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MULTI MER PROTEINS FIELD OF THE | NVENTI ON The present invention rela%és gﬁ‘

the field of therapeutic im nunotherapy, and in particular to the field of
active immuno 5 therapy targeted at down-regul ati ng autol ogous ("self")
pro- teins and ot her weakly inmunogenic antigens. The invention thus

provi des novel and inproved i mmunogenic variants of nul- tinmeric proteins
as well as the necessary tools for the prepa- ration of such variants. The
invention further relates to 10 net hods of inmunotherapy as well as
conposi;ionam%%&LﬂL in" such ne;hogs. BACKGROUND OF THE ENTI ON Use of
active i munotherapy ("vaccination") as a neans of cur-"1ng or alleviating
di sease has received growing attention over 15 the |l ast 2 decades. Notably,
t he use of active inmmunotherapy as alneans for breaking tolerance to
aut ol ogous proteins that are sonehow related to a pathol ogical (or

ceventi oo RGP FRNCTRRE hBBILF BPILIRER BRRART 1TT) Vacei nes where
20 reported. Vacci nes agai nst autol ogous antigens have traditionally been
prepar ed byrrkrpmumnageningiengion he rel evant self-protein, e.g. by chenica

coupling ("conjugation”) to a large foreign and inmunogenic carrier

protein (cf. US 4,161,519) or bi ggepara 25 tion of fusion constructs
bet ween thghﬁu{:”é‘?sc?é‘ﬁujsmﬁn t8F FeafoFs Fﬁetlfeonfé%‘?\ OéaF?e?ré‘Pe‘b?Jdi ef™n (cf. WO
86/ 07383) . nunoShetapgprandstihUeixgictiie €artieefiPrd orfodciie inmmabBegeni C
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teins and other weakly immunogenic antigens. The invention
thug provides novel and improved immunogenic variants of mul-
timeric proteins as well as the necessary tools for the prepa-
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 relevani self-protein, e.q.
by chemical coupling (“conjugation”) to a large foreign and
immunogenic carrier protein (cf. US 4,161,519) or by prepara-
25 tiom 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




2 ("TH epitopes”) that render possible the breaking of autotole rance.

Later research has proven that although such strategies may indeeplb@ﬁ%ﬁ@g&i
for the breaking of tolerance against autolo 5 gous proteins, a nunber of
probl ens are encountered. Most im portant is the fact that the immune
response that is induced over tinme will be dom nated by the antibodies
directed against the carrier portion of the i nmunogen whereas the
reactivity against the autol ogous protein often declines, an effect that

10 is, particularly pronounced when the carrier has previously served as

an i mmunogeq. - | S phenonenon is known as carrier s jon (cf. e.qg.
Kaliyaperung‘iooé’w%‘?. 1995., Eur. J. Im nunol 25, 33?@%&@%1{69I—b6\ever, \g/]\/nen
usi ng therapeutic vaccina- tion it is usually necessary to re-imunize
several tinmes per 15 year and to maintain this treatnment for a nunber of
years and this also results in a situation where the inmune response
against the carrier portion will be increasi n%l y dom nant on _the expense
of the i Mmun&:repdperae) atiehSendste Paat 116gbiR PIRBIFEGUPE 2 WOT R her

probl ens i nw@k¥ed when using hapten-carrier technology for breaking

autotol erance is the negative steric effects ex- erted by carrier on the
aut ol ogous protein part in such con- structs: The nunber of accessible

B-cel | epi tl5{}€% ¥arepreiedemh PHIVET: Heatc SRRt FHTaPt 0P hd"¥een in the

native aut oiREGeNSRHi8E Rl hd Srefiten bedunedasiie atoistnphe1shi el ding or

maski ng o epi topes or due to canfor q‘ati onal chan?esdnﬁuced in the self-
u

part of theIIFmBHUGERS: A AAFPSF, Of (PTRLHRT P61 BR8P cul’?®t 6™ char acteri ze
a hapt en- caggrient niad esell mactntisuf thei@matind eteapbnsdNENOS/iG584@1gedovi ded for a
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the carrier portion of the immunogen whereas the reactivity
against the autologous protein often declines, an effect that

10 is,particularly pronounced when the carrier has previously
served as an immunogen — this phenomenon is known as carrier
suppression (cf. e.g. Kaliyaperumal et al. 1995., Bur. J. Im-
munol 25, 3375-3380). However, when using therapeutic wvaccina-
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 alsoc 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 involwved 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 i1s 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 95/058492 provided for a refinement of the above-mentioned

30 hapten-carrier strategies. It was demonstrated that self-pro-




3 teins wherein is in-substituted as little as one single fo- reign TP U e
epi tope are capabl e of breaking tol erance towards the autologousﬁbﬁo“@#nﬁ&ﬁ
Focus was put on the preservation of ter- tiary structure of the autol ogous
protein in order to ensure 5 that a maxi mnum nunber of autol ogous B-cel

epi topes would be preserved in the immunogen in spite of the introduction
of the foreign TH elenent. This strategy has generally proven ex- trenely
successful inasrmuch as the antibodi es induced are broad-spectred as well

as of high affinity and that the i nmune 10 response has an earlier onset

and a hi gheg i than that seen when inmunizing w radi tional
carrier gonéytorsh‘l?g“m 00/ 20027 provided for an expans]%cto}ﬁﬁg#mﬁﬂe above
principle. It was found that introduction of single TH epitopes in the
codi ng sequence for self-proteins could i nduce cytotoxic T 15 | ynphocytes
(CTLS) that reacts specifically with cells ex- pressing the self-protein.

The technol o of . WD, 00/ 29027 al so ovi ded _for conbined therapy, where
both anti botb‘?q%f e eET LS l&r“@“?%dﬁﬁ%%‘{ 28j HiHest® SRBoieRt® ™ t he
i mmunogens wwighdTstpliopebers egiphbbd dfobpsAsag Violarstdes tawmdndaal tfig acti on of

B-cell epi- es. .95/ 05849 and 98/ 46642 both di scl.ose vacci ne
t echnol ogy atﬁ%é%gﬁlss ﬁ#)ea%l'egg%urs H%Wiu\ré\garﬁ?célte i ﬁﬁesteﬁga%lcotni \O/Jlgttye “of TNFa (tu-
mour necr ostimrvastmctaye of Ehe chitpéogawsoprartinnin kedpattivokrgyre of several

di seases sugfytas fRBuh HBRESS oyt HEIRL Oé%e%{te%éﬁkgéé tih81a 32d

inflammatory bowel disease. Both disclosure reservation of the
tertiary stPIfEELVE P HihdMBRNoERalin iipdlietf Shapindeafiectdéenfefonibs the i mmune

system WO £4}65058 &rdmahes msdgymreggtﬂﬁ_t here @1l deikgukin 5 (IL5), a
nol ecul e i nvol Vﬁd in the ug;ti vation of eosinophil granulo 30 cyte activity

that is i npofTEnY THCERE PatRoYREsTS Bf PHERIWS 037 ¢es2a%e PCT/ DKO2/ 00764

"~ broad-spectred as well as of high affinity and that the immune
10 response has an earlier onset and a higher titer than that

seen when immunizing with a traditional carrier construct.

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 inveolved 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 TNFo

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-




4 ber of airway di seases such as chronic asthma. It is taught that
down-regul ati on can be acconplished by neans of both pol ypeptide
vacci nation technol ogy, |ive vaccines and nucleic acid vaccinati.off pnd P85
is further taught that the preserva 5 tion of B-cell epitopes is inportant
if raising an i ”mune re- sponse against |IL5. Even though the
above-referenced technol ogi es have provided for very promsing results,
there are several factors that may come into play when assessing the
viability of a vaccine ap 10 proach in conbating a disease. One of these
factors is the ex- pression |evel of the i munogenic. in,  For instance,
0 apl%,[r%%(ﬁféoocel S
transfected in vivo with a construct enco- ding an "i mmunogeni zed"
aut ol ogous protein nust be able to ex 45 press the i nmunogen in sufficient
anounts so as to induce a suitable immune response. Al so, polypeptide
based vaccines re-, quire, that the i mmunogeni c protei_n can be produced in
satis- factBry “AndhiEY fP5aRP nrdt A7 APIPRF SRS o EptHEBEEt How ever, it
i s often obsertyadwi-hayuesvennstightte ebangessidd bhans2Bsasi mataci d sequence of
a known protgi' n.can eh%vg dr%mati C f-lfect? on_t he anounts 01 protein that
can be recoVer&ar Fur t AeT " hHe" stabl T 1Y’ of “geddts &ar S MedFtTed protein
se-  quencesamgy vatsigahéoh exgl fhars dptiheal tlpdiththat ttéensresbrshel f- [ife and
inorerms of cAhABE Bl NylVBle & RLOALNE 1 ISR R BL OIS N That i
is desired to down- regu?ate '$ '3 he eropol ymer or “honopolyner it is not
necessar- iFEP$6 &¢reinsqd Yar-i ant of a monomeric unit of this protein will
be capabl e of inducing antibodies that are sufficiently spe- cific for the

conf or mat i op; Ak hY i nk NG RBLYIRI LG Abehib1 oyids YRYe 200 Yy 03/ 042244

for very promising results, there are several factors that may

in order for" é’s"ﬂﬂ@i‘ei ¢ acid vaccine to be func- tion [5:

come into play when assessing the viability of a vaccine ap-
10 proach in combating a disease. One of these factors is the ex-

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 “immuncgenized” autologous protein must be able to ex-

15 press the immunogen in sufficient amounts sc 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 amocunts of protein that can be recovered.

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

life and in terms of stability in viveo).

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.




ECT OF THE | NVENTI ON PCT/ DK02/ 00764 It is an object of the invention
?ocgfosrde for inproved i mu- nogenic anal ogues of polymeric aPtQHPQQWSZWE
proteins as well as to provide for inproved methods for inducing hunora
immunity 5 agai nst such polyneric autol ogous proteins. It is a further
obj ect to provide for inmmnogenic anal ogues of self-proteins that havedan
i nproved stability and exhibit inproved charac- teristics when expressed in
het er ol ogous host cells. Finally, it is also objects of the invention to
provi de for neans and 10 neasures that are useful when preparing or

i . . wWhen
utilising t roved immunogens. SUMVARY OF THE | % § :

producing Igﬁﬂégéégle anounts of recombinant protein $£¥ I§@ﬁg%\é@rlal host
cells, it is often desired that the expression 15 product becones avail able
-as inclusion bodies inside the bac- teria. The reasons for this are

sevarel : For exanple the ex- pression yields are normally considerably

i I i i i di es, and
hi gher when - pressed as insoluble inclusion bo
thg puri - f?%§$F32@6¥ﬁ%E§W%§3§%in is also facilitated because the de 20

[ [ [ [ [ d fromsoluble
sired expression product is easily and conveniently separate (
protein P r ofit tiife abapitiect adf febe nigrveat i@ toVesviax pras s vaarl 8eRabi nant

i héseli wb i IO ies, .t 1s often necessary to subject
ﬂ]gt Z;(Brgzsiiion 5?0%1?3(118?:?&%]0%% ?%@%gi%ra&tgé%gorué‘f BF Uings pa}so{‘i’é%g@sg in order to
obtai n 25 it°iPF°EIE drsgimarred aetheds ffornjindmgting Hiusotsl nemamidy accept -

abl e evenstheuight Ssieh BoBfRR1k6RNS1 LM A g?&ﬁeﬁingl. 'PcsrsLsOa]: ftu?%f?l reconbi nant

er .
i i ded into the correct o- logicallyactive form
%Ogg; 84522%#%?%&8%’368%106 immunogenic analogues of self-proteins

that have an improved stability and exhibit improved charac—
teristics when expressed in heterologous host cells, Finally,
it is also objects of the invention to provide for means and
10 measures 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 example the ex-
pression yields are normally considerably higher when the pro-
tein 1s 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 inscluble 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.




However, when produci ng reconbi nant i nmunogeni c vari ants of

non-i mmunogeni ¢ self-proteins it is necessary to introduce TH epitopes and
thereby the primary structure of the protein product becones aIteTéﬁFWhéqgmi
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- clusion body expression followed by refolding inpractical:
The vyields of protein after refolding that has preserved a satis- factory
fraction of B-cell epitopes conpared to the native 10 self-protein are very

often | ow, @«Qﬂ)}n 'ﬁ probl emincreases wth the conpl exi Y %f, the protein
Wiftphih bl

i n question as now been found that designing an i ng expression
of protein constructs that are produced as soluble protein frombacteria
is a superior way of preparing i munogenic vari 15 ants of self-proteins -
even t hough subsequent purification steps becone nore conplicated because
ot her sol uble proteins have to be renoved, the final purified and
correctly fHIGEEE HPEYRICISIBHESFAHEY "RR® s‘i‘“@‘HP‘Pqe@éﬁt‘f’Vqﬁf‘bﬁé’ yi el ds than
when conpaidpd iturichentd adi £+akiaPArofe heautsddyedo abavedudndy very 20
inportantly, .the purified proteins.obtained fromthis type.of expression
exhibi ¢ o THERERTD Aot ey BB EBRR SRS thFe S pS S8 | e Lopes. of

t he nati ve meldicprieicenss falbarehiwbhn domeyreadt éoderd wedivd sebiimeb; accordi ng
to the present, | AYCRLLON:. SOLURIE, GXRILCSs, AT R00N Bk WEhaple POLEI NS- i's an
excel l ent selection“criterion &n Tnitial y selecting for 1 munogenic
vari ants ofsldobbegt opr chagionst rrdess dheyufradbitéordy 2PREIRaPT @ pur poses. In

order to obtRisiot NRag0aky ks Sal Yoh eouaobel 1k reX B RS $hera R caBuehe
i mmunogeni zed sel f-proteins _(and ot her proteins where 30 changes have been
i ntroduced Y¥*1ERCHPFRERY SEbReFEeTlHRINtA WA B FHEADHA PCTIDR02/ 00764 7

factory fraction of B-cell epitopes compared to the native
10 self-protein are very often low, and this problem increases

with the complexity of the protein in question.

It has now been found that deéigning 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 frem 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 selectlon criterion
when initially selecting for immunogenic variants of a self-

protein that are suitable for vaccination purposes.

In order tc cbtain the goal of soluble protein expression of
such immuncgenized self-proteins (and other proteins where

30 changes have been introduced in the primary sequence), a num-




ber of paranmeters can be varied - multinmeric proteins that are difficult
to assenbl e can be produce by stabilising their structure both on the
nononeric | evel but also by preparing nonomeric m m cks of the mut t4 Héd, 2608
and al so sinple nononmeric 5 proteins can be stabilised according to the
teachings set forth herein. Another inportant factor is the fernentation
conditions - findings in the present inventors' |ab have e.g. indicated
that fernentation of bacteria at |ower tenperatures than those 10 nornally
used for obtaining high | evel expression greatly fa- cilitate the
production of soluble forns of the variant pro- teins, The present

i nvent ors h\P*P5Hd t hat preparation of "nonone- riz%ﬂm“@%@ﬁﬁ of IL5 and
TNFa may provide for imrunogenic nole 15 cules having a high stability,
superior i mmunogenicity and de- sirabhe production characteristics. In
particular, the.yield of protein is surprisingly high when expressing
reconbi nant pol ypeptides constituted by two nononmers of hlL5 joined by
neans of a Ysepef erkieicers &ar HenEREHichg POVEMERLCTPREFHEE E¥aY 289 epi t opes.

I't is beliewuad:that tbhissehbngidig soNsbiuhed 85 ac48niseiaknappl i cabl e finding
relating to nultinmeric proteins, the quartz%nar ructure, of which allows

3 y S
for tailoriHFueFuze RERD-OMERS CRAPERETgh IERRY &8F . A1%° P¥ WEPFEVED that the
present techyiohogy: nsmbspe6r atdey muPbinki t &6 bdso priepas impgomermienogens for

br eaki ng aut ot ol erance,agai nsi. aut ol ogous proteins, since e introduction
of the piﬁﬁo&slll‘? rﬂ?grb%%%agéileﬁe gaa%?q%%l% Fr}fﬁ tﬁ@?‘jncv‘\allaf:ﬁlrfgl'sf’es‘%oér]ovi si on of
foreign T h&dmperhepihopes while at the sane tinme preserving the 3D
structure of the multineric protein (i.e. preservation 30 of both el enents

fromtertiagy and f1.0m GUALLEENAnY SiJ YSLHLE .21 MVERQ08 MO 03/ 042244
findings in the present inventors’ lab have e.g. indicated
that fermentation of bacteria at lower temperatures than those
10 normally used for obtaining high level expression greatly fa-
cilitate the production of soluble forms of the variant pro-

teins.

The present inventors have found that preparation of “moncome-
rized” forms of IL5 and TNFo may provide for immunogenic mole-
15 cules having a high stability, superior immunogenicity and de-
sirable production characteristics. In particular, the yield
of protein 1s surprisingly high when expressing recombinant
polypeptides constituted by two monomers of hILS 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
guarternary 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 immuncgens for breaking autoteclerance
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




8 PCT/ DKO2/ 00764 of such a protein, by inposing the original quarygénﬁém 2606
struc- ture on the new tertiary structure in the nononeric protein)! ) c@%
in one broad aspect, the invention relates to an i mmu- nogeni ¢ anal ogue of

a polynmeric protein, said polyneric pro 5 tein consisting (in nature) of at

| east 2 nmononeric units that are not joined by neans of a peptide bond,
wherein said ana- |ogue a) includes substantial fragnments of at |east 2
nononeric units of said polyneric protein, wherein said substan 10 ti al
fragnents are joined via peptide bonds through a peptide |Iinker, b)

i ncl udes at \fash,qne MHC dass Il binding am no aciq,T%%&Mﬁgge that is
het er ol ogous to tﬁe polyneric protein, and 15 c) can(be produced as one

si ngl e expression product froma cell harbouring an expression vector
encodi ng the ana- |ogue. The present ithventors have al so found that a
nunber of par- ticular manipulations in the am no acid sequence of

monomneri ¢ 2Q: TNEa £ Lis, i R the REQyision,.of, nﬁgg | ecules that are
bot h i mmunogeni c angﬁgapaHIeYO atta H?%b?g Jﬁﬁgt ong?ﬂgﬁgag%%¥hary

structure, PRgtheh&EY tifadéamplsésutarrehan e minqyertiegrrotebt) .preser ved
tertiary structure that they spontaneously can form functional, receptor

binding, di B, 25, A bEPLSpe ANILAL SQ LA DERK ADNONR! S € Produced
as soluble proteins in bacteria. Sone of these manipu ati ofis that have

been perf or RIFEA FHEOITNRE prortiemarae erveeipyedid pobrnegmsepadd y appl i cabl e
for pro WO QéﬂdDézﬁEE%tang (in nature) of at least 2 monomeric units that

are not joined by means of a peptide bond, wherein said ana-

logue

a} includes substantial 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 ¢) 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 prcteins in bacteria.

Some of these manipulations that have been performed in the

TNFo protein are believed to be generally applicable for pro-




PCT/ DKO2/ 00764 teins where it is desired to prepare a stabilised tertiary
structure conpared to a native protein. A particular aspect of the Z MAY 206
invention relates to a nunber of wvariations 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 tinme introducing at |east one MHC
Class Il binding am no acid sequence. It has e.g. been found that

insertion of a foreign Tx epitope can be nmade in one par- ticular |oop
structure in native TNFa wi thout this having a 10 negative inpact on the

expressi on ghpkastgristics of the pro- tein or on the,dRaeRisS capability
of formng a functional TNFa diner or triinmer. Hence, a Inportant part of

the inven- tion relates to an i mmunogeni ¢ anal ogue of human TNFa, wherein
t he anal ogue includes at |east one fofeign VHC Class Il bin 15 ding am no
acid sequence and further has the characteristic of being - a human TNFa

nononmer or _a,nononeri.zed anal.o of TNFE f he. .l.pvention,
wher ei n had®hReAPFPRS er't &8 ?Slfggeﬁsou%??af%t gdStatblﬁjé%gcf%g%telaftgrei gn MHC O ass
|| bi ndi ng s2Buanireoc@giages equencetivet prdtiedri bl e | oop 3, and/or - a human

TNFa nmononer or a nononerized anal ogue of TNFa of the present invention,

wherei n has been i ntroduced | east one di | fide .brj at stabilises
the TNFa n@nB?r%PT%asspFﬁEtoﬁ EPealﬁHFSrl%r?f%eﬁuﬁcgna %’kﬁ%erm%ﬁomer or a
nononer i zedragznad idgyeiofrhENEaFoOhondizad ptesenie i thaenstompiihdestly any one of
amno acids 1, 2, 3, 4, 5, 6, 7,.8, and 9 in the amino term nus have been
del et ed, Sam@PofesuoBi 420428 10 PERMDREDYFG762Lding of the TNFG

monomers while at the same time introducing at least one MEC
Class II binding amino acid seguence. It has e.g. been found
that insertion of a foreign Ty epitope can be made in one par-
ticular loop structure in 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

THFe dimer or triimer. Hence, a important part of the inven-

tion relates to an immunogenic analogue of human TNFw, 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 TNFo monomer or a monomerized analogue of TNFo 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 TNFa 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




a human TNFa nononer or a nononerized anal ogue of TNFa of the present
invention, wherein an inserted or in-substi- tuted at |east one far iﬂ@ywﬂﬁs
Class || binding amino acid sequence into loop 1 in an intron posifion, "
and/or 5 - a human TNFa nonomer or a nononerized anal ogue of TNFa of the
present invention, wherein at |east one foreign MHC Cdass |l 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 nononer or a

nononeri zed anal ogue of TNFa of the present invention, wherein at |east

one foreign ass |l binding am no acid sequence, i S . duced so as
) o

to stabiliz nomer structure by increasing the ophobicity of
the trinmeric interaction interface, 15 and/or - a human TNFa nonomer or a
nmononeri zed anal ogue of TNFa of theilpresent invention, wherein at |east
one foreign VHC dass Il binding am no acid sequence flanked by gl ycine
residues is inserted or in-substituted in the TNFa am no 20 acid sequence,
and/ or - a hum@nhTNTe THEROWBeMSF °F AOMOTEETYZed armlicgge o NiNRF of the

present inventiQn, ;WHQLel Akl §ASLHORE f Of 6inga-MdCorGmssptti-bi ndi ng ami no
acid sequence is inserted or in- substituted in_the D-E | qop, and/or 25 - a

human TNFa nondw#éed Gt dewtnonerizedonnticoglnsot I TNESBY AR present
invention, whergiin adquefastin@pelddyr ei gn aMHGt Chasssikiobi naddAgr ami no aci d
sequence is inserted or in WD 03/042244 PCT/ DKO2/ 00764 11 substituted
between two identical subsequences of human TNFa, and/or - a human TNFa
nonomer &r a-nonbnweat ZEFo amaongt oot TNREestzed analogue of TNFa of

the present invention, wherein at least one foreign MHC
Class IT binding amino acid sequence is introduced as

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 THFa 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 aminc acid sequence flanked by glycine
residues is inserted or in-substituted in the TNFa amino

20 acid sequence, and/or

- & 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 TNFo monomer or a moncmerized analogue of TNFo of
the present invention, wherein at least one foreign MHC

Class IT binding amino acid seguence is inserted or in-




the present invention, wherein at |east one salt bridge 5 in human TNFa has
been strengthened or substituted with a disulphide bridge, and/or 2 [84Y 208
human TNFa nononer or a nononeri zed anal ogue of TNFa of the present

i nvention, wherein solubility and/or stabi- lity towards proteolysis is
enhanced by introducing nuta 10 tions that mmc nurine TNFa crystalline
structure, and/or - a human TNFa nononer or a nononeri zed anal ogue of TNFa
of the present invention, wherein potential toxicity is re- duced or
abol i shed by introduction of at |east one point 15 nutation. In general,

it has beenypung,ihat all of the best suited im rrunﬂgtg.gﬁd fuodgal ogues of
the invention are those that are sol- uble proteins already at the stage

when they are produced and isolated in soluble formfromtheir reconbi nant
host cells. 20 The invention further Brovides for nucleic acid fragments
(such as DNA fragnments) encodi ng such i munogeni ¢ anal ogues and also to

vectors incl udi fr nts., The in t | s ides for
transforned celT$s sﬁgg uﬁ%%?we%gpg%%ﬁdﬁa&t%el %ﬁ%legg%%%s ggpﬁ]‘%‘éhi nvention
further provi demisfoQr ahdatnogeni ¢ conpositions conprising the anal ogous or
the vectors of the invention. - 2 MAY 2006 WD 03/ 042244 12 PCT/ DKO2/ 00764
Al so provided by the invention are nethods of treatnent, where nultineric

proteins are dowiregufivetonargt o tr sarererized angpeyus PEcTOsehses rel at ed
to the particul gfe PbLdf®EhFed¥iBn, tBleRSin at least one salt bridge

5 in human TNFo has been strengthened or substituted with a

disulphide bridge, and/or

- a human TNFo monomer or a monomerized analogue of TNFa of
the present invention, wherein solubility and/or stabi-
lity towards proteclysis is enhanced by introducing muta-

10 tions that mimic murine TNFo crystalline structure,

and/or

- a human TNFg monomer or a monomerized analogue of TNFo 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 immuncgenic 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.




5 LEGEND TO THE FI GURE Fig. 1: The p2ZOP2f insect cell expression vector.

The sequence of the vector is set forth in SEQID NO 60. The vectgr v -

contains a multi-cloning site (MCS) downstreamthe OplE2 pronoter AeY 200

upstream of an OplE2 poly A tail (OplE2pA). 10 The nmarker zeocin resistance

gene (ZeoR) is under the control of a second Opl E2 pronoter. DETAILED

DI SCLOSURE OF THE | NVENTI ON Definitions 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

i nvention. "T-1ynphocyte" and "T-cell" wll inter-

changeabl y y&%sﬁﬁ%pgﬁocyt es of thymc origin that are IFesponsﬂi ble fo

various cell nediated i mune responses as well as for 20 hel per act|V|ty in

t he huneral i mrune response. Likew se,2the ternms "B-|ynphocyte" and

"B-cell"™ wll be used i nt erchangeably for antibody-produci ng | ynphocytes.

A "polyneric protein" is herein defined as_a protej n@%hat in- cludes at

| east two POFYIBPVEiHRF CHaFhs WH%‘FtJaﬂ“eaﬁ%f“etB?‘ﬁ%af 2B STV ERH i a a

peptide bomﬂl{imlbe@fﬁ’c‘émﬂbtaﬁéeabma—l&lé@hﬁlﬁ’e‘a ahds tus*e:cbajtmém ofangeabl y

t herew t h) B rrerl c % 1 4§%44 3B 4 92/ 00764 may be

pol ymers cc?ﬁgf'%ﬁlﬁg o1°a5ET et H I‘Vp ?lpd'El that are mk together in

pol yneric fteinzby neans of di suI fide bonds and/ or non- coval ent bi ndi ng.

Al so included within the termare processed pre-proteins and pro-proteins

t hat after processing 5 include at |least two free C-termni and at |east

two free termni. Fi nalll;a/ included within the termis also tenporarily
t

exi sting %&ﬁﬁ?’é‘%@ B&E SRSt | east two pol ypeptides that may

L)

Fig. 1: The p2Z0P2f insect cell expression vector.

The sequence of the vector is set forth in SEQ ID NO: 60. The

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

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

of a second OplIEZ promoter.

DETAILED DISCLOSURE OF THE INVENTION

Definitiocns

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




formup an unstable but yet biologically active nolecular en- tity that has

a distinct 3-dinmensional structure. 10 "An inmunogeni c anal ogue" (or Zafay ZW”
"i mmunogeni zed" anal ogue or variant) is herein meant to designate a singlé ™"
pol ypeptide that includes substantial parts of the sequence information
found in a conplete polyneric protein. That is, the anal ogue protein of

the invention includes one pol ypeptide chain 15 whereas a polyneric protein

i ncludes at |east 2 polypeptide <chains. It should be noted that the

anal ogue may be a varia- tion of the polymers nonomeric subunit structure,

but in that w¢@s8:44t he i munogeni ¢ anal ogue is Capab|ﬁnﬁﬁm£@hﬂ1ng polynerlc
protein conplexes that resenble the native polymer. 20 A "nononerized"

anal ogue or variant of a polymeric proteinis in the present context a
si ngl e pol ypeptide that includes, inl3covalently linked formvia a peptide
bond, at |east 2 polypep tide chains found in a polynmeric protein in

nature, whets ok DRR PR IRE LS c Rl R A n0tcl daketl g a pept de

P agien ni t a nmultineric
protein iskept emdeﬂharo 1rreamlyaiepa¢ tfoph Ly meaphwrdi éipdifideponde that

consti t ut e%nghfﬂ e8Rl.HAel b%dhtbe P00 TR/ h GadRPLYRER! tHE te3R &% to forma

domai n t hat ds up 1n substantially the sane 3D conformation as can be
found in tfﬁ’éO‘FﬁﬁS@Fin@FQ’@rEF%lt@ And \RDOORY 4228 4- TR TR B2 PERPES ALY An "I L5

pol ypept isdgheisudgE €1 dhshkNifdGedes t@-rdenoie aﬁ@'é@@@&étﬂ&ﬁzo hasi g the arri no
acid sequence of IL5 proteins derived fr humans_and, ot her npal s. Al so
ungl ycosy| &€& For ﬁisn%lflyl' LERCRAPE HAE LR pﬁ?% e %pofi%rpii%ta% 5%yst em ar e

i ncl uded V\netxli]istfh.rﬁ; thepleaupdastivesn oft tLhest ewm @msyaegt fdesnshdtamang varyi ng
gl yoo- syl aLion Pabl SENSL IGO0, L0, 58,0018y Lol S85) 200, ! BRL non-

mammal i an pressi on’systens owever be noted that
when usi ng thE thﬂtnhasua AL St jpolty pefimedetonatl plgructure.

10 “An immunogenic analogue” (or an “immunogenized” analogue or
variant) 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
s0 as to form a domain that folds up in substantially the same

3D conformation as can be found in the multimeric protein.




i ntended that the polypeptide in question is normally non-im 10 nunogeni c
when presented to the animal to be treated. In other words, the +LB MAY 2ngg
pol ypeptide is a self-protein or is a xeno-ana- |ogue of such a -
self-protein which will not normally give rise to an i mune response
against IL5 of the animal in question. A "TNFa pol ypeptide" is herein

i ntended to denote pol ypeptides 15 having the am no acid sequence of TNFa
proteins derived fromhumans and ot her mammals. Al so ungl ycosyl ated forns
of TNFa which are prepared in prokaryotic systemare included within the
boundari es afodslagadser mas are fornms having varyi ng gl y&@keswhat i on patterns
due to the use of e.g. yeasts or other non 20 mammal i an eukaryotic
expression systens. It should, however, be noted that when using the term
"a TNFa pol ypeptide" it is intended t¥hat the polypeptide in question is
normal Iy non-im munogeni c when presented to the aninmal to be treated. In

ot her words, « E pept | 1S - I i : o0 25
anal ogue o%ﬁsgﬁﬁgggggf?ﬁgb%yggnh ﬁé%léﬁﬁﬁéhadgg%%gﬁgi?@lhﬁﬁgléﬁie to an
i mrune respafisey d§ai ASNOTRFS GRTEenceanf idlS PRetRies-deaigad TARM" | L5 anal ogue”

is an |L5 pokyRepbhde-nd ahhas . bean ghdhRbsysithleet o b @hanges in its

primary structure and/or that is 30 associated with elenents from ot her
mol ecul ar YBEER e RERAFEEILIVRYOBDYS TID TYELER 2244 118 USEY/ 'BiEG2P 00764 change
can e. (. PeahenpdliRlalk Dsdncdf theiSleon 0f a8 fdrmspieddipgptdGeng tglyaosui t abl e
fusion partn ' e.in imary_struc- ture exclusively involving

y?[r (I'e'tae Cga{:}lg to 1‘K1)er e of .9 eastg or ogﬂler QI :
C- and/or NYTRFHThERSHESt FEhS ok APt SePd Y8STaudsy “and/8F it can be in
t he form ofmammgkianSetkan®tandizpreseicet ysismanditoshsubbt htwdavieghs in the |L5
pol'y- peptiyde; s HM:NQ: 3flell SEICPLE tethSULIEORATEEML Y- the Lerm

intended that the polypeptide in question is normally non-im—

10 munogenic when presented to the animal to be treated. In other
words, the IL5 polypeptide is a self-protein or is a xenc-ana-
logue of such z self-protein which will not normally give rise

to an immune response against ILS of the animal in gquestion.

A “INFe polypeptide” is herein intended to denote polypeptides

15 having the amino acid sequence of TNFoa proteins derived from
hvumans 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 TNFo 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 analoéue 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




are derivatized IL5 nol ecules, cf. the discussion below of nodifications

of 1L5. A "TNFa anal ogue" is a TNFa pol ypeptide which has been eirhérhgiowmﬁ
subj ected to changes in its primary structure and/or that is associ ated
with el ements from other nol ecul ar species. Such a change can e.g. be in
the formof fusion of a TNFa pol ypeptide to a suitable fusion partner
(i.e. a change in primary struc- ture exclusively involving G and/or
N-term nal additions of 15 am no acid residues) and/or it can be in the
formof inser- tions and/or deletions and/or substitutions in the TNFa
pol y- pepti ded@noaniano aci d sequence. Al so enconpassedp®ypdobifrds€r m are
derivatized TNFa nol ecul es, cf. the discussion below of nodifications of
TNFa. 20 It will be understood that 1L5 and TNFa anal ogues al so in- clude
nonomeri ¢ variants that contains substanti al parts of conplete IL5 and
TNFa multinmeric proteins. Wen using the abbreviations "IL5" and "TNFa"

herein, thiga.hge daftendedeas, et erRNCEs flglmeo@man&sagb quences of
mature, 25 wildtype IL5 and TNFa (al so denoted "I LSn an L5wt " as wel |

as "TNFani t&ndl SUfRRR 'TURéPRiPAY tneedfett @véhﬁngqvafw%mﬁawmﬂs i s denot ed

hI LS, hl L5muee é‘ﬁd&ﬁg\&vel@nﬁjnmﬁﬂlﬂ@ crmraua,ebﬁ kStésSnindenaiadidds 5 M LSm or
m L5wt and a.siml.ar syntax Isdzﬁf for TNEFa. .In_cases where a DNA

construct iREPURSEY FiHHEEE 6 0% 62% 284 11 6HSCTPBKGS/ Y6784 encodi ng a
| eader seéquense ovd/ot hixlembdrer bad/od Bubsuiitutimor inneitd YL.bepcdlyear fromthe

cont ext . Q%g%féems QrRJf%?SBR&% qué |.Na1 D¢ RS ﬂtseﬁgé}}egﬁé jdyended to ~mean

both short 1des o rom anmno aC| resi 5 ol'i gopepti des of
from 11 t o ake0deiriivadlzad dLﬁelsqlégese,s,anﬂ. pdley dipnpeidededdéw dr e t han 100

am no aci d fg$kduRSond W hes mor e,

A “TNFo analogue” is a TNFo. polypeptide which has been either
10 subjected to changes in its primary structure and/or that is
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 TNFPa poly-
pepti&e’s amino acid sequence. BAlso encompassed by the term
are derivatized TNFo molecules, cf. the discussion below of

modifications of TNFa.

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

clude monomeric variants that contains substantial parts of

_complete IL5 and TNFo multimeric proteins.

When using the abbreviations “IL5” and “TNFa” herein, this is
intended as references to the amino acid sequences of mature,
25 wildtype IL5 and TNFa {also denoted “IL5m” and “IL5wt” as well
as “TNFom” and “TNFawt” herein}, respectively. Mature human
IL5 is denoted hIL5, hIL5m or hILAwt, and murine mature ILS is
denoted mIL5, mIL5m, or mILSwt and a similar syntax is used

for TNFa. In cases where a DNA construct includes information




the termis also intended to include proteins, i.e. functional

bi onol ecul es conprising at | east one pol ypeptide; when com pr|S|ng2@} ,

| east two pol ypeptides, these may form conpl exes, 10 be covalently Ilnk%d‘ﬁh
or may be non-covalently |inked. The polypeptide(s) in a protein can be

gl ycosylated and/or |ipi- dated and/ or conprise prosthetic groups. The term
"subsequence" neans any consecutive stretch of at |least 3 am no acids or,
when relevant, of at least 3 nucleo 15 tides, derived directly froma
natural ly occurring IL5 amno acid sequence or nucleic acid sequence,
respectivel ywodbhedserm "animal” is in the present conp@gxobddz@eneral in-
tended to denote an ani nmal species (preferably mammalian), such as Hono
sapi ens, Canis donesticus, etc. and not just one 20 single aninmal. However,
the termal so denotes a populatlon of1® such an ani mal species, since it is
inportant that the indi- viduals imunized according to the method of the

I nvention %lni:odlqlﬁr% ad§9b§écﬁ1@£&@uryo{:llf@c ﬁgf@laliﬁ @lisoMNgnber i mmuni zati on

of the animals w't e same” I mmunogen(s). If, for instance, 25 genetic
vari ants oﬂmﬁtsk@fc$NFafé%m§$elWﬂﬁﬁﬁFerent human popu- lations it may be
necessary to use different inmunogens in these different populations in

order to bguablg Opéf}ry%%bti{@ J.Q%Ptt%eglae%ﬁt t&%@% ihkSnqadt INFa,

respectlvely, In eac popul ati on. be clear to the skllled per son
that an 30 T&ARMRHth ﬁhQ%Pﬁ?@sf’@ﬁto%&*fP@x% ﬁOsl% 4P rRF e MAPCh has an WO

03/ 042244 13 BSIdpiKQ24 Qﬁ‘?@ﬂonl fI‘iUﬂ& 1$msaxelrﬁo b&ld Sepi@fea) I e bbay- t he ani mal
is a verte- brate, such 10 % +§ wn.re ulatlon i's
her ei n neaﬁFPFEHﬁtP?dW“F t?ﬁb Pl@@ﬂ@ T ﬁF§ 45 t i BPBTGST cal activity
of the mul tdneetdmn 2spalaioet ntdreleg. tdhnchidy pesenios, W tdh flrectinbel acti on
bet ween th%iomolecules comprising at least one polypeptide; when com-

prising at least two polypeptides, these may form complexes,

10 be covalently linked, or may be non-covalently linked. The
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 pexson that an

30 animal in the present context is a living being which has an




multinmeric protein and biologically inportant binding partners for this

nol ecul e). The down-regul ati on can be obtained by means of several? May pogs
mechani sms: O these, sinple interference wth the active site in the

mul timeric protein by antibody 10 binding is the nost sinple. However, it

is also within the scope of the present invention that the anti body
binding re- sults in renoval of the multinmeric protein by scavenger cells
(such as nacrophages and ot her phagocytic cells). The expression "effecting

presentation ... to the imune Sys- 15 tenf is intended to denote that the
animal's "“Qﬂ ' sten1|s subj ected to an i mmunogenic_challenge in a
controll ed %3? As will appear fromthe di sci osur& S EN* such

chal l enge of the immune system can be effected in a nunber of ways of
which the nost inportant are vacci nation with polypeptide containing 20
“pharmacci nes” (i.e. a vaccine which is adninistered to treat or
anmel i orate ongoi ng di sease) or nucleic acid "pharmaccine” vaccination. The
i mport ant Aemwlet sygegchfevie prefieggedthilinkhe cgipet éft2 F&FFS in the ani mal

are confropted Wshih bRea aidgen in an imunol ogically effective manner,
whereas the precise 25 node of achieving this result is of |ess inportance

to the in- ventive idea underlying the present invention. The term
"i munogenBEathey teft SepIyeaRbUHON” his Herein dgant TeaRTRE 1h te art, i.e.

an anount gf v8{y bE&Hﬁ%ﬁe&fWﬂbc$hdr5g1&ﬁpabkﬁw1ﬂy bAikei AgltdReti@rune response
whi ch 5|%n|f|cant en 2 % 03/043244 18 RFT %@goagé_gages
pat hogenPc PAgERS ﬁﬁ?cﬁysﬁﬁ?ﬁ PTANTROT bt E8F FEsFares™ the'i munogen.

When usi ngnbbeixpe asitenn tadnat bidi@gh.hﬁ,lyTNElaalmanDtmwlstgIpia-rtners
for this molecule). The down-regulation can be obtained by
means of several mechanisms: OFf these, simple interference
with the active site in the multimeric protein by antibody

10 binding is the most simple. However, it is also within the
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-




protein has been "nodified" is herein neant a chemcal nodifi 5 cation of

t he pol ypeptide which constitutes the backbone of the self-proteinZ I$&EhE5
nodi fication can e.g. be derivatiza- tion (e.g. alkylation, acylation,
esterification etc.) of cer- tain amno acid residues in the amno acid
sequence, but as w |l be appreciated fromthe disclosure below the
preferred 10 nodifications conprise changes of (or additions to) the pri-
mary structure of the am no acid sequence. Wen di scussing "autotol erance
towards an autol ogous protein” it is understood that since the rel evant
multinmeric protein is a self-protein in the population to be vaccinated,
normal in 18"4PMH2Mal s in the popul ation do not nount?@P¥ e response
against it; it cannot be excluded, though, that occasional in- dividuals in
an ani mal popul ation m ght be able tqgproduce an- tibodi es agai nst the
native nmultiner, e.g. as part of an auto- imune disorder. At any rate, an
animal species will normally 20 only be autotolerant towards its own

nul timer, lyepes rathegrotic deendgcvhidddshdne 1aRHIGGEHESIdEPFFEESf r om ot her

ani mal specikes +1Qr i fuhWydn popul ation having a different phenotype woul d
al so be tolerated by said animal. A "foreign T-cell epitope" (or: "foreign

T-1 ynphocyte epi- 25 tope”) is a peptide which is able to bind to an MHC
mol ecul e amglehisdhgstiarekatesida caglatsthe IaA, diifieabr spdereseli-an alter- nate

termis therefore. Preferged.forei -cell It 9P&S.iRa1 bR Efwention are
" prom scuo@gp‘t'?lonr A% Srer s%?d;fg?g" %‘Eog%fegpa%%gi e%?eté &s, i .e. epitopes
that bi nd teetaors s temtbicakpQ0 ifle adticbncwrfstatpas the kackeruss §fof MHC

mol ecul es iy a%‘elaélbmei%.wzﬁéoﬁodé@igﬂﬁ%@% <19, RCT/4DKOR41Q0764 speci es or
popul ati on. &n y a'very limted nunber of such pro-
: tion {e.g. alkylation, acylation, esterification etc.) of cer-

tain amino acid residues in the amino acid sequence, but as
will be appreciated from the disclosure below, the preferred
10 modifications comprise changes of (or additions to) the pri-

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 de 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 alsc

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




m scuous T-cell epitopes are known, and they will be discussed in detail
below. It should be noted that in order for the im munogens which %ar[@»s ust)gglﬂ
according to the present invention to 5 be effective in as large a réc}tiﬁﬁ’
of an ani mal population as possible, it my be necessary to 1) insert
several foreign T- cell epitopes in the same anal ogue or 2) prepare several
ana- | ogues wherein each anal ogue has a different prom scuous epi- tope
inserted. It should be noted also that the concept of 10 foreign T-cell

epi topes al so enconpasses use of cryptic T-cell epitopes, i.e. epitopes
whi ch are derived froma self-protein and which only exerts imrunogenic
behavi our WYEH8%#41 | ng in isolated formw thout bei‘?ﬂmﬁ(ﬁ}“{m&‘)f t he
self-protein in ques- tion. 15 A "foreign T hel per |ynphocyte epitope" (a
foreign TH epitope) is a foreign T cell epitope which binds an MHC Cd ass
Il nmole- cule and can be presented on the surface of an antigen pre-
senting cell (APC) bound to the MHC Class || nplecule. An "MAC Cl ass ||

bi ndi ng aniReCERE 8Y RPUSABEP-hTRLY & KererdPbteuERsTs °f S B i meri ¢
protein" i githefef er@ianepHepekasse kholt NndhagHeeptide bk hiitlscdsesd not  exi st
inthe nultimeric. protein_ in tion, h a peptide will,.if it is also
truly foreilﬁnngeﬁa&lt%%loé{’ni F,@S@ﬁﬁ%sbgsnﬁg?cggﬁ?*f ng ?E‘%erngf)fitr?éar i'C protein, be
a forei gnmihb@pist epich Abe Aiddduactdrainay ipachd oksany Gnemolosctbe is in the
present c¢on- text  intend me he. par : ich is re-
sponsi bl § Sreg ecfég%tlnoﬁg ioai‘orgte h%nfbﬁtaggh%?ﬁoga Swﬁ%%°§fjégg‘j%é’§?wef fects
exerted by poheibis), etulmy be nesepeddy knoln inpertheesptal £RER1IFRARY enzynmes and

other effectoy dmlecul a3 PAYE AR Achiuee 3 8|t phichesrdespansi bl e for
the effects exeérBtledﬁ%%/ the mole 2 I\/A\c()\ﬁZ%OS V\D%rg 042244 PCT/ DKO2/ 00764 20

logues wherein each analogue has a different promiscuous epi-
tope inserted. It should be noted also that the concept of

10 foreign T-cell epitopes also encompasses use of cryptic T-cell
epitopes, 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 dques-

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 heterclo-
20 gous to a multimeric protein” is therefore an MHC Class II
binding peptide that does not exist in the multimeric protein
in guestion. Such a peptide will, if it is also truly foreign
to the animal species harbouring the multimeric protein, be a

foreign Tsz 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 physioclogical
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-




cule in question. Oher parts of the nolecule may serve a sta- bilizing or
sol ubi ity enhancing purpose and can therefore be left out if theskMAY 2005
pur poses are not of relevance in the context of a certain enbodi nent of

the present invention. However, ac 5 cording to the present invention, it

is preferred to utilise as much of the polyneric nol ecul e as possi bl e,
because the in- creased stability has in fact been denonstrated when using
the nononers described herein. The term "adjuvant” has its usual neaning
in the art of vac- 10 cine technology, i.e. a substance or a conposition of

matter which is 1) not in itself capable of nounting a_specific im nune
response agéﬁ%“g/fm%"ﬂe i muunogen of the vaccine, but Mcgﬁj%o%mémi)
nevert hel ess capabl e of enhanci ng the i mmune response against the

i mmunogen. O, in other words, vaccimation with 15 the adjuvant al one does
not provide an i mmune response against the immunogen, vaccination with the
i nmunogen nmay or may not (gi ve rise an i nmune response agai nst the

_ to
i mrunogen, Hue thEe M nFHheSnPRF S € CFIfalPHIF WPt TRY FiFodefitdind adj uvant
i nduces  amil PFAHE of ESQABSEI By ahR&icihh epu s agencahittbré Soret bonger 20 than

that i nduced_by the_i nogen alone. "Targeting" of a |l ecule is in the
pr esent coﬁteé to‘itntlgnﬂg%e HPESRBLE S RRE T & ?ﬁq'gﬁc%mlénr g&é Cr?%fcg%:tul e upon
i ntroducti @t &ncerthén amibodinant! bf appearegméf bremtion | Wovevearr eai n ti ssue(s)

or wll be prefereni.all ' wi t.h.ce ' Elil s, 0568l I 25 types.
The ef f ect C@%ﬁl{i tgc%%eﬁﬁlriggﬁgggﬁ{ﬁ&gaﬁ%ﬁhble$ lgfg%/\%;?grﬂgn-tocfudilng formul ation
of the nol esuivech wicbppeoilyhenicl elddule-as pagsikdegdidaigsertisy Iint r oduct i on

in the nol Gl g. PfstGELURS niischrfacivkit Alasnt @88l ivikn JhBRLthssues will
be discussed in detail below WD 03/042244 PCT/ DKO2/ 00764 21 "Stinul ati on

of the i nmiREoESSt SRFCHPEASRIIRAR - a subst ance or

The term “adjuvant” has its usual meaning in the art of vac-

10 cine technology, i.e. a substance or a composition of matter
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 alocne.

“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.




conposition of matter exhibits a general, non-specific inmmu- nostimylator
effect. A nunber of adjuvants and putative adju- vants (such as cer LailhY 2005
cytoki nes) share the ability to stinmu 5 late the i mmune system The result
of using an imunostinula- ting agent is an increased "al ertness” of the

i mmune system nmeaning that sinultaneous or subsequent i mrunization with an
i mmunogen i nduces a significantly nore effective i mmune re- sponse conpared
to isolated use of the i mmunogen. 10 Characteristics of the inmunogenic
anal ogues of the invention The polyneric proteins that are the targets of

t he presentl I.scl osed strategies may be both honopol yners_and
hetePopon-vﬁgpghiﬁs w il be clgar fro¥1the exanples?“?%%mﬂﬁg? i npor t ant
feature in the first aspect of the invention is that the poly 15 neric
protein in question can be "nonomeri Z&d" without intro- ducing significant
changes in the 3 dinensional structure of the nultinmeric protein. Hence,
the parti cubal,fuaghl ot Ohe Nfund bl IS LERL Qhek . Iy B0l dmpertant for the
gi st of the pre- sent 1T nvention - rather |?_|s the structura

char act er i seinpesizdopfol Ratiproraiibitisar atwerdbs nphetdrsdifor ABE-it is a

fSUi tab! € %@Qgingﬁtagoxfrbprefkg&.p'heﬁ\ﬁﬂatera@f)ra(aﬁﬁpaﬂt@ the Hdtﬁ@ive_aéﬁj?@ of the
i nvention. For instance, if the NN-term nuS of one nononer in "the

nul timeric 8PbE eisHChad® &eshaitt aVErasshithgre dthehabitter B -STABS™ of anot her
nmononer isn 1zhe i Lid®le sibeed.l Mhkd RYseft Fes&iidd ah WonRAas$diedhaF nONONEr s
via a peptide Iinkgr,na be acconh\glished”mj%hgut_i osi ng significant
changes relfaPPVETE 1hé™ SRFFEPET e S0P THE S natt V&M fefY¢Brotein. 1f, on
t he ot her wmkanthg thet tmoi tincane daksuapanint t hewupl agtiicoewidhh the present

i nvention r, Lre h lar { e ] f e .30 nononers is
irrel evant lﬁ@‘%"‘l“ﬁ%‘% }Lrﬁrc?tr}ucﬁggaegsﬁgggﬁlrc;aggéy griortehéﬁj%eﬁ-%l‘\?eeﬁtnfn%ﬁe orr% that |inking
bet ween nororest cogpbrad ts tendabed dereod tRAYLEBOEIMNO 03/ 042244

10 Characteristics of the immunogenic analeogues of the invention

The polymeric 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 oxr not it is a suitable
candidate for the present approach in the first aspect of the
igpvention. For instance, if the N~terminus of one monomer in
the multimeric protein has a spatial proximity to the C-termi-
nus cf ancther 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 reguires 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




22 PCT/ DKO2/ 00764 with a long linker peptide without this having a negative
im pact on the antigenic characteristics of the protein. In the~seé¢thyd (05
aspect of the invention, the "i munogeni zation" of the self-protein
nmononmer unit is 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 polyneric self-protein. It is

advant ageous i f the i nmmunogeni c anal ogue according to the invention

di splays, in the substantial fragments, a sub 10 stantial fraction of

B-cell epitgpes. . found in the correspon- di ng nononer n i n art of

t he pol yrreri%(é%"gl%%zi n. A sub- stantial fraction of B?Pgﬁlﬂf(méoﬁﬁ ogeg IS
herein intended to nean a fraction of B-cell epitopes that antigenically
charac- terises the nultineric protei2n versus other proteins. It is 15
preferred that the substantial fragnments display essentially all B-cel

epi topes found in the correspondi ng nononers when being part of the

pol yneric Broh & Aond Jnket meet LT bRkl itBh® "6 1hY ﬁope%%égfﬁe%m_i n the
MONONEr SegHENGH fRY HeifestessriractEolsticeséanee @vtaimno aci d sequence
derived froma nononeric unit 20 nmay be nodified by nmeans of am no acid
insertion, substitu- tion, deletion or addition_so as to.r%dugg toxicity of

the anal odBethss SEGAFhRERCT 0 CENE PV EHEPPe Tt BT RATHGA 48 as to
i ntroduce bhechHeeCk-a8%ttin hiocndhely vamt e aedld isequeneeyay,f thet is undesired

to have th sequence positioned in a linker. 25.A . al referred
enbodi ne t%b?o’iﬁ &i ”?%Ir%aaharitnﬁ%%b%n%% Stéﬁgl ot &gl%;]oﬂta%gﬁﬁr? e %{fﬁ;n, wher ei n

each of thefsastignét grotéimdhrbrshaceaprties ggadesanty @tiyciure ebnpl et e am no
acid se- qtéggclgatq(,egﬂgbclh {lé)rg%gli_:_c%#%gn. ei ther as a continuous sequence or
n at

as a sequence inclu Inserts. I's, only insignifi 30 cant parts of
the nononeric unit's sequence are |left out of
It is advantageous if the immuncogenic analogue according to

the invention displays, in the substantial fragments, a sub-

10 stantial fraction of B-cell epitopes found in the correspon-
ding monomers 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 insertiomn, substitu-
tion, deletion or addition so as to reduce toxicity of the
analogue as compared to the multimeric protein and/or so as tTo
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




L MAY 2000 WO 03/ 042244 23 PCT/ DKO2/ 00764 the anal ogue, e.g. in cases where
such a sequence does not contribute to tertiary structure of theZnBSadnmeglsc
unit or quarternary structure of the nultinmeric protein. However, this
enbodi nent allows for substitution or insertion of the 5 nononmer, as |ong
as the 3D structure of the nultineric protein is maintained. Hence, it is
especi ally advantageous if the inmmunogenic anal ogue i s one, wherein am no
acid sequences of all nononeric units of the polyneric proteins are
represented in the analogue, and it is particularly advantageous if the 10
anal ogue in q)g the conpl ete am no acid sequences OLJI ? %9 t he nononers
constituti ngJOt [gﬁzp‘%l ynmeric protein, either as unbro ecgfn 3% Bhces or as
sequences including inserts. As will appear, it is therefore preferred that
the 3-dinen- sional structure of the xonplete polyneric protein is essen-
15 tially preserved in the anal ogue. Denonstration of maintenance of a
substantial fraction of B- cell epitopes or even the 3-dinensional
structure Sfea2MAIPI%i Fefi c“btcéf’%%\“hfeﬁ%ts‘%c 359 E S 9P8° fSdi fi cation as
descri bed daateivitears herachievetudtnrseyerak mayserinenis i nply to pre 20
pare a polyclonal antiserum directed ai nst the pultj an

ant i ser um [FPBpEFEGEY nStéurgg'ﬁ%Gi‘ Of gl?]ed “&“?g%“éeéﬁ t eéroﬁg‘g}{ ' tdﬁigg\rr%rﬁ'g :Erslg?' um as a

t est reagerdmbf@ingnti allmdvwsohpetsubsviguELDSAr ingaitisnr athéheodi fied proteins

uhich ar g RIABNEEdas MAIS bedne 8hSLONSL(ANAL0pUP Rl IR 1BRELLL O The same
extent with the 25 antiserumas does the nultinmer nust be regarded as
havi ng t he issapint3bneds doroee iasis tﬁaspﬁﬂjrﬁlr?g?d’vﬂi’éﬁé%‘ﬁlsghélﬁ“@es exhi biting
alimted (jRbnSddail SiARGhE cANbnaNdmepesi fangho rRAGdakuklcad blE  such an
antiserum are regarded as having nai_ntai ped a subst an-

all monomeric units of the polymeric proteins are represented

in the analogue, and it is particularly advantageous if the
10 analogue includes the complete amino acid sequences of (all)
the monomers constituting the polymeric protein, either as

unbroken sequences or as sequences including inserts.

As will appear, it is therefore preferred that the 3-dimen-
siocnal structure of the complete polymeric protein 1ls 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 is 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.



tial fraction of the original B-cell epitopes. WO 03/042244 24

PCT/ DKO2/ 00764 Alternatively, a selection of nmonoclonal antibodies éj&&iyﬁ
with distinct epitopes on the nmultiner can be prepared and used as 1P es4006
panel . This approach has the advantage of al- lowing 1) an epitope nmapping
of the multinmer and 2) a mapping 5 of the epitopes which are maintained in
t he anal ogues pre- pared. O course, a third approach would be to resol ve
the 3-dinen- sional structure of the nmultinmer (cf. above) and conpare this
to the resol ved three-di nensional structure of the anal ogues 10 prepar ed.

Thr ee- di nengj tructure can be resolved by the | -ray
diffracti onwsotqﬁﬁﬁgz and NVR-spectroscopy. Further ira#fcg[rn%zt/@gg‘r'\ relating to

the tertiary structure can to sone ex- tent be obtained fromcircular
di chroi sm studi es which have the ad¥&antage of merely requiring the
pol ypeptide in pure form15 (whereas X-ray diffraction requires the

provision of crystal- |ized pol ypeptide and.NVR.equires provi si on of
i sotopic RHSRRELSH t‘héeb%ﬁ?ﬁép??&E’f’oFﬁo%}d%?t#Sgles 231G

provideuseful infor-
mati on abowttnt Aestiewti asitopts ust the rafltémeyt ven wwbeepdred #Huv ever,

ultimately X-ray diffraction and/or N 0,£0,1abt ai n
concl usi veu%eé{ 5¥s7 ﬁ(?g{: arnc?gl' afhldsi c?ﬁr&%a%%n@g%%?%%lﬁ%@tev?de indirect
evi dence ofowiogr Brtandepi mpeskaprding sof bt umetiingr anaf o RalfRN"Ef secondary

structur NLS: ';{ngng&eagg anakeguetpl ddi@olumseptéon may include
pep- ti dg ?]‘Lﬁck%%rg%htggg:gn‘%: udes or c%ntri butes to thcéépr esence in 25 the
anal ogue ofazd.| east one MHC Class Il binding amno acid sequence that is

het erol ogous to the nultinmeric protein. This is particularly useful in

those caseg Where.it, Li; HNASSESLS LQuibkefo RS AN BRe acugnsequence
correspondlng to nononeric units .
sional structure of the multimer (cf., above) and compare this

to the resolved three-dimensional structure of the analogues
10 prepared. Three-dimensional structure can be resolved by the
aid of X-ray diffraction studies and NMR-spectroscopy. Further
information relating to the tertiary structure can to scme 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 MMR 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 1s 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




in the nultinmeric protein. Alternatively, the peptide |linker 30 may be free
of and not contributing to the presence of an MHC C ass |1 binding ﬁu@lﬂ&w
acid sequence in the animal species 2 MAY 2006 WD 03/ 042244 25 T AL LUR
PCT/ DKO2/ 00764 fromwhere the multineric protein is derived; this can
conven- iently be done in cases where it is necessary to utilise a very
short linker or where it is advantageous to e.g. detoxify a potentially

t oxi ¢ anal ogue by introducing the MHC Class Il 5 binding elenment in an
active site. Both these enbodi nents can be conbined with introduction of

poi nt nutatéﬁgﬁmbggfldetoxify the nolecule if need gﬁﬁg§5g%ﬁ%preferred

that the IVH ass bi ndi ng am no acid se- quence jority of IHC
Class Il nolecules fromthe 10 ani mal species fromwhere the nmultineric
protein has been de- rived, i.e. thatsthe MHC C ass Il binding amno acid

sequence is universal or prom scuos. It is of course inportant that this
sequence serves its pur- ﬁqse as a T cell ggilo e i.n the species for which

t he i muno £180 gERTE thenFehd@grio REGEGE 48 'Vﬁ?gfﬂgnfoﬁglf UEHt. There ex-

i sts a nunhertnf pBaddieakhyoeeUnidrg it pronksedtang toluctliseepi - topes which

are active in a large proportion af indiyviduals. of n_anyj . species or an
ani nal popJFé%’is&‘?mégJ&“%ﬁés%r PEEPrie- ¥ eardérﬁfjgaqeﬁflrgot u%éa' :Hr?%t&ll% acci ne,

t her eby redupotrntihElndedi@Gnhdogee wer intdradyeingu he MHSf Cldisisf €F ent anal ogues
in the sam, yaccing enléegliqean Bpgl@et Ij_?@‘.StBogﬂethég LheSSnddesbbadi ng am no
aci d sequence |§;pré?era y se &cted from a natural T-cell epitope and an
artificial teHeubinki ndithgipedideieqicrriat Fathatpers dhpl JFteFLTY ed
sequences aLe A,Rahikals JTa&flde.epitope is 25 selected froma Tetanus toxoid
epi tope such as P2 (SEQ I D NO

It is preferred that the MHC Class II binding amino acid se-
quence binds a majority of MHC Class II molecules from the

10 animal species from where the multimeric protein has been de-
rived, i.e. that the MHC Class II binding amino acid sequence

is universal or promiscuos.

It 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 épitopes

30 have been identified. Especially peptides capable of binding a




3) or P30 (SEQ ID NGO 5), a diphtheria toxoid epitope, an in- fluenza virus
hZamagI utti ﬁ]i neri tope, and a P. falciparumCS epitope. Over thg“y%afﬁ&‘( anne
nunber of other prom scuous T-cell epitopes 30 have been identified.
Especial |y peptides capable of binding a 2 MAY 2005 WD 03/ 042244 26

PCT/ DKO2/ 00764 | arge proportion of HLA-DR nol ecul es encoded by the _
different HLA-DR alleles have been 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 epitopes di Zcuzsed f5 in the foI | ow \r;\%

ref erences | e hereby all incorporate y re gL ein:

98/ 23635 (F\r%gbz‘g}rau?{ttl et al., assigned to The Uni ver??ty o% QJeensI and) ;
Sout hwood S et. al, 1998, J. Inmunol. 160: 3363-3373; Sinigaglia F et al.
1988, Nature 336: 778-780; Chicz RM &6 al ., 1993, J. Exp. Med 178: 27-47:
10 Hanmer J et al., 1993, Cell 74: 197-203; and Falk K et al. 1994,

| mmunogenet 'lﬁﬁge?’%ro%@hg:l%ﬂzof Iﬂ.ﬁ IIJEth ?émh%f egﬁ&%daﬂ)ef c?:hedga:tlf%rent th HA-DQ

and -DP ligands. Al epitopes liste erences are rel evant as
candi dat e nJEHTHA 2&pFispeave tb@*%e‘—%éélf:lw ehe Yhesserte Rhyamwistdnle as are

epi topes t hatcdid &bﬂi@e@oﬁﬁ% ARt S tihy EH@S&%al&Q&&V Rald wekyr- the epitope
can be any grtlflc T-cel | epi- tope which is capable of binding a |arge

proportion St*Mie lﬁ? FEESFRT ﬁBl"%‘E’iﬂo@s CHn adpP ShCofpibopes HE SASPR epi t ope
pep- tide§ (hPABRES)Lddsqr tdRdendeoh 98 QFE0He2ng A1 tihEsGRIEER0 sponding

i sclosures are
Pﬁggipélr :?2@9%@%5 }Ié(f'eer}]lgjée 12?e| n%d?;:jgéé yﬁ%@?%‘é#ﬁzg dﬁng?%%lggggor epi t opes
to be used &ecBredPngramity hef Preseribndnysotitiomod 5 should dvespoted that the
most eff €C- Immunol. 160: 3363-3373; Sinigaglia F et al., 1988, Nature
336: 778-780; Chicz RM et al., 1993, J. Exp. Med 178: 27-47;
10 Hammer J et al., 1993, Cell 74: 197-203; and Falk K et al.,
1994, Immunogenetics 39: 230-242. The latter reference also
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-IT molecule
and therefore it is not expedient to incorporate D-amino acids

in the epitopes used in the present invention.




tive PADRE peptides disclosed in these papers carry D amno 25 aq[%ag{n t he
C and N-termni in order to inprove stability when adm nistered. v é
the present invention primarily ains at incorporating the rel evant
epitopes as part of the analogue which should then subsequently be broken
down enzy- matically inside the |ysosomal conmpartment of APCs to allow 30
subsequent presentation in the context of an MHC- Il nolecule and therefore
it is not expedient to incorporate Dam no acids in the epitopes used in

t he present invention. 2 MAY WO 03/042244 PCT/ DKO2/ 00764 27 One especially

preferred P. tide is the one having the am no [ ence
AKFVAAMWLKAﬁﬁﬁEgE%?ID NGO 7) or an immu- nologically e P%%?ﬁ@% subsequence
thereof. This, and other epitopes having the sanme | ack of MHC restriction

are preferred 5 T-cell epitopes which23houl d be present in the anal ogues
used 1in the inventive nethod. Such super-prom scuous epitopes will allow

for the nosp,sidupbe: AAbog] i t.i_0 reiln. onl.y one single
nmodi fi ed IL5nj§EEresen egE%%Q%%%qggﬁgﬁﬁgﬁéﬁgjgn?%%?*ge%ﬂﬁﬂﬁeﬂéystenl 10
Preferred et AeHl Searendre AKRARHELOARA f8EUdEsNGodi f pratm dmmu-by

i nt roduci ngnétodieasty eieeanel GihJANEQdQRL AAR, irﬂ_is‘?pgltlzﬁl’_%%her It wll be
under st ood t hat yestion of imune dom nance of a TH epitope depends

th
on the ani nBf1SPEEI PR YifestronaCAsCLBE raféréFiiont pee papfprred

"i nmunodobi Darkia” esittpley wiefar sndud depé tpesntl BnWiE Rnklodue YagCi nat ed

i ndi vi dual 'V%% %ﬁ%ﬁm&o a %?nigjcaﬂt i nmune response, but jt is a
vel | -known Tactt RAar s TH é% Op& T IR TGS AP HRESi i 1dne

i ndi vi dual abkloyotfonddessest Isymplamenhodiomhnanit ihe anekheion REéadigual of the

same Speci esn1LYRD ofdoUGR.dil: OR%13e: $RABLG O DI DO MG L] ol ecules in
the 20 |atter i ndividual.
animal’s immune system.

10 Preferred embodiments of the invention includes modification
by introducing at least one foreign immunodominant T epitope.
It will be understood that the question of immune dominance of
a Ty epltope 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




. . . . . - 2 TIAY, 7008
As mentioned above, the introduction of a foreign T-cell epi- tope tan bé

acconplished by introduction of at |east one amno acid insertion,
addition, deletion, or substitution. O course, the normal situation wl]l
be the introduction of nore 25 than one change in the am no acid sequence
(e.g. insertion of or substitution by a conplete T-cell epitope) but the

i npor- tant goal to reach is that the anal ogue, when processed by an
antigen presenting cell (APC), will give rise to such a T-cell epitope

bei ng presented in context of an MCH Class Il nolecule 30 on the surface of

the APC. Th I he am no aci d sequence of the nong | nit in
appropri at el'd%jdlg)ln{zlz‘%ns conpri ses a nunber 2 MAY 2006 Mg’%}%ﬂﬁ%ﬁ44

PCT/ DK0O2/ 00764 28 of am no acid residues which can also be found in a
foreign TH epitope then the introducki on of a foreign TH epitope can be
acconpl i shed by providing the remaining amno acids of the foreign epitope
by nmeans of amno acid insertion, addition, 5 deletion and,substitution. In
ot her wor d§f inPsagqict ragtdssariich 628 Rle8dic &°8P¢ dpf etE ST €i t ope by
insertion @pisdHRSthddlthbi DitrocAGEcali B 4 FotdignPreesphtopeneantdeon, the

anal ogue may alsqQ form part of larger nolecul e wherein it . is coupled to at
| east one i‘%c?ﬁ&f’?%ﬁ;}gﬁ ﬁf)‘?véfif]?g ttﬁ‘g PYEEEARE B i e Sdoofetsth(re]ot interfer
negat i vel y fbeeigyrs eghidpecantnedegret amitd acheé jaskirbbuy- additdessabil ity of the
anal ogue., e Ak ULy Al 1Dl elhes.n LiLEN, My he nbuspdeboaihe anal ogue)
can be to targe the” “moadrfied nol ecu?e to an antigen presenting cell (APQ)
or a B 15 kyniHoeytes a gomplatgl Byt epitmre hwnineesyismeny avdti®ioptim ze
presentatiqn.,9f the anal ogue to the i mune system Targeting noieties are

conveniently selected fromthe group consisting of a substantially

specific binding partner for a
According to the present invention, the analogue may also form

part of larger molecule wherein it is coupled to at least one
10 functional moiety, the presence of which does not interfer
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 moiely may be selected from the

25 group consisting of a lipid group, such as a palmitoyl group,
a myristvl 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), Flt3L, interleukin 1 (IL-1), interleukin 2
30 (IL-2), interleukin 4 (IL-4), interleukin 6 (IL-6), inter-




B- | ynphocyte specific surface antigen or for an APC specific 20 sur?ag%F 2008
antigen, such as a hapten or a carbohydrate for which there is ar Bt oF oY
on the B-lynphocyte or the APC. The im nunestinulating noieties my be
selected fromthe group con- sisting of a cytokine, a hornone, and a
heat - shock protein. The presentation optim sing noiety may be sel ected
fromthe 25 group consisting of a lipid group, such as a pal mtoyl group,

a nyristyl group, a farnesyl group, a geranyl -geranyl group, a GPl-anchor,
and an N-acyl diglyceride group. A suitable cytokine is, is an effective

part of any - terferony (IFN-g), FlIt3L, interl IL-1),
interleukin‘@‘glg12 - 2), interleukin 4 (IL-4), |nterI€§ﬂ§Kﬁmé76 IL-6), inter

- 2 f AY 2006 WD 03/042244 29 PCT/ DKO2/ 00764 | eukin 12 (1L-12), interleukin
13 (1L-13), interleukin 15 (IL- 15), 2and granul ocyt e- macr ophage col ony
stinmulating factor (GM- CSF). A preferred heat-shock protein is, or is an

effective part of any of, HSP70, HSP90 C70 d alreticulin
(CRT). It §u$¥%?%rwgﬁl hat oEfel iliiber $fhz nongﬁgﬁg e?? :ﬁb de-

| etions, subp}ishutdneiecyrdtdbéidphage ccabny eashulstisgctraor3(cM-4, 5, 6, 7,
8, 9, 10 11. 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, and 25 |nsert|ons
SUbStItutlSﬁg ‘additions or deletions. 10 It is furthernore preferred that
t he nunber of am no acid in- sertions, substitutions, additions or

del etions mSpisHeri&d @ateamrkoprdtk@n sychras at abSictifd paat obst 90, at

Cub- sti urrsrtr [Ree Fore HFEEDER o d B RISl 8T8 coed

60, and in particular the nunber should not exceed 50 or even 40. Most
preferred it as puebefredf tifed tABr@mbeanB3aniM tleid insertions, de-

letions, substitutions 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 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 modificaticn
by introducing at least one foreign immunodominant Ty epitope
(= “foreign MHC Class II binding amino acid sequence”}. It
will be understood that the gquestion 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 Ty epitope
which is immunodominant in one individual is not necessarily

immunodominant in another individual of the same species, even




respect to amno acid additions, it should be noted that these, when MAYe pnos
resulting construct is in the formof a fusion polypeptide, is often
consi derably higher than 150. 20 Preferred enbodi nents of the invention

i ncl udes nodification by introducing at |east one foreign i munodom nant
TH epitope (= "foreign MHC Class Il binding amno acid sequence"). It

w Il be understood that the question of imune dom nance of a TH epitope
depends on the aninmal species in question. As used 25 herein, the term

"i mmunodom nance” sinply refers to epitopes which in the vaccinated

i ndi vi dual J4;s€ to a significant imune respo is a

wel | - known ?gﬁﬁﬁ? at a TH epitope which is |nnunod02?ﬁgﬁgﬂﬁﬁ one

i ndi vidual is not necessarily immunodom nant in another individual of the
same species, even WO 03/042244 30 PGP/ DKO2/ 00764 though it may be capabl e
of binding MHC-11 nolecules in the latter individual. Another inportant

point is the issuye of C re rlc on . of pi topes. . |. er al
natural |y GBRYRH llFlgmaﬁ-l p‘f‘_’tp IW%M&: rfn?:fegcéx,ie? .1eq1. gggcertal n
pepti de COﬂSthUhh&gnﬁuIH.Epltope will only bind effectively to a subset

of VHC Class Il nole- cules. This in turn has the effect that in nbost cases
the use of one specific TH epitope wll CI onponent
which is efPetlSL &P Fr Elgo?‘ns‘d:s‘ t?‘l‘%suﬁo ﬁllﬂacl 5%St6:ﬁlcy, gg ﬁ‘b dependi ng

on the si z%p@{o;teleat I r@ettan, netucdilybecavecbss dn\ertisopénelradéithore TH
epi topes of nthe sare 7ol egul 6. 0 ALLERLALLYRI e 1PE WY, ol L1 - cOMpONEnt

vacci ne e’ co onen var i ant are di stinguished from
each ot her whyl tdléynlainﬂ eff%ﬂtﬂt‘fhéym epttssé phidsdeed. TATP~t he MHC

restriction,ofs the; I-GellLs, lh%%dthé &20PL gk Vil Rosknawas (fer ub@ist ance in a
situation where the vacci nated ani nal
of one specific Ty epitope will result in a vaccine component

which is effective in a fraction of the population 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 intreduced.

15 If the MHC restriction of the T-cells used is completely un-
known {Ffor 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 fpopu.'a!r‘on =1_H(1“Pf) (II})

=l
-where p; is the frequency in the population of responders to
the i™ 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 - 0.2 x 0.3 x0.4=0.976




has a poorly defined MHC conposition), the fraction of the aninal
popul ati on covered by a specific vaccine conposition can be denegakmgdqu
means of the followi ng formula: 20 fpopula(ion =1-J [ (1-Pl) nI ere p
is the frequency in the popul ation of responders to the itn foreign T-cel
epitope present in the vaccine conposi- tion, and n is the total nunber of
foreign T-cell epitopes in the vaccine conposition. Thus, a vaccine
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
gl ve 1 - 0. ZygwsfeduXx 0.4 = 0.976 - 2 MAY 2006 WO 0310@%&2/&%4

PCT/ DKO2/ 00764 -i.e. 97.6 percent of the population will statistically
nmount an MHC- 11 medi ated response to ahe vacci ne. The above formul a does
not apply in situations where a nore | ess precise MHC restriction
pattern of the peptides used is 5 known. If, for instance a certain peptide

only binds thes. h@nram peltnt loFMDhE GupeaaBEOfad ByatHlsfs ER131 h&ilngs DR1, DR3,

DRS, and DRY, ?P t% %ﬁﬁff this 5 t|de together with another pep- tide
whi ch bi nds It‘he renal ni 5 ESP9 ot e e 82 EH@Gded by HLA-DR alleles will

acconplish 100% coverage in the population 10 in question. Likew se, if the

second pept Tie a06ky ﬂﬁirfﬂdSa R3s rﬂ:ltda% 1hhes 2ddi O Rnefe Lhinsrdept 1 de wil
not |ncreas§ &pg ove& %ﬁl I|f one bases the cal cul ati on of

popul ation “Tes SHEE NHER REFRt o DB IPEREEEsY Y8BR tiSpes in t he

onse
vacci ne, Ehbn':fwnacltf,orfogf mdtenpe)pmlcattm pepeiedoh)y dis@eehbimmbkd vaccine

conposi ti onygan 1o ARLeLI Hedaly HTeans faf a1 N8 LM OWars RS, ana
DR7, then the use of this peptide together with another pep-
tide which binds the remaining MHC-II molecules encoded by
HLA-DR alleles will accomplish 100% coverage in the population
10 in guestion. 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:

f population — 1 H(l ¢j (III)

~wherein ¢ 1s 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 quencies of the different listed allelic haplotypes are summed

for each type, thereby yielding ¢, &, and 4.

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

sponding theoretical value m;:




ing formula: 3 f =1-H(1-~ papYlalion J=1 -wherein Q is the sum of
frequencies in the population of al- lelic haplotypes encoding MAC - MAY o00g
nol ecul es which bind any one of 20 the T-cell epitopes in the vaccine Andvid
which belong to the it of the 3 known HLA loci (DP, DR and DQ; in
practice, it is first determ ned which MHC nol ecules wll recognize each

T- cell epitope in the vaccine and thereafter these MHC nol ecules are
listed by type (DP, DR and DQ - then, the individual fre 25 quencies of

the different listed allelic haplotypes are summed for each type, thereby

yi el di ng 01lywfBunedpd 03. It may occur that the val ue Qi rmul a |1
exceeds the%or?‘tez- spondi ng theoretical value rzi: - %Tﬂlﬁﬁz@%% WO

03/ 042244 32 3 21 =1-fl(l-vi)2 J=1 PCT/ DKO2/00764 (IV) -wherein vj is the
sum of frequencies in the popul ati on3af al- lelic hapl otypes encodi ng MHC
nmol ecul es which bind the ith T- cell epitope in the vaccine and which

belong to the jth of the 5 3 known ZE@llOSi (DP, DR and DQ . This neans

that in 1-7ci of the popul ati ofi Tt BT8Ja frequency of respdfiders of

fresidual i = (pi-ni) / (1-7ci) . Therefore, fornula Il can be ad- justed

SO as to yighdefinraula t¥e $poptl Fid@enciksf tif leHeQdp@llation(of- al-resi dual i~

L) lelic haplotypes encoding MHC molecules which bind the i*® T-
cell epitope in the vaccine and which belong to the 2 of the

5 3 known HLA loci (DP, DR and DQ). This means that in 1-m; of
the population there is a frequency of responders of

fresigval i = (Pi~%3) /(1-ms) . Therefore, formula IIT can be ad-

justed so as to vield formula V:

3 n
fpaprrlalion =1- H (1~ 'pj)z + [1 - H (1 —-fresidual_x‘ )J {V)
i=1

J=
10 -where the term 1-fiesiquar i 18 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} MEC
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 subseguences 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 —
Nie) 100/ Nyer, wherein Ngr s the total number of non-identical
residues in the two sequences when aligned and wherein Ner is

the number of residues in one of the sequences. Hence, the DNA




J-1 11\ i=1/ 10 -where the terml-fresidual i is set to zero if negative.
It should be noted that formula V requires that all epitopes have? Wheeniils
hapl ot ype mapped agai nst identical sets of haplotypes. Therefore, when
selecting T-cell epitopes to be introduced in the anal ogue of the
invention, it is inportant to include all 15 know edge 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 popul ation
of the relevant haplotypes. It should be noted that preferred anal ogues of
t he i nventi & osdfgonpri se nodi fications which resul tgrokedeRe! yYpepti de
that in cludes stretches having a sequence identity of at least 70% wth
t he correspondi ng nononeric units of the nultinmermc pro- tein or with
subsequences thereof of at |least 10 dmno acids in |length. H gher sequence
identities are preferred, e.g. at 25 |east 75% or even at |east 80% or 65%
The sequenc«;equedmat A3cactorwiprohetans aérghemuélﬁieatat:g @35 vwenwhencal cul ated as
(Nref - 100/ Nr n is the total number of non-identical
resi dues | %‘ R B oS ZJAT%%% G(\lkv{if‘i’e“%a ?g’ﬁé’ﬁp)and wherein Nref is the number
of residues in one of the sequences. Hence, the DNA WO 03/ 042244

PCT/ DKO2/ 0@16411y33is edencs AGT@AG'E%]M Iderhw&hatsaquemdedeﬂti ty of 75%
with the %gguencetAAT % (egld fa_z %\ re ok ¥ r|Onsorder to

concl usi vel VS VBT Thaf ST ERat ogrsof = ﬁré Ry %‘%elmdn #5198 deed effective
as an i mauftegen, mavam @estornegsis qmlyrbiaa pewfmiar@blemmcessﬁew tonprovi de the
necessary GoBpafichTald 0010 fne A SQlEs SRECHINGS 13 nd Ofdbaleg the exanpl es

herein. In IS cont ext reference is al SO m Cus-
hereln In this context, reference is also made to the discus-

sion of identification of useful IL5 analogues in WO 00/65058
~ this disclosure may be used for verifiction of the useful-
10 ness of an analogue (IL5 derived oxr not) subject to the pre-

sent inventive technology.

Preferred multimers that may be subjected to the technology of

the present invention are IL5 and THNFQ.

IL5 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




sion of identification of useful IL5 anal ogues in WO 00/65058 - this

di scl osure may be used for verifiction of the useful 10 ness of am &nadbginds
(I1L5 derived or not) subject to the pre- sent inventive technol ogy.
Preferred multinmers that may be subjected to the technol ogy of the present
invention are IL5 and TNFa. |L5 based constructs 15 For hlIL5 it has been
found that constructs that mmc the natural hlIL5 dinmer structure and at
the sane tinme include for- eign TH el ements provide superior results
conpared to con- structs based on the nonomeric structure, e.g. over the
con- struct swvaksseb@sed in WO 00/ 65058, especi al |y whegidkosefgs to 20
expression |levels and antibody reactivity of antisera raised against the
constructs. Preferred constructs based on IL5 are those wherein the ana-

| ogue is selected fromthe group consilsting of - two conplete |L5 nononers
j oi ned by a peptide | i nker that 25 i ncl udes at | east one MHC O ass |

bi ndi ng am no e /00764 two
conplete IL5 n%%oner??ﬁggﬁg’ y an ¥Mi£$é éé%§§e§é?$ﬁgé5§%% whi ch at | east
one | L5 nonner linktuddsvwhidieatt ?eﬁra(ﬂtogm@Lﬁ/H@r@eas@qlmm mdPAY ami no acid

sequence. Such .an, 3Nk A0ME: FBYsHaME bl A BRI St{dGeYtidhdel-Ls IL or IL" 5
Li-1L" or IL-Li-ILmor IL-Li-ILmor ILmEmIL" wherein "IL" is the

conpl ete amino acid sequence of mononeric mature IL5 "IL." and "IL"",
whi ch may Bech deneralgiguermaohaveerts éarsardesiuprare B-Ledbstanilnal |y

conpl et e sapl N9, agl dr.SLAYENGE B 1.MDAQNEY ¢, ARIMS &ndrkdn iiel Ui RGea
heterologous MAHC Ciass 11 bi nd I ng am no aC|a 10 sequence, "ppf i.S a peptide
1'inker i nc [CaEP IR Cofmidn BF+ b SR F% ©f monomeric mature IL5, “II," and

“IL,”, which may be identical or non-identical, designate a
substantially complete amino acid sequence of monomeric mature
IL5 including a heterologous MHC Class II binding amino acid
10 seguence, “Ip” 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-
guence in the analogue. It is especially preferred that Ly, Ilg
15 and IL, comprise the P2 and/or P30 epitopes of tetanus toxeid
or comprises a PADRE, and I; is a di-glycine linker. However Iy
may be any non-immunogenic linker peptide that does not give

rise to MHC Class II binding sequences.

Most preferred embodiments are hILS analogues having the ma-
20 ture amino acid sequence set forth in any one of SEQ ID NOs:
9, 11, 13 and 15.

THFa background

Tumour necrosis factor (TNF, TNFa, cachectin, TNFSF2) is a po-
tent paracrine and endocrine mediator of inflammatory and im-
25 mune functions. THFa is cytotoxic for many cells especially in
combination with gamma-interferon. TNFo 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




at | east one MHC Cass Il binding am no acid sequence in the analogue, and
"Li" is an inert peptide |inker that does not in- clude or contri b%tEJi/O
any MHC C ass Il binding amino acid se- quence in the anal ogue. AT 200
especially preferred that Lm ILm 15 and IL" conprise the P2 and/ or P30
epitopes of tetanus toxoid or conprises a PADRE, and Li is a di-glycine
| i nker. However Li may be any non-inmunogenic |inker peptide that does not
give rise to WHC Class Il binding sequences. Mst preferred enbodi nents
are hl L5 anal ogues having the ma- 20 ture ami no acid sequence set forth in
any one of SEQ@bd2MOs: 9, 11, 13 and 15. TNFa backgrmamgezlsdfgpur necrosi s
factor (TNF, TNFa, cachectin, TNFSF2) is a po- tent paracrine and endocrine
medi ator of inflammatory and im 25 ne functions. TNFa is cytotoxic for
many cells especially in conbination™w th gamma-interferon. TNFa was
initially identi- fied in 1975 and denonstrated to initiate tunor necrosis
and i1 91 CRRLDLLy, TheANLh-GARGCLLELEM! At Aken baghd ivesl i aled | 1
detail, but t treatment has not been a success as cancer WD 03/042244 35
PCT/ DK02/ 0G¥tdirigh TRy waal 1dteungfiitdegre=dare tid Ichusarderadheizdd s usi ng TNFa
running. T ) C S C chexl nd it was
di scovered aFﬁaJ#a%RﬂLfa%l%eP?%Eecfséﬁ%ﬁﬁg |%’%\er$ﬁr%%sﬁu§étl%gce tog rragdl at ed
process. Tweceetiﬁotrem@mat?ENF@rcrcesepmbsdﬁf(eﬂdﬂ?ﬁﬁmmcécﬁ&%) have been
identified rredl |c and | or fe of TNFa. TNFa
i nduces g‘ndw%%’rlspe Z#N%Rgiy)n%ave Xo] 1derlrtc%cesses %iure?éiﬁ(‘glL o?u c inflamuatory
di seases | itkeid¢ h&unmmjadm&usdﬂyr et’fes:t(s% TaE. IﬂS\!E’S&US@:&tdeedaﬁcb have a
critical role in I | er psoriasis.. Bl ocklhngni%f irllgla:tmﬁgtg’rNFa si gnal by
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diseases like rheumat01d arthritis (RA) and is suspected to
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have a critical role in allergies and psoriasis. Blocking of
10 the TNFa signal by soluble receptors, receptor-specific

inhibitors, down-regulation of TNFa production or monoclonal

anti-TNFa antibeodies are attractive therapy forms to adverse

the biclogical effects of TNFua up-regulation and signaling.

It is evident from the results obtained from treatment with
15 soluble TNFo receptors and monoclonal anti-TNFo antibodies
that anti-TNPo therapy is a success in several diseases, like

RA and Crohn’s disease. The antl-TNFo treatment is both con-

sidered safe and effective.

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

been approved for clinical use.

Remicade 1s a chimeric mouse-human monoclonal IgGl antibedy
directed against soluble and cell associated TNFo. Remicade
blocks the binding of TNF with its endogenocus cell surface

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

methotrexate in rheumatoid arthritis refractory to methotrex-




i nhi bitors, down-regulation of TNFa production or nonoclonal anti-TNFa

anti bodies are attractive therapy forns to adverse the bioIogicaLm%;Rﬁ%tg,ﬁ
of TNFa up-regulation and signaling. It is evident fromthe results AT 20
obtained fromtreatnent with 15 soluble TNFa receptors and nonocl onal
anti-TNFa anti bodies that anti-TNFa therapy is a success in several

di seases, |like RA and Crohn's disease. The anti-TNFa treatnent is both

con- sidered safe and effective. To date, two TNFa ant agoni sts, Rem cade
(I'nfliximb, Cento- 20 cor/Johnson&lohnson) and Enbrel (Etanercept,

| munex) have been approved for clinical use. Remcade is a chinmeric
nouse- human P9 88Hdnal 1 gd antibody directed agai nFCTYEAMBIE and cel
associ ated TNFa. Rem cade blocks the binding of TNF with its endogenous
cell surface 25 TNFa receptor. The Fagsd and Drug Adm ni stration (FDA)
approved Rem cade in Cctober 1998 for use in noderate to severe or fis-
tulizing Crohn's Disease refractory to conventional therapies. The

i ndi cat i on ak&stReEBRREPE02hdPudiE YadP Uh Seiveenzgee itsharPhetthot rexat e in
rheumat oi d cgabhird tdhsedLf.ractory to nmethotrex WO 03/ 042244 PCT/ DKO2/ 00764
36 ate therapy alone and in July 2002 mai ntenance therapy in Crohn's

di sease. Enbrel_ is a reconbinant protein consisting of the extracellu- |ar
portion of ®R&echufad TNCEPiRREPPHE L Rsernsist i1 OFcEoPEFERFS318T human | gG .

Enbrel i nhifi.t ?o:E@}!Eﬁ SE YT LaRY RS VEODRS RusddLEOYnENFA doeeept or . FDA
approved Enbrel for use in rheumatoid arthritis in Novenber 1998. Mre

t han 350.2008 pwtaredy&l hdnbrebeehibitsalBih wict bvitiyebe SENFanamsagoni st s.
Revi ew of clini

F efficacy d salj‘ogrtg_é nf o _n%ti on, o.f]n thgsealtgggnts are
per f or med 1G°CHn ﬁLuJé?Jcselp)%Oﬁhﬁg’l tHoUghi ﬁ’fbéggl $¥s YA d ot KR Ritine- r el at ed
adver se eventsdriEmrnin Nowaper 1008C éroomef dranT BiFa (@0t pgornss have
been treated with these TNFa antagonists. Review of clinical
efficacy and safety information of these agents are performed
10 continuously and although infections and other 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 theraplies, the pres-
ently suggested TNFo immunotherapy has the advantages of mi-
crogram amount vaccinations and less frequent injections to
20 keep a high anti-TNFo in vivo titer compared with large infu-
sions of monoclenal 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-TNFa therapies.

TNFe 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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will act as a nore efficient down-regulator of TNFa than other 25
anti-TNFa therapies. TNFa is transl ated as a 233 am no acid precursor
protein and secreted as a trineric type Il transnenbrane protein, which is

cleaved by specific netalloproteases to a trinmeric soluble protein were
each ident bshlo AohtaTEthe muibanicidcensiasics of whi7h\ie o8t GAPPA4 ™7

PCT/ DKO2/ 00764 apina.acids (t m_no_aci uepge0f . Whi¢heis set forth
in SEQI DR PP f)lﬁlunlg‘ﬁ“a%NE‘gm?ésn%%% gflllg?:o% ate w{f%lial errruri ne TNFa has
a singl e NpghyaRsyh adingle Si-tg@ycddigatibm staormee hgE: aonemsixebas & wei ght  of

ot 0551 | nKBGAATHAB Y oPEs ad K R IT P e PR T RS RS S AT TS (o
cystei nes whade sbakid,i aethdigh stansebulinkey fomeicngows eatdlaker ecul ar
activity.  SESHOUEAPEy TRE CALBHH TS T CoNes (176 SCoherSt o8 of Three, 10
two and evelreitiranby Eoanisy dhasiimablycuddecr easdshidee bsdaghi Both ty and
bi oactivi t%heTIJI‘]%nld Pgér?nggusargfn’%NEaaCIag:el Emplb?:gg'x?g 'for the activity.

Especially the C-terminus is sensitive as deletion of three,

10 two and even one amino acid drastically decreases the solubi-

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 TNFo (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-o 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—¢ 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




which forns a stabilizing salt bridge between two nononmers in the triner.
On the other hand deletion of the first eight am no acids increases the
activity with a factor 1.5-5 while 15 deletion of the first nine am fbiY 23
acids restores the full- length activity. TNFa is a well-studied protein
and many of the intra- and inter-nolecular interactions leading to triner
formati on and receptor binding have been identified. Hence, in nature,
human TNFa (SEQ ID NO 17) exists as both a 20 dinmer and a trimer, but the
nol ecule is in both cases very suitable as a candidate target for the
present invention. TNFa constructs A preferred TNFa anal ogue is sel ected
fromthe grSfPeBH4i s- ting of 1) two or three conpl & %4 nononer s
joined end-to 25 end by a peptide linker, wherein at | east one peptide

| i nker includes at |east one MHC C ags |l binding am no acid sequen- ce,
and 2) two or three conplete TNF-a nononers joined end-to- end by an inert
peptide linker, wherein at | east one of the nononers include at |east one
forei gn MHEnChaseilll sdujurdinprWhe310420 44238 PETEERGZPOY 4185 no aci d
sequence OrIIVﬁq{cg.'ng ﬂ'nloegéj:[dsoggqge%"c@! an Ml dasse - obididingi-am no aci ds
sequence i s fuse othe N or Cterm nal mononer, optionally via an inert
| i nker. Pamglcwirerey, optépesitlivniiare iMndgefic TNFa nol ecules with 5
high stability, since it has earlier been found by the inven tors that
nmononeri c TNFa, constructs tend to be r iyel n- wi€h., however,
the di scussPiaSﬁlcb a5\%\}.’ J’Fﬁﬁg?s’ettlhnigsg]feyggmg O%E:e%gt%t%tm?%%g%i wrlrE%h i n anal ogy
to the abouehditsbudsied kibcedtstaueckslich)bpeyairendfebdhngre~ 3 TNFa

subuni s | nked, {oeLer. BY k! 05, RE5ANUeRR DS BERLIGE, Lihokers in a

stable, cf., however, the discussion below.

L)

Thus, this type of construct is very much in analogy to the

above discussed IL5 constructs.

10 A gene encoding the 3 TNFo 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 wtTNFo.

The most suitable TNF¥uo 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 TNFo 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

i




di scussed for IL5 has been produced. The goal has been to gen- erate
variant TNFa nol ecules with a conformation as close to the native TNFa
trinmer as possible. The variants are designed 15 to efficiently el EcHAY 703
neutralizing anti bodi es against wt TNFa. The npbst suitable TNFa variants
are soluble and stable pro- teins in the absence of detergents or other

ki nds of additives that could disrupt the protein conformation. By
expressing the three nononers |inked together as one single 20 polypeptide
chain using |linkers and TH epitopes, it is intended to prepare TNFa

variants thq& Ahs,JIore stabl e than previous variant %ﬂ@gﬁiﬁgﬂnogens. Thi s
0 (3/032244 /
ctio

w ll allow preservation of the TNFa structure, by in n of the
necessary TH epitopes outside of stabilizing hydrogen bonds, salt bridges
or disul- 25 fide bridges. Fromthe X3Pay crystal structure of TNFa it is
seen that the first 5 residues of the Ntermnal are too flexible to allow

a 2 NAY 200 0 . PCT/ DKQR/ 0Q764 39 structure determ nation. The
C—terninus,gﬁ%ggggéfﬁﬁééﬁggéggﬁ'q% ogéu?%u?W% h?ﬁﬁﬁ%’o%sﬁﬁga omer
interface apledestpeds mifidhd b etheThendiest dncefbet weenis Hes€ al pha at ons of

Arg-6 and kU194, 18,105 [ LSt [ c n cidresi 5
dues. Therefore i t, s%gngltﬁg%g %%gggﬁlg{%tg flltp%% f&he Sn%%ghr?gﬁga%dgubuni ts
directly tob@tHer, ipdl &i riddchhes Cheediftaars ofr 8-4 enipatasddatesd-del i cat e

site, it wibheddr ohaddnprbei advant ageguSydBibuseof 1 83 bLE donbBker:s: €. 0.
gl ycine linkers, fo ,thlf%connec- tion. 10 Five variants have until now

been desi gnBPPHEEF i STt he e RHonBrTY AaCe rife Pt AT RREC RIS RS control TNF
TO (TNFa Tr caterd anuariven iB3teSEQxd,DiNGri 22 brewittiyShs @frahthRebhs e® nmononer s

di- rectly Léenﬁgxiﬁ%e&rfgﬂer@f g. gs.eei‘§9§n% gll%ccelrrs],e JJ:'olrm’égnr_ss connec-

-tion.

10 Five variants have until now been designed utilising the

“monomerized trimer” approach. The control TNF T0 (TNFo Trimer
number ¢, 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. OFf 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_TO0 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 MO: 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




(Aydydy). TNF TOis designed so as to be as stable as the 15 wild type
trimeric protein. O course, other inert flexible Iinkers known.ip lhe g‘grp‘
of protein chem stry nmay be used in- stead of the above-nentioned 2| ycCi

| i nkers, the inportant feature.being that the flexible |inker does not
interfer ad- versely with the nononerized protein's capability of folding
20 into a 3D structure that is simlar to the 3D structure of

physi ol ogically active wt TNFa. The TNF TO construct is expressed as a
soluble proteinin E. <coli, and it has been used to prepare the exenplary
construct TNF T4 (SEQ ID NO 57), which is a variant wherein the PADRE 25
VHC d ass | WP PdHhg peptide (SEQ ID NO 7) is introd¢d@K20HKthis
construct, the ratio between nononeric units and foreign epitopes are thus
1 epitope per 3 nononers, instead of 4pepi- tope per nononer as is the case
in prior art variants that re- lied on immnogeni zed nononeric proteins -
this is also the 30 case for SEQ I D NO SSZF@QThIS fact provides a

pot ent i al | ythisogPRiapeh| ¥ [thenBE_SR Ydrdapki 5P 4154 | 8y cLAnP®f f spring from

VO 031 042244 FCTLRKAL 00 g GudrlinSy AARKORGATKE SRC IR CEny LNt (SEQ | D

NO: 28, cf. be- [ow Fa nononer wt epitope in the
same posi tPQﬁ”thaénlaﬁ #NFTNM.TM n par aI lel, the tetanus toxoid P2 and P30
epitopes (SEQ ID 5 NGs: 3 and 5, respectl vely), have been used in the TNF

T and | TNI2.0ar ANt el SEQUR 059,00 2o fashged i ¥ghVlg con- Laini ng

one epitope 1N eac er region, and al so i DDNO 59) that
cont ai ns dNEOC- et ﬁal r%ﬂmepép‘eela'rhd ve been wRed slecdhel TNENRErandegi on.

Proteins ar@qm@stbéhfagw%mbrmnmb@, the Nater m-pahe &oveif t Bg, C-term nal .
The idea underlying TNF T3 is that_when the first two N'terninal domains

fold up thEY FI°‘Teuﬁ€’t‘i%"? 3R ¥Petitdiercieiierordy £&FO tiRe™¥RiTd donmai n

{SEQ ID NO: 59} that contains one C-terminal epitope and one

in the second linker region. Proteins are mostly folded from
10 the N-terminal toward the C-terminal. The idea 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”, TNFoa (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 Ffor the

formation of dimeric and trimeric TNFa proteins having a cor-
rect quarternary structure {as evidenced by these having
receptor binding activity). Hence, in these censtructs it has
25 been possible to prepare variants of monomeric TNFo 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




(mononer), which is enclosed by epitopes. It has been discovered that in
addition to the technol ogy de- 15 scribed in detail above, where Qp?ygﬁqi%wﬁ
proteins are "nono nerized", TNFa (and possibly many other multineric bl
proteins) allows for the production of nononers that 1) include at |east
one stabilising nutation and/or 2) include at |east one non- TNFa derived
MHC C ass |l binding am no acid sequence, where 20 these TNFa nononer
variants are capable of folding correctly into a tertiary structure that
subsequently allows for the formation of dinmeric and trinmeric TNFa

pr ot ei ns havi%% a cor- rect quarternary structure (as evidenced by these
having rec P2Hi ndi ng activity). Hence, in these JSAPEPHRTYE it has 25
been possible to prepare variants of nononmeric TNFa that does not
necessarily need to be produced as nanoneri zed trimers because the changes
i ntroduced in the nononmer sequences introduce so limted disruption of the
mononer's tertiary structure that a di- or trimer can be forned. In

accor dance £36thsirt heethdonge dhagnafel Isprh Farhanh P8 ePPTeRTENS 8R, it has WO
031042244 RCT/IMOZL00464 Ak bHEthEL1beansfound that all such variant are
expressible as soluble proteins frombacterial cells. Hence, it is possible
to prepare i munogeni c TNFa variants ac- cording to the foll ow ng

strat egi es Hehed, danidbeoceibiandéd prapaSe whinghogrnyicf TR fcheprbanteoadi ned with

the already, dlsehssed,. FRIAIRLLZELLA0,APRAAC EanOhe ik eBLEON (ST NCE
t hese par - Crcutsar - nodi |cat|oﬁs.aale_are non-destructive by nature): The
f1 exi bl e 5 obpchtmeat Bgsther brasopbiredivitbvdeetl 19pdy hdlssHes¥ht i nventors t hat

i nsertion 0,064 he RADRE, enichops: (REQ Avendn 1hihéd @hkooRa2-in position
Gyl 08-A1al09 1s a prom sing approach tqf%repare TNFa V%FI%QtS with a
structure Ai64RAY meatEMSTLARS GHée rBlts Pen FREESHIIEE Jpe nature):

The flexible loop strategy

It has been discovered by the present inventors that insertion
10 of the PADRE epitope (SEQ ID NO: 7) into loop 3 in position

Glyl08-2lal09 is a promising approach to prepare TNFa variants

with a structure closely resembling the native TNFu molecule.

It has been deduced from the TNFa crystal structure that a Tp
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 (TNF35-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.




It has been deduced fromthe TNFa crystal structure that a TN epitope
inserted directly into this position will not have any 15 nei gthL:\iggf;H 1 130
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ID NO 18), the first PADRE con- struct made according to this approach,
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PCT/ DKO2/ 00764,_{12 Stapility enhancing nutations Introduction of TH epitopes
inthe fle 1 t4R0Stj al |y destabilize the structure of the
TNFa variant. However, this potential destabilization can be counteracted

by stabili fizatk@nonfof hg Stitvebarie the aughiniy nedyct tom Dhotyst ei nes t hat
wll forma disulfide bridge. A cystine pair in two different positions
have until HeWlpestphtHgquEbel stAugEMcant SSENERER Karsent - TRIPS#eB, (SEQ | D

NGs: 29 andip3@) po¥ntQal th@thh exi Ak CoMN-defl e Mot edalchey fyf Stafi1am no aci ds)
that is known to reduce the 10 strength of the receptor interaction wll be

del eted ih F4i8P-of &he HeWCEUFheITaPIRARTI0ESEieR CSEEYTISIRRS B83). The
di sul fide Janildgerd & dnduiFddeaskiidget e et paiorinstabidifzatdnén of the

epitope insertion site to e&hgcr) i th the nat Lél‘a| Iy occurrkpgll di sul fide

bridge (CysSB7Eeye POYT . Al Y PEERGS BT T lal S o FA% 4 aB 158 both a TNFa

nononer as SUCRNENGEa (BEhdmeNPzedddand G0) . Also, the flexible N-ter-
minal {the first 8 amino acids) that is known to reduce the
10 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
digulfide bridge (Cys=67 Cys-101). This strategy would also
15 stabilise both a TNFo 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. TNFX1l.1-

20 2 (SEQ ID NOs: 32 and 33) are based on insertions of SEQ ID
NO: 7 in the first loop of INPFa, where the insertion site is
located at an intron position. In TNEX2.1 (SEQ ID NO: 34) an
artificial “stalk” region 1s created containing an insertion
of SEQ ID NC: 7.

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

TNFX4.1l (SEQ ID NO: 37) uses di-glycine linkers to diminish




trimer. Qther conststructs Several different strategi es have been ,,er?p;\@)?edmﬁ
in the design of variants that will be sol uble expression products® ™' &W
TNFX1.1 20 2 (SEQ I D NOs: 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 position. In TNFX2.1 (SEQ ID NO 34) an artificial "stal k" region
is created containing an insertion of SEQID NO 7. 25 Miutations of TNFa
have reveal ed that |arge hydrophobic amino acid substitutions, pointing
into the trimer interface, stabi- lize the trinmer structure. TNFX3.1 and
TNFX3.2 (SEQ ID NOs: 35 and 36) are proposals to stabilize the existing
TNF34 vari ant® ¥ #x4. 1 (SEQ ID NO 37) uses di-gl yci HFeMH¥E s to di mi ni sh
WO 03/ 042244 43 PCT/ DKO2/ 00764 structural constrains fromthe PADRE peptide
on the overall TNF34 structure. TNFXs 1 (SEQ I D NO 38) enploys, as an
inser- tion point, a loop structure found in the TNF famly nenber BlyS.
TNFX6. 1-2, TNF7.1-2 and TNFX8.1 (SEQ ID NGs: 39, 40, 41, 5 42, and 43) are
further vardtaHEEITaENFXGSIT2ARY TFREXTS PREEQPRPFideosn U SFRFMS) are TNF34
vari ants t hagesytddiuzenideniibeal (onerbapp! ng) A osequensesingbr4- 6 ani no
acids both pre and, post the epitope. Finally, two_variant e(rI_SEQ | D NCs: 46
and 47) ard°PRPIG dUBIR FHICEHT ﬁoﬁn‘flﬁél§§ﬁérhiFotﬁ,%i?Jil(¥nm§§3 or the 10
PADRE pept iglgsi niENE34-2, Fantrhar-2 &sDmuEhe. Icr(ysg alp Bosucburd ol INFa it is
observed . that o tabilizing salt_hri IS Pr Wit hi e TNFa
nononer bSetJv%éeﬁn‘?Elé?r%%? (fﬁ%gh ysoo8 and ﬁg-gliénaﬁlgéxdgéfzi rtqéléb ?Pon of a

sal t - bri dgeidss &h aeletdr estal¥E34i meuieatsi drtbetildaen ddergidel chai n oxygens

In Asp or %vuer?ggpi%(g)]s’i‘ﬁﬁ‘&/ese%l?eanrc%%do?trlqg] amino acids both pre and

post the epitope. Finally, two variants (SEQ ID NOs: 46 and
47) are P2/P30 double variants in the same location as for the
10 PADRE peptide in TNF34.

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 cbserved that murine TNFa is considerably more

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

cbtain more proteolytically stable TNFa product.




side chain nitrogens in Arg, Lys or Hs with an interatomc di stnarycgﬁlyegﬁj
than 7.0 Angstrom By site directed substitition nutations of Lys-98 9
Arg or His at this position in conbi- nation with substitutions of Gu 116
with Asp, an inprovenment 20 of the stability for this salt bridge and
thereby the stabi- lity of the trinmer nolecule could be attained. It is

al so pos- sible to exchange these salt bridges with disul phide bridges, in
a manner described above. It has been observed that nmurine TNFa is

consi derably nore 25 stable than the human TNFa regardi ng to solubility and
prote- ol ysig, shipsovenent of TNFa variants includes {Eq. Kﬁ%o s,te di- rected
mutants so as to mmc murine TNFa crystal structure tarn nore
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d to hyd h the to tt f th t i
cgﬁnegt e)(; rgggm %gll n’étJifYSg%éLTCt&%%ro i H’dmaghlaflgtfﬁrdaahﬁq ‘?Lﬁerej’fsoo b; szzlrerTg[n Ina

these sal t thb¥ itdgesefioe st r&@g@fmfe(in@ﬂ@tth@rh&.ddlbeoﬁtt&bltlliﬂeyé ofrd he TNFa
trimer would al so _be in’groved Fi nal | t he I.i 'narg resul ts obtained
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t oxi c pr ot é&f g,occurr n%éqSIgtl;e 85 epar%oggf ebl{/asrlaen lng et%% Ey[:tla not cause

severe Si d@rﬂcﬁée&ﬁﬁf@rId’trﬁﬂ@é&:ﬁ@:bﬁnédﬁibﬁs,SeﬂleV\BEdbllatyaifCtm TA€eording to the
i nvention.  Therefor 15 i nportant enbodi ment of the

i nvention tSlIf“?Fclwﬁﬂgdcf‘&FSL}% ﬁ"ﬁﬁw%%ut ations in the constructs if these upon

testing in rel evant
Finally, the preliminary results obtained with the TNFo vari-

ants of the present invention have surprisingly demonstrated
10 that the variants are physiologically active, at least in the
sense that they bind the TNF-receptors. However, since TNFo is
a toxlc 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. Expeclally preferred muta-
tions are substitutions corresponding to mature TNFo 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 Lesslauwer, W. 1893 JBC
268 {35) 26350-7, are also interesting embodiments in the de-

toxifying embodiments ¢of the present invention.




toxicity nodels are denonstrated to be of potential danger for vacginated
i ndi viduals. A nunber of point nutations are known in the art to 6é§d§ﬂ¥yﬂ£§
20 TNFa or at |east reduce toxicity to a |large extent. These point
mutations will, if necessary, be introduced into the variants of the
present invention. Expecially preferred nuta- tions are substitutions
corresponding to mature TNFa of Tyr-87 wth a Sex, of Asp-143 with Asn,
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 interesting enbodinents in the de-

toxi fyi ng enbbH’#éitts of the present invention. 2 MAYYHUYE*™NAD 03/ 042244 45
PCT/ DK0O2/ 00764 In summary, the follow ng specific TNFa variants have been
prepared according to the present-invEntion: TNF Con- Last as First as

Am no acids structsbefore after del eted by epitopeepitope insert
TNF34108109 TNF35106107 TNF36107108 TNF37108110A TNF38108112AEA

TNF3910611 ZEGREmaTRFCHE7 GoTNPEAY AIGE160c TWFa variants have been

prepared according to the present invention:

TNF Con-— Last aa First aa BAmino acids  Mutations Total
structs before after deleted by length
epitope epitope insext
TNE34 108 108 - 170
TNF35 106 107 - 170
TRF36 107 108 - 170
TNE37 108 110 A 169
THF38 108 112 AER 167
TNF39 106 112 EGAEA 165
TNFC2 170 - GGG+PADRE added C- 173
terminally
TNE34-A 108 109 - Q67C, AlliC 170
TNF34-B 108 109 - AS%6C, 1118C 170
THNF34-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 K-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
THFZS.1 83 87 AVS 167
TNFX6.1 132 146 SAEINRPDYLDFA 157
TNFX6.2 135 146 INRPDYLDEA 160
TNFX7.1 63 77 FEKGQGCPSTHVLL 157
TRFX7.2 7L 85 THEVLLTHTISRIA 157
TNEXS.1 126 140 EKGDRLSAEINRP 157
TNEX9.1 108 103 - © The six aminc acids 176

preceeding PADRE arxe
duplicated after the
epitope
TNFX9.2 108 105 - The four amino acids 174
preceeding PADRE are
duplicated after the

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




TNF34- B108109 TNF34- C108109 TNFX1. 11719A TNFX1. 21796ANPQA TNFX2. 102V

TNFX3. 1108109 TNFX3. 2108109 TNFX4. 1108109 TNFXS. 18387AVS - 9 MAY an
TNFX6. 1132146SAElI NRPDYLDFA TNFX6. 21351461 NRPDYLDFA TNFX7. 16377FK S‘ﬁ—l\/f;q_gs
TNFX7. 27185THVLLTHTI SRI A TNFX8. 1126140EKGDRLSAEI NRP TNFX9. 1108103

TNFX9. 2108105 TNF34- P2- P30108109 TNF34- P30- P2108109 Mutations Total Iength
170 170 170 169 167 165 GGG+PADRE added C- 173 termnally Q7C, AlllC
170 A96C, 1118C 170 N-term nal VRSSSRTP 162 are del eted

WO 03/042244 PCT/DK02/00764
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the N-terminal Valine is in some segquences a Methionine used

for translation start.

The most preferred protein constructs of the invention are
thus those represented by any one of SEQ ID NOs: 18, 23, 24,

5 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, 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.




169 165 PADRE added N-tern(- 170 nally L157F 170 V49F 170 Two gl yci nes
before "174 and after PADRE The six am no acids preceedi ng PADRE arF. e
duplicated after the epitope 167 157 160 157 157 157 176 The“f ot 2008
am no acids 174 preceeding PADRE are duplicated after the epitope Both
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The method can be put into practice in a number of ways, of
which administration of a protein vaccine is one choice, but
also a nucleic acid vaccination strategy or a live vaccination

strategy are of great interest.

5 Protein/polypeptide vaccination and formulation

When effecting presentation of the analogues to an animal’s
immune system by means of administration thereof to the ani-
mal, the formulation of the polypeptide follows the principles

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
exenplified 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, liguid 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, degtrose, glycercl, ethanol, or
the like, 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-




The nost preferred protein constructs of the invention are thus those
represented by any one of SEQ ID NGs: 18, 23, 24, 5 25, 26, 27,“2§ ?P [ﬁg
31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, %J §

51, 53, 55, 57, and 59, as well as any am no aC|d sequence derived
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am no acid changes thereof. 10 At any rate, it is an inportant enbodi nent
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pro- teins frombacterial cells such as E. coli. The preferred vector is
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of which adm nistration of .a protein vaccine is one ¢hoice, but also a

nucl ei ¢ ach8lY PEcEPTRAS SFOR FRAFWHF 6PPLRPL0e WEcRT AR rpredient

in the range of 0.5% to 10%, preferably 1-2%. Oral formula-
tions include such normally employed excipients és, for exam-
ple, pharmaceutical grades of mannitol, lactose, starch, mag-

10 nesium stearate, sodium saccharine, cellulose, magnesium car-
bonate, and the like. These compositions take the form of so-
lutions, suspensions, tablets, pills, capsules, sustained re-
lease formulations or powdérs and contain 10-95% of active in-
gredient, preferably 25-70%. For oral formulations, cholera

15 toxin is an interesting formulation partner (and alsc 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, fox
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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acknow edged in the art. 10 Preparation of vaccines which contain peptide
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Suitable regimens for initial administration and booster shots
10 are also wvariable but are typified by an initial administra-
tion followed by subsequent inoculations or other administra-

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 wvaccinated

20 and the formulation of the antigen.

Some of the analecguezs of the vaccine are sufficiently immuno-
genic in a vacecine, 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 wvaccine
are known. General principles and methods are detailed in “The
Theory and Practical Application of Adjuvants”, 1995, Duncan
E.5. Stewart-Tull (ed.), John Wiley & Sons Ltd, I$BN 0-471-

95170-6, and also in “Wacclnes: New Generation Immunoclogical

30 Adjuvants”, 1985, Gregoriadis G et al. {eds.), Plenum Press,



buccal , sublinqual, intraperitoneal, intravaginal, anal, epi- dural,
spinal, and intracranial fornulations. For supposito- ries, traditional

bi nders and carriers may include, for exam5 ple, polyalkalene glyr 05
triglycerides; such suppositories my be forned from m xtures contalnlﬁg
the active ingredient in the range of 0.5%to 10% preferably 1-2% Oral
formul a- tions include such normally enpl oyed excipients as, for example,
pharmaceutical grades of mannitol, |actose, starch, mag- 10 nesium
stearate, sodium saccharine, cellul ose, magnesi um car bonate, and the |iKke.

These conpogj L.l take the formof so- lutions, sus [ t abl et s,
pills, capsﬁhO!aa%ustalned re- |ease formul ations orqﬁg&géﬁﬁﬁénd contain

10-95% of active in- gredient, preferably 25-70% For oral formulations,
cholera 15 toxin is an interesting fobGrul ati on partner (and al so a possi -
bl e conjugation partner). The pol ypeptides may be fornmulated into the

el ude aci i &t AR SEPPE (AP HECRY HE-11 B5b ARGy gPBBS of the pep

20 tide) angbrahedlbyvarefdmnmechameth. i nor ganic aC|ds such as, for exanple,
hydrochl ori c or phosphoric acids, or such organic a- cids as acetic,
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adm ni - stered depends on the subject to be treated, incl udlng, e.g., W

03/ 042244 p@ppmmeygépogglstlng of an immune targetlng adjuvant;

immune modulating adjuvant such as a toxin, a cytokine, and a
10 mycobacterial derivative; 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 bacterla, emulsion in physioclogically acceptable oil
30 vehicles such as mannide mono-oleate (Aracel A) or emulsion

with 20 perxcent solution of a perfluoroccarbon (Fluosol-DA)




the capacity of the individual's imune systemto nount an im nune
response, and the degree of protection desired. Suitable dosageh@aﬂggs?aﬁ
of the order of several hundred m crograns active ingredient per -
vaccination with a preferred range fromb5 about 0.1 pg to 2,000 pg (even

t hough hi gher anounts in the I- 10 ng range are contenplated), such as in
the range fromabout 0.5 pg to 1,000 pg, preferably in the range from1l pg
to 500 pg and especially in the range from about 10 pg to 100 pg.

Suitable reginmens for initial adm nistration and booster shots 10 are al so

vari abl e bu abrfg%ypl fied by an initial admnistra- ‘#ﬁgmﬁéﬁ’ﬁ gwed by

subsequent ions or other adm nistra- tions.

application may be varied widely. Any of the conventional nethods for
adm nistration of a vaccine are ap 1%Iplicable. These include ora
application on a solid physio- logically acceptable base or in a

physi ol ogi cal | y acceptabl e dispersion rent eral jection or the
| i ke. The d’(??ﬂg%s 2P e STRRTTHES iHAY] a%%‘g%ﬁdeﬁoﬁ'ﬁ% %ﬂ#é admi ni stration

and wll wvary &Qdeostkgst sqidlenagadofra he pessomefarred. vacci nated 20 and
the fornul ation of the antigen Some of the anal ogues of the vaccine are
sufficiently inmno. genic vacci ne, but %ﬁ sone _of the others the

i mune re- ASHERSEOWP }i?el’é%%ﬁe’éooq}‘f (Fiethxt %§a$ TPEREPOESRpri ses an
adj.uvant suhishadmge is2 \lateousingtdmodsdaie &ohiavieifjueadituyants 8l ect for the
vacci ne are known, General principles angﬁneth ds are detailled in 'The

Theory amd Prabtieait ABBFi i BrEWR A IPARtS 2R RSP AR UE. S.
St ewart - Tuldantetas welDhis Wik BVa7& Soi%ihé dsuch SBN (044X 2nd98920a6e and al so in

Lvaceines: New. Geangrati qn LAmNgl 00l 6ah, 30,1 UNANLR! ok §ibe-F S90TT adis G

phoxryl lipid A (MPL), the above mentioned C3 and C3d, and mu-
ramyl dipeptide (MDP).

10 Liposome formulations are also known to confer adjuvant ef-
fects, and therefore 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 Il expression by APCs.
An ISCOM® matrix consists of (opticnally fractionated) sapo-
nins {triterpenocids) from Quillaja saponaria, cholestercl, 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.




2 MAY 2006 WO 03/042244 PCT/ DKO2/ 00764 50 New York, |SBN 0-306-45283-9,
both of which are hereby incor- porated by reference herein. It is
especially preferred to use an adjuvant which can be denonst r at &dZ tiehY 2005
facilitate breaking of the autotolerance to 5 autoantigens; in fact, this
is essential in cases where un- nodified IL5 is used as the active
ingredient in the autovac- cine. Non-limting exanples of suitable

adj uvants are selected fromthe group consisting of an i mune targeting
adj uvant; an immune nodul ati ng adj uvant such as a toxin, a cytokine, and a

10 nycobact rivative; an oil formnulation; m- celle
form ng adj S‘\r/da(fr%/lt0 ﬂg saponi n; an i munosti nmul ati ng coﬁi&}ﬂ%@mﬁ%tri x (1 SCom

matrix); a parti cl e; DDA, al uni ni um adj u- vants; DNA adj uvants; y-inulin;
‘and an encapsul ating adjuvant. In gé®eral it shoul d be noted that the

di scl osures above which 15 relate to conpounds and agents useful as first,
second and ird nojeties in the an Io ues al fer tatis nutandis to
their use |AH°{5?1 36?Waﬁfl%%1’fes§19%c‘c?in e’ S’tﬁ’éeﬁser]ﬁ% )tlp(S’ﬁgH;Fﬁélc%ppl i cation of
adj uvant s iofchtidieviisg «afjuagentsisachisase erploy mhurrtequdliquxe de-or phosphate
(alum . commply, Y8eE,A310, 03 20 198, 1 RRLEeI hoL) 18RI BuLd or ed

saline, admXture w polrynmers of “sugar %opol (r))
used as 0. 25 rpeareent wokdn) odp lagmfeg’amﬂ @meeén’ctaheOIprtxitellrﬁheMamMe vacci ne

by ~heat sf reat JENGW Ly faﬁ”&%&&@éﬁ”oﬂﬁtﬁ@’lﬂde gnf%tn\é’@%oﬁocéxp ph0df for 30

second to 2 mnute periods resgectlve So aggre 25 gation by means
of cross-| iPARFPY PAgEPRGEE D §|5Eﬂtége¢\9"g~‘r é@‘alboﬁléﬁ W rRePvat i on Wit h

pepsin t re%ﬁfigﬁg}“ah’@%cﬁ‘qs fééf&i‘rléniéﬁ%gaﬁﬁsr% $hel P ﬂaLQégﬁths anXInb'HIoQ wi th
bacteri al I's such as”C. ‘parvum or endot oxi ns | i popol ysacchari de
conponent s SOtegfeaeropRagise VEstsatt by goniantsk crrtvRepipsietbgreal |y
acceptabl e a(Pl'tL. —-FcyRI have been demonstrated to enhance immunogenicity for

10 the purposes of vaccination.

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.

Sultable 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 immuncogen {optionally together with adju-

vants and pharmaceutically acceptable carriers and wehicles)




30 vehicles such as manni de nono-ol eate (Aracel A) or enmulsion wth 20
percent solution of a perfluorocarbon (Fluosol-DA) MAY 2006 WO 03/D42344 4005
PCT/ DKO2/ 00764 51 used as a bl ock substitute nay al so be enpl oyed.

Adm xture wth oils such as squalene and IFA is also preferred. According
to the invention DDA (di nethyl di oct adecyl am”moni um brom de) is an
interesting candidate for an adjuvant as is DNA 5 and y-inulin, but also
Freund's conplete and inconplete adju- vants as well as quillaja saponins
such as Quil A and Q521 are interesting as is RIBI. Further possibilities
are nonopho lipid A (MPL), the above nentio C3d, and nu-
ramyl di pept%‘r /@?{/%P) 10 Li posone fornul ations are zﬂr}%gfgg%ﬁug@m% to confer
adj uvant ef- fects, and therefore |iposone adjuvants are preferred accor-
ding to the i nventi on. Also inmmunostid¥ul ating conplex matrix type (1SCOMr)
matrix) ad- juvants are pref erred choi ces accordi ng to the i nvention, es 15

pecially since jt hi s t of a ts. are capabl e
of up- regullﬁt?né’lﬁf@b InlO 8xp£@®é E) ¥ %nlf: r5° matri x
consi st s ofdefeligednay | ymhinaltitciropwat ed): sa:ﬁ@ Lemmfgt()m rAveengpeievds) from
Quillaja sapopaniayoehiolester obe A (2PHASPROLIREdychen Adghyed i th the

i munogeni ¢ protein, resul |ng particu ate forml ation is what is
known as arkhkS@aMctpeg tandl fongtéer athe éﬁmnmbﬁ%oﬁéﬁrtt&?eso%e V% w w, the

chol es- tserQlie ANG\PHREPRQLE R 5 10:+kd Y Wi 800 el 8t Qb R1 WY £h0ard 5% W W,
Details relating to composition and use of i mmunostinulatin esml conpl exes can
t

e.g. be folRaUFIF Pﬁec@dﬁ\}é@%ﬁlﬁr BRREPXERKY - Books B5edsl Fhg et 3 adj uvant s,

but al so Mupekncdpialy atespod®dH, thd idanget rﬂﬂgﬂ@l.‘hehom@ to46ﬂe 445 as wel |l as

:Bﬁ::gr :Z)CC);I‘ g?d IAABJ[ hse:r_ltle E(i?lfi acg'l;?mgu attle,%q_ge thae gog)eulsl ma r:.x 01.24ch 8-25 (both

VL. It has been shown that the necessary antigen dose re-

10 gquired to mount an immune response to an antigen is reduced
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, Calil-

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-
mznent, 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




reference herein) provide useful instructions for the prepara- tion of
conpl ete i mmunostimul ati ng conpl exes. 2 NAY 20 ,96 WO 03/042244 _ 2 MAY 2008
PCT/ DKO2/ 00764 52 Anot her highly interesting (and thus, preferred)é ' 2005
possibility of achieving adjuvant effect is to enploy the technique de-
scribed in CGosselin et al., 1992 (which is hereby incorporated 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 conjugating the
antigen to anti bodies (or antigen binding anti body fragnents) agai nst the
Fcy recept okg, Rl348RNO- cytes/ macrophages. Especially goniligdates between
antigen and anti-FcyRl have been denonstrated to enhance I nmunogenicity
for 10 the purposes of vaccination. Qther possibilities involve the use of
the targeting and i m nune nodul ati ng>6ubst ances (i.a. cytokines) nentioned
inthe clains as noieties for the protein constructs. In this connec-

tion, also th.Gd cers. of in | ike poly 1l:C are 15
possibiIiti%%g&ggf%ggFggﬁiggz é%%g¥%$%3e§$¥%f?36§m§¥%m%g ect'ed From t he
group consFsitongeofcimualaey theidiepuideon sl etrceEméundbs atjigeant, RIBI,

and a di estgf Qfcisehalose eﬁ?\ﬁcgaeagl(%Q-WUQE‘PonEDETheSWaE@%ee%%)g%e targeting

adj uvants are selected from group consi sting 0 I'igand and

CD40 ant i bodfies BYC SPFemesd PCAVRSPLAR® Wt adhent $hEhelesrritices t he

di scussi on a@bevedsrimBANDSRe.a Fab fragnent, and CTLA-4. Suitable polyner
adj uvants are selected fromthe group con- sisting of a carbohydrate such
as dextran, PEG starch, man 25 nan, and nmannose; a plastic polynmer such

as; and | at B3¢ JAERINGs MY fosRehieaddy spraspthel dififerent PRy~ way of

modul ati ng adyuelUAR:N 85 PPNBCanalogues. However, normally the number

of analogues will be sought kept to a minimum such as 1 or 2

analogues,

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 immuniéation”, “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




is to include the i munogen (optionally together with adju- vants and

phar maceutical ly acceptable carriers and vehicles) 2 MAY 2005 WO 03/ 042244
PCT/ DKO2/ 00764 53 in a "virtual |ynmph node" (VLN) (a proprietaryZnmédycais;
devi ce devel oped by I munoTherapy, Inc., 360 Lexington Avenue, New York,
NY 10017-6501). The VLN (a thin tubular device) mmcs the structure and
function of a |ynph node. Insertion of a VLN 5 under the skin creates a
site of sterile inflammtion with an upsurge of cytokines and chenoki nes.
T- and B-cells as well as APCs rapidly respond to the danger signals, hone
to the in- fg@aRdaite and accumul ate inside the por oy§i@idotex of the VLN
It has been shown that the necessary antigen dose re 10 quired to nmount an
i mmune response to an antigen is reduced when using the VLN and that

i mmune protection conferred by vacci®ation using a VLN surpassed
conventional imunization using R bi as an adjuvant. The technology is

i a describad) brdahly d1o GRLAgE, & AL alipidl 9081l i) fatian of Robust

Cel 15 lul ar and Hunoral [I'mmune sponses noun nmuno- gens
Using a NovErrenemricar oeircseldsngmrd ddpidrtivnrrafdbraymshthNdde”, in: "From

the Labor atQinsghR ddievEdy me€1 H308k mpoélea@éer 26t SoneOstohen Jr?iﬁu%o-f ornia". -

15th 1998, Seasca e Resort, Aptos, Cali It is expected that the vaccine
shoul d be. aBRIALLY énddtie lFe%E%’FCBﬁ?:é?Oab?ee‘e{*rsur%éW viae Feadest, 2, 3, 4,

5, 6, ands lZrodibi® taeyR@funoddi.e 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

menory i muht SPOMHRERCTRY FRRF fBe BhapAed expression levels ob-

served with the presently disclosed analogues is very impor-
tant for efficacy of DNA wvaccination, since the in vivo ex-
pression level 1s one of the determining factors in the ilmmu-—

10 nogenic efficacy of a 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 intreduced 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




preferred autovacci nes according to the invention is not per- nanent, and
therefor the i nmune system needs to be periodi- cally challengef w.th the
anal ogues. Due to genetic variation, different individuals my duot A3 h
30 i mmune responses of varying strength to the same pol ypeptide. Therefore,
t he vacci ne according to the invention may conprise - 2 MAY 2006 WO

03/ 042244 PCT/ DKO2/ 00764 54 several different pol ypeptides in order to

i ncrease the i mmune response, cf. also the discussion above concerning the
choice of foreign T-cell epitope introductions. The vaccine may com prise
two or norepolyReRti des, where all of the pol ypepti oreAE as defined
above. The vaccine may consequently conprise 3-20 different ana- | ogues,
such as 3-10 anal ogues. However, nornally the nunber of anal ogues will be
sought kept to a mninmumsuch as 1 or5®2 anal ogues. 10 Nucleic acid
vaccination As a very inportant alternative to classic admnistration of a

pepti de- based, vacci.ne,. t he t echnol of nucleic acid vacciha- tion (also
known as " fURF&F' CAcP 4 YEFhEH esg??%‘ﬁ%,%w ol pitatis Trsas

et i “hui Sati°6n”, and "gene
i mruni sat i an" yhaff ess i nunbeic efidtractbndatiactiesbndeatyures. First, in
contrast to the traditional vaccine approach, nu- cleic acid vaccination

does not rg&uire regourc ons.um ng, Iarge-scal% Egoduct'on of -t he

i munogeni ¢*ad@httoPESY. o5 AATHE STFOFR o T RETETHI A ?%hﬁ%ﬁrg?ngﬁtation of

M cr oor ganimispearc d2toaheci ngcqpmet edmsh. hixw bher meteildchebevs,;s no need to
device pur 4oL CAld Onsanglok eLolidl AG: SRBEIRS Sf0r.diRCJdEHROURN endnd T -

nal 'y, since nucleic acid vaccination relies on the biochem - cal apparatus
of the vacdinvareiPn aad \aldudissussdprierbppe fregdaring to routes of

administration and administration schemes for polypeptides ap-
ply mutatis mutandis to nucleic acids. To this should be added
that nucleic acid vaccines can suitably be administered intra-
10 wveneously and intraarterially. Furthermore, it is well-known
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 lmmunomodulating substances
described above such as the cytokines discussed as useful ad-
juvants. A preferred version of this emboediment 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 is 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.




t he expression product of the nucleic acid introduced, the op 25 tinum
posttransl ati onal processing of the expression product 1is expechﬂ;%&y ang
occur; this is especially inportant in the case of autovaccinatioh,'”ié%b%
as nentioned above, a significant fraction of the original B-cell epitopes
of the polyner should be preserved in the nodified nolecule, and since
B-cell epi 30 topes in principle can be constituted by parts of any 2 MAY
200 WD 03/ 042244 PCT/ DKO2/ 00764 55 (bi o)nol ecule (e.g. carbohydrate, |ipid,
protein etc.). There- fore, native glycosylation and |ipidation patterns of
the im munegpRey very well be of inportance for thg@ei@hdl 1| mmuno-
genicity and this is expected to be ensured by having the host 5 producing
t he i munogen. It should be noted th ” t he enhanced expression |evels ob-
served with the presently disclosed anal ogues is very inpor- tant for
efficacy of DNA vaccination, since the in vivo ex- pression |level is one of
t he det er mz-084 e Priche AnddiR 1bATAL 5304108881 €0 &f EbfRGYt&fn @oPNA vacci ne
Hence, a preferred eqﬁodLnent of the  invention conprises ef- fecting
present at i dH9BF BT AP GGR o PPN AT SAFLBA" tT=1 hE'® FRARATET S8t em by

i nt roduci ngonpel=wing aci d(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 thi _Enbodinent, t he iq%goguced nucleic_acid is

pref er abl y - DA WHEHRLG & et 9 e Ro oot MBEoRake GLONAYSBRR™ SFful ated wi t h
charged &r unchéregedstigsids, oiDNAcI@rdbbdednt nvddtpes asy) DNAd | ncl uded in
a viral vector, DNA fornulated with a transfec 20 tion-facilitating protein
or polypeptide, DNA fornulated with a targeting protein or polypeptide,
DNA for nul at ed Wq’ﬁr@?qﬁ&? pr‘E%iWB?}I ¢ ntagf:efﬁﬁﬂl%o‘i?ﬁ‘ﬁ‘ébg’to an inert

carrier and/or carrier and/or adjuvant as discussed above.

Under normal circumstances, the nucleic acid is introduced in
the form of a vector wherein expression is under control of a
10 viral promoter. For more detailed discussions of vectors and
DNA fragments according to the invention, cf. the discussion
below. Also, detailed disclosures relating tc the formulation
and use of nucleic acid vaccines are available, c¢f. Donnelly
JJ et al, 1897, Annu. Rev. Tmmunol. 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 vaccines

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

20 live vaccine technology. In live vaccination, presentation to
the immune system is effected by administering, tc 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-




nol ecul e, DNA encapsul ated in a polyner, e.g. in PLGA (cf. the _ Y2006
m cr oencapsul ati on technol ogy described in WD 98/31398) or in 25 ghr‘i @?
chitosan, and DNA fornulated with an adjuvant. In this context it is noted
that practically all considerations pertaining to the use of adjuvants in
tradi tional vaccine for- mulation apply for the formnulati on of DNA

vacci nes. Hence, all disclosures herein which relate to use of adjuvants
in the WO 03/ 042244 PCT/ DK0O2/ 00764 56 context of pol ypeptide based
vaccines apply nutatis nmutandis to their use in nucleic acid vaccination
technol ogy. wAsushfksroutes of adm nistration and adm ni&hpiddorh schemes of
pol ypepti de based vacci nes which have been detail ed above, 5 these are al so
applicable for the nucleic acid vaccines of the invention and all

di scussi ons above pertaining to routes of adm nistration and

adm ni strati on schenes for polypeptides ap- ply nmutatis nutandis to nucleic

acids. To thiis ahoekdebenagdded, dhat popcdel Qeaﬂ‘ih? YASChAGRaafoS Ui tably be
admi ni stered intra Qlyqneo%ﬁhy and intraarteria I%. Furthernore, it is
wel | - known °5 R*EH9eCAr P Rat HUE BIC188F FPak i n8E Tadbeh diAf st ered by

use of a sd@cab¥edRgenergtn,4santlidreneps alnsionives pmd 1092 Wacchent nodes of

adm ni st r atgigQngAy_ eqgarde of th re- sent. inyention. Finally,
al so the use:o? a%%ENq?ﬁqtﬁ%ﬁggﬁﬁﬁ%mlgy§¥?5 7on % nﬁﬁ%léfédgcids has been
report ed 3t dajielapogboihe auckuilct ssicfdagivertef @re vebierspased dol ar node of

admi ni Stratdue isve PAELIEY! A YRS RfigLislon R er More, the nucleic aci d(s)
used as an i mruni zati on agent can contaln regi ons encodi ng the noieties

specified in the 20 clainms, e.g. in the formof the i Mmunonodul ati ng
subst ances RAsder @litheerHlysvee dachezinlt hive yhokiness dissousksd asidisef ul ad-

juvants. ADeeh&fr 68 MRS $hethtQbn i 80ROLLIBN aENGOTRAS SRS LBV N9 the
coding regi,on for the anal ogue and the coding re-
in a non-virulent viral vaccine vector such as a vaccinia

10 strain or any other sultable pox virus.

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 vaccination is combined with pre-
vious or subsequent polypeptide and/or nucleic acid vaccina-
20 tion. For instance, it is 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




gion for the i munonodul ator in different reading franes or at 25 | east
under the control of different pronoters. Thereby it is avoideé& Zﬁawfumgg
anal ogue or epitope is produced as a fusion partner to the

i munonodul ator. Alternatively, two distinct nucleotide fragments can be
used, but this is |less preferred because of the advantage of ensured

co- expressi on when having 30 both coding regions included in the sane

nol ecul e. 2 MAY 2. 006 WD 03/042244 PCT/ DKO2/ 00764 57 Accordingly, the
invention also relates to a conposition for inducing production of

anti bodi es agakisiy! LS, the conposition conprising 1x§mﬂﬂﬁb%¥c aci d
fragnment or a vector of the invention (cf. 5 the discussion of nucleic
acids and vectors below), and - a pharnaceutically and i nmunol ogically
acceptabl e vehicle and/or carrier amd/ or adj uvant as di scussed above.
Under normal circunstances, the nucleic acid is introduced in the form of
a vector WheLel nBXPraRstoids UpdRlCA BloRieds LOnekes) spropoter. For
nore detail ed discussions of vectors and fragments according to the

i nventi on, a¥pidechghat ddgsarBPIUBORPLIIGRSS, 2R PAPFEFRPE fUSéBRes rel ati ng
to the for fﬁdk@zﬁéx‘%ﬂtom HfRuRbo SRk C BAGtnyaicel feswar @isiatt abl e, cf.
Donnelly JJ et , 1997, Annu. Rev. I nmmunol. 15: 617-648 and Donnelly 15
JJ et al. ni]%?otlﬂef ErosprRi &aretr PRS- S TR hid (8RS 1 OF- erences are
i ncor por aat edubye,r akefwncae hﬁ:rjemvatldg weiedesi eshA saier deadingr native for
effecting gggq%gtlon f th he _an &Er%o ues Ofdﬁﬂ? nvegﬁbaﬁatg t he i mune
systemis the use oPFO N VB GRS eéhﬁb? : 1*veVacci nat i on,
present at i d?(lnetmvetnheom,nwmdeSWSaemmbsdeﬁefrécuecbmca@ﬂmynpm@rrmng, to the

animal, a - h j.C..m o) i t hat has been transforned with
R0 RGN PI S HLC p L GIn@OK PR S5 |

Combination treatment

10 One especially preferred 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 cholce of treatment regimen depends on the choice
of multimeric protein to target. For instance, when targeting
IL5 all conditions discussed in WO 00/650508 are relevant, and
when the target is TNFo the diseases/conditions that are

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

appreclated in the art to be linked to the adverse effects of




a nucleic acid fragnent encodi ng an anal ogue of the invention or with a
vector incorporating such a nucleic acid fragnment. 25 The non-patgqgepip
m croorgani smcan be any suitable attenu- ated bacterial strain (4t BhuAled
by neans of passaging or by neans of renpval of pathogenic expression
products by reconbi- nant DNA technol ogy), e.g. Mycobacterium bovis BCG
non- pathogenic Streptococcus spp., E coli, Salnonella spp., Vi WO
- 03/ 042244 PCT/ DKO2/ 00764 58 brio chol erae, Shigella, etc. Reviews dealing
Wi th preparation of state-of-the-art |live vaccines can e.g. be found in
Saliou P, 18930ak8v. Prat. 45: 1492-1496 and walkerdﬁghmégg%4 Vacci ne 10:
977-990, both incorporated by reference herein. For de 5 tails about the
nucleic acid fragnments and vectors used in such live vaccines, cf. the
di scussion below. As an alternative té&0bacterial |ive vaccines, the nucleic
acid fragnment of the invention discussed bel ow can be incorporated in a
non-virulent viral vaccine vector such as a vaccinia 10 strai.n or any other
sui tabl e poX¥Ef-r &k, INGRREFIFe RHSIRGA-PatRdtfe AF TR APV G SHTRIA™Sr virus is
adm n- i st eﬂ@&d@@&yag:sa@@a%a lven ARy et thbyé di@e&ﬁéd Bk NergA%95nd tI _rr?y be
necessary to adm pister the mcr,oorgani smnore._than once.in ifetime in
order to malht &eﬁg?ﬁ(?&eyf? \i"@VF?ﬁﬁS’ﬁi? ; qOVnT%egf%atéWnaSBJnvt"&H‘p?itaed t hat
i mruni zat i oAulsdhents pastétmse detail ed above for pol ypeptide vaccination
wi |l be useful when using live or virus vaccines. Alternatively, live or

Vi rus vacgination IS cogEined mﬁ%p re- vious or subsequent polypeptide
and/ or nutl = i M 2 For instance, it is possible to effect

primary inmuniza- tion with a live or virus vaccine foll owed by subsequent
booster | Mumd ZakkeRNiHnUSELHY deha PRl ¥ afibdei GilonBUEdFul BACiederaippr oach.

sing the method of the invention. Hence, the invention also
relates to an immuncgenic composition comprising an immuno-
genically effective amount of an analogue defined 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 technolegy including introduction of a nu-
cleic aclid sequence encoding the analogue into a suitable wvec-
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 preduct 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 imvention” but alse in the

30 examples.




The m croorganismor virus can be transfornmed with nucleic 25 a0|5(s)
cont ai ni ng regi ons encodi ng the noieties nentioned above, in Héﬂ?OEﬂ%
of the i mmunonodul ati ng substances de- scribed above such as the cyt oki nes
di scussed as useful adju- vants. A preferred version of this enbodi nent
enconpasses ha- ving the coding region for the anal ogue and the coding
region 30 for the i mmunonodul ator in different reading frames or at 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 as fusion
partners towg@edpgunonodul ator. Alternatively, two di§hikobdyres NUC! €oti de
fragnments can be used as transform ng agents. O 5 course, having the

adj uvating noieties in the sanme reading frame can provide, as an
expressi on product, an anal ogue of t%e invention, and such an enbodi nent
is especially preferred according to the present invention. Conbination
treat nent ci al pr d n t i nvention

i nvol ves t%%o%%g:%%Bﬁﬁ%%e%%é 5% S%%§,|ﬁ9%§%%55§9%%¥h gf © %%?%nary)

i Muni zat i dmewh didchneahdsy o exdidaryr (howst-ehysd Hﬁl?ltldﬂ zmﬁh@ﬁssw th a

pol ypept | dgidhasa vaCelngaPindls! LY LNECAASSL0ASHALSRRLOR Bhove. 15 Use of
the method of the invention in disease freatnment The precisé choice of
treat nent regiterhedepeiesion athéuthdicreth @Plhﬁlﬁpﬁﬂ%‘% iPRd RIAELRS t 0 t ar get .
For inst aang/ tMERN bk 9ebh8 G helebBo@ |1+ CONAILIEL GRSH TR SGUSS&sbel B WO 00/ 65058
are relevan and when the target is TNFa.the di seas s/condltlons that are
20 rel evant® %r"rsr‘?élﬁnh‘%"cﬁnal‘&‘} {*Ar PISRRLS| tRAeAPTE SORPOMCES Y FYPT s,

spondyl art lthepat hiedgs. pol ynyositis, dermatonyositis, vasculitis, psoriasis
(plaque) and psoriatic arthritis, Md. Crohn, chronic obst ructi ve pul nonary

di sor der, el odyspl, as
rﬁﬁc&efglégld %ragments and vectors of the invention

It will be appreciated from the above disclosure that modified
10 polypeptides can be prepared by means of recombinant gene
technology but alsoc 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 toxeid, 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 Por the purpose of recombinant gene technology, and of course
alsc for the purpose of nucleic acid immunization, nucleic
acid fragments encoding the analogues are important chemical
products {as are their complementary sequences)}. Hence, an im-
portant part of the invention pertains to a nucleic acid frag-

253 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




syndrone, uveitis in rheumatoid arthritis, acute pulnonary 25 dysfuncti on,
ast hma, Wegener's granulomatosis, irritable bowel disease, ~ 2 MAY 2808
t enpor omandi bul ar di sorder (painful jaw joint), stonatitisosteoporosls,ﬁd5
and cancer cachexia as well as other inflanmmtory di seases and ot her
conditions generally appreciated in the art to be Iinked to the adverse
effects of 2 HAY 2'uJ;i WO 03/042244 rcTN¥®2/ 00764 60 TNFa. It is therefore
possible to treat or aneliorate synptons that are associated with any of

t hese di seases by enploying the nethod of the invention for

down-r egul atggn@oeaski vity of a multinmeric protein. 5 fqmResisdons of the

i nvention The invention also pertains to conpositions useful in exerci-
sing the method of the invention. Hence, the invention also relates to an
i munogeni ¢ conposi tion conprising &f i muno- genically effective anount of
an anal ogue defined above, said 10 conposition further conprising a

phar maceuti'dz%l: Yg agﬁr iﬁmurnpllr‘,,(’)gjlé:’alsby accept Y e e Iggeag apdLor vehicle
and/ or cartier  dnd/ or "éxcipi'ent and optlonaf%g an adjuvant. In other
words, thileipaatidofequracenyamiEoentasicet 78y oF MIFS%i ons of anal ogues,

essentially as descri bed herei nabove. The choi ce of adjuvants, 15 carriers,

and venhi cl e Imsi f&coggic{]@ré{ l‘i’lé}lt%i Qjﬁ t%tﬂlm%ioﬁﬁllb&ﬁﬁagiﬁwssed. aboye
when referting fo fornuf ation of the ana- | ogues for peptjde vaccination.
The anal ogiresraed ipr epbyaddeateBrds g COrMetlRBERI W&l FERGIGMP I n the art.

Longer pQW&%BELd&%IQES% NekMaldivi prapar ethdpent®ars toé A@ediigimanrbi nant gene
technol ogy 1 ncludi ng introduction of a nu- cleic acid sequence encodi ng t he
anal ogue | Pt BOYRH VABFRrS/8ES Al6P, PR aREf DAL TSI 18P 458 tabl e host cel |

With the vegi@kningXREes&isebuafichhes nuekeiwcaoks Fetuedogeftiyncul turing the
host will be discussed in context of transformed cells and microor-
ganisms below. The vectors can, depending on purpose and type
10 of application, be in the form of plasmids, phages, cosmids,
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 acld segquence
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 intc 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




- cell under appropriate conditions), recovery of the expression 25 product
fromthe host cells or their culture supernatant, and subsequert? MAY »ang
purification and optional further nodification,- e.g. refolding or
derivatization. Details pertaining to the necessary tools are found bel ow
under the heading "Nucleic acid fragnents and vectors of the invention”
but also in the 30 exanples. WO 03/042244 PCT/ DKO2/ 00764 61 Shorter

pepti des are preferably prepared by neans of the well- known techni ques of
solid- or |iquid-phase peptide synthesis. However, recent advances in this
t echnol ogy hesoender ed pos- sible the production of peddobGr@t h

pol ypeptides and proteins 5 by these neans, and therefore it is also within
the scope of the present invention to prepare the |ong constructs by syn-
thetic nmeans. Nucleic acid fragnents @nd vectors of the invention It wll
be appreciated fromthe above disclosure that nodified 10 polypeptides can

pe prepared by, RANg. Oheh oAl PANLIERE (e UaBiindUiby 21:30, DY MRANS Of

chem cal syn SI'S Or sem syn- esl| s, ter two Optl ons are
especi al | y frel mm@tmﬁsomm@rﬁﬁ%ﬁﬁadchwbrthéomtﬁrslSombrln@éﬁ@T| ses

coupling- t%1Qr&éQkﬂng%%&ébﬁﬁ%d(ﬁHQ&eaﬁo¥@kklﬂuﬂﬁkH@f%%ph%ﬁgyﬁ tetanus
toxoi d, and 15 BSA) non- pr ot ei naceous nol ecul es such _as carbohydrate

pol ymers ard et Q‘)‘S‘u?%é"°§r§’bt%¥éﬁ“i%éflﬁﬁjclﬂei%%’fﬁ GRecHi®ri'S¥s  addition of

si de chaisngnheics @€ GHiRMPSrd Qedl- PRINMNES -l p&en Pepukdeirchaen. These
enbodi nents, are, as will be understood fromthe above, not the preferred
ones. 20 F8F t he purpose of reconbi nant gene technol ogy, and of course
al so for the purpose of nucleic acid inmunization, nucleic acid fragnents

encodi ng thﬁeaﬁ@dt@gﬂeﬁf ahe inpatiantrehesicab tpnedust Sofaseals their
conpl ement %roy cﬂ]%gngl?es)mbd;?ine%eﬂ,g npoilg}peptide of the invention. Such
transformed cells, which are also part of the invention, can
10 be cultured cells or cell lines used for propagation of the
nucleic acid fragments and vectors of the invention, 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.q.

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 avallable 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




portant part of the invention pertains to a nucleic acid frag 25 nent which
encodes an anal ogue as described herein, i.e. a polynmer derived @r%p;@@
pol ymer pol ypeptide as described in detail above. The nucleic acid
fragnents of the invention are either DNA or RNA fragnents. Mst preferred
DNA fragnment of the invention conprises a nu- 30 cleic acid sequence

sel ected fromthe group consisting of SEQ 2 PJAY 2005 WO 03/ 042244 62

PCT/ DKO2/ 00764 1D NO 8, 10, 12, 14, 17, 48, 50, 52, 54, 56, and 58 or a
nu- cleic acid sequence conplenentary to any of these. The nucleic acid
fragments ofwddeskavention will normally be insertedpdibratiiotabl € vectors
to formcloning or expression 5 vectors carrying the nucleic acid fragnents
of the invention; such novel vectors 6?re al so part of the invention.
Details concerning the construction of these vectors of the invention

wi 'l be discussed in context of transformed cells and m croor- ganisms

bel ow. The vemammcw,lydlemdmg andpwq&es@reamdl& Wiee18r @f,seapl i cation, be
n ni-cnronosones, . or Vi rus, but

in the for h .COS

al so naked al\%n [Pr%gérp da%méadp%méagg]e%gttpﬁnjs‘w@ﬁﬂ%}‘ R €8EEain cells is an
i nportant vector (and may be useful in DNA vaccination). Preferred cl oning
and expres@bortheeptgosesfoft keohine ahi ok ap&rﬁ&@abal;@re&s@ﬁt oponous 15

replication Y, a high caqp upbers r the oses of
hi gh- | evel gﬁ%o%gtrgg?otr?%gr E}ﬂé an?e%rlme?ge%%qcé? |°c?ﬁ’a]?]g Ofsﬁﬁ@éﬁﬁ 9 cl oni ng.
The gener &l thatichet ®facad\viwignenipfott hise iinventioon Cimpréseesthey ol | ow ng

features i nehdigudteod'edinal hoo &Qgﬁfaqfagé&a' Sribhi b AIRAS: 2, Promoter for

driving expression of the nuclel¢c a ragment | nvVenti on,
optional |y A"HICRe?c ey dcaeaetrasl for small~ ol or 1arge scale

preparation of the analogue or, in the case of non-pathogenic

bacteria, as vaccine constituents in a live vaccine.

10 When preducing the analogues of the invention by means of
transformed cells, it is convenient, although far from éssen—
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 ILS 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-




encodi ng a | eader peptide enabling secretion (to the extracel- |ular phase
or, where applicable, into the periplasma) of or integration intd {He g 703
menbr ane of the pol ypeptide fragnent, the 25 nucleic acid fragnment of the
invention, and optionally a nu- cleic acid sequence encoding a termnator.

When operating with expression vectors in producer strains or cell-lines
it is for the purposes of genetic stability of the transfornmed cell pre-
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 effectingoosmwindavo expression in an .- 2 NMAY 2006 WV&/idtR44d244

PCT/ DKO2/ 00764 63 aninmal (i.e. when using the vector in DNA vaccination) it
is for security reasons preferred th%r%ret he vector is not incapa- ble of
being integrated in the host cell gen typically, naked DNA or
non-integrating viral vectors are used, the 5 choices of which are

vel | -known w@dédeaperansSkdd |1§Qnﬁﬁy§1|9c_? tr@ﬁéfor}ﬁgg a&%orﬁaeo gk he invention
are used to Eransform hgst cel roduce the nodified 5 pol ypepti de

of the inveRtF8H % SKkiPt ?FWB?%%%‘T@ ohthhgfe fistapst ﬁ%’FT of the
i nventi on, ¢:ann,1@>rbae okt freedl toeddriaii, GRbhotdraesnatsedn iy upt@pagati on of
rrents and vectors of the.invention, or used for

the nUC|e|% gg! k migroorga e i i
r econbi nant pr oduc ?l noof "t he “hodl e I]L§p’f)?ﬁ5§/83pt| des of the invention.
Alternatively, the transforned cells can be suitable |live vaccine strains

wher ei n t Be Thosd eiromettird hosty c&ﬂncma.@t uged @n Spregh yddi cmiéddmpl @a:@0pi €s) have

been i nsert S ffe n.or integration into the bacteri al
menbr ane or%gzél ng%flfcttgfgth gf%amﬁ f(gg?lec&ﬁ?%ar? ofHed cells of
t he inventi dackase mm@rgﬁwiemsnﬁlhsu@mtaslb,adwém atpguch easal he species

Escherichi a16®79coeddel et al., 1979) and a tryptophan (trp) promoter
system (Goeddel et al., 1979; EP-A-0 036 776). While these are
10 the most commonly used, other microbial promoters have been
discovered 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-~

cial 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; Kingéman et al., 1979; Tschemper et al., 1580).
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




20 E. coli], Bacillus [e.g. Bacillus subtilis], Salnonella, or

Mycobact eri um [ preferably non-pathogenic, e.g. M bovis BCG), -<ydasiy
(such as Saccharomnmyces cerevisiae), and protozoans. Al - ternatively, th
transforned cells are derived froma multi- cellular organismsuch as a
fungus, an insect cell, a plant 25 cell, or a manmalian cell. Most
preferred are cells derived froma human being, cf. the discussion of cell
| ines and vec- tors below. Recent results have shown great promise in the
use of a commercially avail able Drosophila nel anogaster cell line (the
Schnei der 2 wW@Bp42eal | |ine and vector system avail abl ecrdfkodsomsn | nvi t r ogen)
for the reconbi nant production of IL5 ana- | ogues of the invention, and
therefore this expression system W 03£042244 PCT/ DKO2/ 00764 64 is
particularly preferred, and therefore this type of system is also a
preferred enbodi nent of the invention in general. For the purposes of

cl oni ng andébfectptre Mrredormaptesst detédting tfmefermiadohhat ke ransf or med
cell is capabl.g o Li cating. 5.the nucleic acid fragnment of the

i nvention. glﬁ%g‘ é?(%oe%ggs?’%&rygﬁoephﬁﬂél eic fragnment are preferred useful
enbodi nrents of the invention; they can be used for small-scale or

| ar ge- scal eSupragparmatonohiaf seheeraral Dgyeast ,veclothancds® @he NnAR~pat hogenic
bacteri a, Cj c it in a live vaccine, 1 produci ng the
anal ogues g?ﬁc}%/e%% F%gngﬁgr#hggﬁﬁéé%ﬁlsteo]fmaﬁ?ahﬁé 5?%&%%?1’\5{\?8??) i°%

conveni enb, oElarhglygelivaic fangmmes sénss tdtab] . £ 868t Hlexpd @ssabn product i s

ei ther expoférd,o | R0, C I, LN -0 ri e surface of
the trans- foﬁnedgiceﬂl IBTS %Iilc%%gebtﬁlkeé ltr%ggs%éngpgj}ng gakgg?ﬁqﬁr}?g?e subsequent
15 puri fi caff6iPeof PHREL RS e BEF BIR tEr SriFEPoxYARER  aphosPhefnticte- pr oducer cel |
has been i deftdsk, eglidoskS6-ph8sphfkl €sbne@hsd N&-BASishobIetBAte 42 €Sstablish a
stabl e cel Itl i ne_ whi %h carries the vector of the invention and which

expr esses ase, pyruvate kinase, triosephosphate isomerase, phosphoglu-

10 cose isomerase, and glucokinase. In constructing suitable ex-

)

£,

D~y

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

sulitable.

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




the nucleic acid fragnent encoding the nodified IL5. Preferab 20 |y, thIS
stable cell line secretes or carries the |IL5 anal ogue of the |ﬁvénfh§n
thereby facilitating purification thereof. In general, plasm d vectors
containing replicon and control sequences that are derived fronlspeC|es
conpatible wwth the host cell are used in connection with the hosts. The
vector 25 ordinarily carries a replication site, as well as nmarking se-
guences whi ch are capabl e of providi ng phenotypic selection in transfornmed

cells. For exanmple, E. coli is typically trans- for med using pBR322, a
pl asm d der man E. coli species (see, 0l i t al., 1977).
The pBR322 lv?/oaosfr(%ﬁl:zEdl?cont ains 30 genes for anpici I I | n aP% z%’l”é ycline

resi stance and t hus pro WO 03/042244 PCT/ DKO2/ 00764 65 vi des easy neans for
identifying transfornmed cells. The pBR? plasm d, or other mcrobial plasmd
or phage nust also con- tain, or be nodified to contain, pronoters that can

be used by e otic oor r ression. 5 Those pronoters
most comonf’ %/&usggj?l i %ro ar %g |cﬁi\fr)ﬁ e oREIFEEL PERATYi nel ude t he

B- | act anase (¢Bnicell Ihlnase)anslnﬂlBG,aBHK),se:opﬂbrmlser ssympess (Chang et al .

1978 LAk SRl (o] 0 <CREAAELCEN 13 e 130 %g fpilypLophan (trp)

pronoter syst'em (CGoeddel P- A FI¥these are 10
t he nost coﬁﬁ%‘%ﬂlynu‘@@&emétfmm i &r GbbdinpFoimtcess WeRémmchdl scovered and

utilized, sapgkRbAi L\hes_»laeﬂcetfwb@%d hgis. Anush&‘ofmﬁ' ﬁr?v guances,fave been
publ i shed enabl [ led worker to [igate t unctl ona ly with

n
pl asni d vect®rs CE%?&H\R@ﬁr i &t thetprgsent f@geytl@erﬁ%lﬁpgé%éw?@n pr okar yot es
may be expr essed &&Eﬂﬁhslﬁm E¥sddt BellQlihe fd,0m+NeLE1OWRRIQRBLEN

sequences, pre- cludin %%f%n for .addition of another pronoter by
artifi- ci aPm ‘:’:Etlt'ls)"jl(Si atiti v gﬁ&t 6:?1 PFoREPIB e S e ellRey b%198 i cr obes, such
p
as yeast
Expression vectors for such cells ordinarily include (if ne-

10 cessary) an origin of replication, a promoter located in front
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
HindIIT 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




cultures may al so be used, and here the pronoter should be ca 20 pabl e of
driving expression. Saccharomyces cerevisiase, or conmmon baker's 3éﬁ@t£@g
the nost conmonly used anpng eu- karyotic nicroorgani sms, although a num q
of other strains are commonly avail able. For expression in Saccharonyces,
the plasmd YRp7, for exanple, is comonly used (Stinchconb et 25 al.,
1979; Kingsman et al., 1979; Tschenper et al., 1980). This plasm d al ready
contains the trpl gene which provides a selection marker for a mutant
strain of yeast lacking the ability to grow in tryptophan for exanple ATCC
No. 44076 or, -1 (Jones, 1977). The presence of the. t esion as a 30
characteristic 55é4he yeast host cell genone then proVﬁgg@Bgﬁhmo 03/ 042244
PCT/ DKO2/ 00764 66 effective environnment for detecting transformation by
growh in the absence of tryptophan.é8Suitabl e pronoting sequences in yeast
vectors include the pro- noters for 3-phosphogl ycerate kinase (H tzman et

al ., 1980) or 5 other glgcolytic enzgne (Hess et. al . %?68; Hol | and et
iy

al ., 1978Pc &rdfedst ot °rgP VT 8e33- pRLEPRat & 48hydr o- genase,

hexoki naseyspyrapvat &r dagard peylbsel bphasphost weld-cldonaseyal re-

gl ucose- 6- phosphat e i soner ase,. 3- phosphogl ycer - vat e

ki nase, trP&é%%ﬁ@?dﬁ%?@nﬁ?%néFa%E?“Eﬁg?gﬁégﬁﬁ*%5g%%¥éﬁ%ggﬁﬁrg%%? and

gl ucoki naseell chromstamect ting Istitémblseofben prEkisiient pl asm ds, the

term nati on sequences associated with these genes are also ligated into
the expression vector 3' of the sequence desired to be expressed to
provi de pol yadenyla- tion of the nRNA and term nation. 15 Qther pronoters,
whi ch ha&éf¥¢%?%%&itional advant age of tran- scription controlled by growh
conditions are the pronoter re- gion for al cohol dehydrogenase 2,

i socyt ochr giRign ACkdndhaso-habas e(pdegy adahbng epz yworstasseci ated with
nitrogen netabo-

I15 is an anti-parallel homo-dimmer, in which the C termini

and N termini of the 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 Ti 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 (BBGl6). 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




lism and the aforenentioned glyceral dehyde- 3-phosphate dehy 20 dr genase
and enzynes responsible for nmaltose and gal actose utilization. An gwg
vector containing a yeast-conpatible pronoter, origin of repllcatlon and
term nation sequences is suitable. In addition to m croorgani sns, cultures
of cells derived from 25 nulticellular organisns may al so 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) hasybgepg a routine procedure in re 30 cen i ssue
Culture, 1973). Exanples of such useful m. 2 MA A %@%5}5’%

PCT/ DK02100764 67 host cell lines are VERO and HelLa cells, Chinese hanster
ovary (CHO cell lines, and W38, BHR® COS-7 293, Spodopt era frugiperda
(SF) cells (comrercially available as conplete ex- pression systenms from

| -a. Protei oafSel encer, 1390%uResRakeb & RBRKNRL 5 t%{?“ ey & £9450, U.S. A

and from | nvitrogen MDCK cell lines. In resent i nventi on, an
especi al |y prePriisy Hhﬁﬁ?ﬁftﬁf-’netqeﬁ% W‘Psée%bléeﬁrremdﬁé B2gmentE.| abl e from

| nvi - trogemldaoaam@dzaa,ﬂy aQZQ%a@é sElieRginryThe MNathell.apgls. Expression

vectors for I a | ude (if ne- 10 cessary) an origin of
replication, éag %ron‘%t%? cra&tg ¥1Fr5’f1$ e éor"tpljrét@elr’i‘éef’b Ped 3§5ressed, al ong
wi th any ﬁe@!@t?ﬁRy Rinbdspmeche biredinagt sist efpl iRMAd spingetiid FeSnking _
pol yadenyl aigil%r? tﬁes@”&se&‘:sr&g Hi)érll %gﬂe?t},ler g}%ﬂlat %I‘ ?pégguenp s. For use in

mammal i an cells, the control functions o 8PoifWectors are
often prow%FéHmBi}lQﬁSteal- Hatier ted veFber exdavgster amimnsnéxytsusm pronoters are

dg{/lll\éed f 1 oM gaeky OfByet Ade: TAQYI SrSedurld ISk &qYeRtly Sim an Virus 40
or C
( ) Spllce by overlap extension” procedure described by Horton et

10 al. 1989 and outlined in Current protocols in molecular biolo-
gy (pp. 8.5.7-9) “Introduction 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 MsE 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 ILS5 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 ILS
leader sequence, resulting in a mature expression product of
266 amino acids. The translation products resulting from these

designs are intended to fold dinto a “monomeric IL5 dimer”,




tonmegal ovirus (CW). The early and |l ate pronoters of SV40 vi- rus are
particul arly useful because both are obtained easily 20 fron1the‘yggpﬁﬁa§ﬁ
fragment which al so contains the SV40 vi- ral origin of replication (Fiers

et al., 1978). Smaller or larger SvV40 fragnents nay al so be used, provided
there is in- cluded the approximtely 250 bp sequence extending fromthe
Hndill site toward the Bgll site located in the viral origin 25 of

replication. Further, it is also possible, and often desir- able, to
utilize pronoter or control sequences normally asso- ciated with the

desired gen ce, provided such control sequenc npatible with
t he host ceﬁ,&g@%?em;. An origin of replication may blg&b')?{é@(f"?fgd ei ther by

construc- 30 tion of the vector to include an exogenous origin, such as my
WO 03/ 042244 68 PCT/ DKO2/ 00764 be derbved from SV40 or other viral (e.g.,

Pol yoma, Adeno, VSV, BPV) or may be provided by the host cell chronosomnal
re- plication nmechanism I|f the vectc% is | n%e ra"t@%d i nt o w;t host cell
chronosonmei-eh@ PRFEFLF FUPFR SHPE ARt o5 1 BANBEE 1 BesTGh of 4 new

t Wo- epi t 0p@e{PZHhER Qe sBRBIFELh Lomphasd Budisensibnals sanuante- par al | el

hono-di nrer,, 1n \A,f#ftch the Ctermini and Ntermni of the nononers are

| ocat ed cl 85&YCi ifthe nole- cule. This opens for the possibility of
linking the two nono 10 ners into a single nononmer, closely resenbling the
wi|ld-type diner quarternary structure. W have approached this using

ei ther thegpRifp0zepitopes as linker or by inserting a di-glycine |inker
as described previ- ously in Li et al. 1997, PNAS USA 94(13): 6694-9. 15
The native hlL5 encoding DNA nol ecule used in all the research work was
purchased fZomIRBD Wsig?rs (BBGL6). This DNA sequence

Based on the previous successful generation of a biclogically
active monomer “IL5 dimer mimic” by insertion of a di-glycine-
linker by J. Li et al., similar, but immuncgenic, 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: 1l and 12. Both these con-
structs encodé 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 W-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.




did not include the hlL5 | eader sequence; hence was added a synthetic DNA
sequence encodi ng the natural hlL5 | eader pep- tide. The sequences encoding
the P2 and P30 T cell epitopes 20 are derived fromtetanus toxoi_dq hF y
sequences were inserted into the native sequence of the gene thu% AT
provi ding the i mu- nogenic variants of IL5. The insertions are nade
preserving the reading frame in the IL5 gene. The cloning strategy for
maki ng the variants is based on elon- 25 gation of prinmers or DNA fragnents
W th sequence overlap. First, two sets of prinmers with conplenentary 5

ends maki ngwgifeig i nsertion are elongated in two seRambBRER reactions
WO 03/ 042244 PCT/ DKO2/ 00764 69 using the w IL5 DNA nol ecule as tenpl ate
and a flanking vec- tor prinmer. Thereafter, these two doubl e stranded
fragnents, which accordingly also have conplenentary 5 ends, are an-
neal ed and el ongated to include the conplete insert in a sec 5 and PCR
Finally, thendsrageent is anplified using the flanking prinmers. These
inserts are then digested with the appropriate endonucl eases, as is the
vector and vector and inserts are ligated together. This procedure is a
nodi fi cat i EAPEISSERR 1eVEpFi ce by overlap extension" procedure described by
Horton et 10 al. 1989 and outlined in Current protocols in nolecular biolo-

gy (pp- 8-8nhd- E@ov Iagsr&@e&a Ih%aﬁfn% Ql%l%ugytre%%emyﬁ&%@a tial PCR
steps” by Ausabel et al. Standard nolecul’ar biolo technlques and DNA

meni pul at | BRES TEGERPLES VPEEYSS cEFsh feﬁzwetawéeﬁs%% Fargget i

el ect rOphohﬁdﬂ-&e&bﬁbu@h@V\éipx%@Ql&{ ehageseefc | hemkali@M c€6d.| soxere perfornmed
usi ng standa nol, ecul ar i cal te n| ues described in the |aboratory
manual Sanﬁ?% usﬁngsﬁﬁp?§% “Eg? s, T. 1989 and using the ME
standard protocols EXAMPLE 2

Especially, using standard expression systems and protocols in
COS cells (transient expression} and in S, cells, it was found
that the expression levels were even better than those obtai-
10 ned with constructs encoding IL5 wildiype 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 highex
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 IL5S specific activity.




I

20 hl1L5.34 and hIL5.35 In order to have the T-cell epitopes internalyly.,i
gt’J\%Ye 206

the nole- cule, P2 and P30 are inserted head to tail as a |linker be

the two IL5 nonomers thereby giving rise to two constructs

hl L5- P30- P2- h1 L5 (hlL5.34, nmature peptide in SEQ ID NGs: 5 and 25 6) and
hl L5- P2- P30- h1 L5 (hlL5.35, mature peptide in SEQID NGs: 7 and 8) - both
DNA constructs encode the natural IL5 |eader sequence, resulting in a
mat ur e expression product of 266 ami no acids. The translation products
resulting fromthese designs are intended to fold into a "nmononeric IL5
dimer”, WO Q3042244 70 PCT/DKO2/00764 i.e. a nnnonenhﬁ %R%ﬁgyle that has a
tertiary structure that very nmuch resenbles the conpleg% M8 mensi ona
structure of dimeric IL5. EXAMPLE 3_5 hlL5.36 & hlL5.37 Based on the

previ ous successful generation of a Bfologically active nononer "IL5 diner
mmc" by insertion of a di-glycine- linker by J. Li et al., simlar, but
innunogenigxm&Q&sFruct with the addition of T-cell epitopes were designed.
The vari 10 ant hl'L5.36 thus has the structure of the nature peptide in
SEQ ID NGs: 9 and 10 and variant hlIL5.37 has the structure of the mature
pepti de i npSERAD: MNOSSr tr@ndrizntsBot h t hese con- structs encode a natural

I L5 | eader sequence followed by the first 4 amno acids in IL5 that in
turn is followed by the 15 first inserted epitope - %Ee other epitope is
posi ti oned?i AYPHIREIE NGy ppHFece THAFRFHEE 251t F&adbh™FREt"t he N-terni nal
epi tope ishOty;1R08itd QBREN NnkeIHEnALL Yod19ptta deogeet e Ho:S1equence in

these. two constructs instead of aimng at preserving the hll5 se
5 was delivered as a ligation product from Entelechon GmbH. The

DNA sequence of the human hTNFo was optimised for expression
in E. coli according to the Codon Usage Database by exclusion
of all codons with a fregquency 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 SMINFWT3 ligation product was introduced into the pCR 4
TOPO Blunt vector and E. coli DH10B cells were transformed.
Plasmid DNZA from 10 of the resulting SMINFWT3TOPO clones was
purified and five clones containing the expected fragment

15 (when analysed by Regtriction Enzyme (RE) digest} were se-
lected.

The NcoIl/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.




20 quence. By using the natural hlL5 | eader peptide together with .the
N-term nus of hlIL5 we ensure that the | eader peptide is cl eaved “offMAY 2085
correctly. And, since the N-termnus in IL5 con- stitutes a flexible
region, it is not of significance for preservation of 3-dinmensional
structure of the resulting con- 25 struct. The translation products
resulting fromthese designs are seem to fold into a "nmononeric IL5 diner”
as described in Exanple 2. 2 MAY 2006 WD 03/ 042244 PCT/ DKO2/ 00764 71
EXAMPLE 4 Expression | evels The above described human |IL5 anal ogues have

been insertgg) g3t nultiple vectors, used for const rgiqhhhorsPNA _
vacci nation 5 and, reconbi nant expression in insect-, manmalian- or E col

cells using standard nethods in the a{t. Especi al |y, using standard
expression systens and protocols in Cos cell's (transi ent expression) and
in S2 cells, it was found that the expression |evels were even better than
t hose obt airxhflpred Wi th constructs encoding IL5 wildtype protein and the
ex- pression levels al so exceeded t hose obtai ned when expressing the hILS
variants disclosed in WD 00/ 65058. EXAMPLE 5 Induction of anti-IL5

cr oss- r eactPfé? AAEEHH €215 The presently di scl osed anal ogues of human IL5
where used in standard i mruni zation protocols of mce. In brief, mce were

| muni zed wibhed iR 3pONRRASRGH Beth LBEAANLS (LFPTHOHAPh 2 z.ofgd 3. The

nmurine anti hl L5 an |Qp ies were isolated via imu- n I ni
chr omat ogr ABFAY™3@ theiGevaRts ThrES aded] it ¢ Difs seeuensep4¥%d IPo t hat of
murine argt iNoedi®s opaimieddagat Rsbro¥didnt MP, coli, see below, and

inserted in loop 3 of TNFo by SOE PCR,

The resulting construct (a DNA seguence encoding SEQ ID NO:
18) was placed in the pET28b+ vector to generate TNE34-
PET28b+.

10 EXAMPLE 8§

Monomerized trimer construction

The monomerized trimer constructs are based on 3 TNFo 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-TOPQ. After se-
quence verification, a correct clone was isolated. The hINFT 0
gene (SEQ ID NO: 21 encoding TNFa-GlyGlyGly-TNFoa-GlyGlyGly-

20 TNFa, 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 HMS8174.




hl LS. The results indicated that the antibodi es were higher ti te,rgdj and

al so of higher affinity than antibodi es against the anal ogues taugth {n‘“\f@)
00/ 65058. Prelimnary results also indicate that the multinmer mmcs ac- 25
cording to the present invention have preserved at |east sonme of the IL5
specific activity. WD 03/042244 72 EXAMPLE 6 Preparation of TNFa variants
PCT/ DKO2/ 00764 A synthetic DNA sequence "SMINFW3" (SEQ ID NO 16) encodi ng
the wild type human TNFa nonomer pol ypeptide (SEQ ID NO 17) 5 was
delivered as a ligation product from Entel echon Gn’bH The DNA sequence of

the human h{pFa.weas optim sed for expression in E f‘@ﬁ&%rdl ng to the
Codon Usage Database by exclusion of 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 subsedfient cloning steps. The SMINFWI3
|'i gati on product was introduced into the pCR 4 TOPO Blunt vector and E.

col | DHLOB, GGl 8- Y68l NASHOLIRY. rafliasdl ch DA fhamAd el 1diiagr esul ti ng

SMINFWI'3T Fones was purl five clones containing the expected
f r agment 1501(Weﬂ°%¥alz?%é@lﬁ9rR@§tlFFEﬁ’u RN Ay neTNERES » ITYESES were se-

| ected. The,NeghbtECOREEPND fibagnent s1 f rsam dde 56 wey BOEGHT[IRI ahly correct
SMINFWI3TOPO cl ones were isol ated and transferre to t pPET28b( +) vector
and sequenE&-dererHiinel. (T &P ti%ns?) déle bF?énaijpo oF”%ﬁﬁftV?)ﬁtl ons were

identified in four clones whereas one clone appeared to be correct. The
correct gopgiFugt nTEYTNRWEBRENZS nase suksemienhédiagdeaasntenpl ate for the
gene- ration of’ all si ngl e TNFa_ variants.

toxoid epitopes™PZ and P30 (SEQ ID NOs: 3 and 5, respectively)

that need to be assembled by two rounds of SOE PCR. hTNET_4 is

a variant with a PADRE ({SEQ ID NO: 7) insert and can be assem-

bled 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 hTNFT 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~-RB-pET28b+ contains AS6C and I118C, and TNF34-C-pET28b+

25 that contains a deletion of the 8 most N-terminal amino acids




2 MAY 2006 WD 03/042244 PCT/ DKO2/ 00764 73 EXAMPLE 7 TNF34 construction The
PanDR epi tope am no acid sequence (SEQ ID NGs: 7 and 20) was na‘m?alf"iﬁ’y“ 2o
"reverse-translated" to a DNA sequence (SEQ ID 5 NO 19) optimsed for
expression in E. coli, see below, and inserted in loop 3 of TNFa by SCE
PCR The resulting construct (a DNA sequence encoding SEQ ID NO 18) was
pl aced in the pET28b+ vector to generate TNF34- pET28b+. 10 EXAMPLE 8
Mononeri zed trimer construction The nmononerized triner constructs are based
on 3 TNFa encoding regions, separated by either a tri-glycine |inker

and/ or an ey depeuencodi ng region. 15 The TNF-a genepascoSyith hesi zed as
three separate entities. The three fragnents were assenbled by SOE PCR,
and the assenbled gene (SEQ ID NO 21) was cloned into pCR2.1-TOPO. After
se- quence verification, a correct cl/dne was isol ated. The hTNFT 0 gene
(SEQ ID NO 21 encoding TNF(x-dydydy-TNFa-Aydydy 20 TNFa, SEQ I D NO

22, i.e. 3_copies; Of, SEQ RN cL7o5aRa Bihdssbdh thdaldts- gy eede |inkers)
was then transferred to ET§8b+ to generate hTNFT_0O- pET28b+. A correct
cl one was fadhaieBEOsED D?ﬁ?éné%r Wi #%dland transforned into E. coli lines

BL21- STAR, BL21-GOLD and HVS174. | NAY WD 03/ 042244 74 PCT/ DK02/ 00764
hTNFT_O- pEf28h+ WAs. sl ol S abend @oHene, ahed taeef Qlochewi g

BL21~STAR, BL21-GOLD and HMS174, followed by sequence verifi-

5 cation.

EXAMPLE 10
Flexible loop variants

In order to find a variant that might exhibit improved charac-—
teristics compared to the TNF34-pET28b+ variant, constxucts

10 were made where the PADRE insert (SEQ ID NO: 7) is moved

around in flexible loop 3 of the TNF-o moleculs.

All of these: TNF35-pET28b+, TNF36-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, BL21-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, TNF38,
TNF39 and TNFC2 were transferred into the p2Zop2f vector (ct.

Fig. 1)}, and expressed in S2 insect cells.




four nononerized trinmer variants: hTNFT_1, hTNFT_2, hTNFT_3 andmhé 1y 4,
(SEQ I D NGs: 49, 51, 57, and 59) by SOE PCR. A further variant (S 25%%3¢&§
53) can be made in a simlar way. 5 hTNFT_1, hTNFT_2 and hTNFT_3 are
variants including tetanus toxoid' 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 with a PADRE (SEQ ID NO 7) insert and can be assem
bled by a single round of SOE PCR A further variant (SEQ ID 10 NO 55) can
be made in a simlar way. hTNFT_4 was constructed by the above nenti oned
met hods, an@ygsneeirect clone of hTNFT_4- pET28b+ was #cqyehidotss TOP 10 cells
and the construct was transferred to BL21- STAR and HM5174 cells. To
generate hTNFT_1, hTNFT_2 and hTNFT_STEhe epitopes were in- 15 serted by
SCE PCR in very small fragnments of the trinmer, which were inserted into
hTNFT O- pET28b+ by RE cutting and ligation. EXAVMPLE 9 Stabilising TNF34

mut ants To EXavehBriist abilise the TNF34- pET28b+ vari ant descri bed 20 above,
variants containing the introduction of an extra disul- fide bridge as well
as a deleti8g¥%rtant were constructed. 3 different variants were
const r uct ed” FSAKTHET28b+ contains the substitutions Q7C and A111C,
TNF34- B- pET28b+ contains A96C and |1118C, and TNF34- C- pET28b+ 25 t hat

contains a gelgki au@brthe 8 Ned ) ] aci ds WD 03/ 042244 75
PCT/ DKO2/ 00764 : the aniono aci gequeﬁgggﬁ%fgghgggiﬁﬁgﬁg?gﬁgproducts are

set forth #h SEEPIDINGS: o0, alZye- affee BUA McodBng Ghete Urksavier e made usi ng
SCE PCR, 8NghVgkend hiaBethy Bor Bekl- STAR1 o2 1 G0 20d: SYB17d,, fol | oned by

sequence verifi- 5 cation.

The correct TNFX clones have been transformed into BL21-STAR

and HMS174, and subseguently 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 expressicn 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 wvec-
tor (Promega Corporation). pHPl includes a kanamycin resis-

tance gene as marker instead of the AmpR gene of pCI.




EXAMPLE 10 Flexible loop variants In order to find a variant thatmgigﬁﬁfn
exhi bit inproved charac- teristics conpared to the TNF34- pET28b+ vati'&nt 2005
constructs 10 were made where the PADRE insert (SEQID NGO 7) is noved
around in flexible loop 3 of the TNF-a nol ecule. Al of these:

TNF35- pET28b+, TNF36- pET28b+, TNF37- pET28b+, TNF38-pET28b+, TNF39- pET28b+,
and a variant with PADRE placed in the C term nus of the nolecule;

TNFC2- pET28b+, were made 15 with SOE PCR techni que and were cloned in

BL21- STAR, BL21-GOLD and HV5174, foll owed by sequence verification. The

am no aci d wipduenges of the expression products are gghpxhnish 1n SEQ I D
NOs: 23, 24, 24, 26, 27 and 28. To al so evaluate the possibility of using
insect cells as ex- 20 pression systqql TNFWI, TNF34, TNF35, TNF36, TNF37,
TNF38, TNF39 and TNFC2 were transferred into the p2Zop2f vector (cf. Fig.
1), and expressed in S2 insect cells. WO 03/042244 76 EXAMPLE 11 O her

const ruct s gR&IFIKA2/ 00764 A | arge nunber of further TNFa variants have been
prepared, all ternmed TNFX, cf. above. The DNA encodi ng these variants 5
has being nade by SCE PCR_ and cloned directly into pET28b+. The correct
TNFX cl onesh8¥Rraséenn tAais?ior Ad GrRE® BL21- STAR and HMVB174, and
subsequent |y sequence verified. EXAMPLE 12 Periplasm c expression 10 The

LTB | eader rseaugnessas Jreamn addes dihgSddote Wshh 8aMber, B5Q A& NO. 16 in
TNF34- pET28b+, to target the expression to the periplasm c space.
previously been reported to increase the expression of soluble

5 TNFo mutants (Jeong, W et al 1997, Biotechnolegy letters, vol
19, no & pp579-582). To test if the coexpression of GroEL/ES
could improve the expression of the TNFo variants as herein
described, a plasmid containing the GroEL/ES opercon from E.
coli under control of its natural promoter has been used. This

1¢ 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 selecticn
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 0D600= 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 TNFg 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




EXAMPLE 13 Mammel i an expression 15 To test for expression in manwaf i@y -ana
cells, SEQID NO 16 and the DNA encodi ng TNF34 have been transferred £t
the pHP1 vec- tor, which is a variant of the commercially avail able pCl
vec- tor (Pronmega Corporation). pHPl includes a kananycin resis- tance gene
as marker instead of the AnmpR gene of pCl. WO 03/042244 PCTI DKO2/ 00764 77
EXAMPLE 14 Co-expression of G oEL and G oES The expression of the E coli
chaperone conpl ex, G oEL/ES, has previously been reported to increase the
expression of soluble 5 TNFa nutants (Jeong, Wet al 1997, Biotechnol ogy

| etters, volwodk®s224a0 6 pp579-582). To test if the coepnessiin of G oEL/ES
could i nprove the expression of the TNFa variants as herein described, a
pl asm d contai ning the G oEL/ES operoT fromE. coli under control of its
natural pronoter has been used. This % pl asm d has been co-transforned
into HVM5174 together with ei- ther DNA encodi ng wt TNFa, TNF34 or TNF37.
Doubl e transfderantes therimvestiot ed thespl apicasg owitbeODedd @abesieoNt ai ni ng
bot h Kanany;,.Gi.n.@nd Carbecillin, which are the two relevant sel ection

mar kers. Doubl e transformants were then identified by RE 15 analysis to
test for the presence of both plasmds in the sane clone. In a pilot
experinent, cells were grown at 37C to OD600= 0.6 -1 followed by a 30 mn
heat shock atxM@Cr ¥ control fraction of the cells were not heatshocked,
and all cells were diluted 20 5 tines into LB nedia containing 1 nM | PTG
and grown O‘F\I at _,25C. The cells were harvested and both supernatants and
lysates wefe Qhdl§PEESTH® TNFa expressi on. Commassi e stai ning was per -

5 Expression of soluble TNF& variants 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-

16 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 wvariants.

Process Parameters:

Parameter Set point Range betion limit

pH 7.0 6.5 = 7.5 < 6.4 - > 7.6

Temp. start 37 °cC 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




formed to evaluate the G oEL/ES expression. 25 In this experinment, sN@sv rana
i nprovenent by addition of chaperones was observed. This is nainl Btarse
we obtain al nost 100% soluble material in this experinment, event in the
absence of chaperones. W wi |l however check the inprovenent on other WO
03/ 042244 PCT/ DKO2/ 00764 78 variants of the invention if these appear to
be | ess soluble variants. EXAMPLE 15 E. coli expression 5 Expression of
soluble TNFa variants in three different E. coil strains has been tested
in |laboratory fermentors as well as in shake flasks. The fermentation

equi prent usexbsnassat he Infors fernentor system w th pdrypmesidetéag vol une. The
three E. coli strains tested were: HMS174, BL21 STAR and BL21 GOLD. The ne
10 diumused for the fernentations a defined mninmal medium with

gl ucose as the sole carbon source. 2@% of the primary objectives was to
determ ne optinmum fernen- tation process paraneters (especially tenperature
and | PTG ¢opeant pabdiRR)os0 T8 $@a0ptéricnCatidn X @spémd of el uble 15

TNFa vari ants. Process Paraneters: Paraneter. Set point Range. Action limt
pH 7.0 6. 5 GO oF %‘?6409?3“?:60‘3"?9&13?3 APt they Tprghtor 45 Al ge | S 38 C
Tenp. inducklon b2bwéer?4,1 260, -Hin the2br£ dMDRuteanss rnld018b - 100 % >

90 % f or e than_.4 .hours . Stirrer_ 10 RPM.1000, - 1500 as been found
t hat one g&#?%bkg E%H%hgﬁ?éuPﬁéi?BPPoﬁﬁ%ﬁFe'fﬁgugﬁf ggﬁ%%k%?%tion is 0,5
"M and t e iseppdoanedt @tabDéHdac2R G Lidred sihower etbvey PBing afigr t ot al

fermentati qgoéﬁfg%ig§.t¥%btein production then takes place for three to

five hours.

Alternatively: Expression of TNF-o variant is accomplished by
taking advantage of a low temperature culture to avoid intra-
10 cellular precipitation of the variant protein to inclusion
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-cultuzres
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 TNFo. variant is perforxmed in 2x2 I, 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 ODase 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).




tween 14 and 18 hours, including propagation, induction and M 2 N@

03/ 042244 79 PCT/ DKO2/ 00764 protein production. The total fernenta Jﬁ ft {568
depends on the growth of the culture. OD600 start in the fermentor is
typi- cally between 0,1 - 0,3 (2-6 in the pre culture) as calculated from
the OD in the inoculation culture. Induction of culture 5 is perfornmed at
OD600 = 20 1-2 or nine to eleven hours after inoculation. Protein
production then takes place for three to five hours. Alternatively:
Expression of TNF-a variant is acconplished by taking advantage of a | ow

t enper at ur evwaulsbazee to avoid intra 10 cel lul ar preci pidiaikoszs@f the vari ant
protein to inclusion bodies. Gowmh of the culture to the wanted OD is
done at the sane tenperature as the gctual i nduction to avoid "shocks" to
the cells by changing the tenperaturg fromthe optimal growth tenperature
(37C) to the I ower induction tenperature (25C). 15 By using this nethod it
is believedyifatz the only pressure im posed on the cells is the actua

i nduction by IPTG - at any rate, this nmethod has recently provided
significantly inproved yields of soluble expression product. By making a
smal | overseﬁﬂﬁﬁpnc%ﬁ%ﬁﬁﬁe and preparing the larger 1L LB nedias a day in 20
advance the generation of material in the large LB-cultures can be

acconpl i shgddiggc@ppg&éwptﬂm%&%érthhea e yadnd@! erisRdred i:on period is
done over night hour s He ¥erre met hod can be

descri bed &gt%ﬂ%w aERPY eddh ofPdf and H@hmw&l@aﬁeaﬁﬁe? & FYrmed in 2x2 L
baf f| ed shakege fdsasks 25s6pnabhid d1lok JuBifBditdon caGRivédilRst feo-onl y

modi fication to the above-nentioned met hod being that cells (BL21 STAR)
are grown d4EeP 5@l RSty ANEHABE 1Bt D 278 A tasr tANinEAPHhatERTG Sigpeng p-

in both the receptor and the cytotoxic assay, to measure the

antibody quality.

EXAMPLE 17
10 Purification Procedures

In this example, recombinant production and subsequent purifi-
cation of one of the TNFo 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 1B 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 ODgze= 0.6-

25 0.8. This step has been performed at the exemplary




duced with 1 mM I PTG and all owed to produce protein for 20 hours (still at
25C). 2 MAY 2006 WO 03/042244 80 EXAMPLE 16 Sel ection assays PCH DO %5554
A direct receptor ELISA together with a polyclonal ELISA and a -
cytotoxicity assay with KD-4 and Wehi cells are used as first 5 |ine assays
to screen and follow purification. Antibodies pro- duced agai nst TNFa
variants are used to inhibit wtTNFa binding in both the receptor and the
cytotoxic assay, to nmeasure the antibody quality. EXAMPLE 17 10
Purification Procedures In this exanple, reconbinant production and
subsequent purifi- cation of one of the TNFa variants (rTNF37 i s described
in detail. @¥¥#, the purification procedure is t HETHKEI8ted one
according to the present invention and will also be 15 applicable (with
smal | adjustnents relevant for each vwariant) for other TNFa variants of
the present invention. An E. coli strain BL21 STAR/ TNF37 col ony froma

LB- kananycin plate (60 ng kananycin/L LB nedia containing 1.5 % Agar) is
resuspendecempefatniret BHedirdl 26T, npuk ari@npengerbt i) maridosgr own 20 over ni ght
(16 hours) at .37 i) e _shaki 20 RPMin a New Braunswi ck shaker. 2x2 m
of this cul &%‘gl?%gm?!?%nes?f%gr@égqf% 2xl L LB (60 mg kana- mycin/L) in 2L
baf fl ed shake flasks and the cells are allowed to grow in a New Braunsw ck
shaker at 22@1RPM tteT@IA36addl Go2&dh 8laskhiasd stiepchbls beereldeweédrned at the

exenpl ary %IO%XOV?%@ 16-20 hours. Before induction, the temperature is
5 adjusted to 25°C if this is not already the fermentation

temperature.

The cells are harvested in centrifuge tubes (500 ml) by cen-
trifugation at 5000 RPM for 15 min using 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

beicre.

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 NaHPOy, 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 coffer 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-




WO 03/ 042244 PCT/ DKO2/ 00764 81 tenperatures 37C and 25C, but the
tenperature may be optimsed for each culture. 1 M 1 MIPTGis ma(ngg\{t ?n%
each flask and the cells are allowed to grow for 16-20 hours. Before i
i nduction, the tenperature is 5 adjusted to 25C if this is not already the
fermentation tenperature. The cells are harvested in centrifuge tubes (500
m) by cen- trifugation at 5000 RPM for 15 m n using an SLA-3000 head in a
Sorvall centrifuge. 10 The cells are transferred to one 500 m pre-wei ght
centrifuge tube using 0.9 % NaCl and harvest cells by centrifugation as

before. The Liaat ant is discharged and the tube isMgkehed, to de-
term ne the“?é’? 2wei ght (should be 7-11 grans). 15 2 8 mk 0 W Na2HPO4, pH

= 7.0 is added (if cells are re-sus- pended they should be used directly,
otherwise it is possible to freeze)82 Cell disruption, centrifugation, and
filtration A mechanical disruption of the cells offer several advantages

20 over enzymati isruption in ter fLLchency.. kel iabikhigy and the
ability totlc?ﬁo%%dg Hgn‘%‘rocﬁ’#%?raﬁg e%%oaqlrﬁgollgen%[oh%%%l %6%3 i irllg steps of the
puri fi cat imrht ThismiAPx% 10@0ap:reeptptohsepctivy ahe® GPRPHIEBR® by addi ng

ice water 10 fhe E5:C BAGP G e s DS OE Be USE oMb RBSHI CRLYRL @het hrough the
machi ne be(ff\cl)vécéﬁ ersﬁ)gggjgl%n\/\g?%@ssgaes nof zarrploe. ggngri fugatjon and

filtrati orpeedes fro derspblamy cpairifasaistony angdri tymes v/ sol uti on
prior to, ghnayrtographic separation of the proteins. The cell disrup WO
03/ 042244 82 PCT/ DKO2/ 00764

The carefully re-suspended cell material is transferred from
to the cell-disrupter (APV-1000). The cell-suspension ig care-
full passed 2x through the disrupter {cooling on ice after
each passage and passing ice water through the APV-1000 in be-
10 tween the passages) using 700 bars of backpressure {the solu-

tion onght to be clear at this point).

The disrupted cells are transferred to a 5300 ml centrifuge
tube and the cells are spun for 45 min at 10000 RPM in a Sor-
vall centrifuge using the SDA-3000 head.

15 The extract (approx 225 ml) is passed through a 0.22 pm 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 £low
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
atock for buffer A + B: 1 M NayHPO, x 2H.0, pH = 7.0 (pH ad-




tion and HA-chromat ogr aphy shoul d be done the sane day as this m ght
mnimze the apparent protease activity as a consequence of thga?epggapggn
fromthese in the chronmatographic step. The procedure for disruptioft i1
centrifugation and filtrationis as 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 through the disrupter (cooling on
ice after 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 wWhhspei Nt). The disrupted cells are trangifkhfideh© @ 500 ni
centrifuge tubéuand the cells are spun for 45 mn at ?0000 RPMin a Sor-

vall centrifuge using the SLA-3000 hegg. 15 The extract (approx 225 m) is
passed through a 0.22 mfilter. Hydroxyapatite(HA) chromatography
Hydr oxyapatite Bio-Gel HTP CGel (BIO RAD;, catalog # 130-0420) is a

crystalline forgsedd €l TidhpPROSRhal &eRaVANg nhhOVERni §i1uS8his @88 @ uni que
tool in the separation of proteins such as 20 nonocl onal anti bodi es and

ot her proteinssB?ﬂ%rmjse not separa- ble by other nethods. However, in our
experience theshEmy apropent Ne&rof xthgoraimeki alo are somewhat critical in

that sense that flLo j gher an /mn i ses the pressure to an un-

acceptable hig uF%VEFfmgﬁig ﬁﬁ%E %éﬁ?g:lﬁg§ ig#lapsed several 25 tines

when attedpt h&slbeepavede tboapregeirertaile Wi-169 sbiiam hydrodyapatdee as

1M Na2tPod x BBO Pl s o ey seei et eI Eitoas © T C
64pensionpin Buffer A and a XK 26/40 (Amersham Biosciences)

PCT/ DKO2/ 007

column.

Chromatography 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~-HC1, 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 contalning 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




83 justed to 7 with HCl). Buffers A+B nade fromdilutions of stock. Buffer
A: 50 mM Na2HPO4 x 2H20, pH = 7.0 Buffer B: 0.3 M Na2HPO4 x 2H2 H%\Z =7.0
5 Col um packed to approximately 50-60 m w th hydroxyapatite | 208fp
Gel (BIO RAD; catalog # 130-0420) using a sus- pension in Buffer A and a XK
26/ 40 (Amer sham Bi osci ences) colum. Chromat ography Program 10 Purge
system20 ml at a flow of 30 mM/mn. Equilibration: 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 m if the sanple in the tubing is needed) at a flow of 2 m/mn.
15 Wash col 1.5 CV Buffer A at a flow of ch;})nﬁk lution: Elute
protein wtwm])gar% ient of 4 CVfromO %to 100 % Buf ermlg}og;t a flow of 2
m/mn. Cean colum with 2 CV Buffer B at a flow of 2 mil/ mn.
Re-equilibration with 4 CV Buffer A at*a flowof 2 m/nmn. 20 Select
fractions, pool, and dialyse ON at 4 C against 15x volume 20 mM Tri s- HCL,
0.075 M Nag e g.T 7~ n r

chr omat ograp% ?h‘ﬁ:o%idéﬁér o(rir%‘fl%gra%%:% ecgg%%r?@ f%@t%?%ﬁglﬁgo?f ?Egcggam cally
con- si st oﬁlO@S"?r&ﬁvr@hrmnﬂmf&r@édlanvaﬁda@ne el uted peak that can 25 be
separated into several peaks. The TNF37- cont aining frac- tions has to be
sel ected ong of sl t ntd re peak since
a peak cont arl¥ E‘?ﬁpﬂﬁ'lﬁﬁ% rlug' ﬁofcfﬁ%gl r‘gacst ent?@l ag}) .ﬂlﬁgg\evfeorr as a
consequencearst T§%’ée§béﬁt9ﬂpu¢ |Pf0rsé’aﬂeoﬁe§1ﬂetp§h@*héns‘éﬂl%ﬁﬂ 8w fractions at

this poin{ §;:$:3Qcd @39+C4 144 é;ﬁ@hc%ae bdrtl S£PASSLBE Ak 01 £RNBY &iGRANt am nant s
| ater WD 03/ 042244 PCT/ DKO2/

to the column. However, when the “run through” is subjected to
the very efficient SP-sepharose Cation Exchange Chromatography
(¢cf. next step) and the fractions are analysed with coomassie
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 wvariant that binds completely different to the

SP-sepharose.

SP-zepharose Cation Exchange Chromatography

SP-sepharose is a basic cation exchange step selected as con-
15 sequence of the rather high calculated pl of 9.4 of the vari-
ant compared to the wtTNFa 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 wvariants 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-HCi. pH = 8.0.
Buffer A: 20 mM Tris-HCl, 0.075 M NaCl, pH = 8.0.
Buffer B: 20 mM Tris-HCl, 1 M NaCl, pH = 8.0.




84 in the procedure. Thus, a | ess conservative selection of frac- tions
ensures maxi numyield of variant. Initially the "run through” maszghﬁgﬁggm
with "dot blots" for any TNF37. This gave a positive result that In't §
should 5 indicate that a significant part of the variant did not bind to
t he col um. However, when the "run through" is subjected to the very
ef ficient SP-sepharose Cation Exchange Chromatography (cf. next step) and
the fractions are anal ysed with coomassie stained gels they do not contain
any detectable TNF37-variant 10 indicating sone false positive reaction in
t he "dot bl Qf, fraction of the variant that bi tely
di fferent tgh%%ghm@P-sepharose. SP- sepharose Cation E%%ﬁ%ﬁ%g%%hronatography
SP- sepharose is a basic cation exchange step selected as con- 15 sequence
of the rather high calculated p2 of 983 of the vari ant conpared to the
wt TNFa pl of 7.B . This increase in pl is a consequence of the 2 |ysines
i ntroduced via I- : | r r-ap i . efficient
and fast for tﬁ%mﬁ¥ﬁ 37 Jggkdﬁ%ﬁgﬁam%%hgkg@gﬁggiggS%egﬁgg?a%gﬁﬁ} a large
number 20 of JfReFsHegoblassiparRss eRtalpie MTHE-8HRHI0E) apphbedl Boul d have a
| ower conducti Wehyidhan Surr@® £ranand soHoehoy! dubesiah BEASH ededk)before
continuing with SP- sepharose chromat ography since variations fromthis in
our ex- perien&8W¥% made the binding properties of the protein diffe- 25
rent fromtime to tinme. Buffers and Columm Stocks to buffers A+B: 1 M
Tri s-HC1. SDﬁEH&thraEﬁyf PRIgrém 20 NMM Tris-HCL, 0.075 M Nad, pH = 8.0.
Buffer B: 20 mM Tris-HC1, 1 M NadC ’:PH = 8.0. .2 NAY 2006 WD 03/ 042244
PCT/ DKO2/ 00764 Purge system 20 ml at a fiow of 30 ml/min

Bquilibration: 4 CV of Buffer A at a flow of 4 ml/min.

Leoad sample through pump (inlet F on the BioCad) (Sample+l10

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-




85 Colum packed to approximately 60 mM with SP-sepharose FF (Amrersham
Bi osci ences; catal ogue # 17-0729-01) using a sus- pension in Buff f‘ﬁ dﬁa
XK 26/ 40 (Amersham Bi osci ences) colum. 5 Chronatography Program urgfa“
system20 m at a flow of 30 M/mn Equilibration: 4 CvV of Buffer A at a
flowof 4 mM/mn. Load sanple through punp (inlet F on the Bi oCad)
(Sample+l0 mM if the sanple in the tubing is needed) at a flow of 4 10
m/mn. Wash colum with 1.5 CV Buffer A at a flowof 4 m/mn. Elution;
Elute protein with a gradient of 4 CV fromO %to 100 %Buffer B at a flow
of 4 m/m n.ywiiseanscolum with 2 CV Buffer B at a fl opp@ikefhoods/ M n. 15
Re-equilibration wwth 4 Cv Buffer A at a flowof 4 mM/mn. Sel ect
fractions, pool, and dialyse ON at 4 6agal nst 15x volune 20 nmM Tri s- HC1,
0.075 M NaC1 , pH 8.0. Selecting TNF37 containing Fractions after SP
Sepharose chro- matography 20 The profile basically consists of a "run

t hrough" fr agty cielamds thev;&t‘ratfl@aftﬁbﬁldSEQ‘NBB'allrﬂjcmgdﬁ@aKﬁe Hovwener two peaks

e AL At L S RE, O A Al e S Dt P e

tant not to I ncC eto manseprac IOﬂS O
this in ourP&péri ?elm:ezoitwm ke steo mateny undnodb cbﬁusamaalﬁs doBal mre not

easily renpyed Hollesdibs gygﬁtl clgg raphic ste har ose Ani on
Exchange g:hromat ography % Shar g%ge?%q% asi'c ani or‘fore1 ﬁﬁb‘ée step sel ected

for reno- %nnﬁ%ad&om §§Pn9a9ﬂse9h@0@lenstdmunvmah haghlveepimaduci bi 2 MAY
2006 WO 03/ GHQMAtamlnant. However, this compromises the yield of TNF37

variant compared to when the Q-sepharose is used in the proce-
dure and since also other minor contaminants are removed in
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+R: 1 M Tris-HCl. pH = 8.0.
15 Buffer A: 20 mM Tris-HCl, 0.075 M NaCl, pH = 8.0,
Buffer B: 20 mM Tris-HCl1l, 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 mwl/min.




86 PCT/ DK02/00764 lity follows the purification of TNF37 including the

HA- chr o- mat ogr aphy and SP-sepharose. The TNF37 variant itself doésifigt 2005
bind to the colum but the major unknown contaminant does. It is, however,
possible to select fractions in a conservative 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 the Q sepharose is
used in the proce- dure and since also other m nor contam nants are renoved
in this step, it is preferred to include it in the total proce 10 dure. In
concl usi on weasssgpharose step is inportant in the Rypikhiwaii on of
variant 37 and offers an even better end prod- uct with a high yield.

Buf fers and Colum Stocks to buffers A+B: 1 M Tris-HCL. pH = 8.0. 15
Buffer A: 20 mM Tris-HCL, 0.075 M Na¥, pH = 8.0. Buffer B: 20 nM
Tris-HC1, 1 MNadl, pH = 8.0. Colum packed to approximately 50-60 ml wth

Q sephar ose FE\ LATRLSNAMLEI 436} eNeeSbpfAlakogus d EE-0830003) USi ng a sus.
a

pension in Buffer A an 26/ 40 (Arrer'sham Bi osci ences 20 col umm.
Chr omat ogr aphyeptsgr am Purge system 20 ml at a flow of 30 nl/nin.
Equilibration: 4 Cv/ of Buffer A at a flow of 4 mM/mn Load sanpl e through

punmp (i nl e. Bl d). (:Sanpl 656191 5120 ol 5 IWruh NELLS e in the tubing
i's neededﬁhaereg{}?#%\/\})g?ﬂg% %T?él%%n&mash?%pl am. wi 'Fh 3 “C,\a/@guffer A at a flow
of 4 m /ni fractEputindnser gl ePTERAP NFHG2pR PR A t AP &1 100 % Buffer B at

~a flow of éniHulgH¥ Nerad0idiecBAUdnichiatd 0B Wiided G¥oBséfenl Anatela flow of 4
m /m n. resolved peaks which all contains the TNF37 variant and there-

fore all are pooled. This heterogeneity of the TNF37 is proba-

bly solved when the problem with the apparent proteolytic deg-

radation is solwved.

10 EXAMPLE 18
Immunisation studies

Materials:
Saline (0,9% NaCl in sterile water, Fresenius Kabi Norge
A3, Norway)
15 Complete Freund’s Adjuvant (Sigma, F-5881, 39HB926)
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, 95:392-105)

25 Tetrazolium salt (MTS, CellTiter 96 Aqueous one solution;
Promega, G3581)
Rotating bar {Rotamix, Heto, Denmark)

Vortex (OLE DICH instrumentmakers ApS, Denmark)




2 MAY 2005 2 ri! WD 03/042244 87 PCT/ DKO2/ 00764 Sel ect fractions, pool and
apply directly on SP-sepharose colum. The elution profile basi c=a|2 YIAY aana
consists of a "Run through" fraction and several protein containing peaii%\J
The "Run 5 through” fraction can sonetines be divided into several purely
resol ved peaks which all contains the TNF37 variant and there- fore all are
pool ed. This heterogeneity of the TNF37 is proba- bly solved when the
problemw th the apparent proteolytic deg- radation is solved. 10 EXAMPLE
18 I mrunisation studies Materials: Saline (0,9% NaCl in sterile water,

Freseni us K ge AS, Norway) 15 Conplete Freund I t (Sigm,

F- 5881, 39%@26’)&9 I nconpl ete Freund's Adjuvant (Si gnaP%T@ﬁgzg P 60K8937)

Al hydrogel 2% [10 ng Al/m ] (Brenntag Bi osector, Batch 96 (3176))

Adj uphos[5 nmg Al/m] (Brenntag Bi oseébor, Batch 2 (8937)) 20 WId type
human TNF (I nvitrogen cat.no: 10062-024). KYM 1D4: Provi ded by A Meager
(A Meager ., J. .| 0PUN h 144:141-143) WEH 164 cl one 13:

Provi ded b o Pda o J. Nissen-Wer, J. Imunol. Methods
1986, 95:99- 105) 25 Tetrazol iumsalt (MIS, Cell Titer 96 Aqueous one

sol ution; Tk QRY8dBhB JvaRobmd ipRgrdars (Rotzanmuy, Tdiet B, Dentrey k)
NaCl, pH 8.0) are diluted to 0,5 mg/ml with saline (0, 9%
NaCl), batched (375 pg/vial) and stored at -20°C until used

5 for immunizations.

For each TNF variant, immunizations are made with two adju-
vants: 1) Complete Freund’s Adjuvant (CFA, for the primary im-
munization) and Incomplete 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 boost 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 TNFu 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:




Vortex (OLE DI CH instrunment makers ApS, Denmark) WO 03/042244 PCT/ DKO2/ 00764
88 Choice of fornulation / adjuvant The purified TNFa variant prof g¥mng &%p
20 MM Tris-HC1, 0.075 M Nad, pH 8.0) are diluted to 0,5 ng/n with sdihe
(0,9% NadCl), batched (375 pQIV|aI) and stored at -20C until used 5 for

i mruni zati ons. For each TNF variant, inmunizations are nmade with two adj u-
vants: 1) Conplete Freund's Adjuvant (CFA, for the primary im nunization)
and I nconplete Freund' s Adjuvant (IFA, for boost inmunizations) and 2)

Al hydrogel or Adjuphos (state-of-the-art 10 Al um ni um hydroxi de and

al um ni um pRQskhale adj uvants, respec- tively) - the%%T%&ﬁm%%?d for both
prime and boost |nject|ons Before primry i mmunizatio eci sion on the
choice of ei- ther Al hydrogel or Ad| ﬁgos as adjuvant for the TNF vari ant
is made. The adjuvant with the best ility to adsorb the TNF 15 vari ant
is chosen for further use in the inmmnization experi- nent. Two aliquots of
the TNFa vayi.aglyAferiia S04 (BNs Gabal) MOLKIRL!  Aldudrogel ,and Adj uphos
intw vials. The vials are gently mxed at room’t enperature Por

m nut es on aalﬁomhtatﬁgll%arrlal\ﬁrw sigrce wiberercemal vagetk af 4B000 g for 15

m nut es andrga0 @W%Q@tﬁﬂméﬁ r[tl%é&e@lmftﬁgrtd?leas%wa&eaJ NBoyafdyant content on
a gradient (4-12% e adjuvant/variant aliquot con- taining the
| east freeivgr?%ﬁFﬂGFe%ERMﬁ@Hé nore variant has bound to

alum niumparticles) is then selected as the best ad- juvant. 25

Prepar at i o 9faabld19884 @dodvant geray %Ee?re?ééé&l RABOLH g3k es,1akG- prepar ed
through the fol | owi ng proce- dure: WO 03/042244 PCT/ DK02/00764 89

ing procedure:

Alhydrogel/Adjuphos are diluted to 1,4 mg Al/ml with saline.

Vials with TNFa variant [0,5 mg/ml] is thawed, transferred to
a 10 ml sterile vial and mixed with an equal volume of Alhy-
10 drogel [1,4 mg Al/ml}l or Adjuphos 1,4 mg Bl/ml]. The wvial is

then mixed further on a rotating bar for 30 minutes at 20°C.

Cholice of animal model

Siz — 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-wtTNFa 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 TNFo.

At the first immunization, 50 ug of protein in adjuvant will

25 be injected subcutanously. All mice will receive additional




Vials with TNFa variant [0,5 ng/m] is thawed, transferred to 10 m
sterile vial and m xed with an equal volune of CFA or |FA T'ﬁe?aWa'l “rvsn
then m xed further on a vortex at 3300 rpm for 30 mnutes at 20C. 5 o
Al hydr ogel / Adj uphos enul gates are prepared through the follow ing
procedure: Al hydrogel /Adjuphos are diluted to 1,4 ng Al/m w th saline.
Vials with TNFa variant [0,5 ng/m] is thawed, transferred to a 10 nm
sterile vial and m xed with an equal volune of Al hy 10 drogel [1,4 ny
Al/m] or Adjuphos [1,4 ng Al/m]. The vial is then mxed further on a

rotating baryd@hea3Q@ M nutes at 20C. Choice of aninal b opik - €l ght
weeks old Balb/Ca fenmale mce are repetitively im rruﬂrg%z dzm\?mkth TNFa

variants. Bl ood sanples are collected at 15 different intervals and
isolated sera are investigated for &hti-wt TNFa antibody titers. Mce are
ordered from Taconic Farns, Inc. Acquires M&B A/'S, Denmark. M ce are

housed at fthe  ani mal cilit r oPeekehef gne initiation
of experl?rge £ " u%%ilzog |%ur}fc§1%?l?lbo% ﬁrgx% &osaa'{eéeer oups of 10 + 10 mice
ar e i muni a&chvant 2,e&cand NBavweesi afiten jhe @Aﬁtmﬂ‘&lﬁézﬂlﬁwr ogel / Adj uphos
respectively. 20 + 20 mce are wused for inmunization with wld type TNFa.

At the fir munizati o of _pr.ot ein i j ddyant, Wellse 25 be
i njected S%]E)cu an(f’usl berﬁxgzig‘le\(/zvlfC CF@%%%%\%%?% ?'lonale V\OSOSI 042244 90

PCT/ DK02/ Oﬁ)ﬁ’rﬁmm@mweand ek atfiton sashibberdin dBBINA 24k 18- 25 pg of protein in
adjuvant 2, 6 and 10 weeks after the first inmunization. Blood sanples wll

be collegtgd |nngg|ately before the first inmmunization and 1 week after
each boost

Cytotoxicity bioassay using WEHI 164 clone 13- or KYM-1D4—-
cells: This assay is used to determine the toxicity of TNFo
variants of the invention. Cells are cultured for 48 hours in
the presence of titrated amounts of TNFo variants and cell

10 death is determined by addition of Tetrazolium salt (MIS),

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 biocassay 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 TNFa, 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 THFe variant-immunized mice are
compared to sera obtained from mice immunized with human wild

type TNFa.




S Assays enpl oyed Cytotoxicity bioassay using WEH 164 clone 13- or . ..
KYM 1D4- cells: This assay is used to determne the toxicity of TN'IfaZ FAY 2008
variants of the invention. Cells are cultured for 48 hours in the presence
of titrated anmounts of TNFa variants and cell 10 death is determ ned by
addition of Tetrazoliumsalt (MIS), which is bioreduced into a col oured
formazan product by living cells. Cytotoxicity of TNFa variants are
conpared to that of human wild type TNFa. Cytotoxicity-inhibition bioassay
using WEH 164 clone 13- or 15 KYM 1D4-cells: This assay is used to
investigatevid\@oakisl ity of anti-sera raised in TNFa ippfprez@dsm ce to
neutralize the cytotoxic effect of wild type TNFa. Cells are cultured for
48 hours with titrated amounts of an%jr-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 anti-sera. Cell death is determ ned by MS,
as descri beth ahave.sagesal i - zation-ability of sera from TNFa
variant-immuni zed mce are conpared to sera obtained fromm ce inmunized
with human wild type TNFa. 2 MAY Gius WO 03/ 042244 PCT/ DKO2/ 00764 91 In
vitro studi BEEGEHTER B3P SBY okedyVRIES ABY \iEPRe 164 eF 0R¥-1BL- or KYM 1D4-

cel I's: Cytotamisei ¢yedtohi bity-0fh1pi 0885 &) obsd HIuYEH wihd 16L0RR 13- Of

KYM 1D4-cel|s. 5 '_tlgri_a for choice of best inmmnogenic constructs TNFa
vari ants shoul § dll%‘LI ¥ MMhal cytotoxicity. |nmmuniza- tion of nmice with
TNFa variants should generate anti-sera with better or equal ability to
neutralize twiresisifod typeeTdFards®- idiabeshicyEoiPruetsy in VEH - or KYM 1D4
cells as sera obtained

INFo. variants should display minimal cytotoxicity. Immuniza-
tion of mice with TNFo 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.




10 from human wild type TNFa-i mmuni zed mce. 2 MAY 20135 92 1. Aa 5 MAY o

i nmunogeni ¢ anal ogue of a human TNFo, wherein said anal ogue a) inc‘i{ud“és iy
substantial fragnents of at |least 2 nononeric units of human TNFa, wherein
said substantial fragnents are joined via peptide bonds through a peptide
linker, 5 b) includes at |east one M¥ dass |l binding anmino acid sequence
that is heterologous to human TNFo, and c) can be produced as one single
expr essi ohpﬁ?'GHUEToqut?rﬁr@'%FIOfﬁaT%@ﬁﬂT'H@ wiereiR seiEsanadeUect or encodi ng

t he anal ogue. 2 The |nnunogen|c analogue accordlng to claim1, wherein
each of the tanti al ment s a substantial fraction of
ool T epi tofds RS S hBnHe BATRRLS St 1 o REPO SRS BT AR ¢ of t he
human TNFa pr ot @NFRa, @herEhesauﬂmmbgtgenalcfragmémglmeaemeﬁdxmgeptmecbatdm 2,
wherei n each of fragments displays essentially all B- cel
epi t opes found F$%§ﬂwg$g§§$£§w%ﬁﬁlng nmononers when being part of human
TNFo. 15 4. The immunogeni c anal ogue according to claim2 or 3, wherein an
am noxzaci d q f r nmeans of
am no SaC| d ﬁﬁsgﬁpﬁ%ﬁ %'é%g?’."%u@fr%?'é%rﬁﬁddﬁg (Lc){ﬁh ?g{%ﬁbédggg%?%’g reduce
toxicity of thehe%ﬁ@P@gﬁéoay”@ﬁhﬁﬂﬁb@nﬂo human TNFa and/or so as to

i ntroduce the MHC d ass bi nding am no acid sequence. 20 5. The

i mmunogeni ¢ anal o e ac org to an one of clains 1-4, wherein each of

t he substanti IC? Etpf’ BRPPF SEYIGORIRTSI P‘S?dt'PFefr‘&'Brﬁp‘Fee't'@‘”B?H"HtS’ acid
sequence of eachnmmpessibhvettdr nckiiidi@le Afl@yueont i nuous sequence or as a
sequence including inserts. 6. The inmmunogeni c anal ogue according to any of
the preceding clainms, wherein 25 am no acid sequences of all nononeric

uni ts of huithe MNFancepia epelogeat agording ttoe caimal bgweherdin Ehah icmrtheogeni c
anal qgue r e

e e A
sequencesthgCoHgsRAgingnBeroNAks wiaﬁrhgemmertto§ the human TNFa protein.

unbroken

3. The immunogenic analogue according to claim 2, wherein each of the
substantial fragments displays essentially all B-cell epitopes found in the

corresponding monomers when being part of human TNFa.

15 4, The immunogenic analogue according to claim 2 or 3, wherein an amino acid
sequence derived from a monomeric unit is modified by means of amino acid
insertion, substitution, deletion or addition so as to reduce toxicity of the
analogue as compared to human TNFa and/or so as to introduce the MHC Class II

binding amino acid sequence.

20 5. The immunogenic analogue according to any one of claims 1-4, wherein each
of the substantial fractions comprises essentially the complete amino acid
sequence of each monomeric unit, either as a continuous sequence or as a
sequence including inserts.

6. The immunogenic analogue according to any of the preceding claims, wherein
25 amino acid sequences of all monomeric units of human TNFa are represented in
the analogue.

7. The immunogenic analogue according to claim 6 that includes the complete
amino acid sequences of the monomers constituting human TNFa, either as

unbroken sequences or as sequences including inserts.




93 8. The immunogeni c anal ogue according to any one of the precedt Ggtay snn
claims, wherein the peptide |inker includes or contributes to the presente
in the anal ogue of at |east one MHC Cass Il binding am no acid sequence
that is heterologous to human TNFa. 5 9. The i munogeni ¢ anal ogue
according to any one of clainms 1-7, wher ei n t he peptide linker is free of

and does ot cont ruinbute to ¥he presence of an MHC_Cl ass QII#J bi ndi ng am no
aci d sequence i'n HUTERS .Ogﬁlﬁeaﬁcﬁrr?:ﬁ%é%nﬁw 81'?1%1I°6§h8 RESSTH 79" Ty any one
of the pretadimfedeatids linkdrénadidest srecobHGuCEaBsthel prosande riy thaenamoguei d

sequence &'eﬁqéa omll\wl(':td/asgfll MTJIGinngryﬂoaééd %ét{l.%g!:g%tqgh'e&r&pg?d%:m 11. The

i nmunogeni ¢ anal ogue accordihg to “any one o precedi ng € wher ei n
the at | 48pampR¥FQHC C ass || binding am no acid sequence is selected from
a natural T-cell epitope and an artificial MHC 11 bindi ng peptide sequence.
12. The i munogeni ¢ anal ogue according to claim 10, wherein the natural
T-cel P 1% Ejfi {OpUneeeniaparipere peeidind tetaiyuene ekeptneprf.opeersiictheas P2 or

P30, a digptiaeniniert @)fededofedtd @RS, ndtohfHELHE BF Bhe/ bredéndaestad MHET dlhdy epi t ope,
and a P.&ﬁ%Hﬁ@parunlcs_ ggitoEg; 13. The i nmmunogeni ¢ anal ogue according to
any one NG PRI AGLSHUSEN S YRS n the 3-di mensional structure of
the conplete human TNFz is essentially 20 preserved. 14. The inmunogenic
anal ogue di th receding cl ai wher ein_t he

anal ogue ﬁg@{e 'er{c}&é’hg?%ér/naﬁ H@ggé oaucﬁgrggn .g%taf‘}%%"(?f& Er'?swr%cregltnﬁr'ggmbsorrpl ete
TNFo nonoMigrein dienddC dhabst §-tinding yrzing epid stguehdeniieds awhajogin ofiMHCeast one

pepti@e |dBken ,hagéd;ﬁseﬁ,, Kimagast one MVHC Cass 25 Il binding amno acid
sequence, - two or three conplete TNFo nononers joined end-to-end by an

inert peptide |inker, wherein at |east one of the nononers include at

| east oneti.foieigmulblerid arsloble RicESHING BTHAP oREi & HRANRBERNS ciaAer ei n at
| east one for eh%n MC d as I Pi ndi ng am no_aci ds sequence is fused to
the N or"REEHOI P ieAS] O%M%F,asw iPBING grincaagd seAdetcel isielsictedy vay

from a natural T-cell epitope and an artificial MHC-II binding peptide sequence.

12. The immunogenic analogue according to claim 10, wherein the natural T-cell
15  epitope is selected from a Tetanus toxoid epitope such as P2 or P30, a diphtheria
toxoid epitope, an influenza virus hemagluttinin epitope, and a P. falciparum CS

epitope.

13. The immunogenic analogue according to any one of the preceding claims,
wherein the 3-dimensional structure of the complete human TNFa is essentially
20 preserved.

14. The immunogenic analogue according to any one of the preceding claims,
wherein the analogue is selected from the group consisting of

- two or three complete TNFa monomers joined end-to-end by a peptide
linker, wherein at least one peptide linker includes at least one MHC Class

25 I1 binding amino acid sequence,

- two or three complete TNFa 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 amino acid sequence or wherein at least one
foreign MHC Class II binding amino acids sequence is fused to the N- or C-

30 terminal monomer, optionaily via an inert linker.




94 15. An inmmunogeni c anal ogue of human TNFa, wherein the anal ogue.i &cludes
at |east one foreign MHC Cass Il binding am no acid sequence and?f # { hgtr;
has the characteristic of being - a human TNFa nonomer or an anal ogue
according to any one of the 5 precedlng cl aims, wherein has been inserted
or in-substituted at |east one foreléh MHC O ass | | bi ndi ng am no acid
sequence tQ flexible. |oo a hunma NFa _nmononer, or an

anal ogue %ﬂgcor@man?%ngnvag?%ie cff%%an W%‘l’e‘?ﬂ?@r{ mt{l; Wloq}eﬁé?ﬁ?%sfﬁs been

i nt r oducéddasitonedastigniMti@Ces fi dedingOarbmiodgtd térptenst ahd Ifuisks hdseth&NFa
nmonomer 3R ﬁ%ﬁaﬁ&M ?beﬂ d/ or a human TNFa nononer or an anal ogue accordi ng
to any one 0 prec d| ng clainms, wherein any one of amno acids 1, 2,
3, 4, 5 6, 7, 8 and 9 in the amno term nus have been del eted, and/or -

a huren TNFa_ RN PHFQIARFEIYE ACERNSH T Q@Y BNEnPTnENG kS

precedi ng clains, wherein an inserted or 1'h-su east one
forei gn MHC CIR{8<eding gais, M 1esein s ke '%@q@émfénrﬁﬂpét'qu&ﬁpatﬂeﬂﬁ %8 intron

posi tion, and/fefeign MHT PdEs TiNFRNAME 04 Iho O4cid bediieH cRUMED @4@§|9red|o@9 3,0 any one
of the precedag\rég claims, wherein at |east one foreign MAC C ass I'l bi nding

amno 20 acid Rlence is introduced as part of an artificial stal k reg| on
in the NN term nus of human TNFa, and/or - a human TNFa nononer

anal ogue accordl (0] e of the recedi ng_cl alns wher ei Ieast
one 1or e gn micrumeno TR sty anenotdels sdetufied® oty ﬁp?o%u@&d co as
to stabilize trvecadmpminimst mhereinehdsy bEEnnntmémdngt tiaaest hyrolr alsndfiieci ty of
the il meri ¢ I4H4eaRk! olitlsthbatPa AL & Cpre,uﬁafaronom or an

anal ogue according to any one of t h prece wherein at | east
one foreign MHC Cass Il binding am no acid sequence flanked by glycine

resi dues is.inseuhRM PNFd Indidpedr Bﬂ%ﬁdaﬁﬂog@chﬁga@ BSy &k dorsguence,
and/ or 95 a human TNFa] nononer or an anal ogue accordi to ang/ one of t he
preceding claims, wherein any one of amino acids 1, 2

and 9 in the amino terminus have been deleted, and/or

- a human TNFa monomer or an analogue according to any one of the
15 preceding claims, wherein an inserted or in-substituted at least one
foreign MHC Class II binding amino acid sequence into loop 1 in an intron

position, and/or

- & human TNFa monomer or an analogue according to any one of the

preceding claims, wherein at least one foreign MHC Class II binding amino

20 acid sequence is introduced as part of an artificial stalk region in the N-
terminus of human TNFa, and/or

- a human TNFa monomer or an analogue according to any one of the
preceding claims, wherein at least one foreign MHC Class II binding amino
acid sequence is introduced so as to stabilize the monomer structure by

25 increasing the hydrophobicity of the trimeric interaction interface, and/or

- a human TNFa monomer or an analogue according to any one of the
preceding claims, 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 acid sequence, and/or




preceding clains, wherein at | east one foreign MHC Class Il bindis h Q..
acid sequence is inserted or in-substituted in the D-E | oop, and/or a’ huf#m
TNFa nmononer or an anal ogue according to any one of the 5 preceding

clainms, wherein at | east one foreign C Class Il binding am no acid
sequence is inserted or in-substitute betmeen tmo i dentical subsequences
of human TNFa, q,{'hqjl_llorﬁaI hunngOY;I]'l\'l,Fa nmon g nal ogue accorfdh1ng to any
one of the praceding of aiHEONHePsiH SP P%Léestacﬁcﬁ Ngai% 2BY i°9§e® H'hunan

TNFa has 10 berenedicg ehg‘tmawmiemratslamttqnmfbmbml\ﬂﬁﬁ Glagti ¥ wliptinglembrd dge,
and/ or 2 UM, JaEa [TRBOBhsGecll ANHERAHEARRE H-Blod L Al 0N OF the

preceding cl ai ns, erein so ty an sta Ity ¥ Shards proteol ysis
is enhanced by introducing mutations that mmc nurine TNFa crystalline

structure, andé Gupddn o NHBREMdNGP S ARNBE UL actdRBULIHE RHECH @Heng to any
one of_the preceg%gﬁéc ai ms, wherein potenti aI toxicity 1s reduced or

abol i shed by PHKE BB Wherain atdgagt amRdorsismVHRlass Brbinding amipo

i mrunogeni c an@d.@gy@me@r@ riﬁlsefr@dddq“ iv-bdbsiltutkd. bebeEs Nwohadadficap acid
sequence of the anal o es Eés sel g% omthe group consisting of SEQ ID 20

NO 18, 23, 24°UBs8au upg! °f31 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 am no
acid sequence,t O i er t| ve am id change t her eof .

17. An i m*runogen”ﬁ@g ang )éo u'ﬁg'g%*ﬁ%r %Pna% 8%@/8 3ﬁ‘é°r§'1ngtﬁ° aBY eocpgdf’n&1 cl ai s

whi ch can be Erﬁm@egemalmsf afhgcﬁllmlﬁtelemtoom salt roidgeaint bumah al bas 25 18. A

nucl eiec aci d f paB Rk n SOHRR A I AU URDRTGe BIRLOUNE RCCOT di ng 1o

any one of the preceding clailns, a nucleic acid fragnent conpl enentary
thereto. 19." The nucleic acid fragrrent according to cIa|m18 that is a DNA

fragment. 96 2§.huReh MNEL Ghendhéd of r@gaﬁabg@&%eédiumg €cpaﬁ~1/ ajnd d8tmhi ch
conpri ses a nucl ei sequence selllecte fromt group consi sting of

SEQ ID NO 17, P"&éedc B C Fasfﬁs wigreinsgolubyjity ang BrrSthWE%F‘Madd%lEI’Qie%'éﬂﬁ%ce
conpl enent ary ¢rraine¢d by2ihtrodaeingf matatibag shato AemidPUIP@ETHED aRakAEEe

according to aqy,Qhe, g;‘d/%lrai ms 1-

15 - a human TNFa monomer or an analogue according to any one of the
preceding claims, wherein potential toxicity is reduced or abolished by

introduction of at least one point mutation.

16. An immunogenic analogue according to claim 14 or 15, wherein the amino
acid sequence of the analogue is selected from the group consisting of SEQ ID

20 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.

17. An immunogenic analogue according to any one of the preceding claims which

can be expressed as a soluble protein from bacterial cells.
25  18. A nucleic acid fragment that encodes an immunogenic analogue according to
any one of the preceding claims, or a nucleic acid fragment complementary

thereto.

19. The nucleic acid fragment according to claim 18 that is a DNA fragment.




5 17 for the preparation of a pharnmaceutical conposition for ~ 9 May
down-regul ati ng autol ogous TNFo in a human patient by effecting WRE2008
presentation of an imrunogenically effective anount of the anal ogue to the
patient. 22. The use according to claim?21, wherein presentation is
effected by adm nistering the imrungégsg]ni c anal ogue according to any one of

I 1- , h t dm xt th

ad; ivant , 2551Rpadel B HAORRRE RN Bk iR e SoRESS vl ¢

sel ect ed #GidAeqUsECe gﬂlecquocmltbe igneurooresrstingTof SEQL BY YO i 17y 4ad‘p'uy521,t an

| miune. oyl bRG ssaffid Rt SHANeASRo B Ipm g Blsldip. and a mycobacter al
Fymmp ;am etl efo

derivative; an oil at1on; rmng adjuvant; a
saponin; an imu 15 nostlnul ating corrpl ex matrix (an I SCOM matrix); a

particl e 2Df5e & dtNbabtOWe iAFhUHERRRR: analVgud UckdiaMgSio Aty K 6fnala|ﬁf|}d1 an
encapsu mgr ég uvant. 24. The use according to any one of clainms 21-23,

V\/nerel n d | EEPYALIoN nRfugelh HHRCRYLEE rGofPoaHiioN nfRin regllatingef f ect i ve

amount ofawbiebogueTNmy tive a pALUMART patidn BPUbRedidheGreskntdtin tdre dpar ent er al
and the intramuscul ar

h h |
;gﬂt gs?utc'ﬂqe"q%%&ﬁeﬁgh@’ﬁ@?cgﬁ'?é?'m‘)tL'Iﬁ'g Epﬁ a”ai? erggtb?lgatb‘iﬂ,tcal route; the

subl i nqual route; the epidural route; the spinal route; the anal route;

and the iz r%ﬁéaﬂéé”‘l%éc?rl&i@n %5§;aTrhe 45 g&ggbﬁg@&@% O%Gaé %ﬂzecte erein the

effective anount 1s e Hccor di ng
to cl ai mEMiGistEBY ki !WUWEUG@@EMUE@Q@MMW ainome of clatmo b-17eto year ,

Such 15 helde8ibas (it |pABhalfy indlard @R wh o adiBRsh, 6. and at |east 12

adm ni strations per year Use of a nuc ragment according to
any one of claims 18-20 for the preparation of a pharmaceuti cal

conposi ti28) Tr usowbedreiay| @t Elagn 2 M@@H&h@%d}JNﬁ* ik befocRAt frem tHey
effecti ngqrgresentﬁhuon of the anall}%? % enc the nucl elci aci d
fragment 18 Fne"" ofs 98t ERMHDE | WI9SHGc P Vﬂ'ﬁltcl a0 MYRYRE Noautatng encodi ng
t he anal ag:ljevainhtsnchhas patoémt ascytekihe @mid at hgeetiactarhi adarivagve;nani oo
expr essi el f t i nt roduced 28.. The use

Cor di ngoraiehel 20 poli o mltHe Tofip@Bc Sblanes) S RPBBacEN TP o

according to clai'm 754 ef €l n e nuc
15 nostimulating complex matrix (an ISCOM matrix); a particle; DDA; aluminium

adjuvants; DNA adjuvants; y-inulin; and an encapsulating adjuvant.

24. The use according to any one of claims 21-23, wherein down-regulation-
incudes administering an immunogenically effective amount of analogue to the
patient via a route selected from the parenteral route such as the intradermal,

20  the subdermal, and the intramuscular routes; the peritoneal route; the oral
route; the buccal route; the sublinqual route; the epidural route; the spinal route;
the anal route; and the intracranial route.

25. The use according to claim 24, wherein the effective amount is between 0.5
pg and 2,000 pg.

25 26. The use according to claim 24 or 25, which includes at least one
administration per year, such as at least 2, at least 3, at least 4, at least 6, and

at least 12 administrations per year.

27. Use of a nucleic acid fragment according to any one of claims 18-20 for the
preparation of a pharmaceutical composition for down-regulating autologous
30 hTNFa in a patient by effecting presentation of the analogue encoded by the

nucleic acid fragment to the immune system by introducing nucleic acid(s)




sel ected from naked DNA, DNA fornulated with charged or unchar ged Pi A‘b:ﬂtds,,mn
DNA 5 fornulated in |iposonmes, DNA included in a viral vector, DNA
formulated with a transfection-facilitating protein or pol ypeptl de, DNA
formulated with a targeting protein or polypeptide, DNA formulated with
Cal ci um preci pitating agents, DNA co%?pl ed to an inert carrier nolecule,
DNA encapsul at ed,,i n itin.or |to DNA formul ated wi.th.an

adj uvant %ﬁcﬁmgstr{ehanga?lﬂevé%o ﬁ%’ﬂ: 3 ﬁg@l 8" B8TEbY Og iR 7 ([0

accor di ngexpoessicn by @2 a@ils BBtha/mmieec acit{s imuedueed. aci ds are adm ni stered
intraarterially, intraveneously, or by the routes defined in claim24. 30.
The nmet hod use according to any one of clains 27-29, which includes at

| east oneB-abfi weeseecardion toflaimehurhestio theindsleieacigearnintredushd dsfaet | east

2, at | easdiected fbm hARIDMA, Iﬁ’QA kGARliatta vk éoe@rsttjn&%rg%%rWﬂsStDﬁ\@@' ons per

year. 15 31. Use of a non- pat ogeni c m croor ganl smor vitus which is
carryithg Rrmylated o lingspmes, RYAEILART i 2evicd destoanBNATereYstas WiB aanal ogue

accor di ngtrélﬁ)sf@dnén@@@h@ftmgcﬂratd‘ﬁ 01 -pblypedtidd, h@NRrfSﬁﬁu!ﬁEédoﬂltﬁfah_i!_al{IEetmg
us

phar maceutl i,on ul ati ng aut ol ogo

pati ent b%o '?é’ét %EB Q%feﬁ&gt OHHMEBGC[W p%?‘?'lé%\ p?c'ﬁ'ﬁﬂﬂ%é‘g%@ ot the
expr essedccauptddoglen eriackrtior Slotgcu g Ijl\h!eerliﬁatpématﬁaml&mhn @0cHitosyn,ratsi to the
pati ent C ng.to c re the virus,is a

Pon vi r ut 298 a8 B6°Q) M Cbh B The e PR elatd f it E accor di ng to
claim 31, V\,her ein the mcroorganismis a bacterium 34. The use according

o anw ongo ofme! gl hcatid WhALG Nyl NG BN RRBATER Gy TcRograani sm or

virus is admnlstere one Sin etine to the OSItIOI’] for
i nduci ng ?ﬁwmrﬁ@mt&aréﬁﬁ@ﬂlwm@sergﬁg&ﬁlmw V% H‘Lﬂ 'tquﬁqzsrqlezfmegﬂrot:lélrn 24t he
COWpOSI tion COFYpI‘I Si ng an i rmunogenl ¢ anal ogue accor di ng to any one of

clains 1- %% and %g har ceutically and i munol o |caII accept abl e
carrier /8¢ gus a&?ﬁf [ t&(ﬂr\Y\PA"r?tOf ERMS &7 itk ing d|e5,at &3adlci ng

product i om‘la)édraimﬁsltlkmdheﬂ tB@audstc aidsUbdriyaar,i gich RisQitabast 2 e leppst ti on
conpri si nlgaé-'“[ Ia% [QasELSEIaEd gﬂ‘%@‘i £€%“rr§nnisg %{qéﬁ'ﬁg%t o claim19, and a

phar maceut cal’l'y "and 1 nmuno Atrier and/or vehicle

15  31. Use of a non-pathogenic microorganism or virus which is carrying a nucleic
acid fragment which encodes and expresses the analogue according to any one of
claims 1-17 for the preparation of a pharmaceutical composition for down-
regulating autologous hTNFa in a patient be effecting presentation to the patient’s
immune system of the expressed analogue by administering the microorganism

20  orvirus to the patient.

32. The use according to claim 31, wherein the virus is a non-virulent pox virus
such as a vaccinia virus.

33. The use according to claim 31, wherein the microorganism is a bacterium.

34. The use according to any one of claims 31-33, wherein the non-pathogenic

25  microorganism or virus is administered one single time to the animal.

35. A composition for inducing production of antibodies against a multimeric

protein, the composition comprising

- an immunogenic analogue according to any one of claims 1-17, and




o o !‘, ”~
and/ or adjuvant. 37. The conposition according to claim35 or 36, ﬁ%gﬁgidﬁ%
t he anal ogue us fornulated as defined in any one of clainms 22 or 23. 10
38. A nethod for the preparation of the anal ogue according to any one of
claims 1-17, the method conprising culturing a host cell transfornmed with
the nucleic acid fragnent according b claim 19 under conditions that

facilitat lon of the nucleic acid fra nt of claim19 and
Subsequent | 5 rbeDRERToRY el ShrophasioREaly pfBRERR eRpeeati/Bh BhBRuct from
the cul ture. 1&nd38r adjheantet hod according to claim 38, wherein the host cel

Is a bacterial host «cell. 40. The nethod according to claim39, wherein

the anal ogue is a sol uble expression product.
36. A composition for inducing production of antibodies against a multimeric

protein, the composition comprising
5 - a nucleic acid fragment according to claim 19, and

- a pharmaceutically and immunologically acceptable carrier and/or vehicle

and/or adjuvant.

37. The composition according to claim 35 or 36, wherein the analogue us

formulated as defined in any one of claims 22 or 23.

10 38. A method for the preparation of the analogue according to any one of claims
1-17, the method comprising culturing a host cell transformed with the nucleic
acid fragment according to claim 19 under conditions that facilitate expression of
the nucleic acid fragment of claim 19 and subsequently recovering the analogue

as a protein expression product from the culture.

15  39. The method according to claim 38, wherein the host cell is a bacterial host
cell,

40. The method according to claim 39, wherein the analogue is a soluble
expression product.




