and/or conprise prosthetic group$® The term "subsequence" neans any
consecutive stretch of at |east 3 am no acids or, when relevant, of at

| east 3 nucleo- 15 tides, derived directly froma naturally occurring IL5
anmi no  aciabeguendeasie g BISNGR A SEIRhdteEshect it Y Fhd Y%t m
"animal" i.s in th resent te i eneral in- tended to denote an

ani mal §E€}§iye§oe(pcrea§ra Oﬁ“ ﬁcaq%mﬁnaﬂn%%tg' such as Honop sapi ens, Canis
donesticus, etc. and not just one 20 single aninmal. However, the termal so

denot es tu ; s an, & L OS; &d bt dtSerd rdi@ant that
q%e\‘jfcgéd}gf %epﬁ% afs al Ble SPECSSt SbMESxt tinhSerdamo

the indi- S nized according to the nmethod of the invention all
har bour nsubstrariti adHortt heesaimed LGE af tow gtd of0 | 3 ¢ dnre Iy

animal.s with the sane i no S) . for in c net.i iants
of 1L8 dﬂlﬁﬁﬁée%f)& Si?f];%?rgrei;#tg%u h FEH ‘%1 Clgoﬁessjl? grr%/e%%&n%%ie%sary
to use gidferend dmpegensan mod hesendi 4&2d ends popes at Fonshérmareer to be

able to 'break the autotolerance towards IL5 and TNFa, respecti Ve%r’x jnn
each popw dtdiom. 19 talee | ineerdedrte ol R RHEUGK PYREC R soh- ®hat ARt 501 3ni nal

in the prese Xt ] I yi i i i goUBHE T W SHEET
(RULE 2%1%’%%(/9%%4%0%%%%\%%ﬁéé‘%#‘{?ﬁ%@?}g‘?ém It is preferred
that thesidived dis bewettiewo bpal gpesuttieas dhasenmdy Byrmheonplexes,
"down-regul ation” is herein nmeant reduction in the i vi ng, orgapi sm of the
bi ol 3§i 2 ERYTI ARy Bf LAMESHul T n‘%?nge h88-8va LEne 1} V1 19k 08 95Fhe

polypeptide(s) in a protein can be glycosylated and/or lipi-

dated and/or comprise prosthetic groups.

The term “subsequence” means any consecutive stretch of at
least 3 amino acids or, when relevant, of at least 3 nucleo-
15 tides, derived directly from a naturally occurring IL5 amino

acid sequence or nucleic acid sequence, respectively.

The term “animal” is in the present context in general in-
tended to denote an animal species (preferably mammalian),
such as Homo sapiens, Canis domesticus, etc. and not just one
20 single animal. However, the term also denotes a population of
such an animal species, since it is important that the indi-
viduals immunized according to the method of the invention all
harbour substantially the same IL5 allowing for immunization
of the animals with the same immunogen(s). If, for instance,
25 genetic variants of IL5 of TNFa exist in different human popu-
lations it may be necessary to use different immunogens in
these different populations in order to be able to break the
autotolerance towards IL5 and TNFa, respectively, in each
population. It will be clear to the skilled person that an

30 animal in the present context is a living being which has an
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5 protein (e.g. by interference with the interaction between the

multimeric protein and biologically inportant binding partners for this
nol ecul e)wobhe4tewn-r egul ati on can be obtained by neans eCTosenatcs
mechani sms: O these, sinple interference wth the active site in the

mul tinmeric protein by antibody 10 binding is the nost sinple. However, it
is also within the scope of the preseht invention that the antibody
binding re- sults in renoval of the nultinmeric protein by scavenger cells
(such as nacrophages and ot her phagocytic cells). The expression "effecting
pr esent atimome, system-hdti rsupaespsrrers thap the ERi&Rded St & J&F¢Ce that the
animal's i nmune system.is__subjected to an inmunogenic challenge in a
control%ﬁ@tﬁanﬁgF% 2Rs Awi aﬁmégﬁear fromthe disclosure bel ow, such

chal l enge of the immne systemcan be effected in a nunber of ways of

whi ch the st J HPORL RIRIKRGTPALIOM Wil RRl¥Re RGO aimitlg 20
"pharmacci nes” (i.e. a vaccine which is admnistered to treat or

amel i or atieriong@imgndisseage)cher biwdlogiicadciattipidnmedcitie muldd@atdid on. The
inmportant result to achieve is that | e,.co t ent I N the | mal
are confroHEd viti9 -t E’é’ &ﬁ%eciedczir?relr}?eaﬂquil{ S glrg?lletcea Cfcie Zocétqeq\?g}lrmt%%er,
wher eas 1 he iMBGIS @ 2 dlBderRf Beiepidg hhisngesidrit s rafidegsdnpors ance
to the in- ventive idea underlying the present invention. The rm

"i munodeni d41ilsy meflfesttliae JfsuMOWITRS IS iQial CatbhiTf A eheYart, i e.

an anmount of an. i e ' d-S. f ds i n tPaHe: response
whi ch sitgii' T c%nﬁ%%%ﬁ%%@%%%ﬁ% 2%%/% 6&%%%\:2%44

PCT/ DKO2/{:Q0v 6he HBigagess ipat hogertie ragenteswid ghr steaire bynmaurol o e al
features w th the inmunogen., When ysi ng t he expressjon t.hca}té.rghcehlLS, TNFa
or oftReid¥ng prottdis BEEP *Sodi TP 1 st her®itr Tredht - a

Ot chett cal
modi fi - scope of the present invention that the antibody binding re-

sults in removal of the multimeric protein by scavenger cells

(such as macrophages and other phagocytic cells).

The expression “effecting presentation ... to the immune sys-

15 tem” is intended to denote that the animal’s immune system is
subjected to an immunogenic challenge in a controlled manner.
As will appear from the disclosure below, such challenge of
the immune system can be effected in a number of ways of which
the most important are vaccination with polypeptide containing

20 “pharmaccines” (i.e. a vaccine which is administered to treat
or ameliorate ongoing disease) or nucleic acid “pharmaccine”
vaccination. The important result to achieve is that immune
competent cells in the animal are confronted with the antigen
in an immunologically effective manner, whereas the precise

25 mode of achieving this result is of less importance to the in-

ventive idea underlying the present invention.

The term “immunogenically effective amount” has its usual
meaning in the art, i.e. an amount of an immunogen which is

capable of inducing an immune response which significantly en-
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5 cation of the polypeptide which constitutes the backbone of the
self-protein. Such a nodification can e.g. be derivatiza- tion (e.g.

al kyl ati owp oaoyiat i on, esterification etc.) of cer- tain &aTmMKEOITH4
residues in the am no acid sequence, but as wll be appreciated fromthe
di scl osure below, the preferred 10 nodifications conprise changes of (or
additions to) the pri- mary structure &8 the amino acid sequence. Wen

di scussi ng "autotol erance towards an autol ogous protein” it is understood
that since the relevant nultineric proteinis a self-protein in the

popul at igFrTa R heasiiimatagen il ch e i VPR L9 Fahef $Ptiet i on do

not nount,.an innu. es se against it; it cannot be excluded, though,
t hat oc€5§%0$§ei:¥%%P?ééuals in an ani mal popul ation m ght be able to
produce an- tibodies against the native nultiner, e.g. as part of an auto-

i mmune di.sorder. At .,any rate,_a | Tl | ©S MW r nly be

autotolghgﬁfqﬁﬁ&%(ﬁ??t%?%ﬁ%ﬁ?ﬁﬁ%?ﬂ%$?”%%$e$%§béﬁ%%% &%éggé% d%%ﬁpthat

anal ogugsrastediy athd nesaothesd afi o@l Speacd Bsin anedniomn aclpapital inedhivtng a

di fferent phenotype would also be tolerated by said animal. A "fopeign

T-cel 5 e@ﬁ"ﬂfﬁié"o% drhe "Bk wremt 19§ yipHIE yER Bt U e §ac kP ept i de

whi ch isable.tp Dind 10 a8, MG nplect] & and which. gt ipal aesvdreghls in
S

an aninaﬁ pecies - an alter- nate termis therefore. Preferred foreign
T-cel | epidéopes.dn alhelanvent i anybaelopr onssenbiscattben g verehl cebr

"broad- ranpge"), epitopes, i,e. epitopes that bind.to t ial_30
fracti ontdtT 2 ‘?i ?:%f rr%?%@ée%fl ProPBELP e3°1 R %%%%%i!{%’%i ag‘%t)B%ﬁ'l TUTE
SHEET (RULE 263 D3L 0422447 PG EO24 09 64su29 spESH pStioe poptikatéan. Only
a very limted nunber of such pro- m scuous T-cell epitoges are known, and

t hey i | hodif Heaclissedconpr Hee arhapgedwt | {o5hddfHt benfoted HhatPFh or der
for the im

mary structure of the amino acid sequence.
When discussing “autotolerance towards an autologous protein”
it is understood that since the relevant multimeric protein is
a self-protein in the population to be vaccinated, normal in-
15 dividuals in the population do not mount an immune response
against it; it cannot be excluded, though, that occasional in-
dividuals in an animal population might be able to produce an-
tibodies against the native multimer, e.g. as part of an auto-
immune disorder. At any rate, an animal species will normally
20 only be autotolerant towards its own multimer, but it cannot
be excluded that analogues derived from other animal species
or from a population having a different phenotype would also

be tolerated by said animal.

A “foreign T-cell epitope” (or: “foreign T-lymphocyte epi-

25 tope”) is a peptide which is able to bind to an MHC molecule
and which stimulates T-cells in an animal species - an alter-
nate term is therefore. Preferred foreign T-cell epitopes in
the invention are “promiscuous” (or “universal” or “broad-
range”) epitopes, i.e. epitopes that bind to a substantial

30 fraction of a particular class of MHC molecules in an animal
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munogens whi ch are used according to the present invention to 5 be
effective in as large a fraction of an aninmal population as possible, it
may be newessasxp4d4 0 1) insert several foreign T- cell epitrop@xonotche sane
anal ogue or 2) prepare several ana- |ogues wherein each anal ogue has a

di fferent prom scuous epi- tope inserted. It should be noted also that the
concept of 10 foreign T-cell epitopes aPso enconpasses use of cryptic
T-cell epitopes, i.e. epitopes which are derived froma self-protein and
whi ch only exerts inmunogeni ¢ behavi our when, exi sti [ ol ated form

Wi t hout SREHEDHAL RAPEHHEE k@ f -PRbY 6 VeRY thé%l-t%% ﬁ kli%r;r A‘I’Ef%li%*? S
hel per '#%ﬂg %-%ffgﬁé%égr%@mgmﬁpi 3oPened Sl f el @nsdusebd

epi t ope Wh I nds an ss Il nole- cule and can be presented on the
surface iof dataiit igeiowr eft sembihd loel oG hdouin ervdehel MHC T abs- | |

mol ecule. An "MHC C ass |l binding am no acid sequence that_ i erol o- 20
gous toWW%WW%C%%E%‘ﬁse?sag‘ﬁ%¥%+%?et%nt% ﬁ%%%tljrﬁv%r%% |llri1g{c§)epti de

that dogs NOtr&Ni Ske i hthe MaHEL MBI FLaPEDORI O 4N ANESA1 opopBlishien pept i de
will, if it is also truly foreign to the aninal species harbouring the
mul ti mergas protei nit bean be orergRsTHY epPt bpelnoBrA sevRERL ohaFSpErt ¥ of a

(bio)molecul e is in the prese on- inte peap.the, part of the
noleculéxaﬁkc %E?Q%E %%o%@?b?%m§o$n3%8€%%s§£o%ge§¥é$%e b?%c%e%icalaor
physi ol ogigeds widesis exentedabyghdehanl ecal fetent spnehisknown épithe art

that many enzynmes and ot her effector nplecules have active go ite which

i s resporRdIE$DFEeRe BFfelPYlexBPtRATH 't %onﬁ?ét STPRHEFE ET (RULE
26) Wg 03404 44T£E§1£*Q§i99%@§_aggocghéo %a95§§th§8-oE*B@?p@@ttﬁ—@éllhe
nol ecul e may Serve a sta- biTizing or solubility enhancing purpose and can
t her ef orepbeopes, i.e. epitopes which are derived from a self-protein
and which only exerts immunogenic behaviour when existing in
isolated form without being part of the self-protein in ques-

tion.

15 A “foreign T helper lymphocyte epitope” (a foreign Ty epitope)
is a foreign T cell epitope which binds an MHC Class II mole-
cule and can be presented on the surface of an antigen pre-

senting cell (APC) bound to the MHC Class II molecule.

An “MHC Class II binding amino acid sequence that is heterolo-
20 gous to a multimeric protein” is therefore an MHC Class II
binding peptide that does not exist in the multimeric protein
in question. Such a peptide will, if it is also truly foreign
to the animal species harbouring the multimeric protein, be a

foreign Ty epitope.

25 A “functional part” of a (bio)molecule is in the present con-
text intended to mean the part of the molecule which is re-
sponsible for at least one of the biochemical or physiological
effects exerted by the molecule. It is well-known in the art
that many enzymes and other effector molecules have an active

30 site which is responsible for the effects exerted by the mole-
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| eft out if these purposes are not of relevance in the context of a
certain enbodi nent of the present invention. However, ac 5 cording to the
present iwoeabinm it is preferred to utilise as nuch of pciKIoyTeRri C

nol ecul e as possi bl e, because the in- creased stability has in fact been
denonstrated when using the nononmers described herein. The term "adjuvant”
has its usual meaning in the art of va&?d 10 cine technology, i.e. a
substance or a conposition of matter which is 1) not in itself capable of
mounting a specific im nune response agai nst the i munogen of the vaccine,
but whi ct1le sip)diryekenel @skekapabie of EhpaRet AUt Re™RIMBREVE ] pdhie

agai nst BIE&%?W%WQQ?gblﬁ%il%ﬂﬁoéﬁﬁén&QEQSp%g§§%§néﬁ&OBaMﬁEﬂeﬂéféP@ B4j uvant

al one does no rovide an 1 ne response t the I nmunogen,

vacci natieft vwith ihethevenogeposay areneytnof rgieeancseinotha comuest

response agai nst_the i nmun e conbj nation, of vaﬁcination Wit h
5t

., b h
i Munogé éhdc%ﬁﬁﬁ¥%n?m?ﬂﬁg@§£t %ﬁtF%%uﬂﬁe?%g ohR¥SREAPRst YRRV FhiuRGgen

whi ch 5 scstdpngero 20né hapetbat indusedoRy {beiknpusegencal eseutiTasgeting”
of a nolecule is in the present context intended to denote the situation
wher e a a®lmech eofipblnei Pt vdettFonclacut feaanPpafipiel Bppense the in-

preferentially.i I L ssue( r N ntiall oci at ed
e R A N L N N i
nunber afon@ysrs ndestudbag heraithati on of the nolecule in conmposition
facilita- ting targeting or by introduction in the nolecul e of groups
which facilitates targeting. These issues wll be discussed in detai

bel ow. SUBSTtILTE SHEETa(RULE226) t¥\0168A 0422441 PCTADKOREOBTE40L 2Tac—

(T oLLg0, elothe Laung svel el eans, (Nt - 3upaLe0esobe SaTpay! i or

which is 1) not in itself capable of mounting a specific im-
mune response against the immunogen of the vaccine, but which
is 2) nevertheless capable of enhancing the immune response
against the immunogen. Or, in other words, vaccination with

15 the adjuvant alone does not provide an immune response against
the immunogen, vaccination with the immunogen may or may not
give rise to an immune response against the immunogen, but the
combination of vaccination with immunogen and adjuvant induces

an immune response against the immunogen which is stronger

20 than that induced by the immunogen alone.

“Targeting” of a molecule is in the present context intended
to denote the situation where a molecule upon introduction in
the animal will appear preferentially in certain tissue(s) or
will be preferentially associated with certain cells or cell
25 types. The effect can be accomplished in a number of ways in-
cluding formulation of the molecule in composition facilita-
ting targeting or by introduction in the molecule of groups
which facilitates targeting. These issues will be discussed in

detail below.
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nostimul atory effect. A nunber of adjuvants and putative adju- vants (such
as certain cytokines) share the ability to stimu 5 late the i mune system
The resulwooBou=isg an i mrunostinul a- ting agent is an i neCeaaad/ 00764

"al ertness” of the imune system neaning that sinultaneous or subsequent
i mruni zation with an i mrunogen i nduce§ a significantly nore effective

i nmune re- sponse conpared to isol ated Else of the inmmunogen. 10
Characteristics of the i munogeni c anal ogues of the invention The

pol ymer i, rot-ei.ns th re the targets of r tly i e
strat egi gsst%rlrnélyl abtel Cb%t?al% ht%% plémur%? S asntae h etjﬁeerh%b%lﬁa@rreér ss.ur%lstsavcé %S Cgre cl ear
from t he®aamileison tdie mmSterd e tkaits £ epdngeal n ridre-dpesifias peatu-of the
invention is that the poly 15 nmeric protein_jn question can be

| s
" ronome M A ™ A U ?pﬁﬁﬁfél- FudHP ST g ACERtA s Rh-dhe’s adiu-
di mensi Mtét(%wraes Herd D MUhtd RIS PORLAL ehdenoss i the Pagiti gyl ar

functio the nmultinmeric protein is not inportant for the gist of the
pre- Sentatievam ijomuneg atsherent Trse treswsitt urt wsing ar aotrerist § o120~ of t he
protein that decides whether or not.it is a suit hile candi date for the

n

present GppF GEEHY ¥ HE PSR cta{%?rﬁrheessli Vet ESe i He HHte, i f

t he Nt%@ﬂﬁ@h%%med& dhesuBHddueit Cinpht Bl Das aiispadn al
proximty to the Gterm - nus of another nononer in the nultiner, the

| i nki ng fMuneesn 25ndyee Hat t$ €N bl frHohe e R L bt Velel T HkR I 9my be
accom pl.i i I,NPOsi i gnificant anges, tive to the
structuréeﬁogigeetdh%&%;(f#%% ﬂn’%)lﬁén%?éccggir%e%u%] on té}%lg't her hand, the
termini are far apart, the practice of the present invention requires that

|'ar gg ppafd S-Dicat: d€Asd one ol fﬂﬁl%é@f@%élé&lé%r@f emtiﬁ%nﬁf@nr_
ENTC PUrpose of the Tn- Vention or that T Nnking between nonomne

i mmunog E iC
subunits can be done SUBSTI TUTE SHEET (RULE 26) WD 03/042244

PCT/ DKOZ Q0 %64 vidric proteins that are the targets of the presently
disclosed strategies may be both homopolymers and heteropoly-
mers. As will be clear from the examples, the most important
feature in the first aspect of the invention is that the poly-

15 meric protein in question can be “monomerized” without intro-
ducing significant changes in the 3 dimensional structure of
the multimeric protein. Hence, the particular function of the
multimeric protein is not important for the gist of the pre-
sent invention - rather it is the structural characteristics

20 of the protein that decides whether or not it is a suitable
candidate for the present approach in the first aspect of the
invention. For instance, if the N-terminus of one monomer in
the multimeric protein has a spatial proximity to the C-termi-
nus of another monomer in the multimer, the linking of these

25 two particular monomers via a peptide linker may be accom-
plished without imposing significant changes relative to the
structure of the native multimeric protein. If, on the other
hand, the termini are far apart, the practice of the present
invention requires that large parts of at least one of the

30 monomers is irrelevant for the immunogenic purpose of the in-

vention or that linking between monomeric subunits can be done
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with a long |inker peptide without this having a negative im pact on the
antigenic characteristics of the protein. In the second aspect of the

i nvent i orwotoae422kamunogeni zati on" of the sel f-protei n noeomayKoandt64i s made
in such a way, that 5 the resulting variant nonomer is still capable of
formng part of a polymer protein that shares the quarternary structure of
the native polymeric self-protein. It 8 advantageous if the inmunogenic
anal ogue according to the invention displays, in the substanti al

fragments, a sub- 10 stantial fraction of B-cell epjtopes found in,the

cor r esponi-tdi iy It rdmk i emieidr) Warhowt #hes g iRd iz TR e Asub-
stantial_ fracti of B-cell. epi BPaFft. : {1, 4 spmean a fraction
of B—celplacetpi nogcglse t%‘gtlggénxﬁcgeénﬁ ca yé C %%% r?fep%lg%%&n%l timeric
protein versus other proteins. It is 15 preferred that the substantial

fragments, dﬂ@'?&c&ﬁf%é@éﬂ Yof e Brio®ddt £0h | opes fDuehbdgediLation”

correspondi ng nononers when being part of the polyneric protein - of
cour se, dmtirtoel i Drprafein menahangasit nis Head@nbiefuskquefite nBy2be

necessary. For instance an am no_acid, seguence ived. fr : iC
unit 20 1?\:they %%s%iaﬁq e bl Ned %n%rge%rﬁ%ogg%?% T érlefrD%/:e?o%],E g{%@%@ -gﬁon,
del eti on,ora asieti yrhéh SioBS11 Ot £l usien t Oxi €hé yqwd rt denaanab bguet ase cofipar ed
to the multinmeric protein and/or so as to introduce the MHC Class ||

bi ndi ng @ mrkvel BekreperS $¢LFtPr¢%Slhdesired to have that sequence
positioned in a linker. 25 An especially preferred enbodi ment provides for
an i nmunogeni ¢ _anal o(gue of , the inyvention each_of tgfnsupgtanti al

wher ei
fractionst cohpRTERRERELXAE i F | j1¢ h@“&%ﬂ%‘?%‘%caﬂ?ﬁgoﬁg?daggqqueﬁce of each
NDNOMEr i G, N Ave Rt 1HETd PSP P2 GONT I AUOHS SEHYEAGEIQL BBagmsmgEpLNgesiunel uding

inserts. That 1s, only insignifi- 30 cant parts of the nononmeric unit's

sequériceszart 1 2} t fvattbén SUBSTETUTESHERTE § REPENG 63 NWENO3F04 24RO~

PCT/DKO%ABQ;Q§onomerS when being part of the polymeric protein. A sub-
stantial fraction of B-cell epitopes is herein intended to
mean a fraction of B-cell epitopes that antigenically charac-
terises the multimeric protein versus other proteins. It is

15 preferred that the substantial fragments display essentially
all B-cell epitopes found in the corresponding monomers when
being part of the polymeric protein - of course, introduction
of minor changes in the monomer sequence may be necessary. For
instance an amino acid sequence derived from a monomeric unit

20 may be modified by means of amino acid insertion, substitu-
tion, deletion or addition so as to reduce toxicity of the
analogue as compared to the multimeric protein and/or so as to

introduce the MHC Class II binding amino acid sequence, if it

is undesired to have that sequence positioned in a linker.

25 An especially preferred embodiment provides for an immunogenic
analogue of the invention, wherein each of the substantial
fractions comprises essentially the complete amino acid se-
quence of each monomeric unit, either as a continuous sequence
or as a sequence including inserts. That is, only insignifi-

30 cant parts of the monomeric unit’s sequence are left out of
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23 the anal ogue, e.g. in cases where such a sequence does not contribute
to tertiary structure of the nononeric unit or quarternary structure of

t he nul tiweriso4aot ei n. However, this enbodi nent all ows fram/mack®bistuti on
or insertion of the 5 nononmer, as long as the 3D structure of the
multinmeric protein is maintained. Hence, it is especially advantageous if
the inmmunogenic anal ogue is one, wher&d3n anino acid sequences of al
nononeric units of the polynmeric proteins are represented in the anal ogue,
and it is particularly advantageous if the 10 anal ogue includes the

conpl et etlmari 3R bRIEE sequenchs eFSEal Yere haUaBndndPIueBRet 7P%Ti Rgtt he

pol ymeri c_prot.ei it u N.SegHepsesn8hoRsrs8dygnees i ncl udi ng

inserts.CQé?E&?¥a%b%%d?$£??§?% ?ﬁ%ﬁé?%?g %?e?err%d ?ha% the 3-dimen- siona

st ruct urguaftéheacpnpt etet poé yoer toe prol eimerscepseneins Hpwblvgrprebesved

in the anal ogue. Denpnstrati on of majntenance of ubstagt%ﬁg fraction of
m.l -

B- cel | ¥pPeoha’tbratl@nst %r3§ﬂ?ﬁﬁﬁt£%ﬁ8P 8?rﬁ8?%¥518? g timeric

pr ot eign Jwﬁémé?, sybj eshedat orARUBHi saLhepuas desenkbrditheeeis pastben
achieved in several waysS. One is sinply to Ere 20 pare a polyclona

ant i ser uhs dha ect@tinagai Henceheibulisi apepecialyy aAvantrgePbm pfephfed in a
rabbit) and thereafter use this ti . aS_Aa.lest ktaa . alEN a
Conpet 1t FOBECTEAC HAI GRSt hE DA {1 D" Bt O B BECwArGh ara srodtcad

Modi fi ed;1vershomnsr{anahogyesy wvhecholemekitoprheesaneaert erprasehtede 25
antiserum as does the nultiner nust be regarded as haying the, s e 3D

st ruct ur énashehanalPerfer 2ifet Bad SaRaF64GEL 2Ex K BAYARGY OP?n?Feg Ebut

StilHéﬁigHé hgégti§8§u38§pEB%CEOﬁE§QEEVERXnB‘Ebidsgﬁauéﬂcé@tb%eﬂﬁmﬂare
regarded as ving nmaintained a substan- tial fraction of the original
B-cel | ephtopesonSUBSTOALTELSHEET CRELEC26TNeWDCOBLO42204 PCTRBKOZF00764

unbroken sequences or as sequences including inserts.

As will appear, it is therefore preferred that the 3-dimen-
sional structure of the complete polymeric protein is essen-

15 tially preserved in the analogue.

Demonstration of maintenance of a substantial fraction of B-
cell epitopes or even the 3-dimensional structure of a mul-
timeric protein that is subjected to modification as described
herein can be achieved in several ways. One 1s simply to pre-
20 pare a polyclonal antiserum directed against the multimer
(e.g. an antiserum prepared in a rabbit) and thereafter use
this antiserum as a test reagent (e.g. in a competitive ELISA)
against the modified proteins which are produced. Modified
versions (analogues) which react to the same extent with the
25 antiserum as does the multimer must be regarded as having the
same 3D structure as the multimer whereas analogues exhibiting
a limited (but still significant and specific) reactivity with
such an antiserum are regarded as having maintained a substan-

tial fraction of the original B-cell epitopes.
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24 Alternatively, a selection of nonoclonal antibodies reactive wth
distinct epitopes on the nultiner can be prepared and used as a test
panel . Thwe ajppneach has the advantage of al- |ow ng 1) arceEmKopesaappi ng
of the multinmer and 2) a napping 5 of the epitopes which are maintained in
t he anal ogues pre- pared. O course, a third approach would be to resolve
the 3-di nen- sional structure of the ﬁ%4t|ner (cf. above) and conpare this
to the resolved three-dinmensional structure of the anal ogues 10 prepared.
Thr ee-di nensi onal structure can be resolved by _the g of X-r

di f f racBlbrrsatdived vand Nﬁﬁe§§éépr8§c@6?0cﬁﬁpﬁﬁeﬁntﬁﬁp FﬁﬁtF8ﬁ0¥éW§t|ng to

the Lertlary SLLYGLUr 8,020,060 SAMRHRX muh @hehe oAbl BbnpdebhornChhaul ar

di chroi &m &3 i ¢Rha vantage of nmerely requiring the
pol ypeptisde &g putesftopemes . (mhasea@pra@W @aﬁft@@tﬁdﬁaﬁéaaﬁr@% Bhe
provi si on of crxstal |.i zed pol peptl .re uir h% RT%&'E’On of
|sotop|éow9§9'& t §NoPPHEB50 OFW' F1FS prOV| Gsef 5 or -

matiop ahoyhthes E%?%@a&¥u§§{@ﬁkﬂ&%l@&aﬁn@bvaﬁ %QEBQMbQogH@W-pe%er,
ultimately X-ray fraction and/or NVR are necessary to 20 obtain

conclusmmeedata since circular dichroismcan only pro- vide indirect
evi dence of correct 3-dinensional structure via information of secondary

structure el enments. The inmunogenic analogge of the_inventi g |nclude a
pep- ti @ Idowksre t Ratthinel whRy QHCTE Sitih e d & & St Vit Sr“é’@n e FHCLE t he

anal ogue,,of, At JiGaRk e M 488 dilndd UMY A9 A c&ﬁ%@mm@t is

heterologous tineric proteln. is particularly useful in
those caseshsheresdlivdds tincesidietkrts orallt ert v vand md ddid
corresponding to nnnoner Cc units .in.the nultlnerl (géﬂdb @h; Jatively,

the pEPIRIFPATSher IE S 3 FrAP oS ThF RS Sohit M% |ng to the presence
of an M{G gy Jass Jdy hindi M- @nam os e ith S eque R - pddter adomi. sheoitese

information relating to the tertiary structure can to some ex-
tent be obtained from circular dichroism studies which have
the advantage of merely requiring the polypeptide in pure form
15 (whereas X-ray diffraction requires the provision of crystal-
lized polypeptide and NMR requires the provision of isotopic
variants of the polypeptide) in order to provide useful infor-
mation about the tertiary structure of a given molecule. How-
ever, ultimately X-ray diffraction and/or NMR are necessary to
20 obtain conclusive data since circular dichroism can only pro-
vide indirect evidence of correct 3-dimensional structure via

information of secondary structure elements.

The immunogenic analogue of the invention may include a pep-
tide linker that includes or contributes to the presence in

25 the analogue of at least one MHC Class II binding amino acid
sequence that is heterologous to the multimeric protein. This
is particularly useful in those cases where it is undesired to
alter the amino acid sequence corresponding to monomeric units
in the multimeric protein. Alternatively, the peptide linker

30 may be free of and not contributing to the presence of an MHC

Class II binding amino acid sequence in the animal species
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SUBSTI TUTE SHEET (RULE 26) WO 03/ 042244 PCT/ DKO2/ 00764 25 from where the
multimeric protein is derived; this can conven- iently be done in cases
where it wommerssary to utilise a very short |inker or WwRagmKoiooies

advant ageous to e.g. detoxify a potentially toxic anal ogue by introducing
the MHC Class Il 5 binding element in an active site. Both these

enbodi ments can be conbined with intr88uction of point nutations that
detoxify the nolecule if need be. It is preferred that the WMHC C ass |1

bi nding am no acid se- quence binds a nmajority of MHC dass Il nol ecul es
from t R T ariiersl 150 GRS ISP MRIRE X Hb. Ul 44 HEFI% rhtl T O BERN de-
rived, 1y Sioille (s a8 Wn A NG AMAG AL SRIUBNEE 5d S5 uni ver sal
or prom cuos. 1% 95 of course inmportant that this sequence serves its pur-
pose as vy cldrtefiirdper ior tWieespeit ess faivanwiagedws tomunpd- dS-gehfy s
intended to serve as a vaccine constituent. Therg ex , st nber.. of

nat ur al 13 RREQIHHHGY from S @ULIRE & | 1 QN GHE Wi c@gr@%ﬁ i]\:/]g
! argeSpr&%fﬂﬁ%l@mér{W'M dual scofve afi @l NBdLISPEEe €5 @b edlirdh @l can
popul ation and these are pre- ferably introduced in the vaccine, thereby
reduci ngo¢ heomisiete Rovifth miveedudipiee afinpeinofmedternttdhal FRYuediin t he
same vagcci ne. Hen]ge,. he a %east one MHC C ass Il binding amno acid
sequence 1% Tt et %ijg SETECted froma natural T-cell epitope and an
artificial MHACG 11 binding peptide sequence. Es pecially preferred sequences
are a n r T- i L S f e OXQi g=epi t ope
such asaJng ](a%éif?c%ﬁl\ﬁ% %P&llgr{%%oﬁ SE%EIQ%GN% %')I%gﬁ%-l %ﬁ%ﬁir?a t oxoi d

epi t ope, q@anda-bIhdenz anad o tist eoBghHE t € hass epl topeecahes af Pomf&lhei par um CS

eplt%EF.aéyggltggg fggngbguggggeOéhgtgg{tg$gglgcggg§egﬁ éé 88&508§§

rived, i.e. that the MHC Class II binding amino acid sequence

in a

is universal or promiscuos.

Tt is of course important that this sequence serves its pur-
pose as a T cell epitope in the species for which the immuno=-
15 gen is intended to serve as a vaccine constituent. There ex-
ists a number of naturally occurring “promiscuous” T-cell epi-
topes which are active in a large proportion of individuals of
an animal species or an animal population and these are pre-
ferably introduced in the vaccine, thereby reducing the need
20 for a very large number of different analogues in the same
vaccine. Hence, the at least one MHC Class II binding amino
acid sequence is preferably selected from a natural T-cell
epitope and an artificial MHC-II binding peptide sequence. Es-
pecially preferred sequences are a natural T-cell epitope is
25 selected from a Tetanus toxoid epitope such as P2 (SEQ ID NO:
3) or P30 (SEQ ID NO: 5), a diphtheria toxoid epitope, an in-
fluenza virus hemagluttinin epitope, and a P. falciparum CS

epitope.

Over the years a number of other promiscuous T-cell epitopes

30 have been identified. Especially peptides capable of binding a
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30 have been identified. Especially peptides capable of binding a _
SUBSTI TUTE SHEET (RULE 26) WO 03/042244 PCT/ DKO2/ 00764 26 | arge proportion
of HLA- DRvoobeerthes encoded by the different HLA-DR al |l elpes/mcmesotseen
identified and these are all possible T-cell epitopes to be introduced in
the anal ogues used accor- ding to the present invention. Cf. also the

epi topes discussed 5 in the follow ng r éfer ences which are hereby all

i ncorporated by reference herein: WO 98/ 23635 (Frazer IH et al., assigned

to The University of eens| and) ;__Sout hwood S et. al, 1998, J. _|mmunol.
160: 3363-3F¥F3 P r}amlF %Ttg‘afff? Moyl g e deB Y 77 78bEfTReRE RM

et _al., H93.DR) .21 e Mihved/ Bed! - Aontlr FIMBG kilsdlare 1988, éJ[bf%l
197-203; and Falk K et al., 1994, |munogenetics 39: 230-242° "The Tatter
referencd #lsEld aRddIoPsd thp HaoA- i radhcdP in gd'rﬂjsanal&mgw topes eha:cgdned |3
these 5 ref C ar vant candi date natural epitopes .to be use
in the prchsnguetr&l ﬁc\ﬁllgntp?roe:ﬁeén:csaiar%e%}pji no‘peésjfa 1 h%%sﬁgg%aﬁgl% ndJrT%‘flf?§e i th
t hese. 5Alitreruat ifiedl lygwitriee ﬁﬁém&wm}ﬁ&:}ar&r@rﬂiﬁéﬁi‘%@lCLILT‘ﬁ%cILJfM?té@lpe
whi ch is _capabl e of binding a_|arge proportion o ass nol ecul es.
In this @é(nﬁégte%%epé}?rﬁé%piW%&%/ 5% | desr e PADREE Y @tbscrapeboned WO

95/ 07707 t@ndHeN Y& L8, 20 SR 1g Rapers A&y aulers ‘ée%t A 19894. 5

Immunity 1: 751-761 (bot’h di scl osures ar'e incorporated by reference

herei n) dmaunodt-eddd:i P il hat esirfigracgpia dpest tal be 188K, atctorxk ng t o

the pres d ntion. J.t. sh d .be not at_t no ffec- 1ive PADRE
pepti des% I s'clni\g?e?%?)pf t%léLscez p e?ts. ar'r ﬁd%égm%o%aﬁecfg ]iﬁet I‘?e%'du'and

N-t er b niHaimmear derett @ i.prioas stail i1e: MmhereEdnidiste{ed.x Homeyer, the
present invention primarily ains at incorporating the relevant epitopes as

part of tHe* addMegeesnstdirs it & 30md Subwydaritisr e finwskere dov#p enzy-

deals with HLA-DQ and -DP ligands. All epitopes listed in
these 5 references are relevant as candidate natural epitopes
to be used in the present invention, as are epitopes that

15 share common motifs with these.

Alternatively, the epitope can be any artificial T-cell epi-
tope which is capable of binding a large proportion of MHC
Class IT molecules. In this context the pan DR epitope pep-
tides (“PADRE”) described in WO 95/07707 and in the corre-

20 sponding paper Alexander J et al., 1994, Immunity 1: 751-761
(both disclosures are incorporated by reference herein) are
interesting candidates for epitopes to be used according to
the present invention. It should be noted that the most effec-
tive PADRE peptides disclosed in these papers carry D-amino

25 acids in the C- and N-termini in order to improve stability
when administered. However, the present invention primarily
aims at incorporating the relevant epitopes as part of the
analogue which should then subsequently be broken down enzy-
matically inside the lysosomal compartment of APCs to allow

30 subsequent presentation in the context of an MHC-II molecule
and therefore it is not expedient to incorporate D-amino acids

in the epitopes used in the present invention.
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matically inside the |ysosomal conpartment of APCs to allow 30 subsequent
presentation in the context of an MHC-1I nolecule and therefore it is not
expedi entwoesiomzaes porate D-amino acids in the epitopes uPed/DK20NE4pr esent
i nvention. SUBSTI TUTE SHEET (RULE 26) WO 03/042244 PCT/DKO2/00764 27 One
especially preferred PADRE peptide is tEg one having the amno acid
sequence AKFVAAWILKAAA (SEQ ID NO 7) of "an immu- nol ogically effective
subsequence thereof. This, and other epitopes having the same | ack of MHC

restricti .ef-er. T-cell i1 opes whi ch ould b resent in the
anal ogues(??1 %s %rdg% %%tlﬁé; ﬁ%vegfn J:lrveeCl r]f.ia%e[f%oéd.&éoﬁtclh%es ulpserst_- 5t othtS ?l%vdsn%gﬁ_}ieopes
will al lamvinfooradike smﬁier&idrMHWmmdl'mth( SHO tite Non;\éent i axleaheLrnQﬂdl_ only
one single nodified IL5 is presented to the vaccinated aninmal's inmune
system gfﬁ’lﬁ%ﬁé’d eé%@&d?ﬁ@nt?%?“ﬂ?éﬂ%ﬁé’fﬂﬁﬂf-i ﬁ'&ﬂtﬁ}esarrﬁ)ditfhﬁ_:l%tl gn by
i ntroducichd + sty i ' N igrant SR it L1,

under st ooegﬁt ﬁ%&ésfhe V&E{abgtt{%]%oa%{éi mmne%%ﬂr}:ncees-@o%l ziu%z erpel tporpee ecflerpeeqﬁds
on t hed afinegllls peditepss vduiedt ibroulal hesgde dwrteiim httl'h}e atrﬁ.sr]mgues_ usedd

"I munodqmi ce" sinmply refers.tq, epitopes 15 which in the vaccinate

i ndi vi o|u§“;‘]11 g%?’v%egnr‘ﬁe&?ﬁ%e gleét?]gorﬁ'f %&Jacﬁt SUBHRIRE TESSOIRE. Suttqres gt

vel | - known Hoactf drhathed mBd te iih@Pe  SMb g rich H SMBMN QIR ARt D PRBIerein
i ndividual is not necessarily immunodom nant in another individual of the

same speffdy, %Bfef InHsuFrditf insy 1B dapaiesartas idi tdievveddingdiestul es in

the 20 | att;er qir di'\"ﬁ“q%@' ‘ésc ntioned above, the introduction of a foreign
T-cel | e%:;n-l?ntaolp(raé clan e aS cor?pq;ﬁi shed by introduction of at |east one am no

acid insertion, addition, deletion, or substitution. O course, the nornal

si t uat o rwirllr rlagy te%ddlhfé?ﬁ‘écqfo"&k@ ITRFE A% R 10RR L hRNgE 1id 13Rg am no

acid sequence (e.g. insertion o ‘
by introducing at least one foreign immunodominant Ty epitope.

It will be understood that the question of immune dominance of
a Ty epitope depends on the animal species in question. As used
herein, the term “immunodominance” simply refers to epitopes

15 which in the vaccinated individual gives rise to a significant
immune response, but it is a well-known fact that a Ty epitope
which is immunodominant in one individual is not necessarily
immunodominant in another individual of the same species, even
though it may be capable of binding MHC-II molecules in the

20 latter individual.

As mentioned above, the introduction of a foreign T-cell epi-
tope can be accomplished by introduction of at least one amino
acid insertion, addition, deletion, or substitution. Of
course, the normal situation will be the introduction of more
25 than one change in the amino acid sequence (e.g. insertion of
or substitution by a complete T-cell epitope) but the impor-
tant goal to reach is that the analogue, when processed by an
antigen presenting cell (APC), will give rise to such a T-cell
epitope being presented in context of an MCH Class II molecule
30 on the surface of the APC. Thus, if the amino acid sequence of

the monomeric unit in appropriate positions comprises a number
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or substitution by a conplete T-cell epitope) but the inpor- tant goal to
reach is that the anal ogue, when processed by an antigen presenting cell
(APC), wWWwDogiovr44ise to such a T-cell epitope bei ng pregemmad2ion’eaont ext
of an MCH Class Il nolecule 30 on the surface of the APC. Thus, if the

am no aci d sequence of the nononeric unit in appropriate positions
conprises a nunber SUBSTI TUTE SHEET (RBLE 26) WO 03/ 042244 PCT/ DK02/ 00764
28 of amino acid residues which can also be found in a foreign TH epitope
then the introduction of a foreign TH epitope can be acconplished b%/
provi di rmef tamsrcerped il ep sirdurs adiidsh ofan el sqd drei ki e IRF SeHhs! of

am no aci d .insertian, .addi t.i et And ; i ! l-n other

wor ds, ieipjitsOpneotthnee%ets%a?lﬁﬂ]?o 1‘|1Cf1“ct]érjogicjué(:feoé[(:l conpﬁsdei?zfﬁrtﬁ%telg%?joepg nyﬁoi%nserti on
or substddabmgl i¥heddprsit el ding heheresentn imy emimon, achds anal Ogrie may
also form part of |arger nolecule wherein it is coup | east one

, led to, at

10 f uncti Ui IMAREAPE HY pgreaieh et @M AF b e ot Jr?ﬁ’er?%‘i?l%%‘ti vely to
a signi f%&féﬁ'&?%r?@_é"dﬁé‘tiﬁ?t%! bodys@ssr GRSSaD) |14 Vi ofnshenanad ogue. The
nature o suclh moi eties (which may be fused to the anal ogue) can be to
target tthe imodidies aroteulete dlarrdiongePyplosentiiog e Isybstdtvr a B 15
| ynphocyte, to stinulate the i Mmune system and to optim ze presentation
of the a%?%gue to the i nmune system Targeting noieties are conveniently
selected fromthe group consisting of a substantially specific binding

part net 9% &1 s LYROOY £ 50801 LGSt SACe: B0t Lgen, ga sy am APCeapRcl {1 c

20 surfaceé an S a hapten or a carbohydrate for which there is
a receptgdriont heaBydy nmpbbeyt ke orh¢hei P Thecompleadnestahul edshgon®i eti es

e otk G oL ety I $o0seRL8 bRl R §¥LONLLE 1 R bopLpne, and 2

negatively to a significant degree with the antibody-ac-
cessability of the analogue. The nature of such moieties
(which may be fused to the analogue) can be to target the
modified molecule to an antigen presenting cell (APC) or a B-
15 lymphocyte, to stimulate the immune system, and to optimize

presentation of the analogue to the immune system.

Targeting moieties are conveniently selected from the group
consisting of a substantially specific binding partner for a
B-lymphocyte specific surface antigen or for an APC specific

20 surface antigen, such as a hapten or a carbohydrate for which
there is a receptor on the B-lymphocyte or the APC. The im-
munestimulating moieties may be selected from the group con-
sisting of a cytokine, a hormone, and a heat-shock protein.
The presentation optimising moiety may be selected from the

25 group consisting of a lipid group, such as a palmitoyl group,
a myristyl group, a farnesyl group, a geranyl-geranyl group, a

GPI-anchor, and an N-acyl diglyceride group.

A suitable cytokine is, or is an effective part of any of, in-
terferon y (IFN-g), F1t3L, interleukin 1 (IL-1), interleukin 2
30 (IL-2), interleukin 4 (IL-4), interleukin 6 (IL-6), inter-
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The presentation optinmising noiety may be selected fromthe 25 group
consisting of a lipid group, such as a palmtoyl group, a nyristyl group,
a farnesywogsoupds a geranyl -geranyl group, a GPl-anchor, pambkn/odacyl
diglyceride group. A suitable cytokine is, or is an effective part of any
of, in- terferony (IFN-g), FIt3L, interleukin 1 (IL-1), interleukin 2 30
(IL-2), interleukin 4 (IL-4), interleuk?n 6 (I1L-6), inter SUBSTI TUTE SHEET
(RULE 26) WD 03/042244 PCT/ DK0O2/ 00764 29 leukin 12 (IL-12), interleukin 13

(IL-13), interleukin 15 (1L- 15), and granul ocyte-mnacrophage colony
st i nul atliemdgifradfor( ILGU2 ) GSR.t e Lsyuktiay 3&1 Héatl-3dhodi® b5t q‘rJrni $5 drfhis an

ef fecti part of 5 f, A i n i i
(o R0t e et AR TR RIS o i ne Aeg et e, ger

| eti onscsyybstitutions or additions is at |least 2, such as 3, 4, 5, 6, 7,
8, 9,_10,_11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, and 25 insertions,
substitutions, additions or deletions. 10 It is furthernore preferred that
t he nunirerpmeffeanieth hactt shock @mdterisy isubsty thst ighsLaRliivomadr of

deletions is not. jn ex- :17%0 as 0 (r@lt 90, at
nost éo_,ané’n_d’fn'atHS_r?g@’ fﬁ%e%stf’ SLS especi ally parn§ e@?c?%hcgjtlﬁe nun)b'er of
Zgb- SBIFUIIOHS, insertions, deletions, or additi ons does not ex 15 ceed

, an n particul ar t..e ; 0. st
preferred i's aprr?uérjﬁ)reﬁe%&%n%% et ﬁanldBd(ﬂ)g) Wt ﬁ e%elgge%s?%é/%ﬁ'o C%;léézibd
addi t i onsst idnsshauisk thiec ot @tk tdhrataddheiseys weratt heass W@ t i surltastIuct i s

in the formof_ a fusion polypeptide, is offe onsid bl y, higher, t han
150. 20 ‘Prerfrere-r'ed7 'erﬁ)'od?'rre]rﬁ's_]o]f' jtf?e' iﬁer&%’oﬂlffc’ngﬁrdg‘rsﬂno%?’f i%é;’t izoén’ by
i nt rodulcg]gg q | 2ast, one: e ad MMUNRdsA Nadadit epid ope ddFetiaiei gn MHC

G ass | i nding am no acid sequence"). It

10 It is furthermore preferred that the number of amino acid in-
sertions, substitutions, additions or deletions is not in ex-
cess of 150, such as at most 100, at most 90, at most 80, and
at most 70. It is especially preferred that the number of sub-
stitutions, insertions, deletions, or additions does not ex-

15 ceed 60, and in particular the number should not exceed 50 or
even 40. Most preferred is a number of not more than 30. With
respect to amino acid additions, it should be noted that
these, when the resulting construct is in the form of a fusion

polypeptide, is often considerably higher than 150.

20 Preferred embodiments of the invention includes modification
by introducing at least one foreign immunodominant Ty epitope
(= “foreign MHC Class II binding amino acid sequence”). It
will be understood that the question of immune dominance of a
Ty epitope depends on the animal species in question. As used

25 herein, the term “immunodominance” simply refers to epitopes
which in the vaccinated individual gives rise to a significant
immune response, but it is a well-known fact that a Tu epltope
which is immunodominant in one individual is not necessarily

immunodominant in another individual of the same species, even
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wi |l be understood that the question of inmune dom nance of a TH epitope
depends on the aninmal species in question. As used 25 herein, the term

"i mmunodowDraneri4 sinply refers to epitopes which in thepPcamxmabmd

i ndividual gives rise to a significant inmune response, but it is a

wel | -known fact that a TH epitope which is inmunodom nant in one

i ndi vidual is not necessarily immunodgfi nant in another individual of the
same species, even SUBSTI TUTE SHEET (RULE 26) WD 03/042244 PCT/ DKO2/ 00764
30 though it may be capable of binding MHC-I1 nolecules in the latter

i ndi vi dudloughndttheray fporaambmiafl Binding iMiGel bMMESHERST ittt of TH
epi t opes. %hlgen%§§y, Qﬁﬁurally occurring TH epitopes are MHC 5

restricted, 9% & é%?{alh peptide constituting a TH epitope will only bind
effectively to a subset of MHC Class Il nole- cules. This in turn has the

effect LHald) s F fige THe 05 1 @PRomi bt Tesul t
A Hdl m"i‘g@oxc@aﬁsaéwﬁgﬁw £ afe onesspesk fingc TH-£p1H1 8RR £

in a vaccliné conpaonent Is effective in a fraction of the popul ation
only, argbilbmepenth ngproerdhe sazerafly hacclrabry oby dritemehée e ary to

i nclude nore TH epitopes in the sanme npl ecule, or nat i vel y epare a
mul ti 500‘?ﬁf6ﬂ@1ﬁt§f£ccjr rfe: v%e?%}fihajtrﬁep%%%(g e%?%s%%%g{%a{]i %n?’é% i ar e

di sti ngujshed,{1pm aache ptder: by § heo nat siisseof of NBHTH Bpi s ope mateeoduced.
15 If the MHC restriction of the T-cells used is, conpletely un- known (for

i nst ancecukes sSThimtinntwherlkas heheaeEfaak etRahi #al moﬁ%scﬁsﬁ%o’?ql? 4&fi ned
Speci 11 YUt i Eohabet T S ShIE B8 derary red by nesne ot Chg T ol oui ng
formul a:wdifcrR0i é popedbation £A & JIfdactponr €flYyhé=ppopulation only, and
10 depending on the size of that fraction, it can be necessary to
include more Ty epitopes in the same molecule, or alternatively
prepare a multi-component vaccine wherein the components are

variants which are distinguished from each other by the nature

of the Ty epitope introduced.

15 If the MHC restriction of the T-cells used is completely un-
known (for instance in a situation where the vaccinated animal
has a poorly defined MHC composition), the fraction of the
animal population covered by a specific vaccine composition

can be determined by means of the following formula:

20 fpopulalion =1—H(1_pi) (II)
i=1

-where p; is the frequency in the population of responders to
the it" foreign T-cell epitope present in the vaccine composi-
tion, and n is the total number of foreign T-cell epitopes in
the vaccine composition. Thus, a vaccine composition contain-
25 ing 3 foreign T-cell epitopes having.response frequencies in

the population of 0.8, 0.7, and 0.6, respectively, would give

1 -0.2x 0.3 x 0.4 =20.976
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-where p; is the frequency in the popul ation of responders to the ith
foreign T-cell epitope present in the vaccine conposi- tion, and nis the
total nunwerosmi22fioreign T-cell epitopes in the vacci ne ceapmainioors4 Thus,
a vacci ne conposition contain 25 ing 3 foreign T-cell epitopes having
response frequencies in the population_of 0.8, 0.7, and 0.6, respectively,
would give 1 - 0.2 x 0.3 x 0.4 = 0. 97638UBSTI TUTE SHEET (RULE 26) WO

03/ 042244 PCT/ DKO2/ 00764 31 -i.e. 97.6 percent of the population wll

statisticall VHC- | di_ at ed response to the vaccine. The above
f or mul a dgésancr%g]qargpﬁe%%er?tsi Euatt |eor?sogﬁgl€rteldgl osrtahtlléﬁcﬁjg'é’i JOUHIC
restri ctiaon MpEt-Iar meefidtiel pepddass UsedHs wddiawn. |If, for instance a
certain peptide only binds the human MHC-11 nol ecul es encoded by HLA-DR

alleles DR1, DR3, DRS, and DR7, then the use of this peptide together with
anot her [Fép- abicve Voriule cises het enyply ng MAGUdt imleailas engrded Jy

HLA- DR aIlI el es wll am%ﬂpl i sh ,100% coverage in the population 10 in
quest i on. ik &REESS &S 1e&h Bt M Y hithds ARt 1desd usrs! itshe

addi ti ®nkebwinhi 3 fMeridrde néiddn 0t IGHease ptéﬁio%o%%fly%i%gsa't'he e
bases the cal cul ati on of population responsée purely on MHC restriction of
T-cel | epffogds mod eciid e sy gesiased tyve HLPadR el lofl esh@Riop WIRat, i OR5Gowerded by
a speci f 715 Lyaccl t‘_TI can.he determ ned hy,means, of the foll ow
ing for rru‘léa:' &5 %‘ Ltg% ?l%&r!(;%?l ahﬁ%n pfft(lfe- ecf)ﬁe F2X WIl?élh )anojs@fr- W& ein cj
is the suddef whieguéneides tie tletapedwoatHeR 10f mliecules encoded by
HLA-DR alleles will accomplish 100% coverage in the population
10 in question. Likewise, if the second peptide only binds DR3
and DR5, the addition of this peptide will not increase the
coverage at all. If one bases the calculation of population
response purely on MHC restriction of T-cell epitopes in the
vaccine, the fraction of the population covered by a specific
15 vaccine composition can be determined by means of the follow-

ing formula:

3
fpopulationzl_n(1—¢j)2 (III)

J=1

-wherein ¢; is the sum of frequencies in the population of al-

lelic haplotypes encoding MHC molecules which bind any one of
20 the T-cell epitopes in the vaccine and which belong to the ™

of the 3 known HLA loci (DP, DR and DQ); in practice, it is

first determined which MHC molecules will recognize each T-

cell epitope in the vaccine and thereafter these MHC molecules

are listed by type (DP, DR and DQ) - then, the individual fre-

25 guencies of the different listed allelic haplotypes are summed

for each type, thereby yielding ¢, ¢, and ds.

It may occur that the value p; in formula II exceeds the corre-

sponding theoretical value m;:
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I elic haplotypes encoding MAC nol ecul es which bind any one of 20 the
T-cel|l epitopes in the vaccine and which belong to the jth of the 3 known
HLA | oci WDR3/oBR4and DQ; in practice, it is first determcmakozndsh MHC
nol ecul es will recognize each T- cell epitope in the vaccine and thereafter
these MHC nolecules are listed by type (DP, DR and DQ - then, the

i ndividual fre 25 quencies of the diff¥ent listed allelic hapl otypes are
sutmmed for each type, thereby yieldi ng 0, 0 and 0. It may occur that the
value pi in fornula Il exceeds the co paondi ng theoretical value 7Li:
SUBSTI TUTE SHEET (RULE 26) WO 03%0422 (PCT’/ ﬁKOZ/ 00764 32 3 Tc; =1IM)
(1-v1)2 (IV) j=1 -wherein vj is the sdmof frequencies in the popul ati on

of al- lelic haplotypes encodi ng MHC npol ecul es i ch _bin |
epi tope“Wﬁeffﬁénvéfmc%%et}é%dS%|%ﬁ PP RPELTE hjen% o?o?%g agiop L Ik(%lgwn Hﬁi

| oci t f
gg}@g&gpon%h%ogﬁﬂ Mﬁ@ahdl%c%lés Mh@ch bh@dp@melaf?om-there

is a frequency ers of fresidual i = (pi-ni)

Ther ef ore 1f epr_‘cmlo@el Iltn tare tvelca:dnej %ltdedfhsl@ha@etl@n;g élod gﬂ@r 1fe@ﬁ/ the

f pop: dation = 1 - (Pl residual i (1-\;1 =1 1=1.10
-wher & t3hémtoe7ran1-Af r1é>§13ddé1 /i quaé]éjt zerrkbl% S Gad 5)3114[ TioRfd be

not ed th form’ila%l\é etgufle' %.Ist%atfér_?due it opes hgweadeenhapl ot ype mapped

agai nst Set's Therefore, when selecting T-cell
epi tODe% tsmua? St ng | f¢ (LA, ) her}aaaémg_t@ of ofiiheld MvENtdaom,bd tad-s
e a

|rrportant to Imnclu 15. knovaedeof t he epitopes which
1) The fjnedueehep as to yield formuf% V: P P 's available:

3 n
fpopulaiion =1- H (1 - (Dj)2 + (1 - H (1 _-fresidual_i)] (V)
=1 i=1

10 -where the term 1-fresiqual i 1S set to zero if negative. It
should be noted that formula V requires that all epitopes have
been haplotype mapped against identical sets of haplotypes.

Therefore, when selecting T-cell epitopes to be introduced in
the analogue of the invention, it is important to include all
15 knowledge of the epitopes which is available: 1) The frequency
of responders in the population to each epitope, 2) MHC
restriction data, and 3) frequency in the population of the

relevant haplotypes.

It should be noted that preferred analogues of the invention
20 comprise modifications which results in a polypeptide that in-
cludes stretches having a sequence identity of at least 70%
with the corresponding monomeric units of the multimermic pro-
tein or with subsequences thereof of at least 10 amino acids
in length. Higher sequence identities are preferred, e.g. at
25 least 75% or even at least 80% or 85%. The sequence identity
for proteins and nucleic acids can be calculated as (Nrer —
Ngif) * 100/Nrer, wherein Ngir 1s the total number of non-identical
residues in the two sequences when aligned and wherein Nyer 18

the number of residues in one of the sequences. Hence, the DNA
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of responders in the population to each epitope, 2) MHC restriction data,
and 3) frequency in the population of the relevant haplotypes. It should
be not ed wbat/opnef erred anal ogues of the invention 20 comomina®2/00764

nodi fications which results in a polypeptide that in- cludes stretches
havi ng a sequence identity of at | east 3gO% wi th the corresponding
nmononeric units of the multimermc pro~~tein or with subsequences t hereof
of at least 10 amno acids in length. H gher sequence identities are

preferred, e.qg. at st../5% qr_ even_ at | east % %..The. sequence
iolentity“'é‘%"%ﬁ’%ﬁ?rg%GeTHZ?CEL‘sdTSérjm1 Hule IS &t e eHn egel%%fa%% t(gg 190 T - Nai )
100/ Nr efshaitRidhdiAaTcaATE (0L a2 muder, efg)non-i dentical residues in
the two sequences when aligned and wherein Nref is the nunber of residues
in one of the sequences. Hence, the DNA SUBSTI TUTE SHEET (RULE 26) WO

03/ 042244 ROTVDKO2A 0¥ A6 133 swriencier AGT GASTIE wi thathave anskoglescet
identity of 75% with the sequenc TCAATC (Ndf =2 and Nref=8).. Finally,
in ordert% bt usiVets Vﬁﬁqﬁ ?]ﬁ%?%nv%n%ﬁ dPue BFEIRE T it TR i s

i ndeed efd QG g, ase ki FBRIQYEH YdddOUso Spt @bt de MBYe bige o8 0F fregohn or der
to provide the necessary con- firmation, cf. also the specifics set forth

in the eiamiteeon hetli mliq the sSspontekes ef cfehde 18 EeccmiERLeD t he

di scus- ;sion of Jdentifi on. of [ 0] _ -
this disciosure irpay leg u‘%gﬁdﬂ ?%lcr’ v%%f%%cf%n@%f %g[ﬂ%g u?o %%eégégl?gan
anal ogues{dil-oflerdeedh Hicaioidn sabj e £ D 1he aigtogens imviedtd¥E65058
technol ogy. Preferred nmultinmers that ?C%Fbe subjected to the tec%gfl_ogy of

the presentPihvEhnitHcwre 145 }%ﬁldlsﬁ\i# ¥ LI5S Tt tOhstt ukhe use hiL5 it
has heen,ounde that,,consddctfrd hddr A Cot Not) subject to the pre-

sent inventive technology.

Preferred multimers that may be subjected to the technology of

the present invention are IL5 and TNFa.

TL5 based constructs

15 For hIL5 it has been found that constructs that mimic the
natural hIL5 dimer structure and at the same time include for-
eign Ty elements provide superior results compared to con-
structs based on the monomeric structure, e.g. over the con-
structs disclosed in WO 00/65058, especially when it comes to

20 expression levels and antibody reactivity of antisera raised

against the constructs.

Preferred constructs based on IL5 are those wherein the ana-

logue is selected from the group consisting of

- two complete IL5 monomers Jjoined by a peptide linker that
25 includes at least one MHC Class II binding amino acid se-

quence, and
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natural hIL5 dinmer structure and at the sane tine include for- eign TH

el ements provide superior results conpared to con- structs based on the
nononer i cwetse2ws e, e.g. over the con- structs di scl osedPCn/DND2007665058,
especially when it cones to 20 expression |levels and anti body reactivity of
antisera raised against the constructs. Preferred constructs based on IL5
are those wherein the ana- logue is seBécted fromthe group consisting of -
two conplete IL5 nononers joined by a peptide linker that 25 includes at

| east one MHC Class Il binding am no acid se- quence, and SUBSTI TUTE SHEET
(RULE 26) WOt/ 042244 RCTIIKOR/GOREZA Bined vy cohpinaid (R tisifoner s
joined by an_i,nert peptide. |linker aqf whi [

i ncl udes” a hé2™ o|°d”56i¥kl%c"“olﬁaes S 1M %%“Aanﬁ%&ﬁ% %26?1 %egsqlr?e)rq{cgg. Such an
anal ogue may thavg ddaeid imgarcisdddictungiddidg ,amido arcid medudried Ln or
IL-Li-ILmor IL-Li-ILmor ILmLmILn wherein "IL" is the conplete am no
aci d sequence of nononeric mature IL5, "ILm' and "ILn", which may be

i denti caluyr aonmidenficalay designdie kisedstsantucatuye conplketld @ ddnaci d
sequence of nononeric mature _IL5 including a_h rolh%%ous %”Oi%sschlel

bi ndi Ag laniho @Ei H-— ko Segends Dethin 0 dseheite MREN nctudihg oF
contri bq:]tdrgﬂett% ieastc ones Mite fd asst lhokbmsh N9 @t fee acisl, seruencad n
the analodue, and "Li" is an inert peptide |inker that does not in- clude
or cont riliyt’e whiahy mekCoE dskenitidsilndimgaamisenddich loe dfidnEd s # t he

anal ogue. 1t is especiall referred 1 ; Liset he
P2 and/ osru%tc?rbtp]iats]@%sc g%%%n%r%l %x%?%ﬁ %&%%%%.Q%?H%‘é‘kﬁég a%]% i is a
di - gl ycines limnkeidi dweviest diol sgyudHeMaOyCons | Minbgéhhe dmikera@ept i de
that does not give rise to MHC C ass |l binding, sequences

»

10 sequence, “Lp” is a peptide linker including or contributing to
at least one MHC Class II binding amino acid sequence in the
analogue, and “L;” is an inert peptide linker that does not in-
clude or contribute to any MHC Class II binding amino acid se-
quence in the analogue. It is especially preferred that Ln, IDn

15 and IL, comprise the P2 and/or P30 epitopes of tetanus toxoid
or comprises a PADRE, and L; is a di-glycine linker. However Lj
may be any non-immunogenic linker peptide that does not give

rise to MHC Class II binding sequences.

Most preferred embodiments are hIL5 analogues having the ma-
20 ture amino acid sequence set forth in any one of SEQ ID NOs:

9, 11, 13 and 15.

TNFa background

Tumour necrosis factor (TNF, TNFa, cachectin, TNFSF2) is a po-
tent paracrine and endocrine mediator of inflammatory and im-
25 mune functions. TNFa is cytotoxic for many cells especially in
combination with gamma-interferon. TNFa was initially identi-
fied in 1975 and demonstrated to initiate tumor necrosis and
regression. The anti-cancer effect has later been investigated

in detail, but the treatment has not been a success as cancer
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Most preferred enbodi nents are hlL5 anal ogues having the nma- 20 ture am no
aci d sequence set forth in any one of SEQ ID NGs: 9, 11, 13 and 15. TNFa
backgr ouromawznd necrosi s factor (TNF, TNFa, cachectin, PRFSHp/0I®4a po-
tent paracrine and endocrine nediator of inflammtory and im 25 nune
functions. TNFa is cytotoxic for many cells especially in conmbination with
gama-interferon. TNFa was initially idénti- fied in 1975 and denonstr at ed
to initiate tunor necrosis and regression. The anti-cancer effect has

| ater been investigated in detail, but the treatnment has not been a
success e mmoeralSUBSKIT e SHEER (RULE 25Na/y 037 042D 42 o/ KL/ 00764
35 therapy, although there are still cancer trials using INFa . running.

TNFa wastUHtierd di ot HRLehALIERETII AR KT L% 71 SRS W tTover ed

that TNF exerts, | fggm%.p{ut IR oL EEEPLOF s BN AL B8k PDERESSSH AWO
differ en%nd?ﬁlﬁa%éegé:%% ors N@Régg and e‘I'NFR75) h%ve been identifi edat hat

medi at e £yddpt d0%hsd Bted ¥t seaed orywefdeetsraft TNRRn ddFeptodsces and
per petuates 1 nflamatory 5processes during chronic inflammatory diseases

| i ke Phe(WHEREY and HIYEREOY g vaness iapebf A thahdirde? i¢Ve@T role in

all ergies and psorjasjs. Blocking.of 10 NFa.sLgnal by so |l e
recept or'sP*+% olrr}gjp%‘@?‘%%ry i Gﬁﬂ?%ﬂ%r%%, hﬁﬂ)‘%/\(% ?E%%?a%ril%lﬁg% %‘#ﬁa
product i 90-0L+ (DNOE | ONE] amAdt b rJ N6Po S8 b9 Udes1 186 eciat i Bet L Nl et epyy f or s

to adverse " the biological effects of TNFa up-regul ation and si{gnal ing. It
i s evi dedis¢aems thike esburaodidi aethfiohs t (RAL neRd WP t FuIBegetdbie TNFa

receptors_and nonocl onal _anti-T | bodi i - rapy is a

success }il%‘_’%e?/e?léjrtﬁ?aégag%g, T Ege:fl%&%%% %ﬁ%h%ég%?gggéeg&ﬁglgﬁt?- TNFa

treatyentnd sriPed Ns £ORa1 shdetstusat erapdpebieft t¥€eptor-specific
inhibitors, down-regulation of TNFa production or monoclonal

anti-TNFa antibodies are attractive therapy forms to adverse

the biological effects of TNFa up-regulation and signaling.

It is evident from the results obtained from treatment with
15 soluble TNFa receptors and monoclonal anti-TNFa antibodies

that anti-TNFo therapy is a success in several diseases, like

RA and Crohn’s disease. The anti-TNFa treatment is both con-

sidered safe and effective.

To date, two TNFo antagonists, Remicade (Infliximab, Cento-
20 cor/Johnson&Johnson) and Enbrel (Etanercept, Immunex) have

been approved for clinical use.

Remicade is a chimeric mouse-human monoclonal IgGl antibody

directed against soluble and cell associated TNFa. Remicade
blocks the binding of TNF with its endogenous cell surface

25 TNFo receptor. The Food and Drug Administration (FDA) approved
Remicade in October 1998 for use in moderate to severe or fis-
tulizing Crohn’s Disease refractory to conventional therapies.
The indication was extended to include adjunctive use with

methotrexate in rheumatoid arthritis refractory to methotrex-
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To date, two TNFa antagoni sts, Rem cade (Infliximb, Cento- 20

cor/ Johnson&Johnson) and Enbrel (Etanercept, |munex) have been approved
for cliniwalo3dwsr4s Rem cade is a chinmeric nouse- human nono®icamatoziogGl

anti body directed against soluble and cell associated TNFa. Rem cade

bl ocks the binding of TNF with its endogenous cell surface 25 TNFa
receptor. The Food and Drug Admi nistrati%n (FDA) approved Renicade in

Oct ober 1998 for use in noderate to severe or fis- tulizing Crohn's D sease

refractoré to conventional therapies. The indication was extended to
F

i ncl ude ABFuRREFIBY UBLORP ANfret RorFeXat BOZ MR HRERBEDFE BRERAPYi $%refractory
to netho&fgﬁﬁ,§u§§gé%ggg SHEET (RULE 26) WD 03/042244 PCT/ DKO2/ 00764 36
ate therapy alone and 1 n July 2002 mai nt enance therapy in Crohn's disease.
Enbrel is a reconbinant protein consisting of the extracellu- lar portion

of the hipBReTNE3 necepbRbihdaedpkerths E6npoEting of ehehumBAatgGlu-Enbrel
inhibits TNFa activity by serving as a decoy TNFa receptor. FDA approved

Enbrel fbaruserthonhefimhhei Humant fiNFti setapboveffberd1968thkbFe phahid80. 000
patients have been treated with these TNFa antagoni sts. Review of clinical
ef fi caryondusanelgGinf BrhtieloAnBibihesENEgenes5idiEYpbyf SEKEHNG0AS 2
continuously and_al t hough i nfections and ot her i One-related advggi

ts,

events rEREPK ANREj 5PCEBRREr ntPor 2FRE]VEH: SGBRF I P&Eenf SHPELG

eval uati gp:Qf; post 1 ARKKGELREreXpokL enseePehant 950800y phbechPA ARGt he
Comm ttee for Proprietary Medicinal Products (CPWP) s?ates that anti- TNFa

t her api esebaveraatadowith ahkeer rskabenehgbnhatanceeat thovghclahékhiing
changes, incl u- ding changes on serious infections have been required.
t

Conpar ed®hf L AaFHe2BSt BBFFSHedNARTMATARE PheFBBPEBs2IPRESPRES- PEAEPYTMSD
suggess edo INFALLIBYYOLHAr aRY nRASK DRradYaBha08540bt Ak immune-related

adverse events remain a major concern for TNFa antagonists,
recent safety evaluation of post-marketing experience per-
formed by the FDA and the Committee for Proprietary Medicinal
Products (CPMP) states that anti-TNFa therapies have a favor-
15 able risk-benefit balance although labelling changes, inclu-

ding changes on serious infections have been required.

Compared with the established anti~TNFo therapies, the pres-
ently suggested TNFa immunotherapy has the advantages of mi-
crogram amount vaccinations and less frequent injections to
20 keep a high anti-TNFa in vivo titer compared with large infu-
sions of monoclonal antibodies. The positive consequences are
a lower risk for side effects and less expensive therapy. It
is also believed that a natural polyclonal antibody response

will act as a more efficient down-regulator of TNFa than other

25 anti-TNFoa therapies.

TNFo is translated as a 233 amino acid precursor protein and
secreted as a trimeric type II transmembrane protein, which is
cleaved by specific metalloproteases to a trimeric soluble

protein where each identical monomeric subunit consists of 157
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crogram anmount vaccinations and | ess frequent injections to 20 keep a high
anti-TNFa in vivo titer conpared with |arge infu- sions of nonocl onal

ant i bodi ewo 03loe22posi ti ve consequences are a |ower risk f@cTaikbe/nefehect s
and | ess expensive therapy. It is also believed that a natural polyclonal
anti body response wll act as a nore efficient down-regul ator of TNFa than
other 25 anti-TNFa therapies. TNFa is3franslated as a 233 anmno acid
precursor protein and secreted as a trineric type Il transmenbrane
protein, which is cleaved by specific netalloproteases to a trineric

sol ubl e ampnet eicd-Asheitd e gt ricd @tiic fe FaTsiferdfc Wuihi s ifsi i horins7

SUBSTI TUTE SHEET (RULE 26) WD 042244 PCT/ DKO2/ 00764 .37, amino acids (the
ani no act® s'[é)qllj\]é)ricé%f' A iT%?tls%tlsf orth 9 C%%ﬁﬁl@fhﬁ%ﬂ%{}fﬁlﬁrgen TNFa is
non-gly | at ed whj.l e -nurj.r T : Ssd gl iomsdte. The
TN oG T % Sr i AP el G o g e B AR

t heor et ingale 1MW @feibphtk e, 1l tHIBUGMhid e ridss - i imhead Has reertmovest g U3 kDa

in SDS-PAGE. TNFa contains two cysteines that stabilize the s ure by
f or mi hgMih qfnt&%dﬁﬂaecﬁlérh%ggulapkﬁ%s%‘rlildﬁée.é Bot St HEC R 2t (ﬁ ecéﬁ nus of

TNFa are i t f he activity ' = ' |

sensi ti vé' gg)%—ep?sg;tﬁ 'o%rNoEgat Orrg%_’}lrji% E%%%@%%%go%ﬁ%%%g%%@ﬁ%sti cally
decr easeg tfre 5@ W} -fdiidhdqnch biroacinaddyul dhedispbst ade Jarddge adakh s
Leul57, which forns a stabilizing salt bridge between two nononers in the
triner. tBe therat Hertdamduwel of i BFofarhelmpostari gher & ndCRETHSY -

i ncreases the tivit ith a factor 1.5-5 while 1 etio it first
. ) ] - . ) h .
ni ne amifRPHch W&?%r(ﬁns%ﬂ‘élrflfﬁ |13 Isé?fb?ﬁt \C |a\l/?t(§e.£illi\iﬁaﬁlés%g€me " studi ed
prot gpn @pd JANYeRin dhe dftAd-acd drd &t ol Bgullecréases aché onsldlendi ng to
trimer formation and receptor binding have been identified.
lity and biocactivity. The important amino acid is Leulb7,
which forms a stabilizing salt bridge between two monomers in
the trimer. On the other hand deletion of the first eight
amino acids increases the activity with a factor 1.5-5 while
15 deletion of the first nine amino acids restores the full-
length activity. TNFa is a well-studied protein and many of

the intra- and inter-molecular interactions leading to trimer

formation and receptor binding have been identified.

Hence, in nature, human TNFa (SEQ ID NO: 17) exists as both a
20 dimer and a trimer, but the molecule is in both cases very

suitable as a candidate target for the present invention.

TNFa constructs

A preferred TNFa analogue is selected from the group consis-
ting of 1) two or three complete TNF-a monomers joined end-to-
25 end by a peptide linker, wherein at least one peptide linker
includes at least one MHC Class II binding amino acid sequen-
ce, and 2) two or three complete TNF-o monomers joined end-to-
end by an inert peptide linker, wherein at least one of the

monomers include at least one foreign MHC Class II binding
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Hence, in nature, human TNFa (SEQ ID NO 17) exists as both a 20 diner and
a trimer, but the nolecule is in both cases very suitable as a candidate
target fowothespnesent invention. TNFa constructs A pref @eCmakozNgm4s

anal ogue is selected fromthe group consis- ting of 1) two or three

conpl ete TNF-a nononers joined end-to- 25 end by a peptide |linker, wherein
at | east one peptide |inker includes aB8l east one MHC O ass |l binding

am no acid sequen- ce, and 2) two or three conplete TNF-a nononers joi ned
end-to- end by an inert peptide |inker, wherein at |east one of the

nonomer Sniims e itsd@comr frER Y MIC Bask 91e bf ek He SUBST AT SHEET

(RULE 26), V0,08 042244, PCTI D02/ 00754, 38, 2, ac) t seayense @ry wigrein

| east o foreig ing am no aci ds sequence is fused to
the N afalCri@idhier hadptmonEry Wi i amaidervi Bimpetnert |inker.
Particularly interesting are i mMmunogeni c TNFa nol ecules with 5 high
stability, since it has earlier been found by the inven- tors that

monomer i g riiNFeu GOFISE ruct sréenthdg cabe imhatoyehyc UTNFetabl ecutés , whonever ,
t he di scussion below. Thus, this type of_construct _is ve%é much, i n _anal ogy

to thé himvesikklisted $imceohsthatRriteh Brer Erdedi Y the B2HREa

subunits |linked together b .t o- pes_and/or _jne pt.J i rs.rLn a
nanner[ﬁﬁ%ﬁ:%haq(ﬁ%qﬁWerH¥§ﬁ£@%eﬁoﬁ%€r$f Shégngeé% %%o%%gga¥$£§z g%al has
been to gefs1 £ ate, Vakbadie d NFandod esethe5: vhtBeBowonf ormati on as close to
the native TNFa triner as possi ble. The variants are designed 15 to

efficiently elicit neutralizing antibodi es agai nst wt TNFa. The npst
sui t abl erffiNFA Wial ¢ anyse as e Sohsibtecanis staby empeb- iteanslogytbe ahsence of

detergents or other kinds of additives that could disrupt the protein
conf or me@P@e discussed ILS5 constructs.

10 A gene encoding the 3 TNFa subunits linked together by epito-
pes and/or inert peptide linkers in a manner parallel to that

discussed for IL5 has been produced. The goal has been to gen-

erate variant TNFo molecules with a conformation as close to

the native TNFo trimer as possible. The variants are designed
15 to efficiently elicit neutralizing antibodies against wtTNFa.

The most suitable TNFoa variants are soluble and stable pro-
teins in the absence of detergents or other kinds of additives

that could disrupt the protein conformation.

By expressing the three monomers linked together as one single
20 polypeptide chain using linkers and Ty epitopes, it is intended
to prepare TNFa variants that are more stable than previous
variant TNFo immunogens. This will allow preservation of the
TNFo structure, by introduction of the necessary Ty epitopes
outside of stabilizing hydrogen bonds, salt bridges or disul-

25 fide bridges.

From the X-ray crystal structure of TNFa it is seen that the

first 5 residues of the N terminal are too flexible to allow a
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By expressing the three nononmers |inked together as one single 20

pol ypeptide chain using linkers and TH epitopes, it is intended to prepare
TNFa variwotes/osdzat are nore stable than previous variant PCHNBKRONISAOJENS.
This will allow preservation of the TNFa structure, by introduction of the
necessary TH epitopes outside of stabilizing hydrogen bonds, salt bridges
or disul- 25 fide bridges. Fromthe X-r%% crystal structure of TNFa it is
seen that the first 5 residues of the Ntermnal are too flexible to allow
a SUBSTIIUTEtSHEET @RULE 26), WO 03/ 042244 PCT/ DKQ2/ 00764 39 structure

det er mi nEETET T e S EEMHNATE Ot howd e~ Hed M ot Sy e OVESTe (15 LREHEI e of

the nonogebsienter taee madilics Jreshe oo inthe rdicst anee jhetiween the C
al pha atonms of Arg-6 and Leu-157 is 10 A, which is the distance of 3-4

am no acifdegadiles ghes diphansobetiveesedie Co a@hsosgionlise afo Arignié taimel
nMoNomer i syhyni:t.s (@i rec oget her, . .Sinc e ,C-term nal.s, are .l o-
$eu ﬁ%ﬁ 1% 1%.A %%Xc%.Q% Eﬁgbggﬁ}%id% éiﬁ 4~aming 8C1ﬁg§eﬁﬁékible

cated at "a delicate’sité, Tt wll € advant ageous t
| i nkers, deeg.. ghyciaferk nkerssenisortot ies pe@diede tHioon.ink0 thevaovnahieaiilss have

until now been desj.gned _utili si n%gt he "mononerized trinmer" approach. The

control PREUPOLETRECRSHLYNELISHOREer P60t SEOADIRG Crieradmsilst 816 lome

three nopawers a8 o Weatilytki Rked tagethan B2 38RANA & H¥taRe Jusnker s
(dydydy). TI%F_TO isldesi gned so as to b?{:as astgﬁl e as taﬁlga%govl\}lsl %type
trimeri cuseotfdernibde domkses,oeher gdetinfe dxinddess,| ifivkertdh snowmniec-t he art

of prot eitn %hem' stry may be used in- stead of the above-nentioned glycine
| i nkers, the i nportant feature being that the flexible |inker does not

interfer ad- versely with the nononerized protein's capability of folding

20 ini@ #1930 %%EE%EE%ehEQ%tuh%iiiﬁ%&a%e%% %@%f§9é§R19Hﬂggn%fthe
“monomerized trimer” approach. The control TNF TO (INFa Trimer
number 0, SEQ ID NO: 22) consists of the three monomers di-
rectly linked together by 2 separate glycine linkers
(GlyGlyGly) . TNF TO is designed so as to be as stable as the

15 wild type trimeric protein. Of course, other inert flexible

linkers known in the art of protein chemistry may be used in-
stead of the above-mentioned glycine linkers, the important
feature being that the flexible linker does not interfer ad-
versely with the monomerized protein’s capability of folding

20 into a 3D structure that is similar to the 3D structure of

physiologically active wtTNFa.

The TNF TO construct is expressed as a soluble protein in E.
coli, and it has been used to prepare the exemplary construct
TNF T4 (SEQ ID NO: 57), which is a variant wherein the PADRE

25 MHC Class II binding peptide (SEQ ID NO: 7) is introduced. In
this construct, the ratio between monomeric units and foreign
epitopes are thus 1 epitope per 3 monomers, instead of 1 epi-
tope per monomer as is the case in prior art variants that re-
lied on immunogenized monomeric proteins - this is also the

30 case for SEQ ID NO: 55). This fact provides a potentially

positive influence on the trimer stability. An offspring from
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physi ol ogically active wt TNFa. The TNF_TO construct is expressed as a
soluble protein in E. coli, and it has been used to prepare the exenplary
constructwobBig4ie44 (SEQ I D NO 57), which is a variant wherermKheIBADRE 25
MHC Class Il binding peptide (SEQID NGO 7) is introduced. In this
construct, the ratio between nononeric units and foreign epitopes are thus
1 epitope per 3 nononers, instead of 1 é%i- tope per nmonomer as is the case
in prior art variants that re- lied on inmunogeni zed nononeric proteins -

is i f NO 55). This fact id
:)glt ant ;Sal%}hf}% :?g)g}lr?)ig\? a?Lr%f It%tr?n(%g]?mlﬁ% Wé‘rtiﬁn??er(sgl@gbriqaml.orz%\rg 6%‘ef?-sya?rq‘ng fL om
SUBSTI T HEET . (. RUL 6 44 .PCT/ 764 . 40 t.hi s,approach is
Che TNF_ G Udr ToA ( S50 B ToBVHEE HET [oug DRani h 58 A SBOor

with a PADRE tapint ape ilnn Thive T9ame  position as in TNF T4. In parallel, the
tetanus toxoid P2 and P30 epitopes (SEQID 5 NGs: 3 and 5, respectively),
have been used in the TNF T1 and TNF_T2 variants (SEQ ID NOs: 49 and 51,
respecti Vel ppradded,t dhei ngtenesepicoxopel B2 each HBiOnlwitro@@somSEgmdml so in
TNF T3 EQ LD _NQ .59) that contains one C-termnal .epitope and one in
t he se?:ogh\@sl'i r?kgfrl\llgr 3gi 67 PPy ) ar Qaﬁﬁ?s 7T 1GEd 1 SMCLG Nhe NG i nal
toward threrCrierairiahtsTheriodea wodar lagi Red BWE_ T3 dpeddiate hen dfe first
two N-term nal domains fold up they will function as internal chaperones
for the tRi-FdNJoRBEPrNePEFERENER) cawhi dinkeregeiodsoad leydepilsopes TNF H8s been
di scover h LA .addit i t .t ec I - 15 scr.i.bed in detail
above, V\ﬁglEg gﬁ% ygér:g%)p;tgl{agi r%ghgr%éh%n%%% %grrére%%e&ai fﬁ.li‘g‘o(pgn& 0S$i%l y
many ot hen mhlkt iseephd pdekeirnskgiahl.ows ofterintshe rar @mttmyorfoflfdc?aiorﬂi@fl s that
[ ilisi [ and/ or_ 2) include at |east

é%e ﬂﬁﬁ?gﬁea&-kgﬁﬁﬁnaﬁnio%%%%'E%%'%gtg%%%%g%q The ideg underlying

INF T3 is that when the first two N-terminal domains fold up

they will function as internal chaperones for the third domain

(monomer), which is enclosed by epitopes.

It has been discovered that in addition to the technology de-
15 scribed in detail above, where polymeric proteins are “mono-
merized”, TNFo (and possibly many other multimeric proteins)
allows for the production of monomers that 1) include at least
one stabilising mutation and/or 2) include at least one non-

TNFo derived MHC Class II binding amino acid sequence, where

20 these TNFo monomer variants are capable of folding correctly

into a tertiary structure that subsequently allows for the

formation of dimeric and trimeric TNFo proteins having a cor-
rect quarternary structure (as evidenced by these having
receptor binding activity). Hence, in these constructs it has
25 been possible to prepare variants of monomeric TNFoa that does
not necessarily need to be produced as monomerized trimers
because the changes introduced in the monomer sequences
introduce so limited disruption of the monomer’s tertiary
structure that a di- or trimer can be formed. In accordance

30 with the ideas underlying the present invention, it has
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TNFa derived MHC Class Il binding am no acid sequence, where 20 these TNFa
nononmer variants are capable of folding correctly into a tertiary

st ruct ur ewDhian4zwbsequently allows for the fornmation of acCTaEKoR/TEd
trimeric TNFa proteins having a cor- rect quarternary structure (as

evi denced by these having receptor binding activity). Hence, in these
constructs it has 25 been possible to Prepare variants of nonomeric TNFa
that does not necessarily need to be produced as nononerized triners
because the changes introduced in the nononer sequences |ntr§9uce SO

i mited mrstrwmﬁrbf Qtﬁéd nordFer Lk %%@t.%tpla%tr%% UFEPT AP

trimer gg % rgance,- 80 Wty L he i deas underlying the

pr esent |nvent| n, 1t has BSTI TUTE SHEET (RULE 26) WO 03/042244

PCT/ DKO2/ 00764 41 further been found that all such variant are expressible
as sol [ teri Sy 0 ojpLepare
mmogeRT TN Vi (R0 S 2 8 B et e I RET P e T oM g St o Ga e (Rar  can
be conbigeediang o whhehf oByolimg het rbeegbabi neat wwah boecahbiady dndcussed
"mononeri zation approach” of the |nv ntlon é5|nc t hese Ear- ticular

modi f ioc GBS TBAY ef WF e HonP e eSPPOtEFY e Rer 2§ reaqhedt PERPBFR | oop

strat egywd, Hias- beem &'AS&Q&;]y@égéhbyofh@h@rfﬁ@@ﬁtwﬁemwﬁéet’aaésen getion 10
of the PADRE epitope (S into |loop 3 |n“E05|t|on G yl 08- A1a109

is a prooiciiar appilbbttetbops ephte FNFanearfaatsuchive hyseaberare closely

resenbling the native TNFa nolecule. It has been deduced fromthe TNFa
crystal structure that a TH epi tope inserted directly into this position
wi |l notIi@viel & p £hg9AmM no acid residues in close proximty to

interact wth. Studles mnth TNF34 (SEQ I D NGO 18), the first PADRE con-
r rdin h r h
Struet MRe A0l "9 £ et 20 B ERE D222 "M PBE S Pt insertion

10 of the PADRE epitope (SEQ ID NO: 7) into loop 3 in position
Glyl08-Alal09 is a promising approach to prepare TNFa variants
with a structure closely resembling the native TNFa molecule.
It has been deduced from the TNFa crystal structure that a Ty
epitope inserted directly into this position will not have any

15 neighboring amino acid residues in close proximity to interact
with. Studies with TNF34 (SEQ ID NO: 18), the first PADRE con-
struct made according to this approach, has shown that ap-
proximately 5% of the expressed protein TNF34 was soluble in
E. coli and 95% of the TNF34 was expressed as inclusion bodies

20 when the bacterial host cells were grown at 37°C but after an
adaptation of the fermentation process where the fermentation
temperature is 25°C, the yields of soluble protein from the
fermentation is close to 100%. Hence, optimization of growth

conditions increases the yield of soluble protein.

25 A number of other constructs have been prepared (TNE35-TNF39,
SEQ ID NOs, 23, 24, 25, 26, and 27), where all of these solely
rely on introduction of SEQ ID NO: 7 in the flexible loop 3.
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proxi mately 5% of the expressed protein TNF34 was soluble in E. coli and
95% of the TNF34 was expressed as inclusion bodies 20 when the bacteri al
host cel Iwowae2¢s own at 37C but after an adaptation of trog/fieeeestati on
process where the fernmentation tenperature is 25C, the yields of soluble
protein fromthe fernmentation is close to 100% Hence, optim zation of
growmh conditions increases the yield 44 soluble protein. 25 A nunber of
ot her constructs have been prepared (TNF35- TNF39, SEQ ID NGs, 23, 24, 25,
26, and 27), where all of these solely rely on introduction of SEQ ID NO
7 in theStpkkibty £abpngingURSTRTUPRSSHEET (RULE 26) WO 03/ 042244

PCT/ DKO2/ 00764 42 Stability enhancing nmutations Introduction of TH

epitopes_in the flexible |oop, 3 could poten- ti estabilize the
structurénBFogHétTRFao§aFFa%?l PowRvER, t ?hf%eﬁg?L%t %?pd sTABTHi BAEFBA can

be count ef 8¢t 6d by SEaBiLE Bzationoof, the, sSLBRChfES Lanouglh | gLtaduetion

of cysternes 1'Su Stl ne pal r

differ enthlﬁoﬁbtéﬁﬂiamameslﬂ@bilh_1@@W1b(ﬁeﬁahnbiéod:umﬁdelrﬁc\t@rdl agt StENE34-A
and TNF34-B (SEQ ID NGs: 29 and 30). Also, the flexible N-ter- mnal gthe
first B éﬁfh@naeﬁdE?etﬁéFUP§u%ﬁoﬁﬁr989Pe&H&éoﬁﬁét}QNSPﬁeﬁgﬁﬁeépe§h§ha

recept or e n del I | el,, C h I
TNFS4-C (S0 TDRGT S5 FAearaar e b s & rht roduisd L the Fonomer

for stabpbszatbon bﬁvehenteﬁlh@webensenmmmndgced tlogeelréaniist ANERE -A
nat ur al | o i,n %’ u#hig brlgge &S - 67 E%s-l #%. ﬁ%is tr L _woul d
al so 15 é?gbﬁﬁ%éé_got b? F %ﬁnng AL C%§u ARG a% ndHErS i %%r
trinmer. hhen qenststiruety Savaakdidshereat a%r&h@@me%oh&%aua@emh@nployed
in the design of variants that will be sol ubl e expression products.
TNFX11Q - strength of the receptor interaction will be deleted in paral-
lel, hence the wvariant TNF34-C (SEQ ID NO: 31). The disulfide
bridge is introduced in the monomer for stabilization of the
epitope insertion site together with the naturally occurring
disulfide bridge (Cys-67 Cys-101). This strategy would also
15 stabilise both a TNFa monomer as such and a monomerized di- or

trimer.

Other conststructs

Several different strategies have been employed in the design
of variants that will be soluble expression products. TNFX1.1-
20 2 (SEQ ID NOs: 32 and 33) are based on insertions of SEQ ID
NO: 7 in the first loop of TNFa, where the insertion site is
located at an intron position. In TNFX2.1 (SEQ ID NO: 34) an
artificial “stalk” region is created containing an insertion

of SEQ ID NO: 7.

25 Mutations of TNFoa have revealed that large hydrophobic amino
acid substitutions, pointing into the trimer interface, stabi-
lize the trimer structure. TNEX3.1 and TNFX3.2 (SEQ ID NOs: 35
and 36) are proposals to stabilize the existing TNF34 variant.

TNFX4.1 (SEQ ID NO: 37) uses di-glycine linkers to diminish
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20 2 (SEQ I D NGs: 32 and 33) are based on insertions of SEQID NO 7 in the
first loop of TNFa, where the insertion site is |ocated at an intron
positi on.wbr3iEXP. 1 (SEQ ID NO 34) an artificial "stal PCTmagRoneis
created containing an insertion of SEQ ID NO 7. 25 Miutations of TNFa have
reveal ed that | arge hydrophobic amno acid substitutions, pointing into
the trimer interface, stabi- |ize the #8i mer structure. TNFX3.1 and TNFX3. 2
(SEQ ID NGs: 35 and 36) are proposals to stabilize the existing TNF34
variant. TNFX4.1 (SEQ ID NO 37) uses ycine linkers to dimnish
SUBSTI TWtESHEER Y RES D63 i v @3(?@4@2@1&&@%% DkeRY Ddy6an e seyecd it al

constraltﬂl\%gégon%]};e@&f%ﬁe% Peéer- f]lg QyEerss | er}[&ffgg stggcglyrfns%}\JEXS 1

(SEQ I D npl oys, as an on poi nt, structure found in
the TNF ﬁmﬁlyomrbea: 1 Bbyy Ss t TNENGr d - PouddNFTn 1Ee aMFTNﬁxslgt 1 SEEED NOs:

39, 40, 41, 5 42, and 43) are further vari F and, INFX9. 2 (SEQ I D
NOs: 44 %Mszls; e TREGATVES | hnt sa?‘ﬁaTN%}fgiizéSg@I ﬁ? ‘g(% %%Er%(@ppﬁ]g TNFa
Seque%ceéﬁ ﬁd 64%&5%61&9@}1@@%9{&@@ TIPS . 1 hengpiipre. 2 Fisebl yp two
vari ants 46 and 47) are P2/ P30 doubl e variants in the same

| ocat i onN@s fM am@ 43D PPORENpRHt valelamt INFBat wukihee, 1dpoRicad cr ystal

structure of  TNFa it _is observed that one stabilizing g{qt br|d %
present W@H%p@%gfwga ABABRRFCBePhetn® t AB1PRsPOLES PS5 0BT E&NAT S u- 116.

The def | '@%a. ¢ 100 §@' tFPﬁaﬁg% i §w@nv§£§§ﬁfé’s'{§EQCIDHN©BaCEBOQnQet ween

15 side n oxy @ns T n Asp or u and positive charged atom side chain
ni trogens7) nade gP2/§30 odotbsewahiant s nterghensamediscahten| essfohahh. 0
Angstrom

s a0 TR BoRFEFERE T 1 CONBR S~ nati on wit h substitutione of G u 116 v th
Asp, an i nprovenent
Further, from the crystal structure of TNFa it is observed
that one stabilizing salt bridge is present within the TNFa
monomer between the residues Lys-98 and Glu-116. The defini-
tion of a salt-bridge is an electrostatic interaction between
15 side chain oxygens in Asp or Glu and positive charged atom
side chain nitrogens in Arg, Lys or His with an interatomic
distance less than 7.0 Angstrom. By site directed substitition
mutations of Lys-98 with Arg or His at this position in combi-
nation with substitutions of Glu 116 with Asp, an improvement
20 of the stability for this salt bridge and thereby the stabi-
lity of the trimer molecule could be attained. It is also pos-

sible to exchange these salt bridges with disulphide bridges,

in a manner described above.

It has been observed that murine TNFa is considerably more

25 stable than the human TNFa regarding to solubility and prote-
olysis. Improvement of TNFoa variants includes making site di-
rected mutants so as to mimic murine TNFo crystal structure to

obtain more proteolytically stable TNFa product.
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20 of the stability for this salt bridge and thereby the stabi- lity of the
trimer nolecule could be attained. It is also pos- sible to exchange these
salt bri dgevsmu2hs di sul phi de bridges, in a manner descri ped/mamamwerc4lt has
been observed that nurine TNFa is considerably nore 25 stable than the
human TNFa regarding to solubility and prote- olysis. |Inprovenent of TNFa
variants includes nmaking site di- rect&d nutants so as to mimic nurine TNFa
crystal structure to obtain nore proteolytically stable TNFa product.
SUBSTI TUTE SHEET (RULE 26) WO 03/ 042244 PCT/ DKO2/ 00764 44 From the x-ray
st r uct urFESTfE gy i ah o TRIG T eINRE itugad s8h MRS tHE ¢ ehlt res ofS¢he

trimer (int m ddl e of three TNF nomer IS |.d t.qgeth ue to
hydr oph%&aé: f eceCse,nW?eroeé\tsl&ﬁ %lt"bepr a&’d‘t e %Jt(f%]rﬁ O?Pt & tt&%nee? el::l\%kda
connect %rﬂiﬁ?eﬁsg nad th d &lo RO i S& th ik slesei d hesedos e, wihyrs£s eeni ng
these salt Dbridges for stronger connections, the stability of the TNFa
trimer Wil doil sodbeharfravedt H fdig \Eriner prel GamnReyed t’s° g i ned

N LS ARG M ol LG by eosil. yent o Dave siprislool vy

dermondt rate e vari s’ dre physiolo east in
the sensg thats they binchdde dNmd@cRMOr schdloveuerl i sy nee diFarisa a toxic
protein, it 1s desired to prepare safe variants that wll not cause severe
si de ef fecieei wab] ectso ivanuiseeiredt h  a vacci ne according to the
invention. Therefore, it is also an 15 inportant enbodi ment of the
invention to include detoxifying nutations in the constructs if these upon
t esti ng Fimalelwvartie podioninarpdetsubre depmised atkth t bhéeINFa porehti al
danger for,  vacci nated indgvj dual s, A nunber of g i n ations are,known

o nt., nmu
in the &1t CUSBXITTLITO" TNEEC O At 1E5= Sy %l?%&Yc%\?Ii}OI?%tﬁa?%?ge
extenp. (@S he variants are physiologically active, at least in the
sense that they bind the TNF-receptors. However, since TNFa is
a toxic protein, it is desired to prepare safe variants that
will not cause severe side effects in subjects immunised with
a vaccine according to the invention. Therefore, it is also an
15 important embodiment of the invention to include detoxifying
mutations in the constructs if these upon testing in relevant

toxicity models are demonstrated to be of potential danger for

vaccinated individuals.

A number of point mutations are known in the art to detoxify
20 TNFo or at least reduce toxicity to a large extent. These
point mutations will, if necessary, be introduced into the
variants of the present invention. Expecially preferred muta-
tions are substitutions corresponding to mature TNFa of Tyr-87
with a Ser, of Asp-143 with Asn, and of Ala-145 with Arg. Fur-
25 ther, all effective mutations mentioned in Loetscher, H.,
Stueber, D., Banner, D., Mackay, F. and Lesslauer, W. 1993 JBC
268 (35) 26350-7, are also interesting embodiments in the de-

toxifying embodiments of the present invention.
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point nmutations will, if necessary, be introduced into the variants of the
present invention. Expecially preferred nuta- tions are substitutions
correspomaong/oindsmt ure TNFa of Tyr-87 wth a Ser, of AspcIAakoriodts4Asn,
and of Ala-145 with Arg. Fur 25 ther, all effective nutations nmentioned in
Loetscher, H, Stueber, D., Banner, D., Mackay, F. and Lesslauer, W 1993
JBC 268 (35) 26350-7, are also intereé?i ng enbodi nents in the de-

t oxi fyi ng enbodi ments of the present invention. SUBSTI TUTE SHEET ( RULE 26)
WO 03/ 042244 PCT/ DKO2/ 00764 45 In summary, the fol]ow ng specific TNFa
\Iiariant §I£haym@e@n e g lddo v ratiant fio° tHEhresed N Hvieds ?ESTNF Con-
ast as _First as Am no,.acids tations t Is before after deleted
by | engtH BG5S 6ecceodfidtlonpged°|°nser€i pﬁﬁéﬁf%dé’{‘iedgé{-&im TNF35 106 107 - 170
TNF36 107 108 - 170 TNF37 108 110 A 169 TNF38 108 112 AEA 167 TNF39 106
112 EGgg-% 1@:%- TNF% 17%' PADRE 1 added ol Midacdgtm nal |y TNF34ef 108
109 - ¢ &Ac 111C e@or NF34-8, 108 3kQ9:sq A96C, 1118C 170 TNF34- C1d03nl09 -
N-term nal VRSSSRTP.k63pe argidepet achsENEXL. | 17 19 A 169 TNFX1.2 17 96

ANPQA 16373/ NFX2TT {hgZ V PALJRE added NTerm - 170 nally 170
TNF35 106 107 - 170
TNEF36 107 108 - 170
TNE37 108 110 A 169
TNF38 108 112 AEA 167
TNF39 106 112 EGAEA 165
TNFC2 170 - GGG+PADRE added C- 173

terminally
TNF34-A 108 109 - Q67C, AlllcC 170
TNF34-B 108 109 - A96C, I118C 170
TNF34-C 108 109 - N-terminal VRSSSRTP 162
are deleted
TNFX1.1 17 19 A 169
TNFX1.2 17 96 ANPQA 165
TNFX2.1 0 2 v PADRE added N-termi- 170
nally
TNFX3.1 108 109 - L157F 170
TNFX3.2 108 109 - V49F 170
TNFX4.1 108 109 - Two glycines before 174
and after PADRE
TNEX5.1 83 87 AVS 167
TNFX6.1 132 146 SAEINRPDYLDFA 157
TNFX6.2 135 146 INRPDYLDFA 160
TNFX7.1 63 77 FKGQGCPSTHVLL 157
TNFX7.2 71 85 THVLLTHTISRIA 157
TNFX8.1 126 140 EKGDRLSAEINRP 157
TNFX9.1 108 103 - The six amino acids 176

preceeding PADRE are
duplicated after the
epitope

TNEFX9.2 108 105 - The four amino acids 174
preceeding PADRE are
duplicated after the

epitope
TNF34-P2-P30 108 109 - Both P2 and P30 194
TNE34-P30-P2 108 109 - Both P30 and P2 194

The numbers used are from the N-terminal V in SEQ ID NO: 17
5 (that is, from amino acid no. 2 in SEQ ID NO: 17). Preceeding
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TNFX3.1 108 109 - L157F 170 TNFX3.2 108 109 - V49F 170 TNFX4.1 108 109 -
Two gl yci nes before 174 and after PADRE TNFX5.| 83 87 AVS 167 TNFX6.1 132
146 SAElI NRBD¥DEAL 157 TNFX6. 2 135 146 | NRPDYLDFA 160 TNPEKT/DIKBB0764
FKGQGCPSTHVLL 157 TNFX7.2 71 85 THVLLTHTI SRI A 157 TNFX8.1 126 140
EKGDRLSAEI NRP 157 TNFX9.1 108 103 - TQ six amno acids 176 preceeding
PADRE are duplicated after the epitope TNFX9 2 108 105 - The four am no
acids 174 preceeding PADRE are dupl | cat ed after the epitope TNF34-P2- P30

108 109 P2 .and R 194 TNF34 2 194
The numif'élfes ?\{Trs%eegm&rneaqf r\ga% N ter nsiona %&%%}T@%ﬁ%% ?:{}%tdoi S,
fromamma agdshdIGtidd rstgﬁ@ ID NO 17). Preceeding SUBSTITUTE SHEET ( RULE
26) WD 03/ 042244 PCT/ DKO2/ 00764 46 the N-termnal Valine is in sone
sequences a Methionine used for translation start. The nost preferred

pr ot ei n MeEnstasic trer effe el ipnerdiorcars rudis ahdde rigprasdmredasy any one

36, 37, B0 3005 THESSR s DS D A B 8P Ge B and o,
as wel lx@s aqy ani ne acig saguence ey iyved 3hersdr @6t e, @dy 39,
40, 41, 42, 43, 44, 45, 46, 47, 49, 51, 53, 55, 57, and 59, as
well as any amino acid sequence derived therefrom that only
include conservative amino acid changes or detoxifying amino

acid changes thereof.

10 At any rate, it is an important embodiment that all of these
TNFo. variants discussed above are expressible as soluble pro-

teins from bacterial cells such as E. coli.

The preferred vector is pET28b+ when the goal is expression

from E.coli, p2Zop2F (SEQ ID NO: 60) is the vector used for
15 insect cell expression, and pHPl (or its commercially

available “twin” pCI) is the vector used for expression in

mammalian cells

General therapies provided by the invention

The invention provides for methods whereby it becomes possible
20 to down-regulate a particular polymeric protein in a very ad-

vantageous manner.

In general, there is provided a method for down-regulating a
polymeric protein in an autologous host, the method comprising
effecting presentation to the animal’s immune system of an im-
25 munogenically effective amount of at least one immunogenic
analogue of the invention. It is preferred that the autologous

host is a mammal, most preferably a human being.
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i ncl ude conservative am no acid changes or detoxifying amno acid changes
thereof. 10 At any rate, it is an inportant enbodinent that all of these
TNFa var iwotos/ogizacussed above are expressi ble as sol ubl e pCcaDRoion4f r om
bacterial cells such as E. coli. The preferred vector is pET28b+ when the
goal is expression fromE coli, p2Zop2F (SEQ ID NO 60) is the vector used
for 15 insect cell expression, and pHP1l (or its commercially avail able
"twin" pCl) is the vector used for expression in mnmmalian cells CGeneral

t herapi es provided by the invention The invention provides for nethods
wher eby The Feddess G565 DRt 204 Rigw-<gditatte %Pn&fr% iocﬁil‘“é?ryspol ric

P hen L ch et A satAgeAS, R W QERRY als diftelehdied)r ided a
met hod for down-reqgulating a polyneric protein in an autol ogous host, the
met hod cdngor issimg:1 esifd ectiichy gurciseritiati ot tag-adie aniarel!ee ivanmaaliseem of
an im 25 nunogeni cal Iﬁ%/ effectii.vet amoynt of at | east one immunogenic

anal ogue R YR iahfedth et 3 ed?eesfuce'rred that the autol ogous host is a
manmal , nost preferably a human bei ng. SUBSTI TUTE SHEET (RULE 26) WO

03/ 04%2 4r Rl %OZL/ %076c4 de47 a-IE:hcei kbchd Ersich %nﬂﬂtaﬂ.jﬂ;r? practice in a
nunbe M%WMWacci ne i s one

choi ce, but ai so a nucleic acid vaccination strategy or a live vaccination
St at eQyae Beledly LSS, B POt Qi RlRORId dle: Y ane] diati o and
formul ation en e cting presentation of the anal ogues to an aninmal's
:c mmune siystuere by steansoofmesdnd mStaduinorstiwrient thetdef dne -thmlanthe
or mul aé{h%]gdogqé [] rg_l}]%/%)teipgrll dc?f ftc}liel °§“§1§§‘§ptp{éé‘cfﬁf§ws gtef?eerp%ilryciples

acknow

generally acknowledged in the art.

10 Preparation of vaccines which contain peptide sequences as ac-
tive ingredients is generally well understood in the art, as
exemplified by U.S. Patents 4,608,251; 4,601,903; 4,599,231;
4,599,230; 4,596,792; and 4,578,770, all incorporated herein
by reference. Typically, such vaccines are prepared as in-

15 jectables either as liguid solutions or suspensions; solid
forms suitable for solution in, or suspension in, liquid prior
to injection may also be prepared. The preparation may also be
emulsified. The active immunogenic ingredient is often mixed
with excipients which are pharmaceutically acceptable and com-

20 patible with the active ingredient. Suitable excipients are,
for example, water, saline, dextrose, glycerol, ethanol, or
the 1like, and combinations thereof. In addition, if desired,
the vaccine may contain minor amounts of auxiliary substances
such as wetting or emulsifying agents, pH buffering agents, or

25 adjuvants which enhance the effectiveness of the vaccines; cf.

the detailed discussion of adjuvants below.

The vaccines are conventionally administered parenterally, by
injection, for example, either subcutaneously, intracutane-
ously, intradermally, subdermally or intramuscularly. Addi-

30 tional formulations which are suitable for other modes of ad-
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10 Preparation of vaccines which contain peptide sequences as ac- tive
ingredients is generally well understood in the art, as exenplified by
U S. Pat ewD344108, 251; 4, 601, 903; 4,599, 231; 4,599, 230; r¢THA62/080%4 and

4,578,770, all incorporated herein by reference. Typically, such vaccines
are prepared as in 15 jectables either as liquid solutions or suspensions;
solid forns suitable for solution in,4®r suspension in, liquid prior to

injection may al so be prepared. The preparation may al so be enulsified.
The active immunogenic ingredient is often mxed wth excipients which are
phar nmac edriisaitay igec dpcdblde HPPOSHERT 1edt iBI%e Wit 1§ e ESGVe 57gredi ent .
Sui tabl ¢ exci.pients.are - far g@HL , ter . sald i et r9se, @gacerol
ethanol%ugFathguﬁﬁﬁgﬂ%fﬁd ggﬁ%?’atf%ﬁglt ér eof . Pﬁﬁgddifion, i f desired,

t he vaceiuielnaspdertlsi mod nert mowntis 1off caundilla taron ssulFstrarseposivehr as

wetting or emul sifying agents H buffering agents,. or. 25 adj uvant.s which
enhancertlﬁé'eftfré’t,dtﬁt\}é)ﬁ’ésjs%ﬁfnqerf% \?é\'ilcr?é%tlgedffsg mai%emc?e]tuacf ’eggodﬁ SCUsSi on of
adj uvants el ., 1he AL I N8R Al Fonvantlirnalilde SdrE s taigsb parantear al |y,

by injécti'on, for exanpl e, ei ther subcutaneously, intracutane- ously,
i ntrademmsd lbe foubthet Maddny wirx funesamestdiaring Wrliado¥e oSSRl at i ons

whi ch are guitable for. other ymdas of; ad. SUBSTLTUTE SHERT (LA 26) WO

03/ 042244 m nist’r &t on include suppositories and, in
sonme cas@snPridlcluddichiatn rsad Nguadmplicgdiperd iminmals ast riovagixehs anal ,
epi - dural, spinal, and intracranial_fornulations. For sggfosito- ries,

traditi o, HhicE@Essid @ r9ae Tl iMIUdRL 1 or2 &SRR 5 PHEEholBET kal ene

glycols Qfg 'tl{]rﬁ Al yeerddes: s il SURRAS £01d eSce TRYL D6 f aRddtkd 118 ¢i Xt ur es
contalnlngjt e active ingredient in the range of 0.5%to 10% preferably
1- 2% Otsdnedtor,mdrad thens kec| Toss s undmpws el dys eppfoyidee efkeipi@htsoas, for
exarm lutions, suspensions, tablets, pills, capsules, sustained re-
lease formulations or powders and contain 10-95% of active in-
gredient, preferably 25-70%. For oral formulations, cholera
15 toxin is an interesting formulation partner (and also a possi-

ble conjugation partner).

The polypeptides may be formulated into the vaccine as neutral
or salt forms. Pharmaceutically acceptable salts include acid
addition salts (formed with the free amino groups of the pep-
20 tide) and which are formed with inorganic acids such as, for
example, hydrochloric or phosphoric acids, or such organic a-
cids as acetic, oxalic, tartaric, mandelic, and the like.
Salts formed with the free carboxyl groups may also be derived
from inorganic bases such as, for example, sodium, potassium,
25 ammonium, calcium, or ferric hydroxides, and such organic
bases as isopropylamine, trimethylamine, 2-ethylamino ethanol,

histidine, procaine, and the like.

The vaccines are administered in a manner compatible with the
dosage formulation, and in such amount as will be therapeuti-
30 cally effective and immunogenic. The quantity to be admini-

stered depends on the subject to be treated, including, e.g.,
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pl e, pharmaceutical grades of mannitol, |actose, starch, mag 10 nesi um
stearate, sodium saccharine, cellul ose, nagnesium car- bonate, and the

| i ke. Thewe ocowpesiti ons take the formof so- |utions, supamainscs
tablets, pills, capsules, sustained re- |ease formulations or powders and
contain 10-95% of active in- gredient,nfreferably 25-70% For oral

formul ations, cholera 15 toxin is an i %resting formul ati on partner (and
al so a possi- ble conjugation partner). The pol ypeptides may be fornul at ed
into the vaccine as neutral or salt forns. Pharmaceutically acceptable

sal ts i nEPRJERBRFHCY aBdi EREN1BARVIIPPr Aed™APRR BHETPRe&CafiPHE gRBupE of
the pep ﬁﬁné'9§%$éﬂge$hbﬁ8 ahe hepred WEtBrb@%&géBhCd@%ﬁQ%d@UQHigﬁblEor

exanpl e, hydrochloric or phosphoric acids, or such organic a- cids as
acetic, dwxahge, rémgear hre mintbki ordamdofheeviekel h8abredf mipsdawpnl t he
free carbog%l grougs ma¥ al so be deri%ed fngglinorg%nic gases su%h as, for
exanpl e, 25o4Y nt P Bot S §P NP5 VaBRrIAT e d-éfuf POFTFEFF e TRYEF 0% s, and
such of gapbet baseggasol 20pvOpPyyaneRren thoughhykahiche amduatByiamche 1-
ethanol, histidine, procaine, and the |ike. The vaccines are adm nistered
in a manhBrmgohpAYEbRECWCPRtERRLag6sAge sSSP NBFatPotheand PR SUER akeust as

w |l be therapeuti cally i d.i ni The quant i to be
i ni 50 of oo dbsentNn PP ECbLeer o he Treatad: roclud hg. co. goo
SUBSTI TULE ShifEEspRULE12§) 1WOLO3/ @42244 fPCT BKORL0OAD64g 48 1R eapacity of

the individual's i muyne system,tgQ nouynt an iim ne response, .and th
dogreo. obUbFoPatt FORLHEES: 807 SIEABHe CHGeigE FhnGRs S0 e SBPSERE. SPALP of

severg dedaﬁgonbskggbagsbu@05&%et&?gﬁgébe@y Rer ivaeshnaktighnwsthaa
preferred range from5 about 0.1 pg'to 2,000 pg (even though higher anounts
in the 1ti¢0 hglianwgd hivesvbredwphnit ddpcudachoas ion thberapgainiemrabout

tions.

The manner of application may be varied widely. Any of the
conventional methods for administration of a vaccine are ap-
15 plicable. These include oral application on a solid physio-
logically acceptable base or in a physiologically acceptable
dispersion, parenterally, by injection or the like. The dosage
of the vaccine will depend on the route of administration and
will vary according to the age of the person to be vaccinated

20 and the formulation of the antigen.

Some of the analogues of the vaccine are sufficiently immuno-
genic in a vaccine, but for some of the others the immune re-
sponse will be enhanced if the vaccine further comprises an

adjuvant substance.

25 Various methods of achieving adjuvant effect for the vaccine
are known. General principles and methods are detailed in “The
Theory and Practical Application of Adjuvants”, 1995, Duncan
E.S. Stewart-Tull (ed.), John Wiley & Sons Ltd, ISBN 0-471-
95170-6, and also in “Waccines: New Generation Immunological

30 Adjuvants”, 1995, Gregoriadis G et al. (eds.), Plenum Press,
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0.5 pg to 1,000 pg, preferably in the range from1l pg to 500 pg and
especially in the range fromabout 10 pg to 100 pg. Suitable reginens for
initial aaoioiosaati on and booster shots 10 are al so vari oiT@ryawomse
typified by an initial admnistra- tion foll owed by subsequent inocul ations
or other adm nistra- tions. The manner of application nmay be varied w dely.
Any of the conventional nethods for ad? ni stration of a vaccine are ap- 15
plicable. These include oral application on a solid physio logically
acceptabl e base or _in_a ph%siologgc%ll% accept abl e di spersion,

O

par ent er 3y YO8 i P&t 05706 4ok ke POfRe Cdo¥RgED Gt RETFRICILRET |

depend ogogg%e@ogger%&e%@gk@i%%&@ghgn and wll vary according to the age
of the person to be vaccinated 20 and the fornulation of the antigen. Sone
of the anal ogues of the vaccine are sufficiently immuno- genic in a

vacci ne, 1huti sf espseneiafy phe retrfiers the semitne dfervasRonsa i ldanb®eenhanced

if the vaccine further conprises an_ adjuvant substance. 25 Various mnethods
of achi efeAgradjrarant ter ffect idatehdreakdinge ofafbek et oderanale (A nci pl es
and neth : il il S~ The, .Th Pract.ical pl j i on, _of

i uvant &7 R85 S AR BoE St T el D oA W MY e Bhe L,

| SBN 0- 4%0d1i958d0I6,5 dmsd ualesio aisn th¥aecities: iNeweGdrartatinon hemaunolagi-cal 30

Adj uvant s", 1995, eqgoriadis Get al. (eds.), Plenum Press, SUBSTITUTE
SHEET ( ROLES26) HDIO 04590 S PORLEROSE0GPOE AL REW VEIES FagNoe cted
0- 306- 45283m9: nkoth ool \WRinGh saregherely, iRgRhe RAAL.d Ny JBiemence herein.

It is especially preferred to use an adjuvant which canbe “denonstrated to
faci | i t at@mgneakionyleft 1nige aglivviesite sagde atso a2 $oxdnoant icydiekinen feact 2 this

IS esf@”%&%hbﬁ@t@%ﬁ%ﬁ g@?&%a%&ve; an oil formulation; a polymer; a mi-
celle forming adjuvant; a saponin; an immunostimulating com-

plex matrix (ISCOM matrix); a particle; DDA; aluminium adju-

vants; DNA adjuvants; y—inﬁlin; and an encapsulating adjuvant.

In general it should be noted that the disclosures above which
15 relate to compounds and agents useful as first, second and

third moieties in the analogues also refer mutatis mutandis to

their use in the adjuvant of a vaccine of the invention.

The application of adjuvants include use of agents such as
aluminium hydroxide or phosphate (alum), commonly used as 0.05
20 to 0.1 percent solution in buffered saline, admixture with
synthetic polymers of sugars (e.g. Carbopol®) used as 0.25
percent solution, aggregation of the protein in the vaccine by
heat treatment with temperatures ranging between 70° to 101°C
for 30 second to 2 minute periods respectively and also aggre-
25 gation by means of cross-linking agents are possible. Aggrega-
tion by reactivation with pepsin treated antibodies (Fab frag-
ments) to albumin, mixture with bacterial cells such as C.
parvum or endotoxins or lipopolysaccharide components of gram-
negative bacteria, emulsion in physioclogically acceptable oil
30 vehicles such as mannide mono-oleate (Aracel A) or emulsion

with 20 percent solution of a perfluorocarbon (Fluosol-DA)
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nodified IL5 is used as the active ingredient in the autovac- cine.
Non-limting exanpl es of suitable adjuvants are selected fromthe group
consi st i MyooB/oaa244 Mune targeting adjuvant; an i nmMmune nodCirTAIKMWAOd] uvant
such as a toxin, a cytokine, and a 10 nycobacterial derivative; an oi
formul ation; a polynmer; a m- celle form ng adjuvant; a saponin; an

i mrunostimul ating com plex matrix (1SG3M natrix); a particle; DDA

al um nium adj u- vants; DNA adjuvants; y-inulin; and an encapsul ating
adjuvant. In general it should be noted_that t he dlsclosures above which
15 rel at@sed %%n%o%%agkaﬁabaaéEFEeu@@Yuﬁlag ber erPle¥egnd A dRe=tERfr d

moi et es,, 1§h;$flén§ueﬂu§§t gégléﬁéeénavi % §snyiged gek@rrLheir use in the

adj uvant vaccine o i nvention e appl |ca ion of adjuvants
i ncl ude use of agents such as al um ni um hydroxi de or phosphate (al unm,

CO”“Dn|YAééggdﬁﬁg0t95th801h9eﬂtioﬁebﬁﬁnRd§ﬁéﬂhy961batQHEE?&QHm@ﬂhhﬂe
adm xture with synthetic polyners of sugars (e.g. Carbopol(r)) used as 0.25

percent kubmifeh, iaggreyatponsbingheapdadera fart pe @é&éVﬁ@tb?S hEaPNA
treatnment with tenpe ures. rangin tween 70 to 101C for. 30 second to 2
{eat Nt WL, LTer 3Ll e, Lol ng, beLueen, 10,10 401C . (oh 30, seagnc
cross-1ipkhpg agepts1ans 89§§19?§ sABeneHa- shkANaBY oheaat buat ben1wakB
pepsin treated anti bodies rag- nments) to albumn, mxture with

bacterlainterestsughaasl@ RIﬁérvﬁnrbheenﬁosaxbmélbﬂeslp@@omyga@éﬁérlde

acoopt abP OB SS0ByNRCTEE L (R ke RERR B TURBBI Sat A CAr ARel Zaf" BH-

acceptab? s?anni de onos ol &at e acel

emul si onramiy 1 ha2Beperaentimpeh uti on of a perfl uorocarbon (Fluosol - EMQ

SUBSTI TUTE SHEET (RULE 26) WO 03/042244 PCT/ DKO2/ 00764 51 used as a bl ock
substitute may al so be enployed. Adm xture wth oils such as squal ene and
| FA tH)aL$posoméefoemulaéﬁonsdhng tbsbh&nbruehdi ocopnbBA adjuvant ef-
(dlnEthylgéggEadegyLﬁere ore liposome adjuvants are preferred accor-

ding to the invention.

Also immunostimulating complex matrix type (ISCOM® matrix) ad-
juvants are preferred choices according to the invention, es-
15 pecially since it has been shown that this type of adjuvants
are capable of up-regulating MHC Class II expression by APCs.
An ISCOM® matrix consists of (optionally fractionated) sapo-
nins (triterpenoids) from Quillaja saponaria, cholesterol, and
phospholipid. When admixed with the immunogenic protein, the
20 resulting particulate formulation is what is known as an ISCOM
particle where the saponin constitutes 60-70% w/w, the choles-
terol and phospholipid 10-15% w/w, and the protein 10-15% w/w.
Details relating to composition and use of immunostimulating
complexes can e.g. be found in the above-mentioned text-books
25 dealing with adjuvants, but also Morein B et al., 1995, Clin.
Immunother. 3: 461-475 as well as Barr IG and Mitchell GF,
1996, Immunol. and Cell Biol. 74: 8-25 (both incorporated by
reference herein) provide useful instructions for the prepara-

tion of complete immunostimulating complexes.
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bromde) is an interesting candidate for an adjuvant as is DNA 5 and
y-inulin, but also Freund's conplete and i nconplete adju- vants as well as
qui | | aj a wepasiarg4 such as Quil A and QS21 are interestingPaI/DK2BIH.
Further possibilities are nonophos- phoryl lipid A (MPL), the above

menti oned C3 and C3d, and nu- ranyl dipeptide (MDP). 10 Liposone

fornul ations are al so known to confer &# uvant ef- fects, and therefore

| i posonme adj uvants are preferred accor- ding to the invention. Also

i mmunostinul ating conplex matrix type éISCCN(r) matri x) ad- juvants are
pref er r ANeHer e sl Gekr Hrhgredting (aventhen; BEefe5raeei RPFYLIRLAEEYit has

been sho i ad} t e = t yjpg VHC
G ass 11Dt DA oy R e R Y Ao S rarP o o SPg P E P St P anal Iy
fracti onatet)edapo-Gossslinreteapenol 832 {wbhcluikl hpacbaponarkpprated

chol esterol, and hosphol i pi d. en adm xed with the.inmunogeni rotein,
The 50 TREut T REEBar  FRrRbL. { bP T SEFonthe BRGreREakiBinoAe TaRere

parti ¢l e;\PegEn t g8 apONLA £RRSEELUbESLRO- RS uAY, ihlienehBhesant BEOknand
phosphol i pi d” 10-15% w w, and the protein 10-15% ww. Details relating to

conposi thanceaddoyisecnl ugaringsthaubatiagn tenpnbxbedéan 4. apeigednd in
t he above- menti oned, t ext - books 25 deal i ng w adj uvants,, but also Mdrein B
ot al e HHOBE T IDo POTRBPTS) aBELAT5 hRenerl LECEAFTET SRR chel |
G, 19&@yté§?ﬁ§@fopﬁ§9e§?'ﬁsg%gialz - c8n?RgbbEENLERGEERORALEHeRY and
reference herein) provide useful instructions for the prepara- tion of
conpl et eah RO T MHwd igerc afgh@xese a tdBSId Tada StHEETfRubde26) i A0 for
03/ 042244 PCT/ DKO2/ 00764 52 Another highly interesting (and thus,
pr ef e eye ppasPPFeFt 9 BRCEEARBYPAY adj uvant effect is to enploy the
techni que de- scribed in Gosselin et al., 1992 (which is hereby
i ncor por at ed s . . ;
Other possibilities involve the use of the targeting and im-
mune modulating substances (i.a. cytokines) mentioned in the
claims as moieties for the protein constructs. In this connec-
tion, also synthetic inducers of cytokines like poly I:C are

15 possibilities.

Suitable mycobacterial derivatives are selected from the group
consisting of muramyl dipeptide, complete Freund’s adjuvant,

RIBI, and a diester of trehalose such as TDM and TDE.

Suitable immune targeting adjuvants are selected from the
20 group consisting of CD40 ligand and CD40 antibodies or spe-
cifically binding fragments thereof (cf. the discussion

above), mannose, a Fab fragment, and CTLA-4.

Suitable polymer adjuvants are selected from the group con-
sisting of a carbohydrate such as dextran, PEG, starch, man-
25 nan, and mannose; a plastic polymer such as; and latex such as

latex beads.

Yet another interesting way of modulating an immune response
is to include the immunogen (optionally together with adju-

vants and pharmaceutically acceptable carriers and vehicles)
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by reference herein). In brief, the presentation of a relevant 5 antigen
such as an antigen of the present invention can be en- hanced by

conj ugat iwg@ oBloe22ant i gen to anti bodies (or antigen bindi ngcamiooos4
fragnents) against the Fcy receptors on nono- cytes/nmacrophages. Especially
conj ugat es between antigen and anti-FcyRl have been denonstrated to
enhance i mmunogenicity for 10 the purﬁ%%es of vaccination. O her
possibilities involve the use of the targeting and im mune nodul ati ng
substances (i.a. cytokines) nentioned in the clains as noieties for the
protei n tonstTuttsial nlyrps eeAnéc{ViNbn(2aPEePEYREREY | BefhaatefeVoFe

cyt oki ne I oy, ssihilithes. k ctgLy,al
derivati@%ﬁég§%8§é¥%0¥é%§§§%%%?%§9@r%ﬁ%"c%ﬁgi%%?%gag%ﬁn§¥§ﬁ§?'d§%gptide,
conpl et evy&rleundy si@djuvéaho]l) . RiBe, VaKd (a thest enbolatrr éhuliose suwhcas TDM

d TDE. Suitable i targeti j uvant | ected, f h
a1 oup CoRaF St LRGCBY-EABC FGARHE RO EDAD MR OBTES. bhoGhELCRi PF ol FoN

bi ndi ng fragrents theneetcbels Lhgidiseessteri1abore) amBANESwidnFah
fragnent, and CTLA-4. Suitable polyner adjuvants are selected fromthe

group compseigei af oftakitaebohypdr ghemekineas HextpdnB-PeLlssearvAllnaf- 25
nan, and nnose; plastic . .polyper S at u . at ex
beads. Y%PB%nﬁ?%%?fVnf%FBEPPngomg§eo§g§§8%|E%gﬂglgh ﬁéﬁ%nggrggﬁokge isto
i ncl ude fheméanynegeanfoptionalbyet 0getber thet boadjie- meartis afidthe
pharmaceutically acceptable carriers and vehicles) SUBSTI TUTE SHEET ( RULE
26) WD 08EB42524hpeTPERD2FDOYB4LNEE FReaneGreEaal PYPASRoIESS(VEN) (a

B B R TP 5 ABHELoRRLgl R A aeyerL 26 olshe ot
when using the VLN and that immune protection conferred by
vaccination using a VLN surpassed conventional immunization
using Ribi as an adjuvant. The technology is i.a. described
briefly in Gelber C et al., 1998, “Elicitation of Robust Cel-

15 lular and Humoral Immune Responses to Small Amounts of Immuno-
gens Using a Novel Medical Device Designated the Virtual Lymph
Node”, in: “From the Laboratory to the Clinic, Book of Ab-
stracts, October 12 - 15%™ 1998, Seascape Resort, Aptos, Cali-

fornia”.

20 It is expected that the vaccine should be administered at
least once a year, such as at least 1, 2, 3, 4, 5, 6, and 12
times a year. More specifically, 1-12 times per year is ex-—
pected, such as 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, or 12 times
a year to an individual in need thereof. It has previously

25 been shown that the memory immunity induced by the use of the
preferred autovaccines according to the invention is not per-
manent, and therefor the immune system needs to be periodi-

cally challenged with the analogues.

Due to genetic variation, different individuals may react with
30 immune responses of varying strength to the same polypeptide.

Therefore, the vaccine according to the invention may comprise
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the structure and function of a | ynph node. Insertion of a VLN 5 under the
skin creates a site of sterile inflamation with an upsurge of cytokines
and chenowore®42234 and B-cells as well as APCs rapidly respaxhioorethe
danger signals, home to the in- flanmed site and accunmul ate inside the
porous matrix of the VLN It has been shown that the necessary antigen
dose re 10 quired to nount an i nmune ré%%onse to an antigen is reduced
when using the VLN and that imrune protection conferred by vaccination

usi ng a VLN surpassed conventional i muni zation using R bi as an adjuvant.
The techAGVEg¢Li S L5rS@EsPPLYREPLRAFST PP PRIEEI hér 1ecgeage. thegggmune
"ElicitatkbapogkcRobyst jgek, 15l BhatuaRd cHUaBLAL LpuRe nReSPeRses HA el
Anmount s of [mmuno- gens Using a Novel Medical Device Designated the Virtual
Lynmph Neodeforiengn" Fromlitheplidbpeatiotyotoctiengl.i Ahe, vBook nef mAy- cemract s,
Cct ober 12t.h -t15th 19%8, Segscagﬁ. esort to§1 C%I%— forgia". 20, 1t is
expectedpfﬁg? the Vaclrie §RodPEPré S&wiHPsf r 8daf® |Q§SPO HESP§1€€5r,
such as atel aaste¥indd 3bode.5, 6, and 12 tines a year. Mire specifically,
1-12 tines per year is ex- pected, such as 1, 2, 3, 4, 5, 6, 7, 8, 9, 10,
11, or 12 tinmes a year to an individual in need thereof. It has previously
25 been Fhewrathahet heymeonsygueniiivt yompdiced 3by 0t kid fifeecoft thea- preferred
autovacchnes accord'nggtg_age inyention is not per- nmanent, and therefor

e 0

t he i mun&98ySr eftfrée be °pé PH&Fﬁ'QQPW§V€ﬁaIP€H 'Fﬁetﬁémgﬁélogues.
Due to ggrehbihgivahikat kN1 Bkl kenght kadivicdual &imynukeasniakhi 3@ imune
responses of varying strength tothe sane pol ypeptide. Therefore, the
vacci ne atedrdiueg-to the invention may conprise SUBSTI TUTE SHEET (RULE 26)
WO 03/ 042244 PCT/ DKO2/ 00764 54 several different polypeptides in order to

i ncrease the inmune _ _
10 Nucleic acid vaccination

As a very important alternative to classic administration of a
peptide-based vaccine, the technology of nucleic acid vaccina-
tion (also known as “nucleic acid immunisation”, “genetic im-
munisation”, and “gene immunisation”) offers a number of at-

15 tractive features.

First, in contrast to the traditional vaccine approach, nu-
cleic acid vaccination does not require resource consuming
large-scale production of the immunogenic agent (e.g. in the
form of industrial scale fermentation of microorganisms pro-
20 ducing proteins). Furthermore, there is no need to device pu-
rification and refolding schemes for the immunogen. And fi-
nally, since nucleic acid vaccination relies on the biochemi-
cal apparatus of the vaccinated individual in order to produce
the expression product of the nucleic acid introduced, the op-
25 timum posttranslational processing of the expression product
is expected to occur; this is especially important in the case
of autovaccination, since, as mentioned above, a significant
fraction of the original B-cell epitopes of the polymer should
be preserved in the modified molecule, and since B-cell epi-

30 topes in principle can be constituted by parts of any
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response, cf. also the discussion above concerning the choice of foreign
T-cell epitope introductions. The vaccine may com prise two or nore

pol ypept iwe3/owdres e all of the pol ypeptides 5 are as def ipagdovss The
vacci ne may consequently conprise 3-20 different ana- |ogues, such as 3-10
anal ogues. However, normally the nunber_ _of anal ogues will be sought kept
to a mnimmsuch as 1 or 2 analogues.5io Nucl ei ¢ acid vaccination As a
very inportant alternative to classic admnistration of a peptide-based
vacci ne, the technology of nucleic¢c acid vacgina- tion (also known_as

"nucl ei ¢ (R&PIAMPARGHI-SatlPoR", CRgBREYFAL ARy HiRisat PERteiangtcyene There-

| muni sateleR’) ) n@kf§Ees ga,BuBhen+9bnabngl 2 ibhaGkive beRlkures: oF kil ikl
contrast to the traditional “vacci ne approach, nu- cleic acid vaccination
does not mpeqgenenpgsyeryevedAsbr o ihapgéascal éopr ddecoivenradfl timsuno-

I mmunogeni c. nt .Q..in.the form.of industrial al e fernentation,of

i or oovgaRrAngar 8n50 Yl 4G BFBPEER) LOFAFT RORHBES. PnPYSrY MotnEeR Tt o
device5pproah5ﬁﬁgtkg@ apchuneehdi ng schemes for the i mmunogen. And fi -
nally, since nucleic acid vaccination relies on the biochem - cal apparatus
of the vaccinated individual in order to produce the expression product of

t he nucl eitc saouddi ber adtteeldththe thp 2hhbnogn paptriesadishatlievrdls pbecessi ng
of the expressi uct is exgected to occur; this i,s especially

on _pro
| mpor & ant SFNSEhd Es & CoPT&ifBvadc HEC 6N SIS PREE OIS Skt IV6ried “HBGFE, a
si gni ficaght fbactirenAkyt B¢ elngivAakiBaeebh, eRiiheresnef itheiRel waer should

be preserved in the nodified nol ecule, and since B-cell epi 30 topes in
princi pl preasiba demnsti tist edebppdhes deftcxminiSBSRICTUTE SHEET e ROE—26) WO

03/04%@4%08%E€QK%%%9%2%§ o§5a DNA vaccine

Hence, a preferred embodiment of the invention comprises ef-
fecting presentation of the analogue of the invention to the
immune system by introducing nucleic acid(s) encoding the ana-
logue into the animal’s cells and thereby obtaining in vivo

15 expression by the cells of the nucleic acid(s) introduced.

In this embodiment, the introduced nucleic acid is preferably
DNA which can be in the form of naked DNA, DNA formulated with
charged or uncharged lipids, DNA formulated in liposomes, DNA
included in a viral vector, DNA formulated with a transfec-

20 tion-facilitating protein or polypeptide, DNA formulated with
a targeting protein or polypeptide, DNA formulated with Cal-
cium precipitating agents, DNA coupled to an inert carrier
molecule, DNA encapsulated in a polymer, e.g. in PLGA (cf. the
microencapsulation technology described in WO 98/31398) or in

25 chitin or chitosan, and DNA formulated with an adjuvant. In
this context it is noted that practically all considerations
pertaining to the use of adjuvants in traditional vaccine for-
mulation apply for the formulation of DNA vaccines. Hence, all

disclosures herein which relate to use of adjuvants in the
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(bio)nol ecule (e.g. carbohydrate, lipid, protein etc.). There- fore, native
gl ycosylation and lipidation patterns of the im nunogen may very well be
of i nportwopma/ina4t he overall imuno- genicity and this i CFapaeenst o be
ensured by having the host 5 producing the inmunogen. It should be noted
that the enhanced expression |evels ob- served with the presently disclosed
anal ogues is very inpor- tant for ef fi &&cy of DNA vaccination, since the in
vVivo ex- pression level is one of the determining factors in the immu 10
nogeni c efficacy of a DNA vacci ne Hence, a preferred enbodi nent of  the
|nventlcﬁpnkﬁﬁﬁ|QﬁﬁPQﬁyp¢@%%@%gb@§%@eﬁ@%@%%ﬁso?P@%% BR&E byt endF2pHEs

| nvent] o, thdfie o JITHNG, SYPLEM DYs § nbL OO PRoRUCE EhGoa6LA(S) encading the
ana- Iogue in he anlna cel and thereby obtaining vivo 15
expressi on by the cells of the nucleic acid(s) introduced. In this

enbodi meqy chPerélPtEéQd&'ﬁeQdﬁi'ﬁlé‘tEa’é‘EbH L8dPL&hEeR bt ¥at DA wbhehe§aprbe in
the form of naked DNA, formulated with charged or uncharged Ii pids,

DNA fomnnkﬂmﬁpt1d¢|mmﬁﬁmmxa0©mw68|NhigﬁeHaVﬁ beoiragtybtedraborp

fornulat with a transfec., 20 1 onz fac I|t i r pept DNA
f or milSat GiETF (TS o 1 GRrPheoBr b er A of Moty pogs Pt Fonner ity BPEGtEE:
Cal - CIL&ﬂ&éﬁ%&&ht@ﬁdanBg@ﬂééusgb@nsoabbed beraaihhegt toarcuees abl ecul e,

DNA encapsul ated in a pol yne .g. in PLGA (cf. the mcroencapsulation
technold@?maék%¢¥%%ﬁomnaW@)@@WB&3§E¥35¥OPnS?§e@ﬁ?tfﬂroPO%HP?BEé ©S i~ DNA
fornu'ag§%k}%&?b@@saﬂb93ﬁaﬁs 8 nﬁ@%élEOQEﬁéé | §ol Bnhot edobinat per aghikqal Iy
all con ratrons  ‘pertaining to the use of adjuvants in traditional
vacci ne float muthéionaappl yatoinehechor sulibebdy bé dMAivastened. ikbhnee, al
di scl.osures herein which relate to use qof uvants ip the S TITUTE SHEET
( RULE 926YSREP 0%} 04229 41 BEFF BK ?Fb@%g g%r%ggmore' 1P 186 ErPRtS

in the art that nucleic acid vaccines can be administered by

use of a so-called gene gun, and hence also this and equiva-
lent modes of administration are regarded as part of the pre-
sent invention. Finally, also the use of a VLN in the admini-
15 stration of nucleic acids has been reported to yield good re-
sults, and therefore this particular mode of administration is

particularly preferred.

Furthermore, the nucleic acid(s) used as an immunization agent
can contain regions encoding the moieties specified in the

20 claims, e.g. in the form of the immunomodulating substances
described above such as the cytokines discussed as useful ad-
juvants. A preferred version of this embodiment encompasses
having the coding region for the analogue and the coding re-
gion for the immunomodulator in different reading frames or at

25 least under the control of different promoters. Thereby it is
avoided that the analogue or epitope 1s produced as a fusion
partner to the immunomodulator. Alternatively, two distinct
nucleotide fragments can be used, but this is less preferred
because of the advantage of ensured co-expression when having

30 both coding regions included in the same molecule.

SUBSTITUTE SHEET (RULE 26)



context of polypeptide based vaccines apply mutatis nutandis to their use
in nucleic acid vaccination technology. As for routes of adm nistration and
adm ni st reDiosn4=zahenes of pol ypepti de based vacci nes whi @aTinaoe/obmsen
detail ed above, 5 these are also applicable for the nucleic acid vaccines
of the invention and all discussions vae pertaining to routes of

adm ni stration and adm ni strati on schermes for pol ypeptides ap- ply nutatis
mutandis to nucleic acids. To this should be added that nucleic acid
vacci nes, can_sui tably, be adm ni ster in veneou nd, .

intraart ??%ﬁ?ﬁggﬁg?t %$n%$€%n%%o$s§g%?l%é%%é%s ?% %h§$%?$sgﬁé?nnﬁ% eic
aci d vactmdesi gqnpbedacti on Sber &gt byoduse afabnso-Thb| ethgesempusit asd
hence al so this and equiva- |ent nodes of adm nistration are regarded as
part of §PEPHEeL$ent invention. Finally, also the use of a VLN in the
adm ni 15 stration of nucleic acids has been reported to yield good re-
sults, and therefoie,this.&aﬁticula£ node of gdnin%sération i%.
particularly prafereed. 2@t hEFABrRt Phe? nleFEPE QEi 4(E) *U¥8Eta8 akct-

i mruniszat i on @@gendi s6@8s £OAt 3F MhieBE PRS2 e08905AE L EetHPLebEeSwHpeshhi ed in
the 20 clainms, e.g. in the formof the i munonodul ati ng substances

descri bed above such as the cytokines di scussed as useful ad- juvants. A
preferred versiphaohatbisieabodi srat iencoopagsesllhaxcogpthpleodengclegi on
for the anal ogue and the,coding re- gion for the_ i nmunonodul ator in
different rea®h®P¥ramesinr aRdssr| aadrvanberSt ASEBREREI 2BPVE: f f er ent
pronoters. Thereby it is avoided that the anal ogue or epitope is produced
as a fusion partner to the %nnunonngglator Alterngtivel two distinct

nucl eot | Ua9FT ynERE s CHRCHBSheRACShuFPEIECT §1F oS  bF PV EEOUBEESUSB of
the advaphageosh SNSHr €L-£6r EX¥RELESH0AxWREHs NaNi 1Y 3R38et BosedbngoEegi ons

included in the sane nol ecule. SUBSTI E SHEET (RULE 26) WO 03/ 042244
PCT/ D02y boFb4promoter. For more detailed discussions of vectors and
DNA fragments according to the invention, cf. the discussion
below. Also, detailed disclosures relating to the formulation
and use of nucleic acid vaccines are available, cf. Donnelly
JJ et al, 1997, Annu. Rev. Immunol. 15: 617-648 and Donnelly
15 JJ et al., 1997, Life Sciences 60: 163-172. Both of these ref-

erences are incorporated by reference herein.

Live wvaccines

A third alternative for effecting presentation of the ana-
logues of the invention to the immune system 1s the use of

20 live vaccine technology. In live vaccination, presentation to
the immune system is effected by administering, to the animal,
a non-pathogenic microorganism that has been transformed with
a nucleic acid fragment encoding an analogue of the invention
or with a vector incorporating such a nucleic acid fragment.

25 The non-pathogenic microorganism can be any suitable attenu-
ated bacterial strain (attenuated by means of passaging or by
means of removal of pathogenic expression products by recombi-
nant DNA technology), e.g. Mycobacterium bovis BCG., non-

pathogenic Streptococcus spp., E. coli, Salmonella spp., Vi-
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57 Accordingly, the invention also relates to a conposition for inducing
production of antibodi es against IL5, the conposition conprising a nucleic
aci d fragwer/oe4a vector of the invention (cf. 5 the di Pcagaanomh
nucl ei ¢ aci ds and vectors bel ow), and a pharmaceutically and

i mmunol ogi cal |y acceptabl e vehicle nd/,or carrier and/or adjuvant as

di scussed above. Under nor nal C|rcunst ces, the nucleic acid is introduced
in the formof a vector wherein expression is under control of a 10 viral

promoter,., For Dy e det k) ed. dh soussi ons. of wechols, and PN [ragrents

accordi ng invehtion di STUsSi on

di scl osusesstetatdhgthe-she iwmmcmesa@@lnuéegofb@u%@n@ ﬁﬁlslay@@@l nes
are avai] abJ e Donnelly JJ et al, 1997, Annu, nol

617- 648 %ndi%%%é?‘{/ 18735 of55 14949496 | apd ‘é%%]é%%eg%ow%a ‘ﬁQClB@th of

these refo. 8§LNCES) ArSot HCORPOFSL ALk by ﬁffféﬁé@@n@@rﬁwah' vBoyagelnes A
third alternative for effecting presentation of the ana- |ogues of the

i nventS obaibs tdeowmiine BvsienmlSCi@efnsgm©thOamdveevhﬂrsneseéchnology. I n
live vacci on fresentatlog tt tge nmune sg%ien1|s effected by

adni ni sterf gilY% AECHATHaI © DO PR HOTERR PRt 2Y vor gani sm t hat  has been
transfornmed with a nucleic aC|d fragment encodi ng an anal ogue of the

| nvent i oge B 44 Lbv 2. VEGLOLo I DEOLRRI AL I 10, Sugh gy e el g agld, [ aorent

The non-‘pat hogeni ¢ m ¢roor gani sm can be any Sui enu- ?erla

strain (ma@mmﬂedfbyh@eﬁmﬁeM1msaﬂgt1m@s@d byloweasms 0é feodYpbrated
pat hogenj c expressj roducts by reconbi - nant DNA technol ogy), e.g.
Mycobact®?id %%VY%r%kéét HbRA hat AOGERT cVEF FRbt Deek ca® 3ppacCE ol |,

Sal manel - Sop. @r\@nys&@gpgﬁ% {RUE 26) WO 03/042244 PCT/ DKO2/ 00764

Normally, the non-pathogenic microorganism or virus is admin-
istered only once to the animal, but in certain cases it may
be necessary to administer the microorganism more than once in
a lifetime in order to maintain protective immunity. It is

15 even contemplated that immunization schemes as those detailed
above for polypeptide vaccination will be useful when using

live or virus wvaccines.

Alternatively, live or virus vaccilnation is combined with pre-
vious or subsequent polypeptide and/or nucleic acid vaccina-
20 tion. For instance, it 1s possible to effect primary immuniza-
tion with a live or virus vaccine followed by subsequent
booster immunizations using the polypeptide or nucleic acid

approach.

The microorganism or virus can be transformed with nucleic

25 acid(s) containing regions encoding the moieties mentioned
above, e.g. in the form of the immunomodulating substances de-
scribed above such as the cytokines discussed as useful adju-
vants. A preferred version of this embodiment encompasses ha-
ving the coding region for the analogue and the coding region

30 for the immunomodulator in different reading frames or at
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58 brio cholerae, Shigella, etc. Reviews dealing with preparation of
state-of-the-art |ive vaccines can e.g. be found in Saliou P, 1995, Rev.
Prat. 45:w049@472496 and Wl ker PD, 1992, Vaccine 10: 977P2I3MKoodTe4

i ncorporated by reference herein. For de 5 tails about the nucleic acid
fragments and vectors used in such Ii%% vacci nes, cf. the discussion
below. As an alternative to bacterial IM"'ve vaccines, the nucleic acid
fragnent of the invention discussed bel ow can be incorporated in a

non-virul ent, viral vaccine vector_such.as a vaccinja 10 rain_or, any other
Cu s abl elgesc vindir “REF ey S Rt R AT pemr R BF Sor SARFEY o Culbus 1<
adm n- i $3&1 883 Othy: OFEE 4RalbguanbibbpibupetNagerpabaueadessi fusdyn be
necessary to admnister the mcroorganismnore than once in a lifetime in
order t ob#elimeEs tPrivhectnvenpRadnialor | tALseIBABYERLEont ERPFAPEY PRt

| mmun: 2al} O SENGLeS . A5mbhesecdt gl edoqabove LAt pohyREPLLER: YacgEnal | on
will be USéfu en usrng ive orf virus vaccl nes. ternatively, Tive or
Vi rus vacehnad ) omavsngoabé nedjwrahipg emovéevilssoinstihsegamnt rpatlypgpt i de
and/or nucleic acid vacgina- 20 tion. For instance, it i ssible_to

t 1Is
ef fect ptF#RF yCIPMRAPYACET oRASWRENSEPTFORLGE BfP Ecgacépnéngngﬂﬁeafby
subsequepte PREshELoh MYREZaLERNEN USHDEA 18N PO} ¥PERbEEEA DN yNYELeberaai d
approach. The m croorganismor virus can be transformed with nucleic 25
aci d(s) sombadhhagteeghensreaentdi hgveheianieti es nentioned above, e.g. in
the formof the i nmunonodul ati ng substances de scri bed above such as the
cytokines di scussed as useful adju- vants. A preferred version of this
enbodi me@pmeheakpansbEealnedtng the coding region for the anal ogue and the
coding region 30 for the inmmunonodul ator in different reading frames or at
SUBSTI TUTE_SHEET (RULE 26)

One especilally préferred mode of carrying out the invention
involves the use of nucleic acid vaccination as the first
(primary) immunization, followed by secondary (booster) immu-

nizations with a polypeptide based vaccine or a live vaccines

as described above.

15 Use of the method of the invention in disease treatment

The precise choice of treatment regimen depends on the choice
of multimeric protein to target. For instance, when targeting

IL5 all conditions discussed in WO 00/65058 are relevant, and

when the target is TNFa the diseases/conditions that are

20 relevant are rheumatoid arthritis, juvenile chronic arthritis,
spondylarthropathies, polymyositis, dermatomyositis,
vasculitis, psoriasis (plaque) and psoriatic arthritis, Mb.
Crohn, chronic obstructive pulmonary disorder, myelodysplastic
syndrome, uveitis in rheumatoid arthritis, acute pulmonary

25 dysfunction, asthma, Wegener’s granulomatosis, irritable bowel
disease, temporomandibular disorder (painful jaw joint),
stomatitisosteoporosis, and cancer cachexia as well as other
inflammatory diseases and other conditions generally

appreciated in the art to be linked to the adverse effects of
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WO 03/ 042244 PCT/ DKO2/ 00764 59 |east under the control of different
pronoters. Thereby it is avoided that the anal ogue or epitopes are
produced we 0Bgizen partners to the i mMmunonodul ator. Al t ePaamKeioy764t wo
distinct nucleotide fragnents can be used as transform ng agents. O 5
course, having the adjuvating noieties in the same reading frane can

provi de, as an expression product, an ad&l ogue of the invention, and such
an enbodi ment is especially preferred according to the present invention.
Combi nation treatnment 10 One especially preferred node of carrying out the
i nventi orNFonvakves theuseref puusdidile ac dtr\emicimataimmatﬂme sfyirmegtoms
(primary) immunization, followed by secondary (boost ea% - _ni zations
with a pohbepiicde SFREE LRse Miltg G Ya Ifi Fegise diseds bd’eseérlﬂlt?é’(}%ove 15
Use of the MeLhed0h £ hed MR Fod SRASE MdRAIEN, The iRfes) & hoi ce
of treatnent regimen depends on the choice of rrultlrrerlc protein to
target. Fodltinstrdaceromeem.targeting L5 all conditions discussed in WO
00/ 65058 are relevant, and when the target is TNFa the di seases/conditions
that are 20 rel evant are rheumat0| d arthritis, juvenile chronic arthritis,
spondy? aEomcgss ¢ £ S fer mat onyositis, vasculitis, psoriasis
(plaque) and psoriatic arthriti s, Md. Crohn, chronl c obstructive pul nonary
di sorder, rryel odyspl asti_c syndrone uveitis i,n rheumato arthritis, acute

pul monar D25 VSN Gr,S a dtaHFR 1 DR éh &m0 AiddriATshet i S%SHE bowel
d'sease’SE%?DQ%@mﬁgyﬂﬁdiﬁf(%H%“fﬁyédﬂ¥yﬂﬁtﬁedéﬁNlﬂHé“ﬁnventlon also
stomatiti sosteoporosis, and cancer cachexia as wel T as other infl anmat ory
di seases rafidtetshero @ondintmuwrsy ayerte reairpe s idgmre cicatted S ing v dmmune-be

linked to etnqeca qver 3 eecftflevcet Sam%fun UB T'aEUE%aS.L"é%%E (c%i'l‘iEnech)above, said

10 composition further comprising a pharmaceutically and immu-
nologically acceptable diluent and/or vehicle and/or carrier
and/or excipient and optionally an adjuvant. In other words,
this part of the invention concerns formulations of analogues,
essentially as described hereinabove. The choice of adjuvants,

15 carriers, and vehicles is accordingly in line with what has
been discussed above when referring to formulation of the ana-

logues for peptide vaccination.

The analogues are prepared according to methods well-known in
the art. Longer polypeptides are normally prepared by means of
20 recombinant gene technology including introduction of a nu-
cleic acid sequence encoding the analogue into a suitable vec-
tor, transformation of a suitable host cell with the vector,
expression of the nucleic acid sequence (by culturing the host
cell under appropriate conditions), recovery of the expression
25 product from the host cells or their culture supernatant, and
subsequent purification and optional further modification,
e.g. refolding or derivatization. Details pertaining to the
necessary tools are found below under the heading “Nucleic
acid fragments and vectors of the invention” but also in the

30 examples.
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WO 03/ 042244 PCT/ DKO2/ 00764 60 TNFa. It is therefore possible to treat or
aneliorate synptons that are associated with any of these di seases by
enpl oyi ngwotode42ret hod of the invention for down-regul ati n@caaiKoziovye4of a
multimeric protein. 5 Conpositions of the invention The invention also
pertains to conpositions useful in exerci- sing the nethod of the

i nvention. Hence, the invention also &l ates to an i nmunogeni ¢ conposition
conprising an i muno- genically effective anount of an anal ogue defi ned
above, said 10 conposition further conprising a pharmaceutically and i mu-
nol ogi cathgr et apepbl dedli dvenprefefdply apreparafdrvrneans i of thmdrorl-
exci pi ent_ and i I j uyan e LS t he
inventig%n%%%égg%%g¥§?%%léfi%%%y%f %ﬁa g%ﬁ%@,ﬁh%§é2§?$%#$% %@géggc%?bed
her ei nabipyweevdhe choése advadfeyattsthild tachnelsgy amas vednddesdisos-
accordingly in line with has _been di scussed abpve when referring to

what b
fornulat$bﬁ@%ft?%epﬁﬂﬁgchﬁ%e%ff%?lbéb??%EhVEﬁ%Yﬂ%??b%?sTﬂ%da%%?B%h%§.are
preparsedofct%gé NgetQsMeihQdshyeltokoonn 18 2188 Ritnikopgerspobypsptides
are normal |y prepared by neans of 20 reconbi nant gene technol ogy incl udi ng
i nt roductherpoésanhuinlentiani to seyepace eheoding chesbnatbgueyi ayo-a
sui tabl e_vec: toré transformation of a suitable host cell wth the vector,
expressi onc oFCtHe*Aticl ei ¢ acid sequence (by cul turing the host cell under
appropriate conditions), recovery of the expression 25 product fromthe
host celys pr; L heblCllLUpE, SUPELRALADE - 3Ny BHOSEGYENL YT fication and
opti onal e+—Hod at ot e ef-otdrno—or—dertva ation. Details
pertaining to the necessary tools are found bel ow under the heading
" Nucl el Crt agi f1 fraunpptecandeyeetohscRE LBEvENMERLLOBur BUEhAE SRobrtbe 30
exanpl es.

10 polypeptides can be prepared by means of recombinant gene

technology but also by means of chemical synthesis or semisyn-
thesis; the latter two options are especially relevant when
the modification consists of or comprises coupling to protein
carriers (such as KLH, diphtheria toxoid, tetanus toxoid, and
15 BSA) and non-proteinaceous molecules such as carbohydrate

polymers and of course also when the modification comprises
addition of side chains or side groups to an polymer-derived
peptide chain. These embodiments, are, as will be understood

from the above, not the preferred ones.

20 For the purpose of recombinant gene technology, and of course
also for the purpose of nucleic acid immunization, nucleic
acid fragments encoding the analogues are ilmportant chemical
products (as are their complementary sequences). Hence, an im-
portant part of the invention pertains to a nucleic acid frag-

25 ment which encodes an analogue as described herein, i.e. a
polymer derived artificial polymer polypeptide as described in
detail above. The nucleic acid fragments of the invention are

either DNA or RNA fragments.

Most preferred DNA fragment of the invention comprises a nu-

30 cleic acid sequence selected from the group consisting of SEQ
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SUBSTI TUTE SHEET (RULE 26) WO 03/042244 PCT/ DKO2/ 00764 61 Shorter peptides
are preferably prepared by neans of the well- known techniques of solid- or
| i qui d- phaoe3pertd de synt hesis. However, recent advances PCA/DKI2®0764
technol ogy has rendered pos- sible the production of full-Iength

pol ypeptides and proteins 5 by these neans, and therefore it is also within
the scope of the present invention t §4 prepare the | ong constructs by syn-
thetic means. Nucleic acid fragments and vectors of the invention It wll

be appreciated fromthe above disclosure that nDd fied .1 ol |de C
be prepéDeNOby8neéﬂs o2, r bbonbi nah: gee °techfiol ay Boe 3?28 % anssofan

chem cal nthes'S§8éﬁéﬁgksﬁgmﬁngﬁ§h§ar§h@o|éh&ebftﬁﬁe@@t'Ons are

espeC|aFF§ Fef&van I cation consists of or conprises
coupling to protein carriers (such as KLH diphtheria toxoid, tetanus

t oxoi d, ﬁ@daﬁéﬁ%) 28nd EQQgﬂéi%E@I B@CEHBSJ.ﬁ'@bﬁﬁh!bﬁswiﬂltha$maaﬂ.bobyedr ate
polyners an course al so"when the nodification conprises addition of

ZhgedchanssroedsudesgnbapéetUeaﬁopélPﬁefoé@rpééalnﬁeﬁﬁl8§Péﬁ§?ﬁonThese
0
Ones_égggggpr§h8a5%§&g§etggepgggg%ﬁt88?d %EQG%ER%saQQV%he”thbh%16h$ferred

I'nant’ ‘gene "t echnol ogy, and of course
Z”nzgdf O%utEEean}élﬂo%cQBr@U@h:él alaoi gairtmuti taki dnyventdlosi.c Degeild sf r agment s
i ng e anal ogues are inportant ch
g np OIfc %nlcal roduct as arenkq%hr

conpl enmepngeyndaqu ﬁ@e§PnsﬁéH€§lo§n ﬁéﬁtgﬁF B&ft Odt Hie NGRS O8N
pertains, N %e”‘cﬁ‘i's%h%s%%f qdqf rc%%t%@t”%&t tWahGiE ceReedes1an amnal agueoas -

descrlbgﬁ polyner derived artificial
pol ymer pol ypepti de as
descrlb@@nu@msdﬁbabm ab@mevefh@rﬁuabghcd@@ﬁ@dﬂm@gﬁ@nﬁ@lééaﬁhé%ﬁn&gﬁgion are

gloﬁrger DIA %:m}?éétflro%, nt 3 I\i‘{%St fprr?nf & q_a%c{sr,a%'ﬁ%@esqf ddgiiqavention
mini-chromosomes, or virus, but also naked DNA which is only
expressed transiently in certain cells is an important vector
(and may be useful in DNA vaccination). Preferred cloning and
expression vectors of the invention are capable of autonomous
15 replication, thereby enabling high copy-numbers for the pur-
poses of high-level expression or high-level replication for

subsequent cloning.

The general outline of a vector of the invention comprises the

following features in the 5'—»3' direction and in operable

20 linkage: a promoter for driving expression of the nucleic acid
fragment of the invention, optionally a nucleic acid sequence
encoding a leader peptide enabling secretion (to the extracel-
lular phase or, where applicable, into the periplasma) of or
integration into the membrane of the polypeptide fragment, the

25 nucleic acid fragment of the invention, and optionally a nu-
cleic acid sequence encoding a terminator. When operating with
expression vectors in producer strains or cell-lines it is for
the purposes of genetic stability of the transformed cell pre-
ferred that the vector when introduced into a host cell is in-

30 tegrated in the host cell genome. In contrast, when working

with vectors to be used for effecting in vivo expression in an
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30 cleic acid sequence selected fromthe group consisting of SEQ

SUBSTI TUTE SHEET (RULE 26) WO 03/042244 PCT/ DKO2/ 00764 62 1D NO 8, 10,
12, 14, 1wp 04842280, 52, 54, 56, and 58 or a nu- cleic aci @CIDINRNCTES
conplementary to any of these. The nucleic acid fragnents of the invention
will normally be inserted in suitable vectors to formcloning or
expression 5 vectors carrying the nuclec acid fragnments of the invention;
such novel vectors are also part of the invention. Details concerning the
construction of these vectors of the invention wll be discussed in

cont ext aofimarlansf.cr.nethegelusirgndhe cressor ganhiBs Wasiatidvedt ors can,

dependi on purpose and type 1 j.cati.on, in . rs -

pl asni dg,%rpl‘?fg:é’s‘%%éfosrrﬁadgsqrysprﬁrrﬁ%-ec ﬁea@ngésﬂoacn%s%h%rv%ﬁdufs},l%ﬁ%gtgllrsﬂ oCOJrPaied DNA
whi ch i pi1enlofr RupIeSsatdrans ent lthd mesr tad Il apdrand s @ypiagidrt ant
vector (and may be useful in DNA vacqinatkgg%. Preferred Iqﬂang and

expr essinGrkefe By L MAME N HRAERG I dferTapHfte© ot R us-1%

[ epl 1 §ath Qo dNerehy ARl NG, ONaeaRY WINMDK Sod Sort N PLTed S BN

hi gh-Tevel "expression or high-Tevel replication for subsequent cl oning.
The generrad. outline of a vector of the invention conprises the follow ng
features in the 5 -+3" direction and in operable 20 |inkage: a pronoter for
driving expression of the nucleic acid fragment of the invention,

opt i onalThe wenicied efadite sEjiRHceon eneddiFrRA ab P aerirs Hopt i ks eradl g
secretiqn (to the extracel--lu Waer i bl 3 bt ogt kg
pmiMa%% %ﬁ%ﬁﬁﬁ1&ﬁg?ﬁéﬁ%gﬁigﬁg%mmgﬁﬂ%)epﬁyﬁmﬂde
f r agmenty rdrhier 2andrucd i Ios acilth it agrenil of pdet | of ethé oinvandiopt iomal |y a
nu- cleic acid sequence encoding a Ierninatgr When operating Fﬁth
expr d8sikh Gt wiad | P brbduie efSSt rat RS oF SRR FOF i MEPTEAT R oft The
pur poses, of; genetd &4 sz?ap(jrhéﬁﬂs oA nd heat¥ st OF Mk ChVeRF Bon, or used
for recombinant production of the modified IL5 polypeptides of
the invention. Alternatively, the transformed cells can be
suitable live vaccine strains wherein the nucleic acid frag-
15 ment (one single or multiple copies) have been inserted so as
to effect secretion or integration into the bacterial membrane

or cell-wall of the modified IL5.

Preferred transformed cells of the invention are microorgan-
isms such as bacteria (such as the species Escherichia [e.g.

20 E. colil, Bacillus [e.g. Bacillus subtilis], Salmonella, or
Mycobacterium [preferably non-pathogenic, e.g. M. bovis BCG]),
yeasts (such as Saccharomyces cerevisiae), and protozoans. Al-
ternatively, the transformed cells are derived from a multi-
cellular organism such as a fungus, an insect cell, a plant

25 cell, or a mammalian cell. Most preferred are cells derived
from a human being, cf. the discussion of cell lines and vec-
tors below. Recent results have shown great promise in the use
of a commercially available Drosophila melanogaster cell line
(the Schneider 2 (S;) cell line and vector system available

30 from Invitrogen) for the recombinant production of IL5 ana-

logues of the invention, and therefore this expression system
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ferred that the vector when introduced into a host cell is in 30 tegrated
in the host cell genone. In contrast, when working wth vectors to be used
for effecwDrg/ointdayi vo expression in an SUBSTI TUTE SHEET (PRULIEK026)76W\O

03/ 042244 PCT/ DKO2/ 00764 63 animal (i.e. when using the vector in DNA
vaccination) it is for security reason% preferred that the vector is not

i ncapa- ble of being integrated in the dst cel genone; typically, naked
DNA or non-integrating viral vectors are used, the 5 choices of which are
wel | - known, to t.he persaon ski Ied(in th art._The vectaors of the invention

Ao 7

are used ‘to A¥anst ST GUBF JdteS 1S ot i oS L%% PO SEht i de
of the inventligNa Pudtetransdndid®ihaal |st Wd cihede: s 0 Pagdnofat he
i nvention, can 10 be cultured cells or cell lines used for propagation of
the nucleic acid fragnments and vectors of the invention, or used for

reconbi nantr prredyetvipersed dihe Inodidg echd Ad: pdyipepiedleskpfesdivn i1veind i on.
Alternatively, the transfornmed cells can be suitable |ive vaccine strains
wher ei n t%gﬁfcqe& cFthcti ¢ gd:af‘?é%‘d‘fe? (ﬁ‘?eusijrﬁlcé‘ﬁlﬁk?]rﬁulcﬁ pI o €9)9 have
been i ps@HLMRA AT A LIHRLGnSRCTSE 110k Omddied Al iam § nto,I.he erial

menbrane or cell-wall of the nodified IL5. Preferred transfornmed cells of
t he i nverthcomugle i drpament dxave ot easd beaforl senfsadtimerst ¢ hef syexi es

Escheri chi . . cali Bacillus [e..g. Bacillus subtilis],

Sal nonel ﬁ&%e%l?c]%}ldo%glcet%eﬁaﬁlm épruesfeeol[r ant'y s[ﬁrbénlglpﬁ%a?geenci%,faer.%e._ﬁ\ﬁahb%vi s

BCG ), yeastardueh &S t5ac i logieesoKeriayiae)asank Het-gznaisgerlc

ternatively, the transfornmed cells are derived froma multi- cellular

or gani smSFHES ra FFUTRES I g Goisdeituants i @ drtveyasdine or a manmal i an

cell. Mst preferred are cells derived froma human being, cf. the
i i f 1] lin nd vec-

d SCUEB %%é% §¥%du01n§aiﬁé(%n§¥%gues of the invention by means of
transformed cells, it is convenient, although far from essen-
tial, that the expression product is either exported out into
the culture medium or carried on the surface of the trans-
formed cell, since both of these options facilitate subsequent

15 purification of the expression product.

When an effective producer cell has been identified it is pre-
ferred, on the basis thereof, to establish a stable cell line
which carries the vector of the invention and which expresses
the nucleic acid fragment encoding the modified IL5. Preferab-
20 ly, this stable cell line secretes or carries the IL5 analogue

of the invention, thereby facilitating purification thereof.

In general, plasmid vectors containing replicon and control
sequences that are derived from species compatible with the
host cell are used in connection with the hosts. The vector
25 ordinarily carries a replication site, as well as marking se-
quences which are capable of providing phenotypic selection in
transformed cells. For example, E. coli is typically trans-
formed using pBR322, a plasmid derived from an E. coli species
(see, e.g., Bolivar et al., 1977). The pBR322 plasmid contains

30 genes for ampicillin and tetracycline resistance and thus pro-
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tors bel ow Recent results have shown great promse in the use of a
commercially avail abl e Drosophil a nel anogaster cell line (the Schneider 2
(S2) cel Iwbimpsmmd vector system avail able 30 from I nvitr@gemKoooehe
reconbi nant production of IL5 ana- | ogues of the invention, and therefore
this expression system SUBSTI TUTE SHEET (RULE 26) WO 03/ 042244

PCT/ DKO2/ 00764 64 is particularly pref@fred, and therefore this type of
system is also a preferred enbodi nent of the invention in general. For

t he purposes of cloning and/or optim zed expression it is preferred that

t he trandFélafedasel Mmaadisc fablicladtt fepint dt4ang B umed mird s ¢ e ?PBR agnent
f the i J:0N. | . | | d
of the I nventiion. S dﬂhegcx N RNesae s his- N1 tﬂl%héiﬂiﬁ oo gelrlra%‘-slggr{h%soifr dslre

useful enbodi nents of t I nvention; they can smal | -scal e or
| ar ge- scdlag.n,proeparatiicgh fofed he armaltegue @ronatertse tWede afn ren-uysaichdgeni ¢
bacteri a,_.,as vag{ci ne .constituents i,n a live vaccine. 10 Wen producing the

anal ogued TSt AFREATACEAS SH TP HERTE Bt T4 S&GSed? kel I's, it is

conveni ent, although far fromessen- tial, that the expression product is

ei therce rte t.nto_the ¢ r-e nedi um or_carried.on the surface of
The t1 Bnantes bt ndls® nodte Gt TR sl e e o reie o
15 puri f D@t icomsafrudid cex dresisiden {1 dudiact\Mhers an pffiedtl Ma gygduger cel |

has been_identified it is pre- ferred, on the basis thereof, to establish a

stabl e ceACHISFe PRI e M9 T8 HERARERG &t GFL the 4 et Zan ¢ twi lch
expr esses g7the el iic Acid fragment %%diﬂl%p{%kﬁigi (fgr?l:; I Jesferab 20
anal o

ly, this stable cell line secretes or carries ue of the
i nvent i omysttiesr dipefdaisll igtatalng pUlriSii dad-iror) t0vdr §of6) . Whigenerthalse @resm d

1ect 013 SR SLUNS LLISP AN CSALE Oy SERUIC Sy Al 5 Ser e L rom
hosts. Thesweledled and utilized, and details concerning their nucleo-
tide sequences have been published, enabling a skilled worker
to ligate them functionally with plasmid vectors (Siebwenlist
et al., 1980). Certain genes from prokaryotes may be expressed
15 efficiently in E. coli from their own promoter sequences, pre-
cluding the need for addition of another promoter by artifi-

clal means.

In addition to prokaryotes, eukaryotic microbes, such as yeast
cultures may also be used, and here the promoter should be ca-

20 pable of driving expression. Saccharomyces cerevisiase, or
common baker's yeast is the most commonly used among eu-
karyotic microorganisms, although a number of other strains
are commonly available. For expression in Saccharomyces, the
plasmid YRp7, for example, is commonly used (Stinchcomb et

25 al., 1979; Kingsman et al., 1979; Tschemper et al., 1980).
This plasmid already contains the trpl gene which provides a
selection marker for a mutant strain of yeast lacking the
ability to grow in tryptophan for example ATCC No. 44076 or
PEP4-1 (Jones, 1977). The presence of the trpl lesion as a

30 characteristic of the yeast host cell genome then provides an
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25 ordinarily carries a replication site, as well as marking se- quences
whi ch are capabl e of providi ng phenotypic selection in transfornmed cells.

For exanpwe,03422¢0li is typically trans- forned usi ng pBR®2Z/DI02pbmsM d
derived froman E. coli species (see, e.g., Bolivar et al., 1977). The
pBR322 plasm d contains 30 genes for a %cillin and tetracycline resistance

and thus pro- SUBSTI TUTE SHEET ( RULE 26)°WD 03/ 042244 PCT/ DKO2/ 00764 65
vi des easy neans for identifying transforned cells. The pBR plasnmd, or

th ' bi al. pl 1.d hage t al - tain, . b difi t
cont ai n, SHRBHOTEPs SHAL K e THSed By C RS rEARAOTIE Lk SHn f or

expressi g. theTRBERNREOH ens, gQmonly used in prokaryotic reconbi nant
DNA construction include the B-lactamase (penicillinase) and |actose
pronoter systens (Chang et al., 1978; Itakura et al., 1977, CGoeddel et

al ., 197%hianthla prvpicaphan sEdi@hdsonDt &lea sty SteeMdrsodddaugt e prAR79;
EP-A-0 036 776). While these are 10 the nost commonly used, other m crobial
pr onot er BORRFE BEEN 3~ BPSSRIOHY CaFd et iINinred, (EHd Zd¥iaiats adoncdrdftig Athei r

nucl eos Hicderseq _BQ%Ttli@a\é%zﬁﬁ%{% R4S a&d o 18N20Ig dg ﬁqﬁkﬂa'r!ae%twlker to

a
ligate them functionally w't asm d vectors (Siebwenl st et al., '1980).
Certai n genés ,f suwhpesk anydiees , nay vioe rexd piedysied 3tphefsfohatentdehyidrdE  col i

fromtheir own pronoter sequences, .pre- cluding the need for_addition of
anot her HSBﬁEFér%§§O§ﬁP@ﬁQJ éW&PVﬁEEnS?ﬁ%fﬁg PSS & ﬂﬁ%ﬁ&ﬁ%ﬂﬁk&;
eukar yot k& naisel, 0B sicosecs-ahokedstte Gldndres BB -Fres R sRGrard riere the

pronoter shoul d be ca- 20 pable of driving expression. Saccharomyces

cerevi si 4868, oPYEYNRES HARESS JFEAOSPhosREaRest SOIRARASY PheFrdiRsigieu-
kar yoi b 6" 9RLGRNLSIE. Ll el A ANIhe 0L ARG Y Wi 1] LSRNl Y
avai |l abl e. For expression I n-Saccharomyces, the
pression plasmids, the termination sequences associated with
these genes are also ligated into the expression vector 3' of
the sequence desired to be expressed to provide polyadenyla-

tion of the mRNA and termination.

15 Other promoters, which have the additional advantage of tran-
scription controlled by growth conditions are the promoter re-
gion for alcohol dehydrogenase 2, isocytochrome C, acid phos-
phatase, degradative enzymes associated with nitrogen metabo-
lism, and the aforementioned glyceraldehyde-3-phosphate dehy-

20 drogenase, and enzymes responsible for maltose and galactose
utilization. Any plasmid vector containing a yeast-compatible
promoter, origin of replication and termination sequences is

suitable.

In addition to microorganisms, cultures of cells derived from
25 multicellular organisms may also be used as hosts. In princi-
ple, any such cell culture is workable, whether from verte-
brate or invertebrate culture. However, interest has been
greatest in vertebrate cells, and propagation of vertebrate in
culture (tissue culture) has become a routine procedure in re-

30 cent years (Tissue Culture, 1973). Examples of such useful
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plasm d YRp7, for exanple, is comonly used (Stinchconb et 25 al., 1979;
Kingsman et al., 1979; Tschenper et al., 1980). This plasm d al ready

cont ai ns wbasisnhs gene which provides a sel ection narker PCarDK02/00t6ant
strain of yeast lacking the ability to grow in tryptophan for exanple ATCC
No. 44076 or PEP4-1 (Jones, 1977). The presence of the trpl lesion as a 30
characteristic of the yeast host cell géﬁome then provides an SUBSTI TUTE
SHEET (RULE 26) WD 03/042244 PCT/ DK02/ 00764 66 effective environnent for

detecting transfarmation b rowh in the absence of tryptophan. Suitable
pr onot i nglosgétqtfeer%g]eg%ir}?%ead)s/? q(ﬁg%q A iudeE iy rivineds hangpr ovary
3- phosphoginmerahia kinase (did ameds etpid, .cdDBP)2 985, 5,04H6FHL ycol ytic

enzynes (Hess et al., 1968; Holl and et al ., 1978), such as enol ase,
gl ycer al deiigdiaedshosihat @e dehydramnegegisslel v lassakl alabe, apycomalete ex-

decar box : hcgggno ct.o- kinas | ucose-6-phosp i soner ase,

3- phosph gIIae %%&rog}e rru-efr[{:éz;séex,oombylr'ua\all'a"tEP erc%ienlansZs?cjﬁr?%esse’pm(ﬁ%aﬁ%s?%%érase,
phosphbglrarkvasgs eldrsiatet aser Eewh @l uCakimasend | fe&ONBAFUCtbdish Ui dadl e ex-
pression _plasmds, the term nation sequences associated with these genes

are al so"iGatEd i ftidShe Bk s AP AEctBivaRtiom, 13e swpeiteldestesd to
be expressad-dp JU1aviide, ol yadenyd & ddon loifan *“5%_ t,gg@géoi?%?)feerf'}]oﬂ\a&' Q- 15

Q her pronoters, which have the additional va ran- scription
control | édagergr & Basoriti 13 ,ors/ G €K Hixr quriomydrer Tree Nptdvef andd cohol
dehydr ogenase 2, isocytochrome C, acid phos- phatase, degradative enzynes
associated with nitrogen netabo- |lism and the aforenentioned

gl ycer al deByEES3-Pphossiares dety 200 rasgelria s digrad ez yimesl uds poinsins e f or

mal t osg and gal.actose ..yt | i zati df%y | asm d vect or cont.ai ni.n

yeast - corrpatsigjblyz pr orJr:DJtLgelr , %fifgeloér}ho r]Crlep i cath'ont Ogcnedr tjeorcfﬁ%ea(fijdﬂ %a‘?qrh%nces

IS of the gene to be expressed, along with any necessary ribosome
binding sites, RNA splice sites, polyadenylation site, and

transcriptional terminator sequences.

For use in mammalian cells, the control functions on the ex-
15 pression vectors are often provided by viral material. For ex-
ample, commonly used promoters are derived from polyoma, Ade-
novirus 2, and most frequently Simian Virus 40 (SV40) or cy-
tomegalovirus (CMV). The early and late promoters of SV40 vi-
rus are particularly useful because both are obtained easily
20 from the virus as a fragment which also contains the SV40 vi-
ral origin of replication (Fiers et al., 1978). Smaller or
larger SV40 fragments may also be used, provided there is in-
cluded the approximately 250 bp sequence extending from the
HindIII site toward the BglI site located in the viral origin
25 of replication. Further, it is also possible, and often desir-
able, to utilize promoter or control sequences normally asso-
ciated with the desired gene sequence, provided such control

sequences are compatible with the host cell systems.

An origin of replication may be provided either by construc-

30 tion of the vector to include an exogenous origin, such as may
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suitable. In addition to m croorganisnms, cultures of cells derived from 25
mul ticellular organisns nay al so be used as hosts. In princi- ple, any such
cel | cul twoasios22wor kabl e, whether fromverte- brate or i npeTiDaEIRALE4
culture. However, interest has been greatest in vertebrate cells, and
propagation of vertebrate in culture (tissue culture) has becone a routine
procedure in re 30 cent years (Tissue | ture, 1973). Exanples of such
useful SUBSTI TUTE SHEET (RULE 26) WD 03/042244 PCT/ DK0O2/ 00764 67 host

cell lines are VERO and Hela cells, Chinese hanster_ qvar (%éoﬁ) cel l

(i nes,  &nd OpE3g e cBAKOTCEY 4P 233, 0tYs6adptana (gt FHdA CarP el s

(comer Gicg) | vRuaId AblE 3% GATRLCIR B BILSSAN SIS U didBriala.rd Ot ei n
r

Sci ences, 10 esear c way, Meriden, CT 06450, U S. A and from

| nvi t r ogan)catdncth mdR@Erciedd. [Thdahe lvedtve preseritednatad iigto dhedmsdi al |y
pre- ferred cell line the insect cell |ine S2 ai.l ahle fromlnvi- trogen,
PO Box £f13, GHPAEIRSorf Z]r‘?cttﬁ'l% lﬁetorf‘gtrqrhrgdjsf.af/ﬁperngs'si on vectors forg
such cells ordinarily include (if ne- 10 cessary) an origin of replication,
a pronoter located in front of the gene to be expressed, along with any
necessary ribosonme binding sites, RNA splice sites, polyadenylation site,
and br &3¢t ilonal term nator sequences. For use in manmalian cells, the

control functions on the ex- 15 pression vectors are often provided by
viral materjal. For ex- anple, K comon] d pronoter re derived from
pol yona, Do rofvit ysem, t ﬁe%gcfp&?ré%%ﬁéﬁ@y I%?I?‘r‘i’%%rvffl‘%sc%?% or cy-
tonegal ovirus (CW). The early and |ate pronoters of SV40 vi- rus are

particularly useful becaus o% are obt ai ned, i Z%g romdhe virus as a
f r agmentIwhi'ch 3t saon@orﬁaa:?%]sf? g“%%ogﬁrﬁlﬁé“{l’aﬁl%mil%o replication (Fiers
et al., AN .t ALroPrthe monomers are located closely in the mole-
cule. This opens for the possibility of linking the two mono-
10 mers into a single monomer, closely resembling the wild-type

dimer quarternary structure.

We have approached this using either the p2/P30 epitopes as
linker or by inserting a di-glycine linker as described previ-

ously in Li et al. 1997, PNAS USA 94(13): 6694-9.

15 The native hIL5 encoding DNA molecule used in all the research
work was purchased from R&D systems (BBG1l6). This DNA sequence
did not include the hIL5 leader sequence; hence was added a
synthetic DNA sequence encoding the natural hIL5 leader pep-
tide. The sequences encoding the P2 and P30 T cell epitopes

20 are derived from tetanus toxoid. These sequences were inserted
into the native sequence of the gene thus providing the immu-
nogenic variants of IL5. The insertions are made preserving

the reading frame in the IL5 gene.

The cloning strategy for making the variants is based on elon-
25 gation of primers or DNA fragments with sequence overlap.
First, two sets of primers with complementary 5’ ends making

up the insertion are elongated in two separate PCR reactions
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| arger SV40 fragnents may al so be used, provided there is in- cluded the
approxi mately 250 bp sequence extending fromthe HndlIl site toward the
Bgll sitewbasatredsin the viral origin 25 of replication. PamTtie/0iet is
al so possible, and often desir- able, to utilize pronoter or control
sequences nornally asso- ciated with the, desired gene sequence, provided
such control sequences are conpatible With the host cell systens. An
origin of replication may be provided either by construc- 30 tion of the

t tQ . rigi.n, h_a UBSTI. TUTE SHEET ( RULE
26) Vo 03T AR SR BTGy R o 15e o B At AT eV M
(e.g., PobyopaimddenTherda¥iteBPVEhesemwdelomay dedhydhe hestenge |

chronmosonul, re- plication mechanism |If the vector is integrated into the
host cel'PLERr BAEESHE NI e AHLEOL BRViEs COMPFISHIRILY it erslsEXAVPLENT Desi gn

of 4 newhba@e@phhap%leﬁés%%%)t%DE%%&EdELgh%PQ§$%H%&% R S 3N o oo
anti-parallel hono-dimer, in which the termni an ter m nic Of t he
nmonone? s care PCBcatédadllyselthei frokeembl 65 ewipd i fikids usdens ther fil@king

possi bi | | f._linpking the t mono, 10 ner,s into a.single nononer, closely
resenblih%XP%ésmﬁ Q?F%pénng raﬁﬁaF%§Pn9ﬁ9e§FF@cﬁﬁF@; W RRPE OREEAGEChed
this usi Bgdehubeeatshe,p25238 epkt 9RES 08S anld KGR ' 2B 11RSRAENG 2

di -glycine |linker as described previ- ously in Li et al. 1997, PNAS USA
94(13): 6692ted t99thBegat ThéshPEocedese 1§ BNaoWsIfdcaltéonsed itheal | t he

resear chw : e » R&D t BBGL6) .., Thi equence

G d not | RBTudS PR LS T oadr NSsaon Er RANES TS kided BY BSRCAG: F DNA
sequehteaéncd@BAgatteonatlinad hhlButreader ppepochilée inThe1se9uarces oancodi ng
the P2 and P30 T cglb g?igog%s 20 are derived fromtetanus toxoid. These
sequencegymépg‘iﬁs rfe Ihtroduction of a point mutation by sequen-

tial PCR steps” by Ausabel et al.

Standard molecular biological techniques and DNA manipulations
such as restriction enzyme digests, argarose gel electrophore-
15 sis, growth and storage of the E. coli cells were performed
using standard molecular biological techniques described in
the laboratory manual Sambrook, J., Fritsch, E.F. & Maniatis,

T. 1989 and using the M&E standard protocols

EXAMPLE 2
20 hIL5.34 and hIL5.35

In order to have the T-cell epitopes internally in the mole-
cule, P2 and P30 are inserted head to tail as a linker between
the two IL5 monomers thereby giving rise to two constructs
hIL5-P30-P2-hIL5 (hIL5.34, mature peptide in SEQ ID NOs: 5 and
25 6) and hIL5-P2-P30-hIL5 (hIL5.35, mature peptide in SEQ ID
NOs: 7 and 8) — both DNA constructs encode the natural IL5
leader sequence, resulting in a mature expression product of
266 amino acids. The translation products resulting from these

designs are intended to fold dnto a “monomeric IL5 dimer”,
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into the native sequence of the gene thus providing the i nmu- nogenic
variants of |IL5. The insertions are made preserving the reading frane in
the | L5 gwoaes/odized cl oni ng strategy for naking the vari ant CrOKIa®eT4on

el on- 25 gation of prinmers or DNA fragnents with sequence overlap. First,
two sets of priners with conplenentary 5 ends nmeking up the insertion are
el ongated in two separate PCR reacti on50 SUBSTI TUTE SHEET (RULE 26) WO

03/ 042244 PCT/ DKO2/ 00764 69 using the wt 1L5 DNA nol ecul e as tenplate and
a flanking vec- tor primer. Thereafter, these twy doubl e strand

fragmentise. whiohomeEscdmagRFuars &hidy 8asoRpIteFeirary SHTUGTYES %?@tan-

neal ed and el ongat i_.nc | . _ an-,
Final | yyetrp{em%lrc% rggeﬁnglegnlﬁﬁggicrgg@%w 48 rhS8dn 1N & 18RG rANsk

agment 1S i using the flanking prinmers. These
i nsertsdamertikenigdi.gested with the appropriate endonucl eases, as is the
vector and vector and inserts are ligated together. This procedure is a

nodi fication of the "splice by overlap extension" procedure described by
Horton et 10 al. 1989 and outlined in Current protocols in nolecular biolo-

ay (pp. i&ampfO)3 "I ntroduction of a point nmutation by sequen- tial PCR
steps" by Ausabel et al. Standard nol ecul ar biol ogical techniques and DNA
mani pul ati ons such as restriction enzyne di gests, argarose gel

el ect pophare-36l% $ig.5.9oWw h and storage of the E. coli cells were
performed using standard nol ecul ar biol ogical techniques described in the
| abor at ory manual Sanbrook, J., Fritsch, EF. & Maniatis,  T. 1989 and

usi ng t e SBE cat armea e eprictuse of us ESANRLUE gergr dlian 34 ahdPHISIBR YN or der

{onave 19 Sohbarll SO i B o o W o R Al B2

linker by J. Li et al., similar, but immunogenic, construct
with the addition of T-cell epitopes were designed. The vari-

10 ant hIL5.36 thus has the structure of the mature peptide in
SEQ ID NOs: 9 and 10 and variant hIL5.37 has the structure of
the mature peptide in SEQ ID NOs: 11 and 12. Both these con-
structs encode a natural IL5 leader sequence followed by the
first 4 amino acids in IL5 that in turn is followed by the

15 first inserted epitope - the other epitope is positioned in

the C-terminus.

There are 2 main reasons that the N-terminal epitope is not
positioned N-terminally to the complete IL5 sequence in these
two constructs instead of aiming at preserving the hILS se-

20 quence. By using the natural hIL5 leader peptide together with
the N-terminus of hIL5 we ensure that the leader peptide is
cleaved off correctly. And, since the N-terminus in IL5 con-
stitutes a flexible region, it is not of significance for
preservation of 3-dimensional structure of the resulting con-

25 struct.

The translation products resulting from these designs are seem
to fold into a “monomeric IL5 dimer” as described in Example

2.
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the two IL5 nonomers thereby giving rise to two constructs

hl L5- P30- P2- hl L5 (hlL5.34, mature peptide in SEQID Nos: 5 and 25 6) and

hl L5- P2- R30-ohjolBa44 h1 L5. 35, mature peptide in SEQ ID NOs: PCTAKI2BY764 bot h
DNA constructs encode the natural IL5 |eader sequence, resulting in a
mat ur e expressi on product of 266 aninﬁ acids. The translation products
resulting fromthese designs are inte &ed to fold into a "nononeric IL5

di mer", SUBSTI TUTE SHEET (RULE 26) WD 03/042244 PCT/ DK02/00764 70 i.e. a
nnnoner|3%$§q§9 |l e that has a tertiary structure that very nuch resenbles
t he co i mensi onal structure of dineric IL5. EXAMPLE 3 5 hlL5.36 &
hl L5. 37 Based on t he previous successful generation of a biologically

active mmc" by insertion of a di-glycine- |inker by J.
Li et aﬁpgyggs %%y%ﬁinnunogenic, construct wth the addition of T-cell

epi topes were de5|gned The vari 10 ant hlIL5.36 thus has the structure of

the matune RERLIAQdILr 1R '}Rm 115 ek 1! J&k%}d Wafd el L3t hids the

structure of the mature peptide in SEQ 11 and 12. Both these con-
structsJeﬂmodwhiupﬁauwHCﬁd££Ae&dgiﬁnxnﬂﬂnﬁiﬁwﬂﬂxmmxiQNAtV&?CﬁH&EﬂOM-anlno

acids_in 115 that r s fol the 15 first,inserted,epitppe -
the of hé"%pi%S Sﬁ’énki L%let}fpdﬁeesdsjlcﬁl 1trhely ef?rﬁ r{[fjasmmal]h%re ar ed%' COPP
reasons‘gggﬁstdy;ﬂ&tgﬁaﬂdgﬂd(ﬂgﬁﬂung|ghrune $ositioned N—ternlnally to the
conplete IL5 sequence in these two constructs instead of ainming at

preserving the hlL5 se 20 quence. By using the natural hlIL5 | eader peptide
t oget herEagddialiihg Nestiergr stiesnd rdl d:bp wees sinsurey thats tdred | eadercpleptide i s
cl eaved Cogsf cceolrlrseCt Iryansp.}Lnednt Selxngfegshleo '\f t er 1nrl11382| rclsell SS,C(?LDC- was found
that the expression levels were even better than those obtai-
10 ned with constructs encoding IL5 wildtype protein and the ex-
pression levels also exceeded those obtained when expressing

the hIL5 variants disclosed in WO 00/65058.

EXAMPLE 5
Induction of anti-IL5 cross-reactive antibodies

15 The presently disclosed analogues of human IL5 where used in
standard immunization protocols of mice. In brief, mice were
immunized with the above-described variants from examples 2
and 3. The murine anti hIL5 antibodies were isolated via immu-
noaffinity chromatography and their anti-hIL5 activity was

20 compared to that of murine antibodies raised against wild-type
hIL5. The results indicated that the antibodies were higher
titered and also of higher affinity than antibodies against

the analogues taugth in WO 00/65058.

Preliminary results also indicate that the multimer mimics ac-
25 cording to the present invention have preserved at least some

of the IL5 specific activity.
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stitutes a flexible region, it is not of significance for preservation of
3-di nensional structure of the resulting con- 25 struct. The translation
products wesalotizag from these designs are seem to fold i RCE/DKO200TE@NMES | C
I L5 dinmer" as described in Exanple 2. SUBSTI TUTE SHEET (RULE 26) WO

03/ 042244 PCT/ DKO2/ 00764 71 EXAMPLE 4, Expression |evels The above
descri bed human | L5 anal ogues have been“inserted into multiple vectors,
used for construction, DNA vaccination 5 and, reconbinant expression in
insect-, mammlian- or E. coli cells using standard nethods in the art.
Especiaﬁ%@ﬁﬁﬁg ﬁg standard expression systens and protocols in COS cells
(transient expression) and in S2 cells, it was found that the expression
| evel s were even better than thpse obtai 10 ned with constructs encodi ng

I L5 wi | REARRESIGR wladd fhe’&xtahression | evel s al so exceeded those
obt ai ned when expressing the hlIL5 variants disclosed in WO 00/ 65058.

EXAMPLE 5 | i, i-1L5 ) : . . 1 ' |
di scl oséd S AShAAEL Dg\{]% %\heqq_%c‘{lﬂzlﬁ\lﬁmt : VSﬁE&g%n a§r 3136) 2y gsently

e used I'mmuni zat 1 0On

pr ot ocol,s, Of, i £ &y dd RIAE] ¥ ¢ uiBSifer | JBAb &0k d t (BRer mbave-descri bed
variants fromexanples 2 and 3. The nurine ‘anti hlL5 antibodi es were

i sol abedvad aldInmerawad i i tigathromaoethaphyt sew Bied echmn -Gk ddig vity
was 20 conpared to that of nurine antibodies rajsed gg i nst mﬁld-I%@e

hi L5. TH3A esgfusndiicdtienl hean (e Eht YD PR et &7 hi Jher*P19i2r€d and

al so_of N gherc2fIidyrdiiap ANHROE SRS pabm AR RPUsE Tl 10 WO
éf all codons with a frequency in E. coli of less than 10%.
Further, the sequence was designed to include a 5" Ncol re-

10 striction site for subsequent cloning steps.

The SMTNFWT3 ligation product was introduced into the pCR 4
TOPO Blunt vector and E. coli DH10B cells were transformed.
Plasmid DNA from 10 of the resulting SMTNEFWT3TOPO clones was
purified and five clones containing the expected fragment

15 (when analysed by Restriction Enzyme (RE) digest) were se-

lected.

The NcoI/EcoRI DNA fragments from the five potentially correct
SMTNFWT3TOPO clones were isolated and transferred to the
pET28b (+) vector and sequence determined. Insertions, dele-

20 tions or substitutions were identified in four clones whereas
one clone appeared to be correct. The correct construct -

SMTNFWT3pET28 was subsequently used as template for the gene-

ration of all single TNFa variants.
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Prelimnary results also indicate that the multinmer mmcs ac- 25 cording
to the present invention have preserved at |east sone of the IL5 specific
activity.wBUBSIR24UTE SHEET (RULE 26) WO 03/ 042244 PCT/ DKO2Camign/00762
EXAMPLE 6 Preparation of TNFa variants A synthetic DNA sequence "SMINFW3"
(SEQ ID NO 16) encoding the wld type human TNFa nmononer pol ypepti de ( SEQ
ID NO 17) 5 was delivered as a ligation product from Entel echon GrbH The
DNA sequence of the hunman hTNFa was optim sed for expression in E. col
accor di ng 4 @pihe; Codon Usage Database by exclusion of all codons with a
frequency in E coli of less than 10% Further, the sequence was desi gned
to include a 5 Ncol re 10 striction site for subsequent cloning steps. The

SMINFWI37ligat L9Rs preduct ,was i ntroduced into the, pCR 4 TOPO Bl unt vector
and E. coli DH10B cells were transfornmed. Plasmd DNA from 10 of the

resul ting SMINFWI3TOPO cl ones was purified and five clones containing the

expect edrié aghemt 451 {obenamiab ysedd bycfgsheb cison EHzNOE: (REInMi 9g5t) were
se- |lected. The Ncol/EcoRl DNA fragnents fromthe five potentially correct
SMINFWI 3TEP@ I gmeLY WweF @V e 59% o e ahdt e Ant e? r At seghencpETSBB( P vect or

and sefugace ot grelpedoal BeeriA0nssc g5l oy 20ct ang orssubal iyt ong vere

identified in fo ones one clone appear éd The

correct rconsttagtin BMHNIISPEMZBLWes SoBsearent|y used as tenplate for the
gene- ration of all single TNFa variants. SUBSTI TUTE SHEET (RULE 26) WO

03/ 042244 PCT/ DKO2/ 00764 73
The resulting construct (a DNA sequence encoding SEQ ID NO:

18) was placed in the pET28b+ vector to generate TNF34-
PET28b+.

10 EXAMPLE 8

Monomerized trimer construction

The monomerized trimer constructs are based on 3 TNFa encoding
regions, separated by either a tri-glycine linker and/or an

epitope encoding region.

15 The TNF-a gene was synthesized as three separate entities. The
three fragments were assembled by SOE PCR, and the assembled
gene (SEQ ID NO: 21) was cloned into pCR2.1-TOPO. After se-
quence verification, a correct clone was isolated. The hTNET 0
gene (SEQ ID NO: 21 encoding TNFo-GlyGlyGly-TNFa-GlyGlyGly-—

20 TINFo, SEQ ID NO: 22, i.e. 3 copies of SEQ ID NO: 17 separated
by two tri-glycine linkers) was then transferred to pET28b+ to
generate hTNFT_0-pET28b+. A correct clone was isolated, se-
quence verified and transformed into E. coli lines BL21-STAR,

BL21-GOLD and HMS174.
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EXAMPLE 7 TNF34 construction The PanDR epitope am no acid sequence (SEQ ID
NGs: 7 and 20) was nmanually "reverse-translated” to a DNA sequence (SEQ ID
5 NO 19)womtiom2ged for expression in E. coli, see bel ow, pamdbKonoemated in
| oop 3 of TNFa by SCE PCR The resulting construct (a DNA sequence encodi ng
SEQ ID NO 18) was placed in the pETﬁi‘er vector to generate TNF34-

pET28b+. 10 EXAMPLE 8 Mononerized tri construction The nononeri zed
trimer constructs are based on 3 TNFa encoding regions, separated by

i th tri-gly i nk di
TNE o QBRUFIS -LERRREE 364 42 SrhSe eaPIRkED entrriee teriae ERAdPHHE ot s
wer e asggbl ﬁengxle:?@%eac%m%@ the ;assenbhetirrgane WrSEQ 1) NONFL3 was

cloned into pCR2 OPO. After se- quence verification, a correct cl one was
i sol at edndTh@NﬁTleIT @EQgé@eN@gEQ4|9D G, 27 eRd@edid¥] Py SOE PCR.

TNF(x- A_yd yd y- TNFa- G y, TF QD 3 .GORj8s of SEQ
| D NO f};‘rgéﬁﬁr é(taé(}a“gy S\I/%2 £ yg ecﬁ%nl?erg{ggwas thensa_tmrlar?sferaﬁzd to
pET28b+ to generate hTNFT 0- pET28b+ A correct clone was isolated, se-

guenc if t Blgl- GOLD
and e T Tl BT PorEeT TTRLCE 26 v 03 6h3oaq T 0D 00 nes 74

hTNFT Ot@EBaabtpAMpﬁae(P?aartcbrﬁﬂ(ht SRD Igen¥r=t & tavel fol Imnﬁftlﬂtﬁﬂry
nonomner i zed tri rrer v iants 1, hTNFT 2 hTNFE EQ ID
NOs: 49thgt nspd )asbqs?“?g‘:e% EAO AT vé:rsﬁééﬁtPc?gE&-%FM can
be lmage ad Rrad1Sin# I@tm@y pEpHITNEEQL T TNRT 2 anthdyiNGERS e bmrasesm-
i ncludi ng tetanus

éied by a single round of SOE PCR. A further variant (SEQ ID

10 NO: 55) can be made in a similar way.

hTNFT 4 was constructed by the above mentioned methods, and a
correct clone of hTINET 4-pET28b+ was found in TOP 10 cells and
the construct was transferred to BL21-STAR and HMS174 cells.

To generate hTNFT 1, hTNFT 2 and hTNFT_3 the epitopes were in-
15 serted by SOE PCR in very small fragments of the trimer, which
were inserted into hTNFT 0-pET28b+ by RE cutting and ligation.

EXAMPLE 9
Stabilising TNF34 mutants

To further stabilise the TNF34-pET28b+ variant described
20 above, variants containing the introduction of an extra disul-
fide bridge as well as a deletion mutant were constructed. 3

different variants were constructed:

TNF34-A-pET28b+ contains the substitutions Q67C and AlllC,
TNF34-B-pET28b+ contains A96C and I118C, and TNF34-C-pET28b+

25 that contains a deletion of the 8 most N-terminal amino acids
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toxoi d epitopes P2 and P30 (SEQ ID NGs: 3 and 5, respectively) that need
to be assenbled by two rounds of SCE PCR. hTNFT_4 is a variant wwth a
PADRE ( SBRoloBoM®44 7) i nsert and can be assem bled by a sipagipxkmoorsd of SOE
FOR A further variant (SEQ ID 10 NO 55) can be made in a simlar way.
hTNFT 4 was constructed by the above nentioned nethods, and a correct

cl one of hTNFT 4-pET28b+ was found in7OP 10 cells and the construct was
transferred to BL21- STAR and HVS174 cells. To generate hTNFT_1, hTNFT_2
and hTNFT_3 the epitopes were in 15 serted by SCE,PCR in very snal
fragmentsthe améonei aeid WRABRNCREr €5 K58 @éﬁrﬁﬁF&oﬁTHﬁ?%PﬁéT§§8+58§ RE

cutting_.and, |igatign MPLE 95t abilyi shng TNF34 mutants To further
stabiliggrgﬁel NE&Q-%ETE?%# ?E(ianf %escribed 20 above, variants contai ni ng

the introduction of an extra disul- fide bridge as well as a del etion

Mt ant )&’?Ee capstrycted. 3 radifhlier erti ngasoaN e RIE R CC GRslr Wlbadd in
TNF34- A-p T%8b+ contains the substitutions 7C and A111C, TNF34-B-pET28b+
cont ai NnBLAY6CSTARY BL2SEGOAMR aTNF3MSE YT g8 ovwesl yasedumtseny et 1ddieti on
of the 8 mpst N-term nal am no acids SUBSTI TUTE SHEET (RULE 26) WO

03/ 0422%3PEFF DK02/ 00764 75 - the amiono acid sequences of the expression
products are set forth in SEQ ID NGs: 20, 30, and 31. Al 3 constructs
were made using SOE PCR, and were cloned in BL21-STAR, BL21-GOLD and
HVS174, foll owed by sequence verifi- 5 cation. EXAMPLE 10 Fl exi bl e | oop
vari ant 8XPMP&FEddO to find a variant that night exhibit inproved charac-
teristics conpared to the TNF34-pET28b+ variant, constructs

Flexible loop variants

In order to find a variant that might exhibit improved charac-
teristics compared to the TNF34-pET28b+ variant, constructs

10 were made where the PADRE insert (SEQ ID NO: 7) is moved

around in flexible loop 3 of the TNF-o molecule.

All of these: TNF35-pET28b+, TNEF36-pET28b+, TNF37-pET28b+,
TNF38-pET28b+, TNF39-pET28b+, and a variant with PADRE placed
in the C terminus of the molecule; TNFC2-pET28b+, were made

15 with SOE PCR technique and were cloned in BL21-STAR, BLZ21-GOLD
and HMS174, followed by sequence verification. The amino acid
sequences of the expression products are set forth in SEQ ID

NOs: 23, 24, 24, 26, 27 and 28.

To also evaluate the possibility of using insect cells as ex-
20 pression system, TNFWT, TNF34, TNF35, TNF36, TNF37, TNEF38,
TNF39 and TNFC2 were transferred into the p2Zop2f vector (cf.

Fig. 1), and expressed in S2 insect cells.
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10 were nmade where the PADRE insert (SEQ ID NO 7) is noved around in
flexible loop 3 of the TNF-a nol ecule. Al of these: TNF35-pET28b+,

TNF36- pET®B3/042BNF37- pET28b+, TNF38- pET28b+, TNF39- pET28Ilr€I/macd/0aroear i ant
with PADRE placed in the Cterm nus of the nol ecul e; TNFC2- pET28b+, were
made 15 with SCE PCR techni que and were.¢cloned in BL21-STAR, BL21-GOLD and
HVB174, followed by sequence verificati% . The am no acid sequences of the
expression products are set forth in SEQID NGOs: 23, 24, 24, 26, 27 and
28. To a%§%M%$%Ig$te the possibility of using insect cells as ex- 20
pression system “TNFW, TNF34, TNF35, TNF36, TNF37, TNF38, TNF39 and TNFC2
were transferred into the p2Zop2f vector (cf. Fig. 1), and expressed in S2
insect celdper SUBSH TMMEE SHEET (RULE 26) WO 03/042244 PCT/ DKO2/ 00764 76
EXAMPLE 11 Ot her constructs A |l arge nunber of further TNFa vari ants have
been prepared, all ternmed TNFX, cf. above. The DNA encodi ng these variants

5 has being jrBde by _CE choned directly,into, pET28b+. The correct
TNFX cIonesa%gvenbeen tF§§§P5?§%§ into g%ff%%%ﬁéhagﬁah%ﬁ@iﬁiegﬁﬁ?d’
subsequenillly teeqeenadFXer icffi.edbol¥AVRPLE DRA Reidopliagich sePrasSiaen s10 The

LTB | g d$r SE uence Bas been _added directly upstreamof SEQID NO 16 in
TNF34-%E 38h2C1RY PEFAGebYt REEekRes §6h clenedhdigeatdvadmite SEIE8b+EXAMPLE
13 Mammalian expression 15 To test for expression in mammalian cells, SEQ
LoO Tenando L 0R DMeRneqdiag TNG34have Begn L ans! §hied i, e, phP

and HMS174, and subsequently sequence verified.
EXAMPLE 12

Periplasmic expression

10 The LTB leader sequence has been added directly upstream of
SEQ ID NO: 16 in TNF34-pET28b+, to target the expression to

the periplasmic space.
EXAMPLE 13

Mammalian expression

15 To test for expression in mammalian cells, SEQ ID NO: 16 and
the DNA encoding TNF34 have been transferred to the PHP1 vec-
tor, which is a variant of the commercially available pCI vec-
tor (Promega Corporation). pHPl includes a kanamycin resis-

tance gene as marker instead of the AmpR gene of pCI.
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tor, which is a variant of the comercially available pCl vec- tor (Pronega
Corporation). pHP1l includes a kananycin resis- tance gene as nmarker instead
of the AnwBoges=4of pCl. SUBSTI TUTE SHEET (RULE 26) WO 03/pQ4aud1/00764

PCT/ DKO2/ 00764 77 EXAMPLE 14 Co-expression of G oEL and G oES The
expression of the E. coli chaperone cogglex, G oEL/ES, has previously been
reported to increase the expression of ‘'soluble 5 TNFa nutants (Jeong, Wet
al 1997, Biotechnology letters, vol 19, no 6 pp579-582). To test if the
coexpression of Q%oEL/ES could inmprove the expression of the TNFa variants
as her ei it PMdertbed, a plasm d containing the G oEL/ES operon fromE.

coli under control of its natural pronoter has been used. This 10 plasm d

has been_.co-transforned._.into HVS174 .t ther with ei- ther DNA encodi ng
ok NP, R BT TR 07 COURFE TrAngrors

ansformants were sel ect ed by plating out
on plates containing both Kananmy- cin and Carbecillin, which are the two

' &l evantysel 8601 AN B KoF Sen Dopbl 8o § gﬁ%@ﬁ@ﬁ Sc¥Rb Bk NeB beEMES T i gEsby RE

15 anal ysi's t est r the presence asmds in the sane clone.
In a pilpteekpeslyenen ceé¢psrined et gr ownrais87€he 0eXIP6OHsiOn 6oL - doiavblewed
by a 30 mn heatshock at 42C. A control fraction of_the cells were not
heat sFocKE maeRpFs €CEEPRIneY ecBi #ht £8920 BietapelnpheeyLBehesr 8 cBAtai ni ng

1 M | PTG and, 9%%@%%@%2%;5?0 J0g. ookl enuee hgryest 6 8RIGHOEN B

super natants an re anal ysed expr essi on. nassi e

st ai ni Ng-W@Ba PEfpr &L NElle t Oxg¥abHabe &het k¥ O &Svexprassi 88. hdbeln this
experinent, no inprovenent by addition of chaperones was observed. This is
mai nly beéesestoer, obtplasaldosentddying the GroEL/ES operon from E.

coli under control of its natural promoter has been used. This

10 plasmid has been co-transformed into HMS174 together with ei-

ther DNA encoding wtTNFa, TNF34 or TNF37. Double transformants
were selected by plating out on plates containing both Kanamy-
cin and Carbecillin, which are the two relevant selection
markers. Double transformants were then identified by RE

15 analysis to test for the presence of both plasmids in the same

clone.

In a pilot experiment, cells were grown at 37°C to OD600= 0.6
-1 followed by a 30 min heatshock at 42°C. A control fraction
of the cells were not heatshocked, and all cells were diluted

20 5 times into LB media containing 1 mM IPTG and grown ON at
25°C.

The cells were harvested and both supernatants and lysates

were analysed for TNFa expression. Commassie staining was per-

formed to evaluate the GroEL/ES expression.

25 In this experiment, no improvement by addition of chaperones
was observed. This is mainly because we obtain almost 100%
soluble material in this experiment, event in the absence of

chaperones. We will however check the improvement on other
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soluble material in this experinment, event in the absence of chaperones.
W will however check the inprovenent on other SUBSTI TUTE SHEET (RULE 26)
WO 03/ 0428043RQRADK02/ 00764 78 variants of the inventi onPCi/iKkwesaersappear
to be Il ess soluble variants. EXAMPLE 15 E. coli expression 5 Expression of
sol uble TNFa variants in three di fferenl’7 E. coli strains has been tested
in laboratory fernmentors as well as in %hake flasks. The fernentation

equi pnent used was the Infors fernentor systemw th 1L working vol une. The

three E |.i trad t re:. 174, BL21 STAR.and BL21 . The ne
10 dium tY%g:&a E)Cfs to%le[@eer %ﬁ’teea t%rrlls lvfl\ljs % e fihed i 1 r%ﬁ e ﬁrﬁ(ﬁﬁqﬁ

gl ucose a=artih@tsal e carbon source. One of the primary objectives was to
determ ne optinmum fernen- tation process paraneters (especially tenperature
and | PTG concentration) so as to optim se for expression of soluble 15
TNFa variants. Process Paraneters: Paranmeter Set point Range Action limt
pH 7.0 6gxampfED 1% 6.4 - > 7.6 Tenp. start 37 C36 - 38 C< 36 - > 38 C
Tenp. induction 25 C24 - 26 C< 24 - > 26 CD® tension 30 %0 - 100 % >
90 % for nore than 4 hours Stirrer 1000 RPM 1000 - 1500 It has been found
t hat one rFsuidcdhl exgokensidrs the following: The | PTG concentration is 0,5
nmvi and the tenperature at induc- 20 tion is lowred to 25 C. The total
fermentation tine is be tween 14 and 18 hours, including propagation,

i nduct 5 omxpie ssSIBSHETYER uBETNE R 2@t s in three different E. coli

strains has been tested in laboratory fermentors as well as in
shake flasks. The fermentation equipment used was the Infors
fermentor system with 1L working volume. The three E. coli
strains tested were: HMS174, BL21 STAR and BL21 GOLD. The me-
10 dium used for the fermentations was a defined minimal medium

with glucose as the sole carbon source.

One of the primary objectives was to determine optimum fermen-
tation process parameters (especially temperature and IPTG

concentration) so as to optimise for expression of soluble

15 TNFo variants.

Process Parameters:

Parameter Set point Range Action limit

pH 7.0 6.5 - 7.5 < 6.4 ->7.6

Temp. start 37 °C 36 - 38 °C < 36 - > 38 °C

Temp. induction 25 °C 24 - 26 °C <24 - > 26 °C

DO, tension 30 % 0 - 100 % > 90 % for more than 4 hours

Stirrer 1000 RPM 1000 - 1500 -

It has been found that one suitable scheme is the following:
The IPTG concentration is 0,5 mM and the temperature at induc-
20 tion is lowered to 25 °C. The total fermentation time is be-

tween 14 and 18 hours, including propagation, induction and
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7TWD 03/ 042244 PCT/ DKO2/ 00764 79 protein production. The total fermentation
ti me depends on the growth of the culture. OD600 start in the fernmentor is
typi - calwgpobeseen 0,1 - 0,3 (2-6 in the pre culture) aspcalpawzavmsd from
the OD in the inoculation culture. Induction of culture 5 is performed at
OD600 = 20 1-2 or nine to eleven hours after inoculation. Protein
production then takes place for three {8 five hours. Al ternatively:
Expression of TNF-a variant is acconplished by taking advantage of a | ow

tenperature culture to avoid intra- 10 cellul ar, precipitation of t
vari ant gradtedim Rre U iedt o o dids! é’%%tﬁt%cﬁb%&ﬁ‘% PIET I8 vdift ed oD

I's done P o & LAIMALA Uldh @ the Actyal e HOduGi et 4.0 v aiygbi-shocks”
to the th}eq“{.éh tg)yfsc angi ng the tenperature flr om the opti nmal grovvty%
t enper atagld  IeBwden thel [-ovier3 i it tirorthemes quitdl(950s B laistthg

this method it is believed that the onl 4 t ITs i
e act VHIOT rdife or by TP T S By GBS i W hs TeceaTy

provi ded; $i.gnifd.Gam | ¥ igmscyed 20iel s afr selnlie expressiomps odticis By
making a small over night culture and preparing the larger 1L LB nedias a
day in 2ncmivaiceon heb yerrkmtpniett e eriet FHh Yt VB-CHSUres  can

be acco J‘} Sr}ﬁdui n approxi mately 9 hours while the actual induction period
i s done et ?glfﬁ' (in 16-20 hours). Hence, a preferred nethod can be
described as follows: Expression of the TNFa variant is performed in 2x2 L

baf fl ed shake flasks 2 t aj ni ' ]
Todi 11 CAT BTt 1 M SBURE Har o TURba b6l T ¢ ot CeTe (Bt BhAR)

are  gr owk Alg 28640t e FA3H Dw Ocdmpétetumbi chltinee ced | svaid imtrauced
with 1 n1\/IIP'IgG and al |l owed to produce protein for 20 hours (still at 25C).
SUBSFWTUFEKBHEEH'E¥&E}?;&ﬁtlon of the variant protein to 1nclusion

bodies. Growth of the culture to the wanted OD is done at the
same temperature as the actual induction to avoid “shocks” to
the cells by changing the temperature from the optimal growth
temperature (37°C) to the lower induction temperature (25°C) .
15 By using this method it is believed that the only pressure im-
posed on the cells is the actual induction by IPTG - at any
rate, this method has recently provided significantly improved
yields of soluble expression product. By making a small over
night culture and preparing the larger 1L LB medias a day in
20 advance the generation of material in the large LB-cultures
can be accomplished in approximately 9 hours while the actual
induction period is done over night (in 16-20 hours). Hence, a

preferred method can be described as follows: Expression of

the TNFa variant is performed in 2x2 L baffled shake flasks
25 containing 1 L LB media, each with the only modification to

the above-mentioned method being that cells (BL21 STAR) are
grown at 25°C to an ODg3e of 0.7 after which the cells are in-

duced with 1 mM IPTG and allowed to produce protein for 20

hours (still at 25°C).
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WO 03/ 042244 PCT/ DKO2/ 00764 80 EXAMPLE 16 Sel ection assays A direct
receptor ELISA together with a polyclonal ELISA and a cytotoxicity assay
wi th KD 4wearwd/ov¥eld cells are used as first 5 |ine assays Pca/mareerssand
follow purification. Antibodies pro duced against TNFa variants are used to
inhibit wt TNFa binding in both the receptor and the cytotoxic assay, to
nmeasure the antibody quality. EXAMPLESB47 10 Purification Procedures In
this exanpl e, reconbi nant production and subsequent purifi- cation of one
of the TNFa variants (TNF37) is described in detail. However, the

puri fi c@XAYFLEr dedure is the preferred one according to the present
invention and will also be 15 applicable (with small adjustnments rel evant
for each variant) for other TNFa variants of the present invention. An E
coli str@iPHPE SFAIYANF37 col ony from a LB-kananycin plate (60 ny
kanamycin/L LB nmedia containing 1.5 % Agar) is resuspended in 5 m

LB- nedi 60 kanamyci_n/ and . v I 1 t, 37C
while s 1nrger%2§ 6156%% ﬁINI(LeS\;s\% @%euﬁe%l@haﬁgl%%nrﬁ( . (%Lwt%ﬁ ?I}:(ﬁlat ure

i s transferdies: it AxladsdyB Wifth mp-kanmd Muin/ddllin e bafdd eds shiake: f | asks
and the cells are allowed to growin a New Braunsw ck shaker at 220 RPMto
04365 QigenpEa/s T ST BRI Peehl PerB b Wed 3t Yhe Aéll}e]%daﬁr%ﬁ pro-

SUBSTI TUTE SHEET (RUL WO 03/,042244 PCT, V4 NEmeraipres 37C
and 25C AT R TP e Ol T B 2Rt TR Lot r Lach ‘Ul Loy o
in both the receptor and the cytotoxic assay, to measure the

antibody quality.

EXAMPLE 17
10 Purification Procedures

Tn this example, recombinant production and subsequent purifi-
cation of one of the TNFa variants (TNF37) is described in
detail. However, the purification procedure is the preferred
one according to the present invention and will also be

15 applicable (with small adjustments relevant for each variant)

for other TNFa variants of the present invention.

An E. coli strain BL21 STAR/TNF37 colony from a LB-kanamycin

plate (60 mg kanamycin/L LB media containing 1.5 % Agar) is

resuspended in 5 ml LB-media (60 mg kanamycin/L LB) and grown
20 over night (16 hours) at 37°C while shaking 220 RPM in a New

Braunswick shaker.

2x2 ml of this culture is transferred to 2x1 L LB (60 mg kana-
mycin/L) in 2L baffled shake flasks and the cells are allowed
to grow in a New Braunswick shaker at 220 RPM to ODg3e= 0.6-

25 0.8. This step has been performed at the exemplary
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1mM 1 MIPTGis added to each flask and the cells are allowed to grow for
16- 20 hours. Before induction, the tenperature is 5 adjusted to 25C if
this is nwDoalonrady the fernmentation tenperature. The celpica/magoe/obmrvest ed
in centrifuge tubes (500 mM) by cen- trifugation at 5000 RPM for 15 mn

usi ng an SLA-3000 head in a Sorvall centrifuge. 10 The cells are
transferred to one 500 m pre-weight c@ﬁ'trifuge tube using 0.9 % Nad and
harvest cells by centrifugation as before. The supernatant is discharged
and the tube is weighed to de- termne the cell weight (should be 7-11
grans). 16mpefabhrss AT NaeHPAUTY° GoH uty tthe stempkek{ute cedy sPbare re- sus-
pended they, shoul d.be used directly, otherwise it is possible to freeze).
Cel | di sPRPITORSI cERFr FRG aﬂl%ﬁ?rgnd filtration A mechanical disruption of
the cells offer several advantages 20 over enzymatic disruption in terns
of efficiency el papil Lt d.th (S t h e but.fech sary
in the f!cL)III[agw?-L I{dngtg e%% %Pdgﬁet%ugﬁgﬁcg%%%]ﬁ.gﬁlﬁegﬁév?%g%fi }ifsrgké%tlggggl du-
ri ng thetopegrawi borbycaddi hguree Baferet dntihetsanpl eheharbeerabefrer ésuse
and pas ice water through the machi ne between the 25 two passages of

sanpl & @dnusredghei 8R Gt filtts ats ororlser\eeady othenbeenemyabhei cl es or
aggregatgg fé?a soéuti on prior to chromatographic separation of the

prot ei ns- S TRe"el't “di srup- SUBSTI TUTE SHEET (RULE 26) WD 03/ 042244

PCT/ DKO2/ 00764 82 tion and HA-chronmat ography shoul d be done the sane day
as this TH&QB&:L?%”é%ZSaEOEs@BEaEE“EeHEQE%g@ fGhLY (¥08Smd)copsegyence  of
the separation fromthese in the chromatographic step. The procedure for
di sruptibnifogatiohugat bOAOaREMF fbtr &bi mani ssasg an SLA-3000 head in a

Sorvall centrifuge.

10 The cells are transferred to one 500 ml pre-weight centrifuge
tube using 0.9 % NaCl and harvest cells by centrifugation as

before.

The supernatant is discharged and the tube is weighed to de-

termine the cell weight (should be 7-11 grams).

15 200 ml 50 mM NazHPO,, pH = 7.0 is added (if cells are re-sus-
pended they should be used directly, otherwise it is possible

to freeze).

Cell disruption, centrifugation, and filtration

A mechanical disruption of the cells offer several advantages
20 over enzymatic disruption in terms of efficiency, reliability
and the ability to choose any buffer necessary in the follow-
ing steps of the purification. The APV-1000 is kept cool du-
ring the operation by adding ice water to the sample-chamber
before use and pas ice water through the machine between the
25 two passages of sample. Centrifugation and filtration serves
to remove any particles or aggregates from solution prior to

chromatographic separation of the proteins. The cell disrup-
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5 follows: The carefully re-suspended cell material is transferred from to
the cell-disrupter (APV-1000). The cell-suspension is care- full passed 2x
t hrough twe odiosn2upt er (cooling on ice after each passagepramdbKyasgioag i ce
wat er through the APV-1000 in be 10 tween the passages) using 700 bars of
backpressure (the solu- tion ought to be clear at this point). The
disrupted cells are transferred to a 5650 n centrifuge tube and the cells
are spun for 45 mn at 10000 RPMin a Sor- vall centrifuge using the
SLA- 3000 head. 15 The extract (approx 225 m) is ssed throough a ,0.22 m
fil ter.ti<Hyda@dyﬁ%a@hl—”@@?«m?géHPBM&?B@P%BW@H?HPSXggﬁats?f“g BRY- &8 “HTP cel
(B1 O RAD: (£Rt Al 00 ¥, 130n042Bha bR ApcbY8haL! LBeiLOER ab GabghumypBasanal e
havi ng IBr%ven I't- self as a unique tool in the separation of proteins such
as 20 nmppothensépanaihodi ésoantheskednpitbeeichsoophepwipbigostspalae bl e by
ot her net hods. However, in our experience the flaow, R rti e
mat er i aPraFedesfehAst d&isirPPgéPni'ncFH&fflgélﬁgg O h%P dal%fl ﬁ%\%atﬁllgﬁegfst Egn 2
m / md Fg%;@g%st_ he pressure to an un- acceptable high level. Also the
mat er1 al has col | apsed several 25 tinmes when attenpt has been nade to
regenerate with sodi um hy- droxide as reconmended by the manufacturer.
Buf f er staad cgokum 15t ek siiephudieide el 1+ mBit e IMING 2HRG4 e f2H2@d o= 7.0 (pH
ad- SUBSTI TUTE SHEET (RULE 26) WD 03/042244 PCT/ DKO2/ 00764 83g usted to 7
Wi th HCLp. tBef ferd-AiBrRde s r@RVailof ond Pér Co ok SPERFE! A° 56 M
Na2HPO4 H 5l f eh Bg; 24 20,1 pHaFte0 5 Col um
packed Fglgpéggﬁggagéﬁ 3}:%&8%%1 %he\?w%l%r%ﬁrégiiggati tegz )

each passage and passing ice water through the APV-1000 in be-

10 tween the passages) using 700 bars of backpressure (the solu-

tion ought to be clear at this point).

The disrupted cells are transferred to a 500 ml centrifuge
tube and the cells are spun for 45 min at 10000 RPM in a Sor-
vall centrifuge using the SLA-3000 head.

15 The extract (approx 225 ml) is passed through a 0.22 um filter.

Hydroxyapatite (HA) chromatography

Hydroxyapatite Bio-Gel HTP Gel (BIO-RAD; catalog # 130-0420)
is a crystalline form of calcium phosphate having proven it-
self as a unique tool in the separation of proteins such as

20 monoclonal antibodies and other proteins otherwise not separa-
ble by other methods. However, in our experience the flow
properties of the material are somewhat critical in that sense
that a flow higher than 2 ml/min raises the pressure to an un-
acceptable high level. Also the material has collapsed several

25 times when attempt has been made to regenerate with sodium hy-

droxide as recommended by the manufacturer.

Buffers and Column

Stock for buffer A + B: 1 M NayHPO4 x 2H,0, pH = 7.0 (pH ad-
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Bi 0- Gel HTP CGel (BIO RAD; catal og # 130-0420) using a sus- pension in
Buffer A and a XK 26/40 (Anmersham Bi osci ences) colum. Chronatography
Progr am 1WoRange4system 20 m at a flow of 30 m/mn. Eqecrinkeoviwse: 4 CV
of Buffer A at a flowof 2 M/mn Load sanple through punp (inlet F on the
Bi oCad) (approx 225+5-10 ml if the sangge in the tubing is needed) at a
flowof 2 M/mn. 15 Wash colum with 1°5 CV Buffer A at a flow of 2
m/mn. Elution: Elute protein with a gradient of 4 CV from0 %to 100 %

Buf fer B f f i | i t h Buf f.er B |
of 2 /. T RS R R oo R A Gy Bur o R EH WISt 5T e

20 Sel ect fratbicans, pool, and dialyse ON at 4 C against 15x volunme 20 mM
Tris-HO, 0.075 M NadCl, pH 8.0. Selecti ng TNF37-contai ning Fractions after
HA chromat ogPHpEFT e 2damth N6rBF8yrapiyCel BEi Bn’f Paction profile basically

con- sist of gaFepyn gt hipoughy' Nfarggmrgnzﬁgg o?g el yt gd peak that can 25 be
separated into several peaks. The TNF37-cont ai ni ng frac- tions has to be
sel ected on fheéubasipscékda tooempsoixé mettailyed 0§ mdf wild énvtdirosyvpeak itience

a peak containin 'S{N Sél not,. directly identifi gl_. wever, as a
consequence g Os%ﬁ e ntG%lpu(hI’pl @éﬁ'o_ﬁ%ﬁ s t#h&% el%élgtl o o' Fadti®ons at
this point ipedBib@ssncritfiredl randd b kX PGYIOD! (@nled SHRRADE oGeNkaMRINt S
| at er SUBSTI TUTE SHEET (RULE 26) WO 03/ 042244 PCT/ DKO2/ 00764 84 in the
procedure. TR@3UMR.| ess conservative selection of frac- tions ensures
maxi mumyield of variant. Initially the "run through”" was checked wth "dot
bl ot s" fgli1 any TNF37. This gave a positive result that in theory should
romatography Program
10 Purge system 20 ml at a flow of 30 ml/min.
Equilibration: 4 CV of Buffer A at a flow of 2 ml/min
Load sample through pump (inlet F on the BioCad) (approx
225+5-10 ml if the sample in the tubing is needed) at a
flow of 2 ml/min.
15 Wash column with 1.5 CV Buffer A at a flow of 2 ml/min.
Elution: Elute protein with a gradient of 4 CV from 0 % to
100 % Buffer B at a flow of 2 ml/min.
Clean column with 2 CV Buffer B at a flow of 2 ml/min.
Re-equilibration with 4 CV Buffer A at a flow of 2 ml/min.
20 Select fractions, pool, and dialyse ON at 4 °C against 15x

volume 20 mM Tris-HC1l, 0.075 M NaCl, pH 8.0.

Selecting TNF37-containing Fractions after HA chromatography

The HA chromatography elution fraction profile basically con-
sist of a “run through” fraction and one eluted peak that can
25 be separated into several peaks. The TNF37-containing frac-
tions has to be selected on the basis of a coomassie stained
gel of the entire peak since a peak containing TNF37 is not
directly identifiable. However, as a consequence of subsequent
purification steps the selection of fractions at this point is

30 less critical and it is possible to remove contaminants later
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5 indicate that a significant part of the variant did not bind to the
col um. However, when the "run through" is subjected to the very efficient
SP- sepharwea3@at2bon Exchange Chromat ography (cf. next st epi/mad/ovtee
fractions are anal ysed with coomassie stained gels they do not contain any
det ect abl e TNF37-variant 10 indicating sone false positive reaction in the
"dot blot" or a fraction of the variarft®that binds conpletely different to
the SP-sepharose. SP-sepharose Cati on Exchange Chronat ography SP-sepharose
is a basic cation ex%hange %tep segected as con- .15 sequence of t?e r at her
hi gh cal ¢Bl 5PEIPPPCERUESs SRUFhedvAFFS SRPSEONBAFE £61EREPTREaTFAF 7.8
Thi s ipgrgasensArBs hixigukonsequeneevai-ithe.2 lysines introduced via the
PADRE epi - tope. This chronatography is very efficient and fast for the
TNF37 variant and is expected to be useful for a |large nunber 20 of other
| oop varirantsa0fiyThha. “the samphghapphkedhsbauldwhave “aoltowebtedndoet i vity
than 8 nS/cm and pH should be at least 7.7 before cqontinuing with _SP-
sephar os@R¥hFYHE ogFBpRy 98VEce PaETL&LVENESEPein thES iR SBECEY- SheMilence has
made the.hinadi erti : p i pdictfex Nty &y ti to
e i T o P 4 s e A
Buf f er Ato2@heMcoiiusnHCHowevezs WhNaCthepMrun8t@rouBhf’f éis Bubj@chd to

Tris-HC1, .1 M NaC , pH.,= 8. SUBSTI TUTE _SHEET (RULE 26 03/.042244
PCT/ D02 567852 785 FED AR tpaBR B8 TG 23 Br Bt A eFy BT RE MR a5 6e s A ose
FF  (Arergham,BkesgirepgesndcCahal egdet ohs QF29=0b) yieeidngid hS éPomdeRSieon in
Buffer A and a XK 26/40 (Anersham Bi osci ences) col um. _
stained gels they do not contain any detectable TNF37-variant
10 indicating some false positive reaction in the “dot blot” or a
fraction of the variant that binds completely different to the

SP-sepharose.

SP-sepharose Cation Exchange Chromatography

SP-sepharose is a basic cation exchange step selected as con-

15 sequence of the rather high calculated pI of 9.4 of the vari-

ant compared to the wtTNFo pI of 7.8 . This increase in pI is
a consequence of the 2 lysines introduced via the PADRE epi-
tope. This chromatography is very efficient and fast for the

TNF37 variant and is expected to be useful for a large number

20 of other loop variants of TNFa.

The sample applied should have a lower conductivity than 8

mS/cm and pH should be at least 7.7 before continuing with SP-
sepharose chromatography since variations from this in our ex-
perience has made the binding properties of the protein diffe-

25 rent from time to time.

Buffers and Column
Stocks to buffers A+B: 1 M Tris-HCl. pH = 8.0.
Buffer A: 20 mM Tris-HCl1l, 0.075 M NaCl, pH = 8.0.
Buffer B: 20 mM Tris-HCl, 1 M NaCl, pH = 8.0.
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5 Chromat ography Program Purge system20 ml at a flow of 30 mM/mn
Equilibration: 4 CV of Buffer A at a flowof 4 m/mn. Load sanple through
punp (i nlwpD 0B/oax244 he Bi oCad) (Sanple+l0 m if the sanpl ePca/mKwe/ovishi ng i s
needed) at a flow of 4 10 mM/mn. Wash colum with 1.5 CV Buffer A at a
flowof 4 mM/mn. Elution: Elute protehg with a gradient of 4 CV fromO %
to 100 % Buffer B at a flowof 4 mM/mn> Cean colum with 2 CV Buffer B
at a flowof 4 mM/mn. 15 Re-equilibration with 4 CV Buffer A at a flow of

4 mM/mn. Select fractions, pool, and.dialy, at_.4 agai.nst 15

Vol ume. 20 mEPRCEHER R 203 BRI 0 G eIt T R g
Fractions af t(@me2BhagpBaoess elee; mairegrophy #20 7THe 29-af1)l erddasd caldys-—
consists of a "run through" fraction and several protein containing peaks.
However two PE&RECEoAfaBYLfethd wird antXKnidd ondregritha® RfRsciqncssy) at
this point inppgtztant not to include to many fractions on the right side
of peak two since this in our experience includes to many con 25 tam nants
that are not easily renoved in subsequent chroma- tographic steps.

Q sephgr @@l%oﬁqgt%xgﬁgamgggnpnat ography Q sepharose is a basic anion
exchange step sel’'ected for rem- ving a nmgjor contaminant protein that with
hi gh reprodudiuioe SYBSERTUYPErSHRBET & RUIcw 26) ARDmO3/m04R244 PCT/ DKO2/ 00764

86 lity foll ows .th rificati TNE37 incl.udi thefHAAEcqtr -, _mat ogr aphy
and 5P sephal U4 LR TREST it i BLCRt Heks har b § S AE Fol urm bun
t he maj or unkeewn seapilamitmatiughoemmd t(inlst foweyethe missidyl)e (Sungel e€to
fractions in a conservative _ i
ml if the sample in the tubing is needed) at a flow of 4
10 ml/min.
Wash column with 1.5 CV Buffer A at a flow of 4 ml/min.
Elution: Elute protein with a gradient of 4 CV from 0 % to
100 &% Buffer B at a flow of 4 ml/min.
Clean column with 2 CV Buffer B at a flow of 4 ml/min.
15 Re-equilibration with 4 CV Buffer A at a flow of 4 ml/min.
Select fractions, pool, and dialyse ON at 4 °C against 15x

volume 20 mM Tris-HCl, 0.075 M NaCl, pH 8.0.

Selecting TNF37 containing Fractions after SP Sepharose chro-

matography

20 The profile basically consists of a “run through” fraction and
several protein containing peaks. However two peaks contains
the variant with some contaminants. It is at this point impor-
tant not to include to many fractions on the right side of
peak two since this in our experience includes to many con-

25 taminants that are not easily removed in subsequent chroma-

tographic steps.

Q-sepharose Anion Exchange Chromatography

Q-sepharose is a basic anion exchange step selected for remo-

ving a major contaminant protein that with high reproducibi-
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5 fashion already in the SP-sepharose step in that way avoiding the
contam nant. However, this conprom ses the yield of TNF37 variant conpared
to when twe oQosepharose is used in the proce- dure and si pca/meooBEher
mnor contam nants are renoved in this step, it is preferred to include it
in the total proce 10 dure. In concl usi the Q sepharose step is inportant
inthe purification of variant 37 and offers an even better end prod- uct
with a high yield. Buffers and Colum Stocks to buffers A+B: 1 M Tri s- HCL.

H=8.0.14 fif + 10 Hei s HCL, O .. pH =.8. 0. _Bffe_r B:
50 M Tr ilsl-% c%lll%sﬁét&%, p?lgllalz?% E.l%f’ﬁfm%?g’?kgﬁ* T SAish éc%eﬁ%%l%‘r@o- 60 n
W th Q s&gligoreehPF anfAREr-slepnaBiossci dhee SNFSAt alaogue t# 1t50F1RL) s ng a

Sus- pensi. i ffer /A _an XK 26/ 40 (Amer sham Bi osci.ences) 20 col um.
Chr onat o%rlg]%h;t%pr%(&){éar é:r?llﬁﬂ\rlggugy?ﬁg‘grrf“f@ M ”g}liné?wﬂ GRPSATIG AT ﬁ%olﬁf.s- ;t i
Equi | i br dtsi, ohowéveY, 0boByfibake Acalsed fdrowraltd oy Minn aL%%&s%%%tavte roug

punp (inlet E on the BioCad) (Sanple+l0 25 nl if the sa ein thg t ubi ng
i s neededPSBiCR pLERaSY 21 fwhenSh-sepbRroskumton tih 3heV Baff evoAddthga 1 ow

a. ion: . El i Q in.wth Cv.,100 % Buffer B at
 Flow of 4 TR 30" Re SR G ETbr ot an CAPR oA C7 BUT oy R 1gt %4 TRbwTof 4

m/mn. VSUBSTETUSEPSHEHT tORWhEN2GheWD-83p042244 RET/EKQ24100764 pbceel ect
and_a di r@gtly Qn SP-sepharose colum. The el ution

i | | , |
br of 1 0 BHEPCAPHy SCBRE) SL 0P CHOTRIRPChr 6agRRLAonts are Temoved i

this step, it is preferred to include it in the total proce-
10 dure. In conclusion the Q-sepharose step is important in the
purification of variant 37 and offers an even better end prod-

uct with a high yield.

Buffers and Column
Stocks to buffers A+B: 1 M Tris-HCl. pH = 8.0.
15 Buffer A: 20 mM Tris-HC1l, 0.075 M NaCl, pH = 8.0.
Buffer B: 20 mM Tris-HCl, 1 M NaCl, pH = 8.0.
Column packed to approximately 50-60 ml with Q-sepharose FF
(Amersham Biosciences; catalogue # 17-0510-01) using a sus-
pension in Buffer A and a XK 26/40 (Amersham Biosciences)

20 column.

Chromatography program

Purge system 20 ml at a flow of 30 ml/min.
Equilibration: 4 CV of Buffer A at a flow of 4 ml/min
Load sample through pump (inlet F on the BioCad) (Sample+10

25 ml if the sample in the tubing is needed) at a flow of 2
ml/min.
Wash column with 3 CV Buffer A at a flow of 4 ml/min.
Elution: Elute remaining protein with 2 CV 100 $ Buffer B
at a flow of 4 ml/min.

30 Re-equilibration with 4 CV Buffer A at a flow of 4 ml/min.
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fraction and several protein containing peaks. The "Run 5 through” fraction
can sonetines be divided into several purely resolved peaks which all

cont ai ns Wboa3dN23¥ vari ant and there- fore all are pool ed PCTII2/00764

het erogeneity of the TNF37 is proba- bly solved when the problemw th the
apparent proteolytic deg- radation is solved. 10 EXAMPLE 18 | nmuni sation
studies Materials: Saline (0,9% NaC 8h sterile water, Fresenius Kabi
Norge AS, Norway) 15 Conplete Freund's Adjuvant (Signa, F-5881, 39H3926)

| nconpl ete Freund's Adjuvant (Si %rra, F- 5506, 60K8§ 7) Ag ydrogel 2% [ 10 ny
Al / i ] ( Br enfehgeBi B5eetbpnSBaPeR10BNY( 3BPEY FLAGF iﬁogPs EﬁsiPﬁﬁffse
(Brenntag Bi oggﬁ\%qr, Batch 2 (8937)) 20 WId type human TNF (I nvitrogen

cat . no: 10062° KYM 1D4: Provided by A Meager (A Meager, J. | mrunol.

Met hods 1991, 144:141-143) WEH 164 clone 13: Provided by T. Espevik (T.

Espevi k ﬁ@delétiwhiﬁ%afWM%rba%icbqqyn@bnsw%t@o@$ 1988un951h98utBB) 25
Tet razoITl umsalt (MIS, CellTiter 96 Aqueous one solution; Promega, G3581)
Rot at i ngrbatipRokani $eveerd, PDemeRik FovdGRlet NgOPE2BCHIPRst Riftlent maker s

ApS, noar k) . ,,.SUBSTI TUTE SHEET. . 2 HA3244 BElLPKA2/0Q464 88
Choi cgeigg%?&gﬁul Fﬁgﬁlpna&a&vgﬁpgggngﬁu@ef i\ggquﬁFa vari aSnt epr ot %i ns (in 20
M Tri svbGb1ved0peaMs NaGlch pH18.ddntariersdithet EHF3G G5 leg/triangi thegali ne
(0,9% NaCl), batched (375 pg/vial) and stored at -%OC Lm:%il .used _
fore all are pooled. This Heterogeneity of the T 7 is proba
bly solved when the problem with the apparent proteolytic deg-

radation is solved.

10 EXAMPLE 18
Immunisation studies

Materials:
Saline (0,9% NaCl in sterile water, Fresenius Kabi Norge
AS, Norway)

15 Complete Freund’s Adjuvant (Sigma, F-5881, 39HB8926)
Incomplete Freund’s Adjuvant (Sigma, F-5506, 60K8937)
Alhydrogel 2% [10 mg Al/ml] (Brenntag Biosector, Batch 96
(3176))

Adjuphos [5 mg Al/ml] (Brenntag Biosector, Batch 2 (8937))

20 Wild type human TNF (Invitrogen cat.no:10062-024) .
KYM-1D4: Provided by A. Meager (A. Meager, J. Immunol.
Methods 1991, 144:141-143)

WEHI 164 clone 13: Provided by T. Espevik (T. Espevik and
J. Nissen-Myer, J. Immunol. Methods 1986, 95:99-105)

25 Tetrazolium salt (MTS, CellTiter 96 Aqueous one solution;
Promega, G3581)

Rotating bar (Rotamix, Heto, Denmark)

Vortex (OLE DICH instrumentmakers ApS, Denmark)
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5 for imuni zations. For each TNF variant, imunizations are made with two
adj u- vants: 1) Conplete Freund's Adjuvant (CFA, for the primary im

muni zat i owp oane2knconpl et e Freund' s Adjuvant (I FA, for bo®st/DK02/00764

i mruni zations) and 2) Al hydrogel or Adjuphos (state-of-the-art 10 Al um ni um
hydr oxi de and al um ni um phosphat e adj uvants, respec- tively) - these are
used for both prinme and boost injecti ofS. Before primary inmuni zation, a
deci sion on the choice of ei- ther Al hydrogel or Adjuphos as adjuvant for
the TNF variant is made. The /a% uvant with the best ability to adsorb the
TNF 15 ERqigs ofs foggudtEen /uadhidivalde in the i nmuni zation experi- nent.
Two aliquots of the TNFa variant are m xed wth an equal vol une of

Al hydrogel and Adjuphos in two vials. The vials are ently m xed _f% room
t enper at g f3e diAlce &V gt e tr RERGHG'S bE? A4 4% Tt ert 13 Miged
at 1300 for ;1% mgynut nd, 20 supey nat 1 sytested £ thegssol ubl e TNF
vari ant q\]ca%n ’errnjtH o%n'@zg %grfezgﬁent (4-12%' SB@@%I . lThe adjluvanﬁlvari ant

al i quot Nemri-) ,t &aiohged hS1%easy/firadle) \eard arttoxed eat whal '« morel vardeght has
bound_to alum niumparticles) is then selected as the best ad- juvant. 25
Pr epaPatitn SFUEhtE "Htj uvant emul gate: CFA/ I FA enmul gates are prepared

t hrough the follow ng proce- dure: SUBSTI TUTE SHEET (RULE 26) WD 03/042244
PCT/ DKO2/ 00764 Vials with. T VETAR [0, 5 . .

transf err%¥d 5 i%fo NERRSUNY Iler&{gu%lajl é’jgaﬂnlgmn% Xed W éﬂa"lnlﬂe% u%‘?b@://%ﬁurre of CFA
or | FAvatheswvilgl daglhaere mp@thd/'us thieyuvema WL extat 3300 rjpmry aim-30

m nutes at 20C. 5 Al hydrogel / Adj uphos enul gates are p{ eEpar eg trgousgh t he
foIIOMF]?Qﬁ}%ﬂQﬁQRﬁHQQd Incompléte Freund’s Adjuvant (IFA, for boost

immunizations) and 2) Alhydrogel or Adjuphos (state-of-the-art
10 Aluminium hydroxide and aluminium phosphate adjuvants, respec-—

tively) — these are used for both prime and beocost injections.

Before primary immunization, a decision on the choice of ei-
ther Alhydrogel or Adjuphos as adjuvant for the TNF variant is
made. The adjuvant with the best ability to adsorb the TNF

15 variant is chosen for further use in the immunization experi-

ment. Two aliquots of the TNFo variant are mixed with an equal
volume of Alhydrogel and Adjuphos in two vials. The vials are
gently mixed at room temperature for 30 minutes on a rotating
bar. Vials are then centrifuged at 13000 g for 15 minutes and
20 supernatant is tested for the soluble TNF variant content on a
gradient (4-12%) SDS gel. The adjuvant/variant aliquot con-
taining the least free variant (i.e. where more variant has
bound to aluminium-particles) is then selected as the best ad-

juvant.

25 Preparation of antigen/adjuvant emulgate:

CFA/IFA emulgates are prepared through the following proce-

dure:
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Al hydr ogel / Adj uphos are diluted to 1,4 ng Al/m with saline. Vials with
TNFa variant [0,5 ng/m] is thawed, transferred to a 10 m sterile vial
and m xedwaioslo4aamd equal vol ume of Al hy 10 drogel [1,4 ny ARCrmKo20076Ad] uphos
[1,4 ng Al/m]. The vial is then mxed further on a rotating bar for 30

m nutes at 20C. Choi ce of ani nmal rmdel8 i X - eight weeks old Bal b/ Ca
female mce are repetitively im nmunized with TNFa variants. Bl ood sanpl es
are collected at 15 different intervals and isolated sera are investigated

for anti-wtTNFa antibody titers. Mce are_ordered from Taconi c Farns,
I nc. AchF%iE W&EhAT§,F“D§ﬁﬁ&FPfC NPece ﬁ‘ﬁzmﬁéuéédtgﬁwﬁﬁe CIROFEE RS Gy of

Phar mexaf op gnesweekibelone LAW! hakk@n9tn 8XPELULEBNL 0120l BRUREAALLON
schenme and dosage Groups of 10 + 10 mce are I mmini zed with each TNFa

vari ant [HRA.CFAg| FAaandsAthgdr sgeebAduaphes pespevbirtelky at263002@pm ce are
used for inmﬁ;ai zatign vvi%h Wio d type TNFa. At the first inmunization, 50 pg
of prot eifﬂri a]a]lHV nt II2 5 be injected subcutanously. Al mce wll
recei ve additional SUBSTI TUTE SHEET (RULE 26) WD 03/ 042244 PCT/ DKO2/ 00764
90 boost ' ' ' b Ly ~wi.t 0 r i QN j-uvant
2. o and B aeaRe AP raBpRE P aAaNRLY 2t BrERaRAg? crlloRR Rue" oot

col | ect edingnpedcatieky:before the first immnization and 1 week after each
boost inmunization. 5 Assays enpl oyed Cytotoxicity bioassay using WEH 164
clone 13- or KYM1D4- cells: This assay is used to determine the toxicity
of TNFa Avhyfangsloéhdfhehisvemei diluCeld soade dcmigt Algahlf orith8 shddme.in the
presence_of _titrated anounts of TNFa varjiants and cel]l 10 death is

determ ngélai');?' Ydaht FHﬁo‘of’a?étaP&dloi'énf“@a{mtl](IWS)t,hawed' transferred to

a 10 ml sterile vial and mixed with an equal volume of Alhy-
10 drogel [1,4 mg Al/ml] or Adjuphos [1,4 mg Al/ml]. The vial is

then mixed further on a rotating bar for 30 minutes at 20°C.

Choice of animal model

Six - eight weeks old Balb/Ca female mice are repetitively im-
munized with TNFo variants. Blood samples are collected at

15 different intervals and isolated sera are investigated for
anti-wtTNFo antibody titers. Mice are ordered from Taconic
Farms, Inc. Acquires M&B A/S, Denmark. Mice are housed at the
animal facility of Pharmexa for one week before initiation of

experiment.

20 Immunization scheme and dosage

Groups of 10 + 10 mice are immunized with each TNFa variant in
CFA/IFA and Alhydrogel/Adjuphos respectively. 20 + 20 mice are

used for immunization with wild type TNFa.

At the first immunization, 50 pg of protein in adjuvant will

25 be injected subcutanously. All mice will receive additional
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whi ch is bioreduced into a coloured formazan product by living cells.
Cytotoxicity of TNFa variants are conpared to that of human wld type
TNFa. CytwoDasioei2uy/-i nhi biti on bi oassay using WEH 164 cl omeTig<020076415
KYM 1D4-cells: This assay is used to investigate the ability of anti-sera
raised in TNFa i nmmuni zed mce to neutralize the cytotoxic effect of wld
type TNFa. Cells are cultured for 48 Hours with titrated anounts of
anti-sera and a constant con- centration of wild type human TNFa, which is
sufficient to in 20 duce cell death in 50% of cells in the absence_ of

ant i - sebaostes| imgeRiFatd opst EPRFREANEYS s}"l&gl 48s¥Pi BEAPARGTE™ KButral i -

zation-abi|iLy, 0f sera irom [NEg.varant thamyni-zed ifeaianeiosonpared to
sera ob?gpﬁgéx}:r%fn ﬁl %Ieltil Frirruni zeg WIEE'[ h human wild type TNFa. SUBSTI TUTE
SHEET (RULE 26) WO 03/042244 PCT/ DKO2/00764 91 In vitro studies

Cyt ot oxpghby BLRBssaY wiSiineEDh 1564 cel engetidatern yKIMIbRe- toel Ifdrst
Cytotoxicity-i1nhibition bioassay using WEH 164 clone, 13- or

1
KYM 1D4immbhszabioni eod 4 fieekchdites 6B bePOosmimBYeHiZétddfst ructs TNFa
variants should display mninmal cytotoxicity. Imuniza- tion of mce with
TNFa variants should generate anti-sera with better or equal ability to
neut r al Ase2aNSNEAPKOYES ype TNFa-me- diated cytotoxicity in WEH - or KYM 1D4
cells as sera obtained 10 from human wild type TNFa-i mmuni zed m ce.

SUBSTI TUTE SHEET (RULE 26) WD 03/ 04 P 02/ 00764 9 CLAIMS 1. An
i MunogENiteteXaICGYe bdpaas)sﬁé’i W%%@@t é%-rllzl/ %Psia(.)ln(f go%6y-or Fonbls
cells: This assay is used to determine the toxicity of TNFa

variants of the invention. Cells are cultured for 48 hours in

the presence of titrated amounts of TNFa variants and cell
10 death is determined by addition of Tetrazolium salt (MTS),

which is bioreduced into a coloured formazan product by living
cells. Cytotoxicity of TNFa variants are compared to that of

human wild type TNFa.

Cytotoxicity-inhibition bioassay using WEHI 164 clone 13- or
15 KYM-1D4-cells: This assay is used to investigate the ability

of anti-sera raised in TNFo immunized mice to neutralize the
cytotoxic effect of wild type TNFa. Cells are cultured for 48
hours with titrated amounts of anti-sera and a constant con-

centration of wild type human TNFo, which is sufficient to in-
20 duce cell death in 50% of cells in the absence of anti-sera.

Cell death is determined by MTS, as described above. Neutrali-

zation-ability of sera from TNFo variant-immunized mice are

compared to sera obtained from mice immunized with human wild

type TNFa.
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meric protein consisting of at |least 2 nononmeric units that are not joined
by nmeans of a peptide bond, wherein said ana- 5 | ogue d) includes

subst ant iwb Booagaent s of at |east 2 nononmeric units of sa&cd/naoRpomaic
protein, wherein said substan- tial fragnents are joined via peptide bonds
through a peptide |inker, 10 e) includ at | east one MHC d ass Il binding
am no acid sequence that is heterol ogo to the polyneric protein, and f)
can be produced as one single expression product froma cell harbouring an

expressi gn vee 8rs%n%gd|ng the ana- 15 | ogue. 2. The i mmunogeni ¢ anal ogue
accordlng—fﬁ~ﬁ%arﬁf£Lmhefeln the polynmeric protein is a honopol yneric
protein. 3. The i mmunogeni ¢ anal ogue according to claim11, wherein the

pol ymer i : r.opal ri r i The eni c
analogue%gg%gkgygékﬁb%égéggﬁg gFXE%eW%Pg-Qggd?%E%%Iis % wﬁg&gﬁﬁ each of

t he substenfsal Cf{rl:a?gwmit:sitgﬁ—inhmbay:ioa stibataatyi alsmgawrsmn 164 Bicekl
epitopes ound kg H% correspondlng nononmer s when being part of the
polynerl pr8 MrlDd5cslleng i mrunogeni ¢ anal ogue according to claim4,
wherein each of the substantlal fragnents displays essentially all B-cel
SUBSTITUE§l§§§§I @Rngh%g%_mo 0 /042244 PCT/DKOZ/OO? 4 %3 epi topes found
i n the coertespofid A ITHS eric protein. 6.
The |nnunogen|c analogue accordi ng to cIa|n14 or 5 wherein an amno acid

sequence rived.from rLic.unit di - ed b neans of am no
aci d |nsegF H?r%u8§§iFEPPE%?%&épéFVOWlnlmWR cytOtOXlClt Immuniza-

tion of mice with TNFa variants should generate anti-sera with

better or equal ability to neutralize human wild type TNFo-me-
diated cytotoxicity in WEHI- or KYM-1D4 cells as sera obtained

10 from human wild type TNFo-immunized mice.

SUBSTITUTE SHEET (RULE 26)



or addition so as to reduce toxicity of the anal ogue as com pared to the
multimeric protein and/or so as to introduce the MIC Cass Il binding

am no aciwolsmueace. 7. The i mmunogeni ¢ anal ogue accor di n@Cr®knpowae of
clainms 1- 10 6, wherein each of the substantial fractions conprises essen-
tially the conplete am no acid sequence of each nononeric wunit, either as
a continuous sequence or as a sequencedf¢nclu- ding inserts. 8. The

i mrunogeni ¢ anal ogue according to any of the preceding 15 clains, wherein
am no aci d sequences of all nmononeric units of the polyneric protein are
represented in the anal ogue. 9. The inmunogeni ¢ anal ogue according to any
one of theIpse- ceding clains that includes the conplete am no acid
sequences of the nonomers constituting the polynmeric protein, either as
20 unbroken sequences or as sequences including inserts. 10. The

i mrunogéni @nanaimogeg ededradiaigpaue afy omolomahiec mroteiayi ipid aay -
wherein _the peptide |inker. i.nclud r .cont.rip-_ut 0. the .presence in the
anal ogu@eﬁcgtpprloécfs]tn o%?@%ﬂgasogfs Qﬁ Wi n% maolr#lloﬁr[(?)e%lccf gletg%ence that is
het er ol egRUS A0 idigretb Uintd TRy icf pr eRitidel bonkhe whameiagesd icd ared -ogue
according to any one of clainms 1- 9, wherein the peptide linker is free of
and déed At contrib- ute to the presence of an MHC O ass |l binding anino
aci d se- SUBSTI TUTE SHEET (RULE 26) WO 03/042244 PCT/ DKO2/ 00764 94 quence

in the animal species fromwhere the nultinperi rotein, i.s_derived. 12.
The innunogéﬁi%QE§HSS§u§ug%EGPHFﬁB ?6a5W$?5ﬁeO%nghgeBF§-29@8Pﬁ§6595in;
wherei n the M CLassrl Ea@lﬂngbm?méﬁﬂle_op@%'t@iﬁ(?j wheGUeRC 8 ahindsHa tamj-ori ty
of MVHC Class Il nolecules fromthe aninal species fromwhere the nultineric
protein has bethallefragments are joined via peptide bonds through a

peptide linker,

10 e) includes at least one MHC Class II binding amino acid
sequence that is heterologous to the polymeric protein,

and

f) can be produced as one single expression product from a
cell harbouring an expression vector encoding the ana-

15 logue.

2. The immunogenic analogue according to claim 1 wherein the

polymeric protein is a homopolymeric protein.

3. The immunogenic analogue according to claim 1, wherein the

polymeric protein is a heteropolymeric protein.

20 4. The immunogenic analogue according to any one of the pre-
ceding claims, wherein each of the substantial fragments dis-
plays a substantial fraction of B-cell epitopes found in the
corresponding monomers when being part of the polymeric pro-

Ttein.

25 5. The immunogenic analogue according to claim 4, wherein each

of the substantial fragments displays essentially all B-cell
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rived. 13. The inmunogeni ¢ anal ogue according to any one of the pre- ceding

clains, wherein the at | east one MHC Class Il binding 10 am no acid
sequence wo s@hrdet ed froma natural T-cell epitope and amcamKokiocical
VHC- 11 bi ndi ng peptide sequence. 14. The i nmmunogeni ¢ anal ogue according to

claim12, wherein the natural T-cell epitope is selected froma Tetanus
toxoid epitope such as P2 or P30, a d?Pphtheria toxoid epitope, an in 15
fluenza virus hemagluttinin epitope, and a P. falciparum CS epitope. 15.
The i nmunogeni ¢ anal ogue according to any one of the pre- ceding clains,
wher ei nephiéopedi fonsiconal téer gornespeMAimY RO 5ot WAL Bt ein i s
essenti all Y Rres r\{ﬂ%q_,.iczor% 'ei-ﬁhe i nmunogeni ¢ anal ogue according to any one
of the Btfe- SCe&ong crai s, erein the polyneric protein is selected from
the group consisting of interleukin 5 (1L5) and tunour necro- sis factor a
(TNFa) 17. e -'! A i I rTodogel o] | i 4l& r Vihergidreidd the
pol ymer i%c' pT-rB%t ern i s%%%ﬁgc;r?gﬁ\?ﬁgrei n the Cgina o%cﬁe&%agi se- lected fromthe
group cemsiastiineg aefi SSHBSTHSHIEE CSHEFEJ HULE 26 nANOIESY 04 2244 BT/ 00764

95 - two .complete IL5 noners jai ped by .a peptide li r_ th i,ncl udes at
| east ° ord SHEYOIEEL S Ior%i%nr?g Jélrﬁogolnfc‘%/rdt Jsé;n-’ qsuuceijnscgel, - C\>Ir\})’ ?ﬁen‘lp%%Aeryl L5
Mononer s, QIad iy & iterdo pephidte totidiker of e cnafodwasds amem-+rononmer

i ncl udes a heterol o- gous MHC Class |l binding am no acid seqélence. 18. The

i Mmunogeninedanal ddee raridori g 1F i A AR 3y ThetO 1N ISTT dtSr e
VLo Em ]t dibyedied byyn ind bikind o O ddgddadd,  or ILmLmIln wherein
IL" is e orrpﬁ et'e am no aci d sequence
7. The immunogenic analogue according to any one of claims 1-
10 6, wherein each of the substantial fractions comprises essen-
tially the complete amino acid sequence of each monomeric

unit, either as a continuous sequence or as a sequence inclu-

ding inserts.

8. The immunogenic analogue according to any of the preceding
15 claims, wherein amino acid sequences of all monomeric units of

the polymeric protein are represented in the analogue.

9. The immunogenic analogue according to any one of the pre-
ceding claims that includes the complete amino acid sequences
of the monomers constituting the polymeric protein, either as

20 unbroken sequences or as sequences including inserts.

10. The immunogenic analogue according to any one of the pre-
ceding claims, wherein the peptide linker includes or contrib-
utes to the presence in the analogue of at least one MHC Class
II binding amino acid sequence that is heterologous to the

25 multimeric protein.

11. The immunogenic analogue according to any one of claims 1-
9, wherein the peptide linker is free of and does not contrib-

ute to the presence of an MHC Class II binding amino acid se-
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10 of monomeric mature IL5, "ILnt and "ILn", which may be identi- cal or
non-identical, designate a substantially conplete am no acid sequence of
nmononer i cwoasisr44 L5 i ncl uding a heterol ogous MHC d ass PCTIDKdionms4am no

acid sequence, "Lm' is a peptide |linker including or contributing to at

| east one MHC Class Il 15 binding am no acid sequence in the anal ogue, and
"Li" is an in- ert peptide |inker t hat9Hoes not include or contribute to
any MHC Class |l binding am no acid sequence in the anal ogue. 19. The

i mmunogeni ¢ anal ogue according to claim 18, wherein Lm _. |Lmand |Ln
conpri sgwehﬁ@ePznargﬁ@ﬁo@nP?}@]e;ﬁﬁe&ﬁ&s G T t"AFFE fglet &?g}t&ni?rrlgo%roltseelgl a

PADRE, al%d cfeiriiv%aa di -glycine linker. 20. The inmmunogeni c anal ogue

according to ¢claim 19, which has the mature am no acid sequence set forth
in any one of SEQID NGs: 9, 11, 13 and 15. 21. The i mrunogeni ¢ anal ogue

accor di NG t &gl Al ke g Mher el 1 Zfid hedlaimey it pirmt eirte it Tk pand

wherein the anal ogue i's se- lected fromthe ]gﬂrr]ou,p consisting of, - two or

three campligie CINRmS ndveorrems ol ABIE dHA3D-Ehd BRI b35S

wherepn at | east. one pepti de i Mk A+ TR SHERL (RME 3 WO

03/ 045243416196‘9 Msoégé%j%%gc&% tr]éétgslvﬂjladtq Cilgdal%’ts Gne MIC Gl ass 11 binding ami no
aci d se-arfUeNCaespeciia® Ofont hireere ditpd enel TR &t eromnorier i1 jiod hébwhdieo- end
by an inert peptide linker, wherein at | east one of the 5 nonomers include

at | eastrisidforeign MHC Class Il bin- ding anino acid sequence or wherein
at | east one foreign MIC Cass Il binding am no acids sequence is fused to

the N or Cterm nal npnomer tionall | a i t ) r
i munogehi ¢ Bl Py F St et arhEA S vﬁ“l%?gerl(ynlr%%gp%na 004%8%% %k}l%lz%%égg at
| east ong.dHfi g MG Ghigsseid Bhading &dNoone MHC Class IT binding

10 amino acid sequence is selected from a natural T-cell epitope

and an artificial MHC-II binding peptide sequence.

14. The immunogenic analogue according to claim 12, wherein

the natural T-cell epitope is selected from a Tetanus toxoid

epitope such as P2 or P30, a diphtheria toxoid epitope, an in-
15 fluenza virus hemagluttinin epitope, and a P. falciparum CS

epitope.

15. The immunogenic analogue according to any one of the pre-
ceding claims, wherein the 3-dimensional structure of the com-

plete polymeric protein is essentially preserved.

20 16. The immunogenic analogue according to any one of the pre-
ceding claims, wherein the polymeric protein is selected from

the group consisting of interleukin 5 (IL5) and tumour necro-

sis factor o (INFa)

17. The immunogenic analogue according to claim 16, wherein
25 the polymeric protein is IL5 and wherein the analogue is se-

lected from the group consisting of
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acid sequence and further has the characteristic of being - a human TNFa
nononmer or an anal ogue according to claim 16, wherein has been inserted or
i n-subst iwotoag4rt4 | east one foreign MHC O ass |1 bi ndi ng pamnw2acicd
sequence into 15 flexible loop 3, and/or - a human TNFa nononer or an

anal ogue according to claim 16, wherein has been introduced at

| east one

disulfide bridge that stabilises the 3NFa mononmer 3D structure, and/or 20
- a human TNFa nononer or an anal ogue according to claim 16, wherein any
one of amino acids 1, 2, 3, 4, 5, 6, 7, 8, and 9 in the am no term nus
have been -dekebedpmpieter I1L.5ambnwaerENEaimedoler 2operi igfaldgiieraddsitdi ng

to claim 16, erein

sequence I nto |

n an intron

: q ¢ o od ot | )
forei gn MHC éP&s89FP Bgﬂék%é%gkgﬁoﬁgg:gl%%%s&Et%Eﬁﬁlﬂﬁ F%%%blgggd &2

position, angi,@ncSUBSTI TUTE SHEET (RULE 26) WD 03/ 042244 PCT/ DKO2/ 00764 97
- a human TNFa nononer or an anal ogue according to claim 16, wherein at

| east one foreign MHC Cass Il binding amno acid sequence is

i ntroduced

as part of. aRp,ar tickpl eGlealt 13t @ldfone@ison dimech®yNetrerimeris pefpthivean TNFa,
and/or 5 - a human TNFa nononer or an anal ogue acqg&ﬂh&gﬁto %]ginl 16,
- Saé’;li S

wherebn at | dastkegn@If oihdicdn aHE e@sds £119 M5iedSTg +

Eqlerce is

| ntroduced so._3s L@ StAbIdJ 26 K1 IRNGHRMCS LG Wendhdencr easi ng t he

hydrophobici@f of
TNFa nmononer or an anal ogue according to claim 16, wherein at

rimeric interaction interface, and/or 10 - a hunman

| east one

forei gn \MHC I ASSudun RYAAINGEnABJH: AddbraBderee dllankead haglycioe
or

residues Iis in- serte

in-substituted in the TNFa anino acid sequence,
linear structure IL-L,-IL or Ilg-L;ij-IL, or IL-L;-ILyp or IL T

=hiT m

or ILp~Ip~IL, wherein “IL” is the complete amino aclid sequence

10 of monomeric mature IL5, “ILy” and “IL,”, which may be identi-

15

20

25

cal or non-identical, designate a substantially complete amino
acid sequence of monomeric mature IL5 including a heterologous
MHC Class II binding amino acid sequence, “Ly” 1s a peptide
linker including or contributing to at least one MHC Class II
binding amino acid sequence in the analogue, and “Li” is an in-
ert peptide linker that does not include or contribute to any

MHC Class II binding amino acid sequence in the analogue.

19. The immunogenic analogue according to claim 18, wherein Ly,
IL, and IL, comprise the P2 and/or P30 epitopes of tetanus

toxoid or comprises a PADRE, and L; is a di-glycine linker.

20. The immunogenic analogue according to claim 19, which has
the mature amino acid sequence set forth in any one of SEQ ID

NOs: 9, 11, 13 and 15.

21. The immunogenic analogue according to claim 16, wherein
the polymeric protein is TNFa and wherein the analogue is se-

lected from the group consisting of

- two or three complete TNF-o monomers joined end-to-end by

a peptide linker, wherein at least one peptide linker in-

SUBSTITUTE SHEET (RULE 26)



and/or 15 - a human TNFa nononer or an anal ogue according to claim 16,
wherein at | east one foreign MHC Cass Il binding amno acid sequence is

i nserted wo mi4xubstituted in the D E |oop, and/or - a hicamKieeréaononer
or an anal ogue according to claim 20 16, wherein at |east one foreign MHC
Class Il binding amno acid sequence is inserted or in-substituted between
two identical subsequences of human TNE&, and/or - a human TNFa nonomner or
an anal ogue according to claim 16, wherein at |east one salt bridge in
human TNFa has 25 been strengthened or substituted with a disul phide

bri dge, and/ crl SEBSHITURR SHEER (MU EZes W3 duiodibosn A9 kol 09764 98 -
a human TNFa npnoner or an anal ogue according to claim 16, wherein
solubility ant/or- ¢t abi | i ty towards proteoly- sis is enhanced by
introducing nmutations that mmc nmu- rine TNFa crystalline structure,

and/or 5 - a human TNFa nonQmer_.or qgﬁg C i clai \
wher ei n pofentt"foalorto 1% yc?Hép reetaeuc@%_(a)o?q%%o |eslralsgdj)%§%&?n%r?%§%%tél’%%lkg at
| east one poidH iMEAL igpt 28 Amidmunagen: tn anal bguet ascor of nghé o cl ai m 25

or 26, wherein the am no acid sequence of the anal ol%ge IS selected 10
from €he gr oupPnRRE Sty wie SHO 1 No ong, foreign MBEG Chyss okl bun-s9 30,

31, 32, 33, gd‘;inggﬁaémgjgo %gn%d:@eq@e%céloor%eré@n él‘§1l<§élst4§me4§@ré’fi7gn491

51, 53, 55, any- am no acld sequence that only include
conservat i ve MG ntil secs dL I chiamdiesg tdretmofacids 2dequencenimofensd amatbgue

rdin n n f - i i i
according 1o any, one of Lhe, Pren SRSk N SLALAE: 1 6. can Bs.sXPissped o @

22. An immunogenic analogue of human TNFa, wherein the ana-
10 logue includes at least one foreign MHC Class II binding amino

acid sequence and further has the characteristic of being

a human TNFo monomer or an analogue according to claim

16, wherein has been inserted or in-substituted at least
one foreign MHC Class II binding amino acid sequence into

15 flexible loop 3, and/or

- a human TNFa monomer or an analogue according to claim
16, wherein has been introduced at least one disulfide
bridge that stabilises the TNFa monomer 3D structure,

and/or

20 - a human TNFa monomer or an analogue according to claim
16, wherein any one of amino acids 1, 2, 3, 4, 5, 6, 7,

8, and 9 in the amino terminus have been deleted, and/or

- a human TNFo monomer or an analogue according to claim
16, wherein an inserted or in-substituted at least one
25 foreign MHC Class II binding amino acid sequence into

loop 1 in an intron position, and/or
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bacterial cells. 25. A nucleic acid fragnment that encodes an i mrunogenic
ana- |ogue according to any one of the preceding clains, or a nu- 20 cleic
aci d fragwert/oenapl enmentary thereto. 26. The nucl ei ¢ aci d PCmagmentrecs
according to claim25 that is a DNA fragnent. 27. The nucleic acid
fragment according to claim25 which com prises a nucleic acid sequence
sel ected fromthe group con 25 sisting9adf SEQ ID NO 17, 48, 50, 52, 54,
56, and 58 or a nu- cleic acid sequence conpl enentary thereto. SUBSTI TUTE
SHEET- {- RULE 26) WO 03/ 042244 PCT/ DK02/ 00764 99 28. A nethod for

down- r egul at iang e TN in>rponedei o ian amalogud cgousrdiosy | ta helads hod
conprising effecting presentation to the ani ‘s, stem of an

i munogeni callify affa@ivet dRaft Yte hoTe:Ht q\ﬁjﬁe qm&g&:%@%ﬁﬁ ogue
according to 1 drs; - cade Hed @ecof g #0- claim
28, wherein ta%ghgu%ocﬁggosﬁgsq@hrg%ﬁ% l?rr%%l, suégﬁ5 as a human bei ng. 30.
The net hod acgendifig 1l wd@idh 26 oth@N-wheneius presentar TNoOn isndfdect ed

by adm ni stering the i nmunogeni ¢ anal ogue ac- 10 cording to any one of
clainms 1-26 to the autol ogous host, op- tionally in adm xture with an

adj uvant . 31.; Higndrethorh assesbNdot Oagl @hdn SPue Wiet et ditdiet @dg Lvant i s
sel ected fromthe group consisting of an inmmune targeti nﬂ% adj uvant; an
i mrune nmodul dté,ngileijemmmt shedstasore tHaaion MYC 16T ki he Rt a9

mycobacterial_derivativye; an oi r b on, pol yier o+ &, 14 ££L g, d orm ng
adj uvant; a SApIH n‘—’}c%fyn Slen%ﬂ@%n%s ?nﬁ% |¢1L88%%?rsp? e% MRt I X (an 15COM
matri x); a pagdricnher sDRAStateHNi Lime sk st she DNA aolpluviant 5ty yof niuhé n;
and an en- capsul ating adjuvant. |,

trimeric intéraction interface, and/or

10 - a human TNFa monomer or an analogue according to claim
16, wherein at least one foreign MHC Class II binding
amino acid sequence flanked by glycine residues is in-
serted or in-substituted in the TNFoa amino acid sequence,

and/or

15 - a human TNFa monomer or an analogue according to claim
16, wherein at least one foreign MHC Class II binding
amino acid sequence is inserted or in-substituted in the

D-E loop, and/or

- a human TNFo monomer or an analogue according to claim
20 16, wherein at least one foreign MHC Class II binding

amino acid sequence is inserted or in-substituted between

two identical subsequences of human TNFa, and/or

- a human TNFo monomer or an analogue according to claim

16, wherein at least one salt bridge in human TNFoa has
25 been strengthened or substituted with a disulphide
bridge, and/or
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20 32. The method according to any one of clains 28-31, wherein an

i munogeni cally effective anmount of anal ogue is admni- stered to the

ani mal viwoasnme sel ected fromthe parenteral route su®cTaxoioercs

intradermal, the subdermal, and the intra- nuscul ar routes; the peritoneal

route; the oral route; the 25 buccal route; the sublinqual route; the

epi dural route; the spinal route; the%3nal route; and the intracranial

route. 33. The nethod according to claim 32, wherein the effective anount

is between 0.5 pg and 2,000 pg. SUBSTI TUTE SHEET (RULE 26) WD 03/042244

PCT/ DK02/ 00764 hul3t INFol heometcrob mcooradiaigpdue daiandhort@3;lag ch

i ncludes at | east one adninistnatioqgﬁpr é§$r as at.least 2,. a
Qredst?

.« Sych \
| east 3, at ast"hpredd |SAdPIg 1 Gh¢ pﬁ?i#%ﬁﬁﬁ%ﬁ%@ﬁ 35?5%?%%5

year. 5 35. The nef hogh A6 H NG e i i Guther@i diLs entwitd @m-of  the
anal ogue to the immune systemis effected by introducing nucleic acid(s)

encodi ng t he @A) ogure iddyostdlel iare el wsctoetd S aradbit her eby obtaining in
vivo expression by the cells of the nucleic acid(s) introduced. 10 36. The
met hod according to claim35, wherein the nucleic acid(s) introduced

i s/ arg sel ected fommeiedndMe ONA far mhalaged adddrdier gesl araimchar ged
| ipids, DNA fornulated in |i- posones, DNA included in a viral,K vectaqor, DNA

fornul ated wilth ahanedmsiratsBniadladiatidiing HrovBisedropalpestiame, PIDNA
formu 15 | at eﬁt"%é&gﬁ%j{o{’}{ geting o '%%[ﬁﬁﬁywwfm DNA for mul at ed

wi th Cal cium™precipitating agents, to an inert carrier
nol ecul e, DNA encapsulated in chitin or chitosan, and DNA formulated with

an adj uvant ﬁy%mgﬁ@@iéwﬁm@@%wmw & ak1a 80220 8%26,The et hod
according to claim35 or 36, wherein the nu- .
wherein the amino acid sequence of the analogue is selected
10 from the group consisting of SEQ ID NO: 18, 23, 24, 25, 26,
27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41,
42, 43, 44, 45, 46, 47, 49, 51, 53, 55, 57, and 59, and any
amino acid sequence that only include conservative amino acid

changes thereof.

15 24. An immunogenic analogue according to any one of the pre-
ceding claims which can be expressed as a soluble protein from

bacterial cells.

25. A nucleic acid fragment that encodes an immunogenic ana-
logue according to any one of the preceding claims, or a nu-

20 cleic acid fragment complementary thereto.

26. The nucleic acid fragment according to claim 25 that is a

DNA fragment.

27. The nucleic acid fragment according to claim 25 which com-
prises a nucleic acid sequence selected from the group con-
25 sisting of SEQ ID NO: 17, 48, 50, 52, 54, 56, and 58 or a nu-

cleic acid sequence complementary thereto.
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cleic acids are admnistered intraarterially, intraveneously, or by the
routes defined in claim31. 38. The nethod according to any one of clains
35- 37, wwolusiom24£| udes at | east one adm nistration of thecmnKoeioe7éaci ds
per 25 year, such as at least 2, at least 3, at least 4, at least 6, and
at least 12 admi nistrations per year. 39. The nethod according to claim 28,
wherein presentation to the inmune sy8Pemis effected by adnministering a
non- pat ho- SUBSTI TUTE SHEET ( RULE 26) WD 03/ 042244 PCT/ DK02/00764 101
genic mcroorganismor virus which is carrying a nucleic acid fragnent

whi ch erffodes merithask prass shyint-1e B tdgie .2 FP LY e ttidtt Sidtoridy to claim

39, wherein the virus .is on-\vi ROX, Vi 4I5S S MACHH 113

virus. 5 HPLIORRYSE R atglceo?nl nhgdc{ t)gogrfgaﬁlm 40@,/ wher ei n ‘;EZJT m croorga- nism

i s a bagt®rindnarkdaihe imeidrod aecoediog dro lamyurcreenfcal by net Bo-igiye

wherein the non-pathogenic m croorganismor virus is adn%l ni st.er ?“é?ne
u

singl e tamauRto AhataniSATt o ARG HYSi 1B TS THAUTHY pro i on of

antib%dkgﬁe(gg inst,& g gineric protein, the conposition conprising - an
i mmunogeni ¢ anal ogue according to any one of clains 1- 26, and - a
pharmaceutically and i munol ogically acceptable carrier 15 and/or vehicle

and/ or agh uvgld . médhod &@é@ﬁiﬂ%%f@laiMMJ neher @tiuct henaotohngobedi es
against a nultimeric protein, the conposition conprising - a nucleic acid
f r agmenthazttorsli mgnarna) ai ST, a4l duapHaeHRSeutical Iy and
i mmunol ogi cal |y acceptable carrier 20 and/or vehicle and/or adjuvant. 45.
The conposition according to claim43 or 4 wherein the .
np30. The method agcording to cla{m %8 or 55, wherein presenta-
tion is effected by administering the immunogenic analogue ac-
10 cording to any one of claims 1-26 to the autologous host, op-

tionally in admixture with an adjuvant.

31. The method according to claim 30, wherein the adjuvant is
selected from the group consisting of an immune targeting
adjuvant; an immune modulating adjuvant such as a toxin, a cy-
15 tokine and a mycobacterial derivative; an oil formulation; a
polymer; a micelle forming adjuvant; a saponin; an immu-
nostimulating complex matrix (an ISCOM matrix); a particle;
DDA; aluminium adjuvants; DNA adjuvants; y-inulin; and an en-

capsulating adjuvant.

20 32. The method according to any one of claims 28-31, wherein
an immunogenically effective amount of analogue is admini-
stered to the animal via a route selected from the parenteral
route such as the intradermal, the subdermal, and the intra-
muscular routes; the peritoneal route; the oral route; the

25 buccal route; the sublinqual route; the epidural route; the

spinal route; the anal route; and the intracranial route.

33. The method according to claim 32, wherein the effective

amount is between 0.5 pg and 2,000 pg.
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anal ogue us fornul ated as defined in any one of clains 30 or 31.
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for the pwepanatzion of the anal ogue according to any one paff/pioaions41- 26,
the nethod conprising culturing a host cell transfornmed with the nucleic
acid fragnment according to claim27 under conditions that facilitate
expression of the 5 nucleic acid fragmg®® of claim27 and subsequently

recovering

t he anal ogue as a protein expression product fromthe culture.

47. The nethod according to claim46, wherein the host cell, i a bacteria

host cel B4-48heTHEthEFhSFCRESENEI (1§ (F3dMhidh £F Isrer&iifh R TYFeE i s

10 a sol yhhe+expeessihndn iRted¥qln PBSTIUTE SIEFE( RLE 2B 2, at

10

15

20

25

least 3, at least 4, at least 6, and at least 12 administra-

tions per year.

35. The method according to claim 28, wherein presentation of
the analogue to the immune system 1s effected by introducing
nucleic acid(s) encoding the analogue into the animal’s cells
and thereby obtaining in vivo expression by the cells of the

nucleic acid(s) introduced.

36. The method according to claim 35, wherein the nucleic
acid(s) introduced is/are selected from naked DNA, DNA formu-
lated with charged or uncharged lipids, DNA formulated in 1li-
posomes, DNA included in a viral vector, DNA formulated with a
transfection-facilitating protein or polypeptide, DNA formu-
lated with a targeting protein or polypeptide, DNA formulated
with Calcium precipitating agents, DNA coupled to an inert
carrier molecule, DNA encapsulated in chitin or chitosan, and
DNA formulated with an adjuvant such as the adjuvants defined

in claim 30.

37. The method according to claim 35 or 36, wherein the nu-
cleic acids are administered intraarterially, intraveneously,

or by the routes defined in claim 31.

38. The method according to any one of claims 35-37, which in-
cludes at least one administration of the nucleic acids per
year, such as at least 2, at least 3, at least 4, at least 6,

and at least 12 administrations per year.

39. The method according to claim 28, wherein presentation to

the immune system is effected by administering a non-patho-
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genic microorganism or virus which is carrying a nucleic acid

fragment which encodes and expresses the analogue.

40. The method according to claim 39, wherein the virus is a

non-virulent pox virus such as a vaccinia virus.

41. The method according to claim 40, wherein the microorga-

nism is a bacterium.

42. The method according to any one of claims 39-41, wherein
the non-pathogenic microorganism or virus is administered one

single time to the animal.

43. A composition for inducing production of antibodies

against a multimeric protein, the composition comprising

- an immunogenic analogue according to any one of claims 1-

26, and

- a pharmaceutically and immunologically acceptable carrier

and/or vehicle and/or adjuvant.

44. A composition for inducing production of antibodies

against a multimeric protein, the composition comprising

- a nucleic acid fragment according to claim 27, and

- a pharmaceutically and immunologically acceptable carrier

and/or vehicle and/or adjuvant.

45. The composition according to claim 43 or 43, wherein the
analogue us formulated as defined in any one of claims 30 or

31.
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46. A method for the preparation of the analogue according to
any one of claims 1-26, the method comprising culturing a host
cell transformed with the nucleic acid fragment according to
claim 27 under conditions that facilitate expression of the

5 nucleic acid fragment of claim 27 and subsequently recovering

the analogue as a protein expression product from the culture.

47. The method according to claim 46, wherein the host cell is

a bacterial host cell.

48. The method according to claim 47, wherein the analogue is

10 a soluble expression product.
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