30 JUN 2004 Applicant: 5 Apotech Research & Devel opnent Ltd. 84, rue de
Rhone CH 1204 Genf A binmer or an oligonmer of a dinmer, triner, quaqiﬁﬁﬁ& @r
10 pentamer of reconbinant fusion proteins The present invention 2 é
bimers or oligomers of bi- ners, triners, quadromers or pentaners of
reconmbi nant fu- sion proteins, whereby the reconbinant fusion proteins have
at | east one conponent A and one conponent B. In addition, 15 the present

i nvention concerns the use of binmers or oli- gomers of these types to
manuf acture a drug and/or their wuse for in-vitro diagnosis. Finally, the
present invention also concerns fusiqgn proteins that have one conponent A
and one conponent B, whereby the ARBIFEAREB contains a mul 20 timerizing
and ol igomeri zing segnent, or a functional de- rivative of a segment of

this type of a proteirhpgg%ﬁgtﬁgsegggﬂ1ghgegggg caesigling of the famly

of Cq proteins or the c ctions. DNA sequentes that encode for a fusion
protesn of this type and expres$idongsueecteoo®hamm host cells 25 which
contai n the DNA sequence and/or the ¢ i vector are also the subject
of the present invention. Proteingsiaﬁﬁgﬁ%%%gﬂr physi ol ogi cal ly as diners,
trimers, quadronmers or pentaners, are found in great nunbers in na- ture.
Because of the interactions at the surfaces of these 30 proteins which
dinmerize or multimerize in solution, there nay be spontaneous aggregation
of proteins or even, as 2 3 0 JUN 2004 well, for exanple, aggregation that
is kinetically delayed because it is dependent on the concentration or the

nilieu: Then GRS OF i@iélﬁééhéﬂdéﬁpﬂqéiﬁekﬂtEEQQEEQ”&uaBﬁQﬁQQeBr bond
formati ons and/ or coul onb forces.
10 pentamer of recombinant fusion proteins

The present invention concerns bimers or oligomers of bi-
mers, trimers, quadromers or pentamers of recombinant fu-
sion proteins, whereby the recombinant fusion proteins have
at least one component A and one component B. In addition,
15 the present invention concerns the use of bimers or oli-
gomers of these types to manufacture a drug and/or their
use for in-vitro diagnosis. Finally, the present invention
also concerns fusion proteins that have one component A and
one component B, whereby the component B contains a mul-
20 timerizing and oligomerizing segment, or a functional de-
rivative of a segment of this type of a protein, selected
from the group consisting of the family of Clg proteins or
the collections. DNA sequences that encode for a fusion
protein of this type and expressions vectors and host cells
25 which contain the DNA sequence and/or the expression vector

are also the subject of the present invention.

Proteins, which occur physiologically as dimers, trimers,
quadromers or pentamers, are found in great numbers in na-
ture. Because of the interactions at the surfaces of these
30 proteins which dimerize or multimerize in solution, there

may be spontaneous aggregation of proteins or even, as




5 However, together with this, structure notives are found wth certain

proteins that lead to the formation of spe- cific structural super § M‘y

structures and thus to pro- tein diners or nultinmers. The forrratlon 0

super secondar structures is based on characteristic am no acid sequences

10 of the _W bt ef 95 exampler magoxagatiiosy chat nist kimetically delaped

hel i ces" referre uper o] ct re for xanple

whi ch effec algéaneﬁf' z{%gg%#gn%?ﬁl Bngr}?gfgngogggﬁ%g?é?‘ﬁ %iro%a1 i

i nteracti orthedf calaescoft ethis i ara- haldeshobilt cinbecact Ybhl, e&g}um éhe

proteins 15 that_formthe coil coil _form The coiled-coil hellx as an

i nt er nol ecpend "kQrRAT 00 %ﬁ‘dZﬁHFﬁBi’-P@nﬁoHGﬁﬁr n" of pro- teins exhibits

structurally a super helix with two or nore helices coiled around

t herrsed ves.y ﬁquf&ty [ - Islg MDY ' ti

with g’(trace ul ar gggﬁeg%g%ﬁ 'Ll et er%glgr' t+l\t/l?érr%s\"?ltsg 3 gq‘%r?lsgag?lécu ar with

pro- t ei ns wiktlpr otetainonppdobesnof that deadedto vehei fs:mnaimﬁzk elff adpe<J.
Bi ol . réi%ocfs 256, 9009- 23 for exaﬁqg descri be a connective tissue

pr ot ein, cfa‘FIF‘é?it‘t‘:‘é"i‘Jtl PEEReHER iypﬁﬁf\éFFuE@ﬁ/P?nd\/\ﬁ FFYRXRT i on

to a hom 2&:&('&%&:99 U H{x@li‘ﬁhéi‘s."“ih‘éh fotnldta IrE Yk sfbelfie 200

tion of three conplenentary helices (each as conponents o a pol ypeptl de),

i s based orstmwd:@dLSObaspatmmhﬂmtemtem samind oacide &mqu&nmd

sequ e |xoft|s t faormng trlpleheI|X|st hept ad
pattef (ab €O a}ﬁ%ﬁ} gc’ﬂn ?’5 fds FReEFe §Fsi ® Lhd d
usual I'y car'rcyomw%@n Shéheaar'nmajwl: thals reeepirbdt e f@é spd e nd he
superhelical structure described above, here as a triple helix nade of

three heli <&ty 38'!3@190&2@@4 fpr gFamplen, weh jaffentura dimerdzdmes ahat
wth anoth o) artil I [ X
protein) ( %%f%ixlé#eg?n@ac r?éve{:ﬁie:ﬁxéfés 1}1Lte?%%t?x(§rr%mo n%\e %g-,;};a}%é coi l
coi | ed-coi ltdweidxid hathbhieeast wiildh WEc@-with each of the proteins

15 that form the coiled-coil form. The coiled-coil helix as an

intermolecular "dimerizing or multimerizing domain" of pro-
teins exhibits structurally a super helix with two or more
helices coiled around themselves. These types of coiled-
coil motives are found in particular with extracellular
20 protein dimers or multimers, and in particular with pro-

teins or protein complexes of the connective tissue.

Beck et al. (J. Mol. Biol. (1996) 256, 9%09-23) for example
describe a connective tissue protein, the so-called carti-
lage matrix prdtein (CMP), whose aggregation to a homo-
25 trimer on triple helix, which is the result of the aggrega-
tion of three complementary helices (each as components of
a polypeptide), is based on the coiled-coil pattern. Char-
acteristic for the amino acid sequence of a helix of this
type forming a triple helix is the heptad pattern .(ab—
30 cdefqg),. The latter's amino acids in the positions a and d
usually carry nonpeolar side chains and thus permit the for-
mation of the superhelical structure described above, here

as a triple helix made of three helices.



other and thus are able to form pentaners. (Kajava, PRO TEINS: Structure,
Function and Genetics, 24:218-226 (1996);3 Ml ashkevich et al., Sci®0c@n 2004
Vol . 274, 761-765, 1996). Along with the matrix proteins COW and
which do not belong to the proteins fromthe collagen famly, speC|f|c 10
structural i 3968HAMNg bh@né#§#§Qﬂﬂﬁﬁmﬂi$¢m§¢¢¢aatmhnuﬁw1GMpanSEhendary

structures r coII n famly
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consi st s of proteda)i€EOMPAl Ithdre saed ﬁmlwmaﬁnﬁkme neeipest aff behé | Foon 15

a hair is al so deyel opedq_from.a |e helix of a-keratin wth the notive
"coi |l ed- c0|P% %ﬁﬁ&u&ﬁlanH%¥$ixE§;4 diali fhadd interact cukbht preaandi ty

of |igands, Ki e Val, ge d
usi ng ?u3|ogI§%§téﬁﬁ% %%aénfﬁPa S %?t ped?ﬁﬁl%%gﬁﬁéﬁggghd @&%Efﬂgh g%é "t he
"coi |l ed- coTEINaonﬁtmuaturhe Fanrdbd gor adred 1Gef@R chAn A2 ERs2Rlsayldashty

coul d be ver.i for pentaners wher.eby aggre- gates of a higher
or der canno&ag 85?§Fﬁ d® |n alitirs SfEhENGET &Hﬂrtﬁaﬁ KUk of 199} ¢

sequence honol ogies in their 25 respective multinerizing sequence

secti ons, thﬁoﬂgoh@.@?ﬁ tHel, m§@£iﬁ9%&%t@1n@sx)c’0@ctar(a/ | &g, ¢ %J{?:’I}pecﬁ@ahb[ﬁg

protein, ACRP3 the internal ear structure protein, céreb
mul timerin églﬁnGtQQ1ﬁhﬁnpy0§ﬁenbuﬁgﬁm thyetdklagadefantid y,despgoafiian

Cq mly Rei harma 30Q. col 1999) 15-21),

whi chE?s foﬁ%ghégggégurﬂﬁllﬁggi%ﬁqﬂaéﬂéﬂgqﬁﬂﬁ d@;ﬁhé %E%%Fb?ﬁlﬂg
with nulti mﬁpersgconhawcbenmsiums)m EOIE") If&utda s«ﬂ‘@{n;hvotéfﬁs ef%ﬂ' e,
the structure of the protein Cq, which is famliar fromthe 4

2004 conpl ehBft ce}dpgrp ifamidgrg %F?zéﬂeb§tﬁ@ﬁ%ﬁ§¢sQﬂmQﬂikﬂﬂﬂn ﬁabeea
gl obul ar, SPSC%H%@@@ngQ@'%& aHk at QBBL:S;QEQgeH KEhabe!l L§RL;88Quelge

section. The nmononers trineri
three helically twisted polypeptides. The protofibrilla of

15 a hair is also developed from a triple helix of a-keratin
with the motive "coiled-coil", although in this case left-
handed.

To increase the avidity of ligands, Terskikh et al. (PNAS,
Vol. 94, 1663-1668, 199'7) suggested using fusion proteins
20 with a short peptide with ligand function and the "coiled-
coil”™ domain of the matrix protein COMP. An increased avid-
ity could be verified for these pentamers, whereby aggre-

gates of a higher order cannot be obtained in this way.

In addition, because of their sequence homoloéies in their
25 respective multimerizing sequence sections, the proteins
Clq, collagens al (X), a2 (VII), the hibernating protein,
ACRP30, the internal ear structure protein, cerebellin and
multimerin as protein family are brought together under the
designation Clq family (Kischore and Reid, Immunopharma-
30 col., 42 (1999) 15-21), which is found structurally as
dimers or multimers. Among the proteins with multimerizing
characteristics occurring in this family, for example, the

structure of the protein Clq, which is familiar from the



through this helical sequence section, which forns a coiled-coil triple
helix. Six of these Cq triners them selves forman oligoner, mhe&gﬁyuhﬂ®£
oligonerizing of the protein trimers is based on interactions bet eH
indi- vidual coiled-coil triple helices. The result is that this

structural SARRIRESRNt SYRLERe grotdharantamicadi iy neenorarsowhdidhgameehzed)
protein co lﬁﬂﬁ% 0 St t "\ e
wher eby itrqas@ée(négu(rbel t at£’18§°gFglg'3'lteg %éé%{ eéﬁ#llg fy%ﬁa%geﬁg%%é%nai ns
are linked tike’d hexdaiexl ofsdquemes. seciidd ar The uaiomomeas Wittdings ol 2&n

Cl g can be also seen.in 15 ihe rotein ACRP30, which is ak&g a protein
fromthe Q'pFAMty ¥ts ethgtical BegueneRensechdpn, 27¥hIgh  FPMPHeor-
10703, 5 1996343 14 ScSET UFrRpAlei o1 YRI CRikS SECEREEE B4 PdLriRQEY! GShehS 1N
all probability quadroners of triners, whereby, as wth the Clq protein,

gl obul ar C-sekvnénafodin 20 nalhgomer, | wheedbyi &her igligydmeértzingi wfl atheo

col | agens. _Probably four of, these jriplg helices final forman ol -
Gorer "t hemRAVEEER b GUBRE Sorte SARRA 1R | TRUREATTIRRS DREVRER b 10T on by
Shapi 10_and, Sehet atof QUaLeBL1BLGR0N Hiced): i SRBulbeis! b 0f
honotri mer of ACRP30 is shown 25 that was determned wth the help of X-ray

structural stmtiyetal anrasdiement, jmotbénprotednt e cthesmufl timerized

col | ins are. known fromthe Literature ich are characterized by a col -
agentd | ke (ohbeoRealzedl bEgFshna RaRbreR tithl Ir3H5 £955° ShEhiaee e
car boxyt er nfgweted eebi tadi AdiTEbwlonet™, whHereBy- itecisnenduredCEHRt 18
physiologically as oligoners of trinmers. For exanple, the lung surfactant

protein A (BmRylamd Enkermanaddy mrranggdpheiad damEms asehldnkgd ctoare
ifromthe féﬂﬂég%égfqgklgfiéggsatr|nerlze through the interactions of 5 30

JUN 2004 their agen- omains and are finally found as

A similar structure as with protein Clq can be also seen in

15 the protein ACRP30, which is also a protein from the Clg
family (Hu et al., J. Biol. Chem., Vol. 271, No. 18, 10697-
10703, 1996). This serum protein, which is secreted by adi-

- pocytes, is in all probability quadromers of trimers,
whereby, as with the Cig protein, globular C-terminal do-

20 mains are linked via triple helices similar to collagens.
Probably four of these triple helices finally form an oli-
gomer themselves through corresponding interactions. In the
publication by Shapiro and Scherer (Current Biology 1998,
8:335-338) the structure of a homotrimer of ACRP30 is shown

25 that was determined with the help of X-ray structural

analysis.

In addition, proteins from the class of the collectins are
known from the literature which are characterized by a col-
lagen~-like domain, a neck region and in addition by a
30 globular carboxyterminal lectin-binding domain. The col-
lectins also occur physiologically as oligomers of trimers.
For example, the lung surfactant protein A (SP-A) and the
mannose binding protein {MBP), both of which are from the

family of collectins, trimerize through the interactions of




hexanmers of trinmers (Epstein et al., Current Opinion in Im nunol ogy, Vol.
8, No. 1, 1996, 29-35). Accordingly, theS proteins known under thg JUN 2004
designation of collectins form 5 oligonmer (e.g. hexaners) of multiners

(e.g. trinmers The ljterature aso,shows that nunerous proteins that have
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cl eavi ng ofmumelesy, t Vadel | B arNPr oflei nl $¥&med0-BSd-~ cahtedriasgl yt,hi Eheon-

menbr ane- bg L racti n | opger. _bri.ng abqut apoptotic
effect on té:llrf‘]%% f@%l kaén.o eaglﬁ% i cgﬁ?o#%}gn&tﬁr?g\ d8? e?g{a]?'?cgﬂ‘. SExhOTMed. |
Vol . 187, MNolidomdB98(el§. 1RBRahEL3) Sfam@stihakst he.Bi.okadiradsef fect of
sFasL triners which, as explained previously, are obtained after cleaving
from nmenbrane-bound protein _segnent, can in fact be reactivated with
regard to tHR® rlpRGERENER AFSOF FWDthathHiRgrewe BEetsing dduit nhavg

anti bodi es.  F | 0 a fusi r ' c tryct t hat
consi sts. of* (PaYefoRoltbak  dHIRCE 4 0 DY HSH QobBSs PR ‘AR HEeRERd a
flag mar ki nipéti & hbibollieg laminmaci uhdesuanceaisi 6ghdithiehiser RoEepx—~
DYKDDDDK) , ex iessed, and t isn;tgype of fusion protein which is )
non- st r uct lﬁ“'é‘F Sr tPERRFADEQPEUNE ERsL obs (i@l Gaklys i & -SecARRPYOLL-
strucigre i cti 15 th | t h or | f
superisoécond%]érgig't r Eg?%rdg)lu\sa's Gléfggélgi nig It h?g%ghé%\ét%‘gi ed:f dFcht%’é
agai nst thetfacgllubyr Ticteime sdgmémbl (mw-exaillesd crRessll) nkili $ hrioogh

ant i bod 30 hindi ng di spl ays i gni.f.i cant i ncrease of the specific
Aoptorlc deTRTIRehOuRs] B3k Mearuh Han, N cloroer | hatod Haqut an
procedure, afdpstoticsuggested by Sehrgeder cetlsal . Thdoe u@l‘&%@{iéﬁv%%he

di sadvantage that, along with the_reconbi nant, non nmenbrane-bound Fas
protei ns witfhaeider et  al. (J. Exp. Med., Vol. 187, No. 8, 1998,

15 1205-1213) states that the biological effect of sFasL
trimers which, as explained previously, are obtained after
cleaving from membrane-bound protein segment, can in fact
be reactivated with regard to their physiological function
through the use of crosslinking antibodies. For this pur-

20 pose a fusion protein was constructed that consists of the
trimerizing domain of FasL, a short linker sequence and a
flag marking (with the flag amino acid sequence (single-
letter code) DYKDDDDK), expressed, and thié type of fusion
protein which 1is non-structurally trimerized (i.e. not

25 through specific secondary structure interactions with the
result of the formation of a supersecondary structure) was
crosslinked through antibodies directed against the flag

tag.

This type of sFasL molecules crosslinked through antibody
30 binding displays a significant increase of the specific
apoptotic activity as against non-crosslinked sFasL
trimers. This procedure, which is suggested by Schneider et

al., does however have the disadvantage that, along with

the recombinant, non membrane-bound FasL proteins with the




3 0 JUN 2004 trimerizing domain, specific antibodies also have to be wused,
I n other words, an increase in biologicalé activity can only be SFWUEN%M

t hrough the provision of an additional nolecule fraction. In addition,
with the theor%{ sug estgj 5 by Schneider et al. it is not possible to
ensure an ex&tReg gF‘gs ORilet SAAHADIS aBGiReddrSoI2hPreMd g toof behe

nul - tinersysde anl i HERELS weddIanghy iRaveals eﬁﬁﬁﬁ&l&ﬁiha}lhﬁcff@it

trimers associate to diners or even that a wde spec- trdmo |gomar¥zed
conpl exes tBabughlyobrugehieverashiramghbdiye pgovégdoss oot aur saddkthasalan

exactly de-_fined,pr ct .with L num ef ficac s_required, for exa | e
f)(;r meéi cal m%i)ﬁﬂ%%t %d&l%ctﬁ% r %)ljlfagﬁi]@lf)ﬂlat IquEbSBSé’eds‘b?/gé%ﬂ%gPder
et al.sfor ?gas&hnaiaa& apdiaar, iR iE eRY PBssibasl taCldnduve 4 dWictly

praclical . A central object of the present invention is therefore to
provi de conpbeftt @i deteaiinalle dlegrramnfgebigemendzipgated dthe hmubrt

I n particul gi_whichdisplay.i ngreased biolpgical agiivi ar. Qr.i out a
reactivatio l%?r?heTg‘Ei &ngcéb_(?aqalefcﬁ%ﬁ t?fémez_gygﬁ%v%rgéﬁnfatfﬁﬁc&t qggs_gﬁ@ed
by the subjpgsLmerigersl adstidlatk HRN@ied NBF SeP&n Ot hAeNRY Syile asgbaer,
trimer, quadro- mer, or pentaner of reconbinant fusion proteins, in that

the reconbi REWR fuSifon PlGamRrirad atcompbexene cbhpoHeht Adnd hegeeast
one c one q c c 25 in . _or ei

segrreir')l Wi tﬁiﬂ%?%(%gﬁégpﬁ?’u%c?%eﬁﬂ'f% %\aé?'g‘l%gdl a?e(\?\ﬁ;'g%ga%ﬂ nﬁ%ﬁ%ﬁ'&nc‘?’fean,
and conponefitn&dcpredacta wirtht enaximium ¢f Di €adly sbgneatuiitee)) aerézas-or
ol igoner- izes the dir%'r_,#rirrer,, gyadroner, or pentaner of a recom

bi nant f usi Bh®préeiMEw ¢ b?@P&dP@&Il_Wmctq%_W?HBEt ithetRBt et WaY
tertiary nmobespbesd My AGORREREEE TSI O, PEGLEINS i 154 S a0kt /B4l L{RET S
and at the sane tine I'inks these diners or multinmers together to a biner
or oligonercvgahdng sFhsLehtsdvisy,t dist naty prectdgiads.

15 A central object of the present invention is therefore to
provide compounds -which avoid the disadvantages of the
state of the art, in particular which display increased
bidlogical activity or bring about a reactivation of the

biological activity.

20 The present object is solved by the subject-matter of Claim
1, namely bimers or oligomers of a dimer, trimer, quadro-
mer, or pentamer of recombinant fusion proteins, in that
the recombinant fusion proteins have at least one component
A and at least one component B, whereby component A covers

25 a protein or a protein segment with biological function, in
particular with a binding function, and component B covers
a protein or a protein segment which bimerizes or oligomer-
izes the dimer, trimer, quadromer, or pentamer of a recom-
binant fusion protein with biological function without the

30 effect of tertiary molecules, or aggregates fusion proteins
to dimers or multimers and at the same time links these
dimers or multimers together to a bimer or oligomer without

the effect of tertiary molecules.




7 3 0 JUN 2004 In the representation of the present invention the terns
dimer, trinmer, quadroner, or pentaner ae summari zed under th UJUNZW&
designation nultinmer and this will be understood as protein conplexes from

two, three, _fouyr, or five associ ated ol ypepti des roteins). In contrast,
the aggregatBs Wt t REPTREKPLATSRE %Edgp,e tﬂ%sqrét, ig‘éeﬁﬁgpégatth%ﬁeéfnstvm

or nore di ABhSr,! tirTRieY:, AURIFGHEF S, of! pRARLARE Jireh il PPOYES ﬁﬁ?%%’are

referred to as biners or oligoners. Proteins or protein segnents w
bi ol ogi cal thactdetkgnabipenamltiner 1endhaHisi walpr diei nndems towter atsood

; i cul . o el i ch h _Ligand functj ticular]
ror Pant i - oBEPS18T PREAEL At Bedh Butar: PRBLm st 88505TRERd o

partnes W t podppeptifese (Fricdims). IPUIH e Nthe HdFrSGILEHCEE. BT
am np acid sequences with coval ent or 15 non-coval ent coupled effective
agents (posBeEEyhdghgroprdgani thetterialthmtagaegamidodbBstwe segnemes of

anti bod- ieg:w p or rpones, for .exanpl e,. peptide
hor mones. Iﬁl%%%chﬁﬁg%@Q?%é p?g%gg?ggﬁ§énﬁf%np@ﬁ%ﬁﬂ%%%%e§npaﬁhﬁo appye
sequences oféakgnalreprs finSedsteoMONENerS | 8r 2811 §embesi.orp it Bhe whi ch

are biologically already active as _nononers and whose effect is increased
accor di ngl yPRStBOF SEORERLS WiLth chhplegicatofunghiesst Hegmrangnt A in

I nvengpon, LERA0 | | 1.1 4 or..aoli-
gorer 19 ng Fae Faredn; Brsear ansd wrifenqtotslide iaiTATEE! €6 0 Cbr8-

t hrough t hetelingowhidichi igvienia i higandxfunstiohy partdetdraddncefodt Anthe
present inv nhLon (in so fa& as anpo- nent A of the fusion proteinis

al ready fouR89485%a 9% i FEFFPEORPL Nl bt si 68Bgi Yy APt EFRIBoEHhENsidfhaR

proteins, ebindingt BaFbhesy Wil She JLRNALE My IQRIOLSS %&aﬁffﬁéaegm}ﬂ’ﬂiﬁh_
30 contain the extra-nmenbranous, in particular the extra- cellular, protein

segnents. BAaFidniSREUEBICEssequdhc eynimd cacidanetuapriesn wisamaégehentaoral so
be usgg as ﬁBHpegggieéﬂ'Eoupled effective agents (possibly of a or-

ganic-chemical nature), antibodies or segments of antibod-
ies with paratopes or even hormones, for example, peptide
hormones. In particular, the present invention encompasses
amino acid sequences of signal proteins as component A in
20 the fusion protein which are biologically already active as
monomers and whose effect is increased accordingly as com-
ponents in a complex according to the present invention, or
which only become active through the multimerizing or oli-
gomerizing initiated in accordance with the present inven-
25 tion or through the oligomerizing initiated exclusively in
accordance with the present invention (in so far as compo-
nent A of the fusion protein is already found as a trimer).
With physiologically membrane-bound signal proteins, e.q.
with TNF cytokines, cleavage products are preferred which
30 contain the extra-membranous, in particular the extra-
cellular, protein segments. But amino acid sequences which
can function as antigens can also be used as component A in
a recombinant fusion protein. Finally, receptors, e.g. re-
ceptors from the TNF receptor family, e.g. belonging to the
35 family of type I membrane proteins (e.g. FasR), or segments




a reconbinant fusion protein. Finally, receptors, e.g. re- ceptors fromthe

TNF receptor famly, e.g. belonging to tiee 35 famly of type |I ne rﬂ.ﬂﬁ?ﬂﬂﬁ
proteins (e.g. FasR), or segnments 8 3 0 JUN 2004 or derivatives of "sucC
receptors, can also be used as com ponent A which also have a binding

function (i S8 9PRLIALLVESaLTa BiTRIi FECPRFORR GRRh3AAG Ber BARE S eFoamd
therefore HahbndNAST whieh! @1%c Hagand B@r{gﬂ'ng; L JEAH ”?1 o, tI‘ﬁtBF:SCQ
I ndi ng fragnents of brological

sent invention. These types of capable of
receptors afe suikialingd nppatnecuwitf anetser asolieagie)i fartchetherefore

| t i ol qqi | ddJ.s f in.th tient,
nont phyet of SHFEaRRHSR ShecbRaahT Lhaatie wirhi n ke MeAh U R ke PRe-
conpongnts AeffNifeuAtiba. TRe¥d s Jowadal d i YRy StdAqment s

accgrdance with the present invention, i.e., dinmers, triners, quadromners,
or pentanepf, biigdpgical ceaeptems Ixg osujoaels dh pamtdiowdrar ©or use

hononul ti mers r. different co nents A (qljgoners of. heteradiners or
heteronul ti ﬁ%ré}r}lglsﬁ tlhfs y,cog%g‘teéﬁeﬁé'afé’ %Pt We ehig8s porienteuad
possi bly al $a vhé&hpatdehteianhonbblyadicdadlyibdnall ®AgntadbRedd ikerohgget her
in dimers or multimers of oligonmersS in accordance wth the present 1n-

vention. The individual heterodiners or heteronultiners ag- gregated in
the biners &R & ipEREeEredn anbaslimenthetbansasparentis f Br eran  haye athener

or ol ygonerj d i th t F i_nventi | so. be,copposed
of di F?eren?h}q%%?gg%ogl m::rcysvI Ij)'p he %r%&ggg’g’trerérss.l \ﬁ%\r‘}:@%r{%ﬁ swél%glo the
possi bl e t hpteséptf usivemtpiard ei dsei.p diwersspectimess)i eq@adebmanlst,i nBg as
a subunit of the biner ég or, ol.igoner are identical, but, on _the other

hand, the i REERDPERal 19GRGHCAY IGPMRRRSARA ofobLIgBAEF & ArRadiBeEs
di mer or mubti ﬁﬁhoﬁhit%fefr%r)erﬁr(BEEEEQQhEErcg%J?@r&stOA' -(oaaﬁﬁht%ss S&y

honodi ners, honotrinmers, honoquadroners or ho- "nopentaners). |
for exanpl enetpredimershomd heteromultimers). In this way, proteins

15 with different components A, possibly also with a different
biological function, can be linked together in dimers or
multimers of oligomers in accordance with the present in-
vention. The individual heterodimers or heteromultimers ag-
gregated in the bimers or oligomers can also be the same or

20 different, i.e. a bimer or oligomer in accordance with the
present invention may also be composed of different het-

erodimers or heterooligomers.

However, it is also possible that the fusion proteins in
the respective dimer or multimer as a subunit of the bimer
25 or oligomer are identical, but, on the other hand, the in-
dividual subunits in the bimer or oligomer arranged as a
- dimer or multimer are different (heterobimer or heterooli-
gomer of homodimers, homotrimers, homogquadromers or ho-
mopentamers). In this way, for example, up to six homo-
30 trimers that are different with regard to component A can
be associated in a hexamer of trimers in accordance with
the present invention. In this way, typically precisely
modulated biological activities can be brought about by the

selection, the arrangement, the specific combination and/or



30 trinmers that are different with regard to conponent A can be associ ated
I n a hexaner of trinmers in accordance w Bh the present invention.3IUnJUtNi'2h[§‘
way, typically precisely nodul ated biological activities can be brought

about by the selection, the arrangenent, the specific conbination and/or 9
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It is Kk taid Pi i bk t i red,
s knownydipal c#t s RHOLR0'SAl CELEELEN DI o AR LPRoAES! 1Bt ng

bi ol ogi cal e.g. activa- tron, only thhrough € I'nterac
of at | eastabout | thandesixad bhelbgdcadi cdifexsnsee.got d ncebt adteingpd

nmeani ng in_ accordance with th resent invention). This is desirable
e.g. vm'gt h t%’b’on‘ﬁ)‘?aﬂ%t FBﬁOBﬁﬁcgﬁaiwqui%Qw Lgask. tysr digandee

ef fects as Teigpl £h8" BBAYYi A0l | ¥8h9ES. ndt 3 Eﬁéd%d&écﬁ‘ hBSnRHGS &N

i nvention, effectors of this, type 10 which are onl ective In

conbi nat i ora@zordaEnce rebgedthe presemt] edventaicuoy dahies wi.sh delsd qatelent

I nvention. How ever, .t is also concei_vabl e that conpositions w.ll|l be pro-
vided that ©1Hr IS FOROIRGI ANt BEt RETF APl 68 LEUI NEoh Sttt e

contain di fffientoOokhgoMfectl b d NTaBaL Dk PR QN th SEDPSESBE! TR ac—
conponent A'in a recom binant fusion protein is a peptide hornone, a
grow h fac-caxstance gakittke presentrisuknhion, acfégetorsobft tbds type

preferably a s nt capabl e_.of _bindi,ng. wever, func- tional _deriyvatives
of tte;le(jaabov"'(’éh-lr%qg{};l3 ene%ng%p??gggtéﬁ(?/ 61”9 ﬁ?‘%ﬂ%ﬁ?g‘l c%%nag’goaﬁéa&?&ﬁi a
conponent /As i Boinprekedebasedstdahdel LN Otieé Npiaiseht SiRveRTPEACNIH®- an
oligonmer in ac- cordance with the_ present invention. Proteins in particular

whi ch mai nt&HaF 1 Het Bl TR ForeREvabienthatit cappeRétians widd ke ero-
'sequence didf &%}Ofweeﬁimg%r Qﬁ&?\n@%f@tﬁé(etﬁgqgggégﬁti@fee com-—
I'ves of bi Y

descri bed as tunctional deriva ogically ac prot el ns
prot ei n sepommtt A orcqeiniedi fideentqokbiiomersevi ati ons may be one or

15 In another preferred embodiment the component A in a recom-
binant fusion protein is a peptide hormone, a growth fac-~
tor, a cytokine, an interleukin or a segment of these,
preferably a segment capable of binding. However, func-
tional derivatives of the above-mentioned peptides aﬁd/or

20 proteins can also be used as component A in the recombinant
fusion protein which is a component of an oligomer in ac-

cordance with the present invention.

Proteins in particular which maintain the biological func-
tion, but at the same time have sequence differences to the
25 corresponding native sequences, are described as functional
derivatives of biologically active proteins protein seg-
ments or peptides. The sequential deviations may be one or
more insertions, deletions or substitutions, whereby a se-
quence homology of at least 70% is preferred and a sequence
30 homology of at least 85% between the derivative used and
the native sequence is particularly preferred. Those amino
acid sequences 1in particular come under the term "func-
tional derivatives" which display conservative substitu-

tions as against the physiological sequences. Conservative



nore insertions, deletions or substitutions, whereby a se- quence honvol ogy

of at | east 70%|s preferred and a sequehge 30 honpl ogy of at | eat( 8HA004

bet ween the derivative used and the native sequence is particularly

preferred. Those anmino acid sequences in gartlcul ar conme under the term
o

"func- ti onS¥PAELFUELPREsTRhitaRed SP e chReER vARPFELSUSdONS-in | whichs
agai nst t heapiysi QL 9ELC ah i SB0ERMESF r&RNEEE Vahh¥€c19530 aHdN s%ﬁ%ltitutgd

substitutions are taken to be those substitutions In which amno aci
whi ch cone feonnrnke avatdriar -as'Eh@re aurestiint parkidwkamnamanot eridsTheithar e

in particul a;,ampo _acid al i phat| chai ns ositivel
negatively g#a?ag% 8 SJE gﬁaﬁé‘s'ar Eoed é'v&lclé'up?:rl e "5’1’%\15 %‘P%E?eér
am no saci dgj M80sRashds %Iﬂhﬂ:l@%?@%ﬁgr § nOfHay 4 REEN-RANLS, fda;f aRXABP! e,
si d€. chains with a hydroxy function is means that, for exarrpl e, an

am no aci d 8tids awhokar sddge c@mrw |@an repl paet o hydrhgenamandsci fioal so
w th a pol ar Sld 10c no a.mdcgracterlzed by

a hydropho?ﬁ‘%m% b gﬂ'gia ‘Fl%‘%rs %s?‘l npbydﬁ%%f UNGE IR ac it 3L SWPRRANS so

has a hydr oplh@bj cr6t dexah ?w (engamign Beid( Witaoai pelaky stz.fH@Q'Ehélfn is
(serine), or leucine (isoleucine) by isoleucine (leucine). 15 In
accor dance FgRha¢ed ﬁbs@momrenmn% acidnrlisp uwddh 3t opelas beidel

nol ecyhes t ak par n c n I Igggg ore be
a pro gl n t{ﬁﬁ% thls %(I):I’rracflL ghﬂgig asa%iégcég or. ¢ recep l%ggf%{
type can al lspdrbphabidzlghdd" chalihi dst babgednutgdobyt bﬁo}tﬂ*ﬁer&mimeﬁ:iﬁn

20 i f it bi s a signal m)l ecul c!L){Eder t he present |n,vent|on ol i gonmers of
trimers of ¥ Frant ?%si%ni}* WEhAPLE o FHAF eGhAEN | (e ¢ i cEFBENE

‘trimers Of(ﬂ‘x'?é'éﬂﬂﬁéﬁ s ttt{r'e%?ﬁ%é 3(deBid) A 6%31ee&1nae@r%&&é:fne)

trinmers (6 x 3). 25 Particularly preferred 1's a binmer or oligoner
di mer, trikerisqlerdebner (lencpaat aner of reconbi nant fusion pro-

15 In accordance with the present invention a ligand is under-
stood to be all ﬁolecules that take part in binding reac-
tions. A ligand can therefore be a protein that is normally
described as a receptor. A receptor of this type can also
be a “ligand” within the meaning of the present invention

20 if it binds a signal molecule.

Under the present invention, oligomers of trimers of recom-
binant fusion proteins are preferred, in particular trimers
or quadromers of trimers (3 x 3 or 4 x 3) or hexamers of

trimers (6 x 3}.

25 Particularly preferred is a bimer or ocligomer of a dimer,
trimer, quadromer, or pentamer of recombinant fusion pro-
teins when component A in the recombinant fusion protein is
a cytokine from the TNF cytokine family, a segment of this
type of TNF cytokine or a functional derivative of a TNF

30 cytokine or of a corresponding TNF cytokine segment. Here
the TNF cytokines that are used can lead to, for example,

apoptotic, proliferating or activating effects in the tar-

get cells by binding to the corresponding receptors. In a




teins when conponent A in the reconbinant fusion protein is a cytokine
fromthe TNF cytokine fanmly, a segment of this type of TNF cyt oki riel giN 2004
functional derivative of a TNF 30 cytokine or of a correspondi ng TNF

cytoki ne segnent. Here the TNF cytokines that are used can lead to, for
exanpl e, dpTthRUSBivei LdStri id\rPERES NS | GRAQEF eEasLi n TRAL L ar TNFet

cells by bi C{A@&PON r t or. ﬁ%ﬁ%nﬁo 004

non- exhaust% |st8 hh%e prot el nsgw%f) (i'%EésLL%a'H&I L, ! %L &40L
RANKL, - TWE/ASG, LGATRLY aIAZPRJlIl GHDACDREGT 4hd BRFFG AR, iAPBact idWl avEse and
BAFF can in rI cul considered for uyse as_TNF cytqki_nes.

Extracel | ul A s gr pSehas,flie StRkibREd FEtSRZSI NG @R segments
TNF- cy$ oki ngg Ofpe Ot Qﬁévéuﬁﬁh'tQBﬁladdeHe\’r&ﬁ:'a\ﬁ%s-?aﬁﬁdpr‘i‘fN‘%* dPindse

com; ponent A in reconbinant fusion protelns hese cl eava pro ucts are
parti cul ar lotlpref functiivhad tdlemwatsmtame pinféngaatafotumsta e;¢::1 cbga- in
particular their §pa0|tyfor 10 bi to the respectiyve receptor,

retai ned. RMEHonal 1BerFSarRERAR t ibvBreLRiRSor Thesen "ﬁ’éﬂgf’oned
TNF CytOk'ﬁh%d@ét§eg%”tﬁaﬁlaﬁ\fafﬁrok’a'r@‘i%r‘iéa A behaied npéeewee“t

A of the fusion protein. In a particularly pre- ferred enbodi me
conponent Aiglegkcakcubctdnnaldsivon i pactietulas ctheienchpamite Gooup

oy LA byl Bl 0, S

extracel | uldaéﬁ:.vativv@gr fnculld 48608t eehsel of aild Ngbefethentda®red ofnthe
20 TNF cytokines, in particular the p ﬁSi ol ogi cal receptors of the

above- rrentl%ﬁ'e‘%"qu—sc?ifoﬁleﬁﬁ@n&s £ scyrokidres can | @dgoobet sedcadt or s
‘ d d gmhodi
are used I gnRielet 1 8d MO ML 1 ofS piAIRIACN 1ot d Mol DE 1 LRIAT 0L

fusion prote| t he at seg Fents of receptors are us
conponent Afé!ﬁredhesmbmd:.lment,pacompqhentbm sefjmthies ndcodbinansi of wgicnal
prot eigl Seqﬁ‘e Cc—:ez.r?f ;Ltsheﬁ') r?eirgf t Cepégégpvwgbgglstgng of hFasL (AA

139-261), hTRAIL (AA 95-281), hCD40L (AA 116-261) and m or
hTNFa (AA 77-235).

In addition, receptors (membrane-bound or extracellular),
in particular receptors of proteins of the family of the
20 TNE cytokines, in particular the physiological receptors of
the above-mentioned TNF cytokines or segments or deriva-
tives of the receptors are used in a preferred embodiment
as component A in the recombinant fusion protein. In the
event that segments of receptors are used as component A
25 these will in particular be segments of the physiological
protein sequence of these types of receptors which are ar-
ranged physiologically extra-membranously. The extracellu-
lar segments of these type of receptors come in particular
into consideration here. For example, in accordance with
30 the present invention the binding domain{s) of a receptor,
in particular of a receptor which binds a cytokine from the
family of the TNF cytokines (e.g. FasR, CD30, CD40, GITR,

TNF-R1 and/or TNF=-R2), can be provided on a dimerizing im-

munoglobulin (dimerizing Fc fragment) and these dimers can




ranged physiologically extra- menbranously. The extracellu- |ar segnents of
these type of receptors cone in particulag into consideration heré.( Jidr200i
exanpl e, in accordance with 30 the present invention the binding donain(s)
of a receptor, in particular of a receptor which binds a cytokine fromthe
fanily of tHaeMREL¥9EolihRiparyzedast ebigomepized GEPR bimeE- R aadiier

TNF-R2), ¢ Sr PR di ' gﬁ | m . pnqgl obul.| i neri zi Fc
fragnent) ﬁoﬁtﬁegg giq%?{éré% ggn JE&%%& rZTBbgHt %g{r%eﬁéégeée blrrﬁ%??gganor
ol i goner i zethtough ner compoinenty@wer foonpkanplei a gotdadansd iMd hsédent
present invenption, through a conB%n nt B, for exanple a collagen-11ke
segnent  wi YhERhEDEa BRI LY BENRIMSHFING AT gBrLIPRRRE ZdinErdiness

mul tingrs. FErmbt $mBYEPOFRr i £330 PLEse 2 ' 2B, gi Sar

mul ti mers (e.gr.n t hrough tet rrarrerli zing sﬁséerr'en%?o %g%eso ﬁttaey e °r of
consi der ed, dbmens pentanttingrdi desgs dhrouigh tetrasedzing Weamgnts of
correspondi ence sections pf a. nononer fromthe CQYP conpl ex used as
conponent g%ﬁfgterﬂaiogﬁ I‘F&f’irféfertﬁd'di%’fe?sp%?t%?fiﬂgr giperg QmrBuyn
hexameri zi ngimsegmgat §.f e Jme "ebsrakpbha it e -sé@é%nihm@f sent
invention the followng possibilities are given: the conponent Ich is
sel ect ed f onroreneEofbPMathe CQMB rcommles ysavhiah cemponbatol aoapenent
of any@Qli 1 Ln_acgordance with.the present invention, is alread
foundlgs su%hlgé)%g{é% u?t o%lggrg dfe élllitd‘f“eﬁﬁl tPndr t%lﬁ?“@&nheﬁiﬂﬁ‘é‘?ﬁl%lﬁlé
such a cases#gméntos| Fromt@ofbigrshe fdicher cigngompleiyl.ti meri zi ng of
component A and will essentially lead to the binerizing or oligonerizing
of the reconbinant. fu 20 sion proteins. This situation is found, for
exanpl e, ifYNYRE TRARFRAENRA, iavepkdon She FRELIPHERAIPESSiPIdditeirs oarde-
rivative ofgi{iehSapRe WBMEBnkntaly Gmycn* Y calidctds oLz gd re{%mﬁ?ix’l'éﬁen’
Is to be oligonerized as conponent(s) of a fu- sion proteln. Wever, In
the event tfizdiemnpoateinA ahizh sishtonbecbnei an cogommit sbfwamnyoli-

dlneriglng &gmgyliﬁngE&ordance with the present invention, is already

found as such in solution as a dimer or multimer. The com-
ponent B in such a case will only intensify the dimerizing
or multimerizing of component A and will essentially lead
to the bimerizing or oligomerizing of the recombinant fu-
20 sion proteins. This situation is found, for example, if, as
component A, at least one TNF ligand or a segment or de-
rivative of the same, which is already typically trimerized
in solution, is to be oligomerized as component(s) of a fu-
sion protein. However, in the event that component A as
25 such in solution does not show any dimerizing or multimer-
izing mediated by surface interaction, in accordance with
the present invention component B must ensure not only
dimerizing or multimerizing of component A but also bimer-
izing or oligomerizing of the dimerized or multimerized re-
30 combinant fusion proteins. This is typically necessary, for
example, for the case that receptors or segments thereof

form the component A in the recombinant fusion protein.

In the framework of the present invention bimers or oli-

gomers of dimers, trimers, quadromers, or pentamers of re-




I zing nmedi ated by surface interaction, in accordance wth the present

I nventi on conponent B nust ensure not onlys dinerizing or nultineringﬁqﬁhh
conponent A but also biner- izing or oligomerizing of the dinerizeé

mul timerized re 30 conpi nant fusion proteins. This is typically necessary,

for exanpl & e RhBFOEBABSt gt sHissdgmmat sin hehiboh chopontsme:
conponent Ap nid & eseahy ant, flsd rofeLn e framework.of th
pr esent inventiogﬁﬁiners %? g&iFHS% HE % ig?éﬁgﬁptfﬁrmﬁ%,aﬁgé8?8ne§§f or

pent aners ofisr eleig 3 L2064t oo misien amit ikgesisoIf ranotwl M6l Areadtseiagedd n
whi ch conmponent. A i,s preferably an antigen or a segnent of an_ antigen. It
i s desirabl &1KeP oto&oljﬁ'é:aa}ntl? I¢RdIM VH3sE Wpadeerany byrigadt spsdneg cal

pat hogsns. Tfese PBYhBGea)y £yPi 6%|an@f1tei,93§rr&e% asp Qﬁggn’ab%@?ﬁé%@r-g’

protein segnents and/or spe- cific carbohydrate structures,

typi cal |y sGifiracaxhah tefsthectespsct bub phelyogans typbeghEgt sugt
surface proteins oge I ch al so _display.antigenic properties. For
exanpl e, thtg%p%l !agiy&f%é#n%ns’g(h%%t FPEPELEMT 0 BAtRCIATht OforRRIMAMTY BE
used: haenaggh&hpﬁl@rdﬁ%ﬂﬁﬁn6&'p§ﬁﬁ@ge3§e§hicﬁr%§%o:?%%ég%#ggﬂtiggh%%
gp4l or even typi- cal tumour antigenS. In a preferred embodl ment conponent
A of the rePERBRRAAES -f FSToimRle n thy folklowinamantexharstiseqarane

a receptor agonist  or

whi ch4ins 15 Lt alle.f 0 | carrier  for .
recep&gr an gggn?§P$HR§°€§%£%$%?§a%gngﬁfdér&5%@9 s BERERRENACt i ve
as a phar madabegi Palesdgertir«sd, bikBsyaheagkN, §8URbed gpavalntdyed ot ks

type of am no aﬁid sequence, for exanple through an"ether bond to
threoni ne of2letPMEUI ANS398R- | i ke bond or through an ester bond. Through
‘the pre- sent invention large oligonmer conplexes of for exanple 18 fusion

proteins (erf. a3 préférstan ISt aEEmPBAENt 2921 4 APk LA Yhb M nant
connected receptor agonists or receptor :

fusion protein may also be an amino acid sequence which is

15 suitable for acting as a carrier for a receptor agonist or

receptor antagonist. For example, a small organic-chemical

molecule active as a pharmacological agent can be typically

coupled covalently to this type of amino acid sequence, for

example through an ether bond to threonine or serine, an

20 amid-like bond or through an ester bond. Through the pre-

sent invention large oligomer complexes of for example 18

fusion proteins (e.g. 3 x 6 fusion proteins) are made

available each with connected receptor agonists or receptor

antagonists. In this way, it is possible, to achieve a con-

25 siderable improvement of the efficacy or of the avidity of

these types of organic-chemical molecule at their respec-

tive receptors, placed on a bimeric or oligomeric protein

carrier, for example for use as a drug in human or veteri-

nary medicine.

30 Component B of the recombinant fusion proteins, which is
found dimerized or multimerized in the bimer or oligomer,
is typically a protein from the family of the Clgq proteins
or the collectins. Particularly preferred are the proteins

of the Clg proteins or the collectin family as a component




antagonists. In this way, it is possible, to achieve a con 25 siderable
i nprovenent of the efficacy or of the ad4ity of these types of 70 JUN 2004
organi c-chem cal nolecule at their respec tive receptors, placed on a

bi meric or [ i ' rrier. for.exanple for use as a drug in
human or veci(gerigl?gﬁgﬁogrr%gbglhﬁe.ﬁg%l?ﬁnsbrﬁg%f‘nﬁ' g?‘af“ﬁ’é'yr LHnBPIRAMATsi Bn
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Proteins Ofdifip G0 RatddL {158 | I 38 r@n QUPOAS RS AndPnd PNo3BAAIAL Hitay
reconbi nant” fusion proteins, nanely as conponent B iF nlgy théir

di merixi ng/daonidiimer (Pigg 3dguendeiah braecortaingdolingottes i zeqgenequenfe in
t hesr econbi nant fusi on pro- te'ﬁ [ %ﬁtﬂr anscribed or translated. The mainly
gl obul ar héRF T UIRAMERH gWlid) EhGhadergre 3o FFRFSLIACLAR PEQRIRt of

native monQpR WAL fheeghore : t ty %gq_ﬁg I n
t he reconbi nant F‘%ﬁlﬂgsél1 on prf')tei n ;cr??rg)(?%lé{rd’ a@eﬁdvﬁp%%lﬁ%%r%geﬁgﬁonven BN
and are t herigfloreheoprasentpdnvertion cangoaeat tBeire fidues mobot ai rompre-

above- nenti oned 0 conponent i.n a reconbi nant fusion protein in
accor dance Watth Phe FFELEFRS ngeﬁ'ﬂ o4 | PE8REH,A é&ﬁjeﬁgQVﬁﬁF‘@ﬁ‘ttwed

cal | y; grai nloeretd PP Ngnhas tdCofahheN2lisi¥nf Yrdbd®I | #In accordanc
ing/ multinmerizing or binerizing/oligonerizing respectively, because t%e

col | agen- | iWid s ddreemressnt henyent bonswbllt hieow 5a abegqueencat Wwbieh ftarpi+ es
used as co t Bparticipate .typjcal ip the.for lon of , .for_,
exampl o ¢ PR e rEae T 1ad ThER e Buac FheSe LRk el dis¥imi
into a bi Mg/l ingafiedieg i€ thiime £{ 9inGXSIDY Sme 24 & ShaFeEpeE theanES
of, for exanple, triple helices) with other triple helices. 20 Typically

therefore BfEIMAY | HhRE i £PAdagRI-dliksoriagmenys faf shen prieins wPEl thwe as
comporent B dImiibhed EBRilies used as component B participate

typically in the formation of, for example, triple helices,
which themselves have the capability to enter into a bimer
or oligomer structure (for example, a tetramer or hexamer

of, for example, triple helices) with other triple helices.

20 Typically therefore the multimerizing and oligomerizing fu-
sion protein will have as component B the domains of the
proteins from the families of the Clg proteins or col-
lectins which are responsible for the dimerizing and mul-
timerizing and/or the bimerizing and oligomerizing, while

25 their respective head domains are replaced as component A
by other proteins or protein segments which also carry out
a biological function. The term “recombinant fusion pro-
tein” is therefore to be understood in the framework of the
present invention as the minimum one component A and the

30 minimum one component B in the recombinant fusion protein
being artificially fused, 1i.e., that a fusion protein
within the meaning of the present invention does not corre-

spond to a naturally occurring protein.
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conglutinin), ClL43 (bovine _collectin-43) and/or ACRP30, or 10 the
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above nt i d ' r = 14 dey | | . t elns
of “or he soaecaPRUERERTall F RUIGELHANTr Bl LYBhLYER 80 SURRANS SE0
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B of the reconbinant fusion protein is a protein seg- nent of the protein
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protein segnent of this type typically does not havé a globular 20 head
domai n of tR@nhafngéoprpretsiasqage pastdicmlackp3preferred when compo-

15 nent B of the recombinant fusion protein is a protein seg-
ment of the protein Clg or the protein ACRP30, in particu-
lar of a human variant or mammalian variant, more particu-
lalarly of the murine variant, whereby a respective protein
segment of this type typically does not have a globular

20 head domain of the native protein Clq or protein ACRP30.

An extremely preferred embodiment of the present invention
is represented by bimers or oligomers of dimers, trimers,
quadromers, or pentamers of recombinant fusion proteins
whose component B contains an amino acid sequence in accor-
25 dance with Fig. 6A {(framed sequence)}) or Fig. 6B or a func-
tional derivative of this/these amino acid sequence(s)
and/or a segment of this/these sequence(s). Typically, this
sequence is a segment of the protein mACRP30 (m: murine) ,
e.g. with the amino acids 18 to 111, or a segment of the
30 human variant (hACRP30), e.g. with amino acids 18 to 108.
In particular, according to the present invention a fusion
protein can therefore be provided whose components A and B

are of human origin such that possible immune reactions in

humans can be ecxluded during therapeutical application.




An extrenely preferred enbodi nent of the present invention 1is represented
by bimers or oligomers of diners, trimerk6 quadronmers, or pentamersy ®fjN 2004
reconbi nant fusion proteins whose conponent B contains an am no acid
sequence in_accor 25 dance with Fig. 5A (framed sequence) or_Fig. 6B or a
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of the protein mMACRP30 (m nurine) , th the am no aci

or a segnendififerémt 3Bohtimamgaaiisos. EQACREARES dngacwiordamtuearichdsh&8 to
108. In particular, according _to the present inventjq fusion protein
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to conponent B. It can be advanta- geous |f cor&);n.ent A corresponds to an
am no aci d EeefieAcBammadm L¥otgea rnctiianady anricratiere epfattdre | pame,

I eul | oL - ; ve of 1o
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accordance gomplédes pirsasgtorddadke eiitdf thRopeesphtt énventicse spnphssat A
corresponds to a, sequence froma virus, bacteriumor protozoon, conbined
with a conpRFebeims WRoORANEAMBPIENY, AnCOTXCSHopHEr &0r &d SAWIANSGE | fTomha se

‘15 quences of . QWQEEE:@\u&”%ﬁ?M&Eo@ | Borib {45 O PhOLEIdbmpbdhent B
accordance w tjﬁ the present invention can also stemO‘?rom t he garre type of

ani mal . I n ef f lmgmaey préfén; echedrbedisterpreferted pr dadmraldsent ithve se-

15 quences of component A and component B in a fusion protein

in accordance with the present invention can also stem from

the same type of animal.

In a further preferred embodiment of the present invention
the multimerizing and/or oligomerizing of the fusion pro-
20 tein takes place through a short amino acid sequence of
more than 6 amino acids, preferably between 8 and 20 amino
acids, which is present in the recombinant fusion proteins
as component B. The bimerizing or oligomerizing of fusion
proteins, which are already found as such not through su-
25 persecondary structures but through surface interaction in
solution as dimers or multimers, which 1is typically
achieved through this short amino acid sequence, is pref-
erably based on the formation of disulphide bridges, which
is possible through the specific amino acid sequence in the
30 recombinant fusion protein. This means that component B
preferably has at least oﬁe cystein, which under oxidizing
conditions can form a covalent link with the at least one
cystein of a fusion protein of at least one other dimer or

multimer. The amino acid sequence (single-letter code)



the multinmerizing and/or oligonerizing of the fusion pro 20 tein takes

pl ace through a short am no acid sequenck?of nore than 6 am no ack%?muzmb
. preferably between 8 and 20 anino acids, which is present in the

r ecombi nant [Oteins__as conponent B. The binerizing or

T
ol i goneri zi“ﬁij%l‘;g? GRECAPIBLei ¥RUL MRS aRe aiamRd®) PSunthes prRferBed
through su 22s@etREEORIAPOIEAUCE UEBHtRYhst iy %fl%gﬁfﬁﬂgsf g ié’gii-”

solution as dinmers or mul'timers, which is typ | eved”t hrough this
short am nogemerizibeBensdna sapidf seguablcg 1S cbetweehe 8f camdt 2On ahino

di sul phi de brjdges,,which is possi t hy ough f he eci fic am.no aci
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forma covalent link with the at |east one cystein of a fusion protein of
at | east onewermekheli dbners omumuilfdmershe- anino aci d sequence
(single-letter code) 17 30 JUN 2004 VDLEGSTSNGRQCAGQ RL woul d be an exanpl e
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sequence ofcdBraihieg agbdacha®sa st BeNuEEE a8 BigptndiaSi Bl OBkl WHEN
can form a di sul phide brid%e be- tween the diners or nmultinmers_ Functional

deri vat i vesS¥TUeReiPEGF L BNERQSAGIRE sbondddbecBanbiangd dogRPatekcean be
d He E . |
used f§ CO”Pé’P,e%hPch,l Oéfgﬁxgﬁaﬂfgﬂgegﬁgd% 9‘?%2@??2?@%@'5&*1%% dlaltb%as

mentioned in particu Rough réesidue
posi tion llbdms siesbisubsdi byt sdriineseesidueescdnestidd ehnisreensitier-

bimer- izing or oligo rizing of th% fgsion protein rmultinmers. The fusion
proteins ca?HRd &°F PEICTPRTLZHR8T Fr E8%efB84PR RERECLR BHLK1BSKAr t hat

aggregates of a higher order can be 15 formed beyond the binerizing or
ol i goi neri zZIhg PhsibAepraedin@’ diH thdTeidZfthddIsiONa PpREEERTed inb U pher
order aggre .
ment in such a way that aggregates of a higher order can be
15 formed beyond the bimerizing or oligomerizing of dimerized
or multimerized fusion proteins, This higher order aggre-
gates, which themselves comprise two or more bimers or oli-
gomers, can be provided, for example, through antibodies
via crosslinking. The antibodies are directed against epi-
20 topes on the fusion protein(s) of a complex in accordance
with the present invention, preferably against an epitope
of component B. However, together with component A and com-
ponent B the fusion protein can also have additional se-
quence sections which serve as antigens for the crosslink-
25 ing antibodies. In this context, so-called tag sequences
are preferred in the framework of the present invention,
for example a flag tag, in other words the amino acid se-
quence DYKDDDDK, or also, for example, a His tag (contain-

ing several consecutive histidines).

30 However, special preference in accordance with the present
invention is given to the provision of aggregates of a
higher order through more than one component B being con-

tained in the recombinant fusion protein. Preferably, for



gates, which thensel ves conprise two or nore binmers or oli- goners, can be
provi ded, for exanple, through antibodi es8 via crosslinking. The aﬁ%)i g@ﬁuﬁs
are directed against epi 20 topes on the fusion protein(s) of a cofpl i'n
accordance with the present invention, preferably against an epitope of
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for exanple a flag_tag, in other words the am no acid,se- guence DYKDDDDK,
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fusion protein. Preferabl for 18.g Ot_d]O\l 2004 the formatjon of ag regat es
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ponent B (preferably a conponent B2) which is typically 5 different”from
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ile

of a protein fromthe famly of the_ C q or collectin proteins,
conponent BPLER & tRqubREeeXxampheg 28 amdpocRrgifBevwhighafosrmmcitdslemsth

forms at | L 19568180 SHLPRY deydY | : Y t ast_one. di -
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15 a higher order aggregate in accordance with the present in-
vention will be made available, for example a bimer of an

oligomer.

In addition, preference will be given to the insertion of
so-called linker sequences between component A and compo-
20 nent (s} B or, if there are several components B in the fu-
sion protein, between these minimum two components. These
linker sequences allow structural separation of the differ-
ent functional components in the recombinant fusion protein
and can preferably take over a “hinge” function, i.e. rep-

25 resent an amino acid sequence with a flexible structure.

This discloses in general in accordance with the present
invention bimers or oligomers or aggregates of a higher or-
der which are characterized by an increased biological ef-
ficiency and/or through increased avidities at complemen-
30 tary proteins. In this way, as a further subject-matter of
the present invention, methods are disclosed which serve
the increase of biological efficiency and/or the increase
of the avidity of biomolecules or drugs with ligand func-

tions in the sense of the present invention. Methods of



vention will be nade avail able, for exanple a binmer of an oligoner. In
addition, preference will be given to theinsertion of so-called I'ﬁrﬂkﬁJrN 2004
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15 fusion protein, whereby at least one component A is a re-
ceptor or a segment of a receptor, preferably of a TNF re-
ceptor. With regard to preferred embodiments of a method of
this kind in accordance with the present invention, the
preferred embodiments for the bimers or oligomers described

20 above apply analogously.

The bimers or oligomers of the present invention may be
used for the production of a drug or for the treatment of
illnesses or disorders in medical use, i.e. for both human
and veterinary medicine. The higher order aggregates formed
25 in accordance with the present invention from bimers or
oligomers are also suitable for use as drugs or for the
production of a drug. A wide range of illnesses or disor-
ders can be treated with bimers or oligomers or with the
higher order aggregates claimed in accordance with the pre-
30 sent invention. This type of bimers or oligomers or higher
order aggregates can be used to produce a drug for the
treatment of the following list of illnesses or disorders

which is by no means exhaustive: hyperinflammatory disor-

ders, autoimmune diseases, illnesses based on hyperapop-




ponent A with at |east one conponent B into a reconbi nant 15 fusion
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15 In addition, the bimers or oligomers in accordance Qith the
present invention will also be used as vaccines or for the
production of a vaccine for active or passive immunization
against infectious diseases. In the case of active immuni-
zation an antigen suitable for vaccination will be used as

20 component A in the recombinant fusion protein. In particu-
lar, surface antigens or segments of surface antigens of
bacteria, viruses or protozoa, e.g. of plasmodia or try-
panosomes, can be used. In a non-exhaustive list, a vaccine
which contains bimers or oligomers or aggregates of these,

25 whereby the recombinant fusion proteins must have at least
one component A, in other words one or more identical or
different antigens of the pathogen, can be used to vacci-
nate against German measles, measles, poliomyelitis, ra-
bies, tetanus, diphtheria, BCG, tuberculosis, malaria, yel-

30 low fever, HIV or influenza viruses, for example rhinovi-
~ruses. The combination of different antigens in a bimer or
oligomer or a higher order aggregate formed from bimers or

oligomers is also possible in accordance with the present

invention, whereby different antigens from the same patho-




exanple including for the treatnment and/or the production of a drug for
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present invention will also be used as vaccines or. for the production of a
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15 In a further embodiment in accordance with the present in-
vention component A in a fusion protein in accordance with
the present invention is an immunomodulator, for example an

interleukin (IL), in particular IL-2.

In addition, in the framework of the present invention the
20 use of bimers or oligomers in accordance with the present
invention as immunization and/or vaccination adjuvans is
disclosed. It is known that many antigens used for immuni-
zation trigger only an unsatisfalctory immune reaction in
the test person. The task of adjuvans is to increase the
25 immunogenic effect. Adjuvans of this type can be used as
component A in a fusion protein in accordance with the pre-
sent invention and therefore as a component of a bimer or
oligomer in accordance with the present invention. For ex-
ample, the component A can contain an amino acid sequence
30 from the CD40 1ligand (CD40L) or the sequence or sequence
section of an interleukin, for example one of the inter-

leukins 1 to 12. The physiological task of CD40L is to con-

trol the transformation of an inactive B cell into the cell




10 through at |east one conponent B. Preferably at least two different

bi mer or oligoner types in accordance wpph the present invention Jj:ﬁn ﬁIZ@@
be con- tained in a conposition for use as a drug or as a vacci ne, olrU f
their production. 15 In a further enbodi nent in accordance with the present
i n- venti oncy¥ekpenckntearienlsingsi @mpreranplen Iicdor dibe®, WIIR 6 t Andpbesent

i nvention i [ onmd of _example an_dinterleukin (JL), in
particul ar ?EQQL' Imngégld | ilgo%%t?jl:l}lecﬁ hge'nf fa F28A e %ﬁ%éﬂ'ﬁ%‘énf%‘ﬁ t he
20 use of bplrexs ix attgedangei nwirsigorthangeraddht t RavEheSOM (AYEREraRLaS

| mruni zation and/ Qr vaccination adjuvans is disclosed. It _is known that
many anti geRSCRERANEHE HEhPD PXOSHNS | §gerd ohipesn Qmsaslngpmrdr% pENMuUne
reactign in e S sQn. f | S 4Q i e 25 '
im*n'_i,nogeni ctlel%P egttd.?1 kgjeg\%a%s% g'}g‘? S tysgeo f’é‘gdnl%og‘%qséel laés),n C%Errpgééﬁ% gwlon a
fusi on prot dififemeatctypasc e fvbtimetrh e prod-i i, mtﬁinihl'i Qf]\ararwhéllileb@f gee as
a conponent _of a hiner or, ,oligoner in accordance with the present

i nverrptoi on. ES&OB?-Q geﬁﬁf"el S ISp PEnELEL8ERNE 0 AUSILR DA P LG SN Bk which
sequence 30 4O 4 { gand «( he or q C

segt Il on of g%{:i@gthglri?euki n,AifI?? g%a%g%ngno ! tﬂ%ggﬁgégiyl etai?ns%%? I?83:?2.
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inactiye B cell into the ,cell 22 30.JUN 2004 cle. Interleukins, for
exanpl€ IL- B,reﬁﬁpg, lf“l_’-egtéﬁﬁl'o%"ge%i’@f, ¥ & dTARRESTHS! bi meri zed or
ol i gonerized com plex in accordance with the present invention (different

reconbi nant ThesiPim@rHt IMSol igdmBrEEr &F Qi brdefr SahgergaBsOCgyr as
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to the component(s) A. Hereby, each physiological sequence
15 with co-stimulating characteristics and/or characteristics
which activate the immune system (cellular or humoral im-
mune response) can be considered as component A. These may
be physiological compounds or synthetic compounds. In this
way, compositions are disclosed which contain one or more
20 bimer or oligomer type(s) in accordance with the present
invention together with one or more immunogen(s}, whereby a
bimer or oligomer type in accordance with the present in-
vention can preferably be arranged so that more than one
immodulator/ immedulator adjuvans is contained in this type
25 of bimerized or oligomerized compléx, in other words there
is a heterobimer or a hetercoligomer. If necessary, a het-
erobimer or a heterooligomer in accordance with the present
invention can bring together not only one or more fusion
proteins with an immunogen as component A, but also at
30 least one fusion protein with an adjuvans component as com-
ponent A, for example CD40L. Two or more different fusion
proteins, each with different adjuvans or immunomodulator
components, are also conceivable in a heterooligomer in ac-

cordance with the present invention. This means that the




different types of bimer or oligoner in accordance with the 10 present
i nvention, together with the inmmnogen(s3y3 The biners of oligomersz{oyN 2004
hi gher order aggregates as well, of a conposition of this type can be
conposed of fu- sion proteins which are identical or different with regard
to the conpbreeRtionpalsprdiycleses pinsiuviogicadl deugence ak5 avitdrcine
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conponent Anodhegimeryorbhaepkeysiodlio@mal EONPOUSHRPOGNAYNWREIEHC CAHRLPRAS.
In this vay., congositions are di scl osed which contain one or nore 20 bi ner
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with the present In- wvention can preferably arranged so that nore than
one immodul ator/ imodul ator adjuvans is contained in this type 25 of
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15 erably take place in a parenteral or oral form of

administration, but where necessary intranasal as well.

The bimers or oligomers in accordance with the present in-
vention, and/or the higher order aggregates, can be used
alone as a medicament or can be included in the production
20 of a medicament. However, they can also be used in combina-
tion with other active agent components as a medicament.
The bimers or oligomers in accordance with the present in-
vention, and/or the higher order aggregates, can also be
combined with pharmaceutically acceptable carriers, auxil-
25 iary agents or additives. Appropriate production paths are
disclosed 1in Remington’s Pharmaceutical Sciencés (Mack.
Pub. Co., Easton, PA, 1980), which is part of the disclo-
sure of the present invention. Examples of carrier materi-
als which can be considered for parenteral administration
30 are sterile water, sterile NaCl solutions, polyalkylene
glycols, hydrogenated naphthalenes and in particular bio-
compatible lactid polymers, lactid/glycolid copolymers or
polyoxyethylene/polyoxypropylene copolymers.




or for the treatnment of the above-nentioned di seases or disorders in such
a way that they are suitable for par 10 gpteral. admnistration, i %. fﬂﬁ
exanpl e, subcutaneous, intranuscular or intravenous adninistratiog\,-B]rN2 h
even for oral or intranasal admnistration. The adm nistration of biners
or ol i gonerBherbaggregares ofganmse s acvardamee owithheéhkapmedatt t ha-

production of a.vaccine, wll alsq pref, 15 erably take place in a
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W th these of their interaction and as a result are found dimerized or
15 multimerized in solution. In particular with TNF cytokines,
or preferably soluble segments of this type of cytokines
which trimerize in solution, it is desirable to make them
available in a defined stoichiometry in a pure fraction. In
the case of a simple coexpression of different proteins
20 which are capable of associating with one another, for ex-
ample of three different TNF cytokines or different seg-
ments of such TNF cytokines, all statistically possible
distributions of the coexpressed proteins are found in the
trimers associated after expression, in other words, for
25 l example, the desired trimers from the proteins Pl, P2 and
P3, but also trimers from two proteins Pl and a protein B3,

etc.

Oligomers in accordance with the present invention can now
be used in accordance with the process in order to obtain
30 defined desired heteromultimers, for example, heterotrimers
of TNF cytokines or segments of this type of TNF cytokines.
For this purpose different fusion proteins are constructed

and preferably expressed in a host cell. The fusion pro-

teins expressed here have a component B sequence sections




types of conplexes, is to be considered. This neans that in the franmework
of the present invention the use of thesgstypes of conplexes is dis Iose&
for the purposes of detec- 10 tion as well. In addition, in the fra W
of the present invention processes are disclosed to: produce specifically
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sequence sections 25 of proteins which form honool ogi ners from
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conponent s I n the on proterns corréespon 0 se en%e
proteins fromshewtbhpheosthizrorsequence section in the native protein,

15 for example a Clq protein, for heteromultimerizing.

The different fusion proteins which can form the heteromul-
timer are expressed, preferably in a host cell. The het-~
eromultimers combine into homooligomers, because component
B can only oligomerize identical heteromultimers. In accor-
20 dance with the present invention, for example, three dif-
ferent fusion proteins can be expressed, each with a dif-
ferent component A, in other words preferably different TNF
cytokines, which each combine either with the multimerizing
and oligomerizing «, B or y chain of Clg. Only heteromul-
25 timers with all three TNF cytokines can then be found in
the associating oligomers. In contrast, heteromultimers
with a different stoichiometry are not found. This means
that in accordance with the present invention simply
through the selection of the fusion proteins a product can
30 be obtained which is specific in its stoichiometry and not

subject to a statistical distribution.

In addition, the use is preferred of such fusion proteins

or processes for extracting heteromultimers with the given

stoichiometry which have a linker between component A and




collectin famly, for exanple dq, which fornms honbhexamers from
heterotrimers. In a fusion protein therefgre, a se- quence sectio?,n ,lelﬁl&
the native protein provides for nul- tinerizing a chain in the

heteromul tinmer, is conbined as 10 conmponent B with a conmponent A, for
exanpl e a TNFnponeRtnB, Thigerldakentsherrd uspernipl by epne fewviriech witen t bhegcur
in the heterofrinmer ach_,have conbi naii@rﬁgs of. anot her conmponent A, for

exanpl e a dfPFe?ERt 2TNE At ok?Re BFOLS ft 324, ShFeh "G dper-
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each with a dif- ferent conponent A in other words preferably different
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contrast, hgietesultinmers with a different stoichionetry are not found.
This means that in accordance with the present invention sinply through
t he seéection of the fusion proteins a product can 30 be obtained which is
speci¥fc iP§td Lb‘i‘??ﬁ’bn‘é’?ﬂgcﬁn@fno‘fhe sBppeentt gnyentakont frgion pro-

di stributi i addi yi i ' f ' %ﬁﬂ ' or
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conpl ex (ofand at least one component B, whereby the component A con-
15 tains a protein or a protein segment with a biological
function, in particular with a ligand function for antibod-
ies or receptors or an antibody or segment of an antibody,
and component B contains a dimerizing or multimerizing and
bimerizing or oligomerizing segment or a functional deriva-
20 tive of such a segment of a protein, selected from the
group consisting of the family of Clq proteins or the col-
lectins. Extreme preference is given to these types of pro-
teins if the component B of the recombinant fusion protein
contains a multimerizing and/or an oligomerizing segment of
25 the proteins Clq, SP-A, SP-D, BC, CL43 and ACRP30. A func-
tional derivative of such a segment of the above-mentioned
proteins can also be used in the framework of the present
invention. In this case, together with component A having
biological activity, a fusion protein will typically con-
30 tain a component B which has exclusively the segment of the
above proteins which is responsible for the aggregation,

but preferably not the globular "head”"™ domain thereof.

A sequence containing the amino acid sequence of the oli-

gomerizing collagen domain of the ligand EDA, in particular




heteromul tiners) to be cleaved fromthe conponents B. In 5 this way a

fraction is obtained which consists exclasively of the desired 0 JUN 2004

heteromul tiner, for exanple, a heterotrinmer fromthe different TNF3

cytokines. The proteolytic cleavage site in the linker is preferably a
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Cqg, SP-A SP-D, BC, CL43 and ACRP30. A func- tional derivative of such a
segnment of A hixztiiove-olkieconefl theopeessntabneéstiba ased DNA tskenddaragesvor k

of the present ., inventio In_this case, together with conmponent A having
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15 the present invention.

In addition, host cells which are transfected with DNA se-
quences which code for the fusion proteins in accordance
with the present invention also belong to the present in-
vention. Extreme preference in this context is given to
20 host cells which are transfected with expression vectors,
whereby the expression vectors again contain DNA sequences
which code for the fusion proteins in accordance with the

present invention.

A further object of the present invention are i:eceptors, in
25 particular receptors which bind signal molecule ligands
from the TNF cytokine family which are found dimerized or
multimerized. For example a receptor of this kind, a de-
rivative of the same or a segment of a receptor or of a de-
rivative, in particular a segment which comprises the ex-
30 tracellular region of the receptor, whereby once again the
binding domain(s) is (are) preferred, can be found as a
component A of a fusion protein which is a component of a

dimer or multimer. Dimerizing can be achieved through re-




or an oligomerizing fragnent or functional derivate of such a domain is
al so consi dered as conponent B of a fusi,gn pro- tein according to bgﬁ 00l
present invention. Even nore pre 5 ferred as component B, a seque% N2
segnent containing amno acids 160 to 242 of the human EDA protein or a

functional cadrinsdisn erigh aségagiest of nbymbeogEeul Phef eiabpy ricti cillar
refer to a hexaner A further object of the present invention are DNA
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nol ecul e ligands fromthe TNF cytokine fam |y which are found |ner|zed or

mul tikferi zed orcaddgfiinsn aeecptde byrieallxisigitable- forvdimesigringe
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segnent whi conpri ses race receptor

wher eby ongd.eggathe t et rhcedilngadonsmigneht |cﬁ (arm}:mbeef e ethe caNFbed-ound
as a conponent A of a fusion protein which is a conponent of a dinmer or
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ponent A in the form of a pentamer, can be expressed as
15 component B through recombination with the corresponding
pentamerizing domains of COMP., Here there may be
homodimers, heterodimers or heteromultimers of fusion pro-

teins which have a receptor or a receptor segment.

These dimers or multimers of a recombinant protein with a
20 component A containing a receptor or a receptor segment may
also be considered as a medicament or for the production of
a medicament. Their use is in particular given if increased
extracellular concentrations of the corresponding receptor
ligands occur in a clinical picture. Here it may also con-
25 cern increased concentrations of membrane-bound signal
molecules, for example TNF cytokines, on the cells them-
selves, or of soluble signal molecules. However, the use of
multimers of this type is in principle also always desir-
able if the activation of a signal transduction chain,
30 which is triggered on the corresponding typically membrane-
bound receptor, is to be prevented or lowered through the
use of exogenous soluble dimers or multimers in accordance
with the present invention which trap the signal molecules

and which consist of fusion proteins which contain a recep-



conbi nation with segnments of immunoglobulins, in particular Fc fragnents,
whereas mnul tinerizing can be achieved, f,gy exanple, after reconbination
with the corresponding mul- tinerizing donmains of proteins. For o SN 2004
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revent od ghutinat ERBSAN, MhAr ot TRIShalh. e crokh he
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nmol ecul es and which consist of fusjon proteins which contain a recep
15 trimer, in other words does not have any component B which

bimerizes or oligomerizes the existing multimer, in this
case the trimer. The recombinant segments of the two fusion
proteins (1) and (2) are marked in Fig. 1 above the se-
quence details with regard to their respective functional-

20 ity.

Fig. 2 comprises in Fig. 2A the results of a gel electro-
phoresis (SDS-PAGE) of fusion proteins in accordance with
the present invention (2), therefore with the specific
linker sequence (component B), under reducing (r) and non-
25 reducing conditions (nr). Under non-reducing conditions in
solution the oligomer is eluted as a native complex of six
pelypeptides in accordance with thé present invention (fu-
sion proteins (2)), because in accordance with the present
invention a disulphide bridge is formed between the compo-
30 nents B of two fusion proteins (2) in accordance with the
present invention, which are each components of different
trimefs. The result is that there is an cligomer in accor-
dance with the present invention as a FasL hexamer with a

molecular weight which appr. corresponds to six times the




29 30 JUN 2004 tor or a receptor segnent as conponent A. The present in-
vention is explained in detail by neans ¢ the followng figures: Fig. 1
shows in a single-letter code the amino acid se 5 quence of a recodbijulrne);
fusion protein in accordance with the present invention (2) occurring in
an ol i gonermgFecilahewamaht | of acber dbwskomi phothénprEenini ramrndirdancen
ot her words; | roer_of .a triner. A sequence _segenen f.the hFasL
(An 103" or gt B8 B BB ea i RyphldRR, 4R B ORER AT OED iRy T Her 100
speci fic |iskedifbon®r azengriedehnte @UEONEN SHEIPRENE, SEHEEFBion pro-
VDLEGSTSNGRQCAG RL appears as conponent B. Fig. 1 also contains the am no
aci d sequenc®ld¥ iRe acEordaRihaitthushen preseaitn invyenkien migaxader dance
with the e I ca C 0 f Fasl, 15 trjner,
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ol i goneri zefote: borh SbiENG ndd $ubBhiidénbirhdge faterclehe twod "Bonoklkes. In
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Fig. 1 aboveihersle WdpEergdiging andhderabraing cpaditienfkaqnemers
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(corrpﬂﬂent B),. under reduci ng g) and non 25 reducing conditions (nr).
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i nvention (fu- sion proteins (2)), because in accordance wth the present

i nvention gidmul phi ddcwn die Fégf.orhedibeshewn tsuhemmtpicc8Dlyedins Bigf two
fusion protgins (2) in accordance with the present invéntion, which are
each conmporients of different trinmers. The result is that there is an

ol i gomer in accor-
Fig. 3 shows the results of the cytotoxic assay in depend-

15 ence on the concentrations of FasL trimers (trimers from
three fusion proteins in accordance with the state of the
art, for example, fusion protein (1) in accordance with
Fig. 1 which do not have a component B), or of the FaslL bi-
mer (hexamer as bimer of trimers) in accordance with the

20 present invention shown schematically in Fig. 2B in the
presence (M, “) or absence (0, A) of anti-flag M2 anti-
bodies for A20 or Jurkat cells. The optical density at 490
nm is a measure of the viability of the cells (high optical
density corresponds to a low apoptotic effect of the added

25 substances and thus a higher viability of the cells). The
apoptotic effect on A20 cells (Fig. 3A and 3B) and on Jur-
kat cells (Fig. 3C and 3D) of FasL bimers of trimers
{(hexamers) in -accordance with the present invention (Fig.
3B and 3D, in each case A) increases 3 to 10 times as

30 against the effect of FasL trimers of fusion proteins with-
out a bimerizing or oligomerizing component B (state of the
art, Fig. 3A and 3C, in each case [). With additiocnal
anti-flag antibodies, which are directed against the flag

sequence of the fusion proteins (1) and (2) shown in Fig. 1




dance with the present invention as a FasL hexanmer with a nolecul ar wei ght
whi ch appr. corresponds to six tinmes the33g0 30 JUN 2004 nol ecul ar “gmﬂqmm
of the fusion protein (2) in accordance wth the present inventio% [
nononeric form |f denaturing conditions are present (e.g. on SDS-PACE)
the fusion pnd- byeiimsreasiorer diace ewatiplehe thee segireienwehtd DilgSingkaka - n

t he absence_@f r Ny ents as _diners, caused by the fornation of a
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denat uring ¢avdhtiions SPNDIErSiAfhdhethystugn RIYLIN(Ridd, 2¢eQ d§§5§""“ th
the present invention mgrate in the SDS géel. An oligoner in accordante 10
with the prESEAE rhfaqt df Reeeasednin allapreparationsa fRisjon PAotei n
(2) in.accordan with the present. inven- tion, as shown in Fig. 1, is
shown échené rcal 9F in EEGPEIBVEdiY).c 3 shows the results of the cytotoxic
assay in depend- 15 ence on the concentrations of FasL trinmers (triners.
fromthree figl ol psdes NS H dgpe ] t . Nolg
exanpl e, fusi gn protein (%)heinnégfcrg%rggggewﬁ ﬁhE%i ?.ﬂl gvm%iﬁlcﬁ%%&o ﬁ%{jtﬁg'\gle a
conponent Bf3) oriivfacherfascebiwitter thaepaesenss invent bbnt tiakdrs) ihato

accordance wiith the 20 present invention shown schematically in Fig. 2B in

t he presenegc?EP@'f% rqgﬁgggcéugﬁilﬁftdpnaﬁpiPZFa&Hﬂ?%%ﬁQ-l%ﬁEﬁéssﬁ§r A20

or Jurkat cekbbf. (ZBRpBAbhtals dENFusid AWM (3 )] AR rpirihe gee
Fs(h to a%ow

viability of the cells (high optical density corresponds
apopt 6Pi ¢ eFhectdagcrint ierle@f2F smbs lartthe awicse.hudithhigplerfilabatibn of
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accordance fibtihdt lim ps ebdnierimeent £ Ofm ( Ehg accdBdande3yitR @3 SASSeA:

i ncreases 3,to 10,tines as_ 30 against the effect of FasL trinmers of fusion
protei ns wi {fvention as a hexamer. Under denaturing conditions on SDS-

PAGE, fusion proteins (3) in accordance with the present

15 invention migrate, even in the absence of reducing agents,
as monomers, because a disulphide bridge cannot be formed
in the linker section because of the amino acid substitu-

tion C=»S.

Analogue to Fig. 3, Fig. 5 shows the viability of A20 (Fig.
20 5B) or Jurkat cells (Fig. 5D) after the addition of aggre-
gates in accordance with the present invention of the fu-
sion protein (3) in accordance with the present invention
as shown in Fig. 4 (“super FasL”) in the presence (®) or
absence (o) of anti-flag M2 antibodies. The fusion proteins
25 {3) in accordance with the present invention bring about an
apoptotic effect which is roughly at least 1000 times
greater than the effect of FasL trimers (used for control
purposes) 1in accordance with the state of the art without
bimerizing or oligomerizing components B (Fig. 3A (A20
30 cells) and Fig. 3C (Jurkat cells)) which were used for com-
parison. The addition of anti-flag M2 antibodies (@) is
able to increase the apoptotic activity both on A20 and on

Jurkat cells slightly, approx. twice as much, preferably at




out a binerizing or oligonerizing conponent B (state of the art, Fig. 3A
and 3C, in each case *). Wth additionalzsanti-flag antibodies, V\:gl[f:%l\?fgm
directed against the flag sequence of the fusion proteins (1) and ¥

shown in Fig. 1 31 3 0 JUN 2004 and by increasing, for exanple, the degree
of oligonerleasttilo® dfiméw, f asi egaircttei ttse | prapasadhone wiitHodtheapegsent

' ti VLl furt through crass-1inking, the gpop- totic effect is
ncr eased | hiapt *HFRERERon Y TRy SoGess e G of Cloiper Bagy
Fig. 4 showsot heghirnmites sqgvenaees§ id fAdUMAL e Prn( Dnd Npaesgpdance

with the present invention taking into account the (CG)S) substitution in
the speci fitnvenkéensd€igsi.oRB eadeant Theofresuditom fprdties nig 3ghat sther
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Under denaturing conditions on SDS- PAGE, fusion proteins I n accordance
wi th the prisakionsonntbat ced lnisgrdase, ewdi chn ishdravghic @lsut ethicough

agents, as_.4ipn [.S.¢:he Lsul ghi de _bridge cann he forned, in the
I ignkef secttl:%r‘!’r?\ gggga"éfé%ogla#ﬁgelgmg#\ogagi]él?&bﬁﬁcﬁlﬁlqi 535 CA8 IFEPERRCEO
Fig. 3, Fi gwifhsthuspireeevitatiidvdnt idn A2ed A9 coRBoRBht0B,Jurkall £€h4§

(Fig. 5D after the additiqon of aggre gates in accordance wth the present
i nventfon Fragelifally; eﬁt&im&rﬂeiaﬁlcg Fan rpactrerrased wslhghtd ypres eneans

invention a8 g§REWRA . . Fast ..").J r n ()..or
absence (0) of anti -rf I agde%lz éﬂ%f%@%ﬁég gﬁlhgafcl?#gﬁ%r &g;éﬁs%% (%é)e?%nt
accordance imvénthenpresent invention bring about an apoptotic effect
which is roughly at |east 1000 tines greater than the effect of FasL

trimers (used fop,cqontrol urposes) _in . accordance with the state of the
art wt houtkel%i rrézrxi ?lhr?é'sort ?ig%ﬁﬁ?i 2ehg SEMERST LB RFEYSion (peetein

(4), FasL~ACRP30, in accordance with the present invention,
15 whereby the fusion protein (4) (in the sequence from the N
to the C terminus) has a flag sequence, a linker sequence
as component B, the -amino acids 18 to 111 of protein
mACRP30 (m: murine), the linker LQ and then the amino acids

139 to 281 of hFasL as component A.

20 Fig. 6B shows a further fusion protein. It comprises the
collagen domain of the human ACRP30 ligand (hACRP30, with
amino acids 18 to 111) whereby the N-terminus thereof is
fused to a flag tag DYKDDDDK and the C-terminus thereof to
the extracellular domain of human FasL (AA 139 to 281). Be-

25 tween the C-terminus of hACRP30 and hFaslL as well as be-—
tween the Flag tag and the N-terminus of hACRP30 (GPGQVQLQ)
a linker sequence (MHVD)is inserted. All above-mentioned

data relate to the one~letter-code of amino acids.

Fig. 6C shows curves resulting from the titration of Jurkat
30 T-cell with FasL on the one hand and with the fusion pro-
tein hACRP30/FasL on the other hand, under addition of
anti~-Flag antibody M2 (+) and without addition of anti-Flag
antibody M2 (-). Supernatants (OPTIMEM) of 293-cells, being




30 cells) and Fig. 3C (Jurkat cells)) which were used for com parison. The
addition of anti-flag M2 antibodies (f) 4 able to increase the aggp_ﬁmth[ﬁ
activity both on A20 and on Jurkat cells slightly, approx. tw ce (,2 .
preferably at 32 30 JUN 2004 least 1.5 tinmes, as against the preparation
Wit hout anttrafibbgnabyi hedirestedyed uniber FabLOGEIhACRPID/PhstSWRR ERSL"
to higher order aggregates in accordance with the present invention (Figs.
5B and 5D) .Plrﬁ%S%'ggqueaP PRPS SRSy h ¥ Iehe thegedoge @ddnd domefusisat ob—
(here as a p} _ofptrd f Sj ' [ e sary
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the pregsent invention.,usedq .as conponent B, is already 10 practically
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present invemtren, Fomhthebyoaph fiti ds pristaa nthdr (Fasl hésseqameevérom
the N to the Ctermnus) has a flgg sequence, a |inker sequence as

conponent BYiERRUL aniGressdiiducing t oMR| | astipogyei n{ #ACRFBD (Anlourithg,
the |inker : t l.nQ caghds, ,1 t 81 of hFasL .as conpongent A
20 Fi g o8 SroaeriREy) BPAEL8e T wo AR iBoAY Aoty AR SIIT 6
donmi b0 of tHectsminACkRtdstgatlet8AERPE0e Wolrte sporntimgi @5£d8tt ®£11d)
whereby the_N-ternminus thereof is, fused to a flag tag DYKDDDDK and the
C-term nus tHeteRf PESteiRe a6G9Edng ukar tAsndtesinthuidFepsdpng Amamsly o
281) . Be 253A¢REH0)HSsk; Wall C d . as el - en
the Flag tag and t{1e sN—te??nghﬁsgéfqgﬁa&gggﬁ?gg@g@%&lacﬁ\%erﬁge?a%}stgﬁgﬁjoeé e
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of am no acégesase the effect of the fusion protein according to the

15 present invention.

Analogue to Fig. 3, Fig. 7 shows the viability of BJAB
cells after the addition of FasL trimers incapable of bi-
merizing or oligomerizing (comparative experiment on the
basis of fusion protein (1) in accordance with Fig. 1; Fig-
20 ure 7A) and of oligomers in accordance with the present in-
vention, here as tetramers of trimers, in other words do-
dekamers, of the fusion protein (4) in accordance with the
invention and with Fig. 6 in the presence (“) or absence
(A) of anti-flag M2 antibodies. Whereas the FaslL trimers
25 which are not in accordance with the present invention do
not develop an apoptotic effect on the BJAB cells in the

absence of antibodies which oligomerize through binding to

the flag sequence (Fig. 7A, (A)), a dodekamer in accordance
with the present invention (tetramer of trimers) of fusion
30 protein (4) induces cell death already at a concentration
of approx. 10 ng/ml (Kso = 8 ng/ml) (Fig. 7B). This can be
seen quite clearly through a reduction of the OD at 490 nm.
This apoptotic activity can be increased slightly through

the addition of anti-flag M2 antibodies to a preparation of




Fig. 6C shows curves resulting fromthe titration of Jurkat 30 T-cell wth
FasL on the one hand and with the fusionzpro tein hACRP30 /FasL on the

ot her hand, under addition of anti-Flag antibody M2 (+) and wi t h@ud JUN 2004
addi tion of anti-Flag antibody M2 (-). Supernatants (OPTI MEM of

293-cel | s, ¢edekamers 4ny wggcdappsnwnethl yhermmtedlwvehtﬁm oon-—
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of the Jurkat T-cells was deter- mned by the standard cit otoxicity test
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t he .M2 ant| causes cytotoxic rast ereto Y th
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I nvention, nanmely, hACRP3Q/FasL, ,shows al ready w,thout addition of

antibody (33teThinaA8FPFEANGE K tinihsodresens H&P’@F‘};lé’é} ézﬁ%gg?lre‘éréﬁse
h ff
the effect Qérigﬁ%éﬂéiﬂg BRI ACE LG Mot Oable 3 HARRN! abBUEN ARY:

Anal ogue to Fig eV|ab Ity o ter t
addi tion offlfatslnerrsngnifiqaapabﬁ.el@ﬁ;ﬂmal effezktsg or ol | gorrerl zi ng
(conparative experi ment on the basis of fusion protein (1) in accordance

i th 20 ure 7A)_and of d ith th t
e VBRLi ontPherBae e Rt pioRs Lot RAOLNDs 0. WolBTEPE - of

the fusion @éx@é@l With) the FEHAANCENVeAPiISNE whIWRNELARAANG Wrihdi 8c-6 1N
t he presence absence h('l;‘éf\ of anti-flag M2 antibodi es. Wiereas the

FasL tri rreréd=25%§hteh2§r1e ot %c%dﬁﬁ@@onﬂ% Ahénpnc@gmnawémvehhdo
not devel o e el _ %@5
ant i bodi eslotvxlii‘;tg ﬁf’gﬁ’%ﬁ%ﬁ%??éé 2 Irngg'g bi ndi nB% hi H% flllﬁ'& sequen c?:%'le—ng.
7A, (A)), aBdbsleklhoen in En:gorﬂar(mRAIL—ACRPBO) In accordance with the
15 present invention, therefore, the fusion protein {5) is
found in solution as an oligomer, namely as a tetramer of

trimers.

Fig. 9 shows the wviability of Jurkat cells after the addi-
tion of TRAIL trimers (fusion protein with a flag sequence
20 at the N terminus and the amino acids 95 to 281 of human
TRAIL) in accordance with the state of the art without the
capability of bimerizing or oligomerizing {(comparative ex-
periment, Fig. 9A) and of dodekamers in accordance with the
present invention of the fusion protein (5) in accordance
25 with the present invention, TRAIL-ACRP30, in the presence
(*~) or absence (A) of anti-flag M2 antibodies. The obser-
vations in the experiment in Fig. 9 correspond to the find-
ings shown in Fig. 7. Whereas the TRAIL trimers do not de-
velop an apoptotic effect on the Jurkat cells in the ab-
30 sence of antibodies which oligomerize through binding to
the flag sequence (Fig. 9A, (A)), the dodekamer in accor-

dance with the present invention of fusion protein (5) in-

duces cell death in this experiment as well at a concentra-




with the present invention (tetraner of trimers) of fusion 30 protein (4)
induces cell death already at a concentrzion of approx. 10 ng/ m 3QKR® 70i8
f

ng/m) (Fig. 7B) . This can be seen quite clearly through a reduction o
the OD at 490 nm This apoptotic activity can be increased slightly

t hrough theiaddoti appafoxantiod | ag/ WP dsKihHddigs t9B a(dy ppaBgt iioicpéas8d 3 0
JUN 2004 dodekamers in accordance wth the present invention_con- sisting
of FasL- ACRH® thRjdRIpeet efneligomesdrakien frrhhefnethreSOMPinRA AN,
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effects. 10¢Jdhe 130 e;ehéoiaﬂueéwp@ésfsimmﬁ OhetA vl Imyﬂgqorgagance
with the present invention, I ch contains amno ac- ids 95 to 281 of _
hTRAI L as cpfpanenfrd i ¢l topsthenat innavtbhdahbe witiothei piregetomeitveh-
ACPR30 (AA 18-111) as conponent B is shown in Fig. B (TRAIL-ACRP30). In
accordance W®M-the 15 present invention, therefore, the fusion protein (5)
Is found in solution as an oligoner, nanely as a tetranmer of triners.

Fig. 9 showsyd hgnyhabiddildy %cg:]éﬁc‘;‘é‘t ofCh! Fuafilar gﬂ?ﬁ:éﬂ{j' 161 9 fcdBALL
trinmers (fusiton protein wt flag sequence 20 at the N term nus and the
am nol@ci dsd@&dceow2sh dhehgmesentRAnYentiaroe orhliagiceconthinke tdieatambhiot he
art wi thout the cq;oabi lity of binerizing or oligonerizing (conparative ex-
peri ment, PRReLd8A)7Tanko o Hodeka MY n(BecBUFARES VRS h ORIk eft 1in

i nvent] on, TRPEARRRA0 A Thle | M1 dbalGRNRR ol Ut JSRCRESYE AR
M2 anti bodi ¥8-1The aebseaomponent B and a flag sequence with linker at
the N terminus, is shown in Fig. 10‘(TNE‘a.—ACRP30). This
15 means that the fusion protein (6} is found in solution as a
dodekamer, namely as an oligomer (tetramer) of multimers

{trimers) .

Fig.ll shows the findings of a cell proliferation experi-
ment. Here as a value for the cell proliferation of CTé6
20 cells the incorporation of 3 [H]-thymidin into the CT6 cells
of mice as a function of the concentration of trimers of a
fusion protein in accordance with the state of the art
(flag and linker sequence at the N terminus with subsequent

amino acids 77 to 235 from murine TNFa} without a compo-

25 nent B was determined, in other words of the mTNFa trimer
(Fig. 11A), or of dodekamers (4x3) in accordance with the
present invention of the fusion protein (6) in accordance
with the present invention according to Fig. 6, mTNFa-
ACRP30 (Fig. 11B). The incorporation of 3[H]-thymidin is

30 shown in counts-per-minute {cpm). The experiments were car-
ried in the presence (“*) or absence (A) of anti-flag M2

antibodies. Here the trimer of mTNFae which is familiar

from the state of the art has only a slight proliferating




vations in the experinent in Fig. 9 correspond to the find- ings shown in
Fig. 7. Wiereas the TRAIL trinmers do not3ge- vel op an apoptotic efﬁfgt @2
the Jurkat cells in the ab 30 sence of antibodi es which oligonerize HP @ﬁ
binding to the flag sequence (Fig. 9A, (A)), the dodekaner in accor- dance
with the preféectianebhieoRTof deddisormfifvant diimdislg ite the&NEetécdpabir i2n

this experi _ .| at congent,r 5 3.0 JUN 2004 ti.qQn. of .approx.. 100
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further, thgegonbanedridd, et bbBedivetRA ftslodetkangadiendnaif -4heg-flag
antibodies can in addition form higher order aggregates in accordance with
5 the preseantibedbeson“ Witdhcough hithedasectmee-kinking casel tharefeast
tenfolg) apgftosis-lnducin%fac ivity (.Fig. 9B, (~)), fromoligoners in
accaor ddnce FrtP°TRELPLBYefit “Fren- tion. The amino acid sequence of a
fusion protein (6) in accor- 10 dance with the present invention, which

cont ai ns t henagon@ ragitdstd 7 tha 5935 9f FIENFA 1EM o TG bhier s 23 nC OAPEHLAANAE N
conmbi nation with the oligonerizing domain of mMACRP30 (AA 18-111) as
conponent BWvibl &b apresgubndavgntionnedr the trémErser meme, the sdown in

Fig. 10 (TNggg 30Q)e S .Nea , t fuysio 1n.(6);,is und
I n soluti ongggéég?dg’)(fek%%r ,f%%é‘rre ?%é\?%%no:??bo r %?%%?%%é?? g%l%l %F‘ﬁers
(triners). prgsddtshaventhenf,i shawwsa Oheavye?komiﬁbirheﬁ.ﬁbi @ BXPEr whigmnt .
Here as a value for the cell proliferation of CI6 20 cells the

i ncor pOr at i can oAl8eAHyt eriakiservrd abeSCrg/mdl (4) . ofhei cwmisimationt bdn of
the concentration_of trinmers of _a fusion protein in accordance with the

state of therase-linkapgamntinkkadsantdrediss and ndedekerpgsswi () in
‘subsequent %@&P&aﬁegd%{iﬁt @3Erfe§%ﬁ‘tm?{ iR Xds WL Ray n%ecoé@:g 23
nent B was determned, in other words of the mINFa trinmer Fig. 11A), or
of dodekanecentdas8y pnlycboddenceut hat Adight increase of the prolif-
erating effect in comparison with the findings with the
15 sole addition of the dodekamer in accordance with the pre-
sent invention. It can be seen from this that an oligomer
in accordance with the present invention, here in form of a

dodekamer, already has a practically optimum proliferation

effect.

20 The amino acid sequence of a fusion protein (7) in accor-
dance with the present invention, which contains the amino
acids 116 to 261 of hCD40L (h: human) as component A in
combination with the oligomerizing domain of ACRP30 (AA 18-
111) as component B, is shown in Fig. 12 (CD40L-ACRP30).

25 Fig. 13 shows, in exactly the same way as Fig. 11, the
findings of a cell proliferation experiment. However, in
this case, in contrast to Fig. 11, human PBL (peripheral
blood lymphocytes) were used. The figure shows the effect
of traditional CD40L, which is present in solution in the

30 form of a trimer (flag and linker sequences, as in Fig. 12,
with subsequent sequence from AA 16 to 261 of hCD40L with-

out an oligomerizing component B; Fig. 13A), on the cell

proliferation in comparison with the effect of dodekamers




present invention of the fusion protein (6) in accordance wth the present
invention according to Fig. 6, nmINFa- ACRP30 (Fig. 11B).. The incorpprjay i®n
of 3[H-thymdin is 30 shown in counts--per--mnute (cpn) . The experinents
were car- ried in the presence (') or absence (A) of anti-flag M

ant i bodi es. ihbaecbhdancbnwdthftmEN@xaMﬁnﬂ1ﬁnydhmﬁdﬁeuf fusienh herstata sof

the art h | | g 36_30 UN20 ffect on the CT6
col 1o af tor (Bl niFnATOTHRbIRE ROt BY BRepoRE. RSP ASLP 19 SHRVH odty

i ncreased pgg Ifqrzqtlam@i-mﬁpgoca(rn@ﬂ nim obﬁ%vesipéfrtm{edt@e é&iﬁlﬂéa” of
anti-flag antibodies (") through their cross-linking and therefore

ol i goneri zi agteifiethe hbseunbrdﬁn tocf tamtd - fillagFMg. ahﬂihﬁdxﬁnmﬂmownthat
accordance wth tgﬂhpresent nvention of the trimers, here the do- dekaner

of the3fusi BRepH? ?¥3m¢ﬁ ééoﬁH@Hﬁ%%ﬂk#th% PppeiépratinshteBEecEhow a
heavy prol i {gEabhgo &f ogh Whih 10 & LPSRh e PEITENEd LAl JBELLL( -

The conbi nation o cross [inki ng ant I es an aners ~
i n accordanaep wailireatdye i edehectrdentiitin mschr elwenceonmenmatumns ael‘c‘

only brin a sl ght |ncre e of the proljf- atin fect ip
‘con%ariso% ﬁ§§ﬁ5P PngHﬁk t het48 sgrﬁxhﬁd|F58HSo? JREk@RLR i n

accordance “ﬁ?ﬁllhﬁl@he' %ﬂ“oﬂﬂ@?nﬁbQBS,!hoEaBbESl%Q%nJdﬂ&@ﬂi&éti@ﬂ% an
oligoner in accordance with the.present invention, here in form of

dodekdfer, heraundg has a.$m@@$ntaat9dopt$mmnwmﬁtﬂntfﬂeuwhwseeff&hﬁolﬁﬁeThe
am no acid sequence_of. _a fusion.protein co dance, W t

econt | mveniCEREEaRioh (18! TRBIDHE Twhf) AduqtES Ths BSSR1haE iheuBE (1.
human) as ceppeselinfing aaeibifalg @mﬂmﬁdaﬁefse adld GomRIMand¥s APfBfils 9bn
ACRP30 (AA 18- 111) as conponent B, is shown in Fig. 12 (CD40L- ACRP30). 25

Fi g. 13 shopsotemnexdot |int hecogdanwey wis-h-i the 1presgst invention (4)
as reference can generate a further {to lower
15 concentrations) shift of a corresponding proliferation

effect through the formation of higher order aggregates.

Fig. 14 shows a schematic representation of the structure
of oligomerized multimers. Figﬁres 14A and 14B show schemas
of the appearance of native “bundle proteins” with their
20 already nativg oligomerized structure (Fig. 14A: hexamer of
head domain trimers which form the complement protein Clg;
Fig. 14B: tetramer of head domain trimers which form
ACRP30, a serum protein produced through adipocytes). In
this way, the head domains of the native monomers at the
25 Clg or ACRP30 complex are multimerized and oligomerized.
Whereas the Clqg oligomerizing complex is formed from three
different gene products, the ACRP30 cligomerizing complex
is a homododekamer, in other words identical multimerized
and oligomerized gene products. The respective individual
30 polypeptide chains on which the above-mentioned native oli-
gomerizing complexes are based each have a head domain, a

sequence section which can form a collagen triple helix,

and a sequence section which can ¢ligomerize 6 (Clq com-




findings of a cell proliferation experinment. However, in this case, in
contrast to Fig. 11, human PBL (periphersg bl ood |ynphocytes) wergiuggdio,
The figure shows the effect of traditional CD40L, which is present in
solution in the 30 formof a triner (flag and |inker sequences, as in Fig.
12, with sllssequent4 séjdBR3O foowplax)ladldZeh dfriigbdOhedhiths dmtan

ol i goneri zi.ng .,conponent B. Fig._13A). on the cell eliferation in
conpari son l\ﬁqﬁﬁ( {Eﬁ-gncglﬁ e% J{} %dgéa%PgmgxisBOr?JfRFgBﬁXeﬁ‘N'accor dance with
the present invention of fusion proteins (7) in accordance with the

present inygRf. a@scsiing na S¢BemiicChéPLe ARP30i0hi 6 B3B)LigUier-
experinments carried out in the absence (A) of anti-flag M antibodies show
that the dB3#OL multidRemnakn pReeerdanrs wWothr bhefRFESPRG énveationunf eds in

mch ower SO, PRPEBRE oft Resitn a R hgtn, S Pt AR R 1

variable "@d.djl ufuoidn ppodbehar (MOr dss shdwrahispl Bi@. capncEasIAHAGRES0)10
because a concentrated supernatant, whose absolute concentration is

unknown, wadtighidins TheuEokBAREERGE DTN ddgandskitgd anther THF ddIandi es
and dodeka?%_&)ofog ﬁéé}glem% 4 £1 'f‘Nf‘Qi?Qn&QCQQ dﬁglrﬁﬁ?%hla h@?%‘%ﬁ#'ﬁli—-

I nvention as refefence can generate a furt to | owe
concentr at igpxariste fto ok homodedekambimg rpradedrdaiconwiehf ehe phrarait t he

formation of higher order aggregates. Fig. 14 shows a schematic,-
r epr ebnt atdoie quhetgtfpﬁl&?hr eofcq}iliaﬁﬁfb‘ iLR&d ﬁﬁﬂf‘?ﬁé’?s.??—?ﬁh?_@g 1% and
14B show sGhRIBSCRE30 I PBoRERRARAN R rioraait e AN €1 BT 868hAS" FWt et heir
20 already native oligonerized structure (Fig. 14A° hexaner of “head domain
trimers whiatp¥er ninhe davgilamepropebrein @eogordpnge mig:ht theapsressnthead
domain tri rg.enr‘;envg}it ch form ACRP30, a serum protein produced through

n

adi pocytes)” s way, the head domai ns of.the native nononers at the

25 G g or ACRP30 conplex are nultinerized and ol igonerized.
Fig. 15A describes the construction of a further fusion

15 protein according to the present invention, namely
hEDA/FasL. Herein, the collagen domain of human EDA {amino
acids 160 to 242) serves as component B to which a Flag
epitope is fused N-terminally via a linker and to which a
component A, FasL (AA139-281, i.e. the extracellular domain

20 of FasL or a fragment thereof) in Fig. 15A, is coupled C-
terminally also via a linker. The fusion protein hEDA/FasL
according to the present invention is present as a hexamer,
a 2x3mer. The EDA protein is a further member of the TNF
family, which has also a collagen domain (Fig. 15A above)

25 besides a transmembrane domain and a TNF domain, and com-

prises 391 AA in its human form.

Fig. 15B illustrates studies with the fusion protein
hEDA/FasL according to the present invention. For the pro-
duction of the fusion protein, the collagen domain of human
30 EDA (AA 160 to 242) was initially amplified by correspond-
ing primers and then fused to the corresponding sequences
at the N- and C-terminus, respectively, for Flag and the
extracellular domain of human FasL (AA 139 to 281). Now,




Whereas the C q oligonerizing conplex is formed fromthree different gene
products, the ACRP30 oligomerizing conplsx is a honododekaner, i ®tnenos
. words identical multimerized and oligonerized gene products. The

respective individual 30 pol ypeptide chains on which the above-nentioned
native oIi-Fkﬁnm%$%iﬁ@PEBﬁﬁﬂgﬁe§qﬁﬁgﬁxﬁﬁ§ﬁhiiﬂg Hesam athead ideeiion aof

sequence segtl L n | 1 age riple e ngd. a uence
section whic lJ'.J%:]i[atnV\/('FL;I %g(])'(jrfgr iszeE}g] ?&9’% c%% ggésé’ﬁ)‘fuﬁb%& a[ﬂdgxghSr Sf?’rl LERP30
conpl ex) cqitatgsin t hEDAY Fasli con i the atHe | KahdpdlendérlGddidPoRonener s,
respectively. Fig 14C c ntgi ns.a schepmmtic representation of a oligoner-

| zed mul ti AAtITFIAS AheHeedy ¥2 Re Fitiept 2ddiRiPBno&t agtd Flagpmn-

proteif) i GEOIARSe bl Adeapt 85 eHPTIAMANGLN2 98 cA1IRIS A QAL (4)
as gshown in Fi g.ﬁG, FasL%ACRPBO , m?gﬁnﬁgg ?gu%g?r?gn]a'rllsie ﬁ:lrgdarpnds
(e.g. the TNentilgantirasafeyrted sdditenfasbf oFNREDAYH Y, asndomxpress ihg
whi ch oli - ‘ﬁ,(})meri ze to, a hom)dod% aner_in accordance_wi fh the present_10

i

h
i nvention tHIGIRHHPTRECRR1 alBRSI refQienaddss. thpiurkat fscgdhmsao In

protein as fpRONete By Ghen€s OHHQgdé@fe&éin?@&ﬁceh‘ﬁ:%t&%ﬂ]so'%rfg ein
I n accordance with the present invention. Fig. 15A describes the
construct i o dthey xuaxherofufiign 168 prexteiemprogmdiandt theheespesdritve

i nventd on, _nanel.y. hEDA/ FasL rein, .the coll.ggen domai n of , hu EDA

(ani nrhEod aci ¢ sarB%BIU“t% A5 2k, gﬁ? gglr(l,(&?pétﬁ'&?lﬁ t“@ﬁ%ﬂeﬁmﬁlﬁgﬁg@pimﬁ)e i's
fused N-tergiamldad vicgtatbixilkat vandese \Miisehi®ed 08DS8RRErE. FBSém the
(AA139-281, i.e. the extracellular donmain 20 of FasL or a fragnment thereof)

in Fig. 15MT3rh cbupladckearethntalfiaplaliso inactive kbthothe crosisdinkot ei n
o ot RN A AA ) e(B St LveRlL g HEREPhe S A 2
al so a col leffEctdooyi theFiant ikddpbiie el s dse st gisxbot redfifkyatdr ale. dami n
and alSTNF dc%rirletirgista%%é:roergo, the corresponding effect of a fusion pro-
tein according to the present invention, namely hEDA/FasL,

is already achieved without addition of M2 antibody (0). In
this case, the addition of M2 antibodies is still able to
increase the effect of the fusion protein according to the

20 present invention (e).

The present invention is explained in more detail by means

of the following embodiments:

The following experimental situations (a}) to (f) are to be
referred to for the six following embodiments, in so far as
25 appropriate and corresponding modifications disclosed loc.

cit. do not apply:

(a} Vector constructions for the FasL, TRAIL, TNFa and

CD40L fusion proteins

A DNA fragment encoding for the signal peptide of haemag-

30 glutinin, including 6 bases of the untranslated sequence in
the 5’ region (CAA AAC ATG GCT ATC ATC TAC CTC ATC CTC CTG
TTC ACC GCT GTG CGG GGC) and the flag epitop (GAT TAC ARAA




prises 391 AAin its human form Fig. 15B illustrates studies with the
fusion protein hEDA/ FasL according to t4te present invention. For t?ﬁAﬂﬁg-
duction of the fusion protein, the collagen domain of hunman 30 EDA g
to 242) was initially anplified by correspond- ing prinmers and then fused
to the cor (F¥pEFAR ARG GRENBRB) , athehdinkeznfiG@At €FHi GGS, CREs A& ICAS )y, for

Flag and t extr | ] ul i unma sL 139 to w39
30 JUN 200}%}5 g?ie réetérogge%ﬁ'gaedyur\%s&fesgﬁgﬁhg #frﬁgim té}"lne&t i%ﬁ%’h onwe(ﬁe
Jurkat T-cejlches tihetsén obhéheeate ittridnand tielse HimdTm ampd oBamHThBEA/ fasl
on the other hand, under_addition of _ anti-Flag antibody M2 and w t hout
addi ti on ofmogkfigd oECRAIE vasd®r MEIn¥iEEPFaRanty ( VENptéeriandsy | s,
bel Ng 4 ran-,31 HiLY thANBEAELh 2105534 0" dRERECEAYPAGBEK P! 888 he
these proteins, were therefore added to Jurkat T-cells. In 'successive
exper i ment sxpies siconeaseagoroof ehheatrbdmersbofasLobhhehaminaxiaciafs AP 15B

wer e enpl oyed the respective 10 viahility rate of the Jurkat T-cells
was deter'm%déi@ Prﬁle the FSRAMPCS SPGQQEP9y¥P§s§‘“&@§brWﬂd’ eéé"é%ﬁgr Y From

the graph ife i Se6t£2EL1BA! fdels | BstPAGRHY EHRINOWe K Ogabl 1K1 elinGilth
antibody (0), and in this case only the crossllnklng effect by the
anti body MPGRauwet clomed ciefthet moddfiednPCBITDNnveatorthereto, the
correspondi ng effect of a fusion pro- tein according to the present

i nvenijon, nhamnel DA/ FaslL s al.ready achi eved w t hout _addition _af M
ant oy " SPE Thle (RPESRASEe FRETANS LI SHAIeNe c£OF o i AT 1o
i ncrease tha:iid epd3 ofo 281§ usr@iel 6hebBtACSOAEE NBy! BcbiRE rél tRfieadtn
invention ()_ The present invention is explained in nore detail by neans

of the fol WY adodmneAditioRe atoIhhsni g B RY nEhe al iBkegaSeaencs to

(f) are to e r t ORyrt I X, f oW e |,me [ o] as

25 appropr iég’?g%néﬁgo%ﬁtes%é%deng%%i F]Y cca"Jtﬂleo\rgsﬂ% sgpgggd ﬁ)%) dnd0 £
natural, untranslated sequence (GAG AAG CAC TTT GGG ATT CTT

15 TCC ATT ATG ATT CTT TGT TAC AGG CAC CGA GAT GTT GAA GCC)

was cloned into the EcoRI restriction site of the vector PS
038. The “super FasL” (Fig. 4, fusion protein (3)) was gen-
erated by the introduction of a point mutation in the
linker sequence of the vector PS5 038, in that the sequence
20 CAGTGTGCTG on the 5’ side of the EcoRI restriction site was
replaced by CAGTCTGCAG with the help of PCR mutation meth-
ods. Following this the FaslL (amino acids 103 to 281) was
cloned into the modified PS 038 in the manner described

above.

25 For human TRAIL, murine TNFa and human CD40L, parts of the

extracellular domains (TRAIL: amino acids 95 to 281, TNF«:
amino acids 77 to 235, CD40L: amino acids 116 to 261) with
Pstl restriction sites at the 5’ end and a stop codon and
Spel and EcoRI restriction sites were amplified through PCR

30 and cloned in the vector PCRII (Invitrogen). For the ex-

pression of the ligands as trimers firstly the sequence GAT
TAC AAA GAC GAT GAC GAT AAA, encoding for the flag tag, and
the linker sequence GGA CCC GGA CAG GTG CAG were inserted




cit. do not apply: (a) Vector constructions for the FasL, TRAIL, TNFa and
CDA0OL fusion proteins A DNA fragment encggding for the signal peptideé afy 200
haemag- 30 glutinin, including 6 bases of the untransl ated sequence in the
5" region (CAA AAC ATG GCT ATC ATC TAC CTC ATC CTC CTG TTC ACC CCT GIG CGG
G3C) and t le=tvean ephe ope§ GATICEAGNALA tA3 BAaHIUNMIMRD 0As GACi AT heAG Lfdo AAA) |

the |inker GGA CA G ), lhe restriction sites Pstl, Sall,
Xho!l and BMQL&gﬁﬁégﬁt agﬁgt h%”l’%JsJ(:Y'i cttihen g?-gé&dﬂi OB &n s EanH

of a nodifdrshdd R4 | pyeL)Sbet | PYaEREARY. iAVPEESK Netherlands) in which
the bases 720-769 were deleted (PS'038). For the expressions vector of the

trimeric FasL the amino acids 139 to 281 of the sequence encoding for
human FasL,THe agspregsicne vestor ctfioon Bask<AGRRI0 awdsEcoRrstmactednplinfi ed

with PCR and c din the nodified PCRIJI_.ve . 10 Fo examgric
Fasl t e-erikgb i#‘gif%%%c‘éa¥0rg¥hé“e§tﬂ%c?é a@%?%f%‘&n§8é‘f\%?§&%éé Pot h
si des by Ecidodiafd 'sddhidrce SEéeStB8daningddeidan1iot tbhe1d' ofNEHY e
| i nker sequence GGCTT and at the 3' end by the stop codon (TAA) and the
natural , urknearRIBE3, sEraeadebyGABeAAESEAG CEEPIGEE g 8531 18nfic@aT, ATG

Festri ot on' ted iy h dphddg tited Ehe PR R08F chipn Mg S,

protein (3)pheesegesr ehabddnhy fide taimerict FasLof(ia paidh Aukaki athae the
| i nker sequence_of, the vector, PS 038, in that the sequence 20 CAGIGIGCTG on
the 510 si dehy fyiqne® Vpdll Frtli sestirdetinn sidm sty bycaretcracAdei th

105 1o 280)° vee I Zhen e nE s ohe Hhd e sl oS YRR neeR hae A C
above. 25 Faredmimem dRAthe fusine TPededmd hfiterheClether p@NEs oyt dkimes
with ACRP30 were created by substitution of the correspond-
ing sequence of FasL in the expression vector FasL-ACRP30
15 by the respective ligand sequence into the restriction
sites PstI and EcoRI.

(b) Expressing and purifying the recombinant fusion pro-

teins:

Stable clones were established in bacteria (strain M15 with

20 plasmid pRepd4, Qiagen) for the trimeric TRAIL, TNFa and
CD40L. The respective clones were precultivated overnight

‘ at 37°C in LB broth with ampicillin (100 pg/ml) and kanamy-
cin (50 pg/ml) and were used to inoculate the main culture |

(dilution 1:50, growth at 37°C), which was induced for the

25 expression after one hour with 0.5 mM IPTG (Sigma) for six
hours. The bacteria were harvested by means of centrifuga-

tion, washed twice in PBS, lysated in the “French press”

and the lysate was separated from the insoluble rest by
centrifugation. Stable clones were made for all FaslL pro-

30 teins in HEK293 cells by means of selection in 800 ug/ml

G418 (see loc. cit. as well: Schneider et al., J. Exp. Med,
1998). |




extracel lul ar domains (TRAIL: amno acids 95 to 281, TNFa: amno acids 77
to 235, CD40L: amino acids 116 to 261) w4h Pstl restriction sitess U’iBUleﬁl;
5' end and a stop codon and Spel and EcoRl restriction sites were
anplified through PCR 30 and cloned in the vector PCRII (lnvitrogen). For
the ex- prebise onrbhethe bhdabdscaas=rid Meigaddy sdnd $lipe s eFUENC Ke@ST pdAC

AAA GAC GAT AAA, . encoding for the fla a and the |inker
sequence G@?‘%A © Eh@Téu@&é\ﬁraé’q%s%@t%’t%hgigﬁlQW2964°t§et%‘Fﬁrhe
restriction.git esySapsh B@dmgﬁhb b LReinee 0Ehr8§§t$ r&éh?g eg%%

s in PS The

Finally, the ligands were sub- cloned as Pstl/Spel
expressi on xeee ol SigmaFadwitcrrIGnd)s, cehstedcwéuhl rSO Endﬂheltmlalte\mmway

By nmeans of ,the ES ong AA673154 t he enco enc fo m no
aci ds 18 t o1 of}-tﬁé |H‘E“%EF§F’§%‘ Yt P& 5339 E}Pr é RS
Nsi | and Pst}is-NEB Qan&d Ehy Riite "BhReds w&%orte@ﬁ.a%%fd H)eSPBSCEhorb&hle of
the vector encoding for trinmeric FasL (in such a way that” 10 the fusioned

Nsi|/Pstl resniratony (Fertmbkonodfi eBmipgonhorp.,sEadeton,t B¥,efiEddi ng
sequence). The vectors for the ex- pression of the fusion proteins of the

gg??ésgyﬁd%{l ng seZug\rycﬁeQ%ﬁcgp%% Y\ﬁu?ﬁéé %F‘li%g??/o‘?lé%%t k’ggtll‘—"g'%tcpf th%bheiS by

t he respectfoEldwiend mmcem‘hat Ostipern£6int st witre SmigedPsiitRNGHEa9RI .
(b) Ex resa%r}g%and puri f t he recorrbl nant fusion pro- teins: Stable
cl onetd wer &3t aBPAsHed n 20r3Rd ( $beaipH I\/EBJ-RFt H’352039Fa§rﬁ d7pRegay

Q agen) forméé}?s bl &€ gﬁ% %;}pﬂc&ﬂmo ﬁﬁﬁfﬁg wer e
precul tivated overni Bﬁ %t %’3 l\{%’ roth w Jﬂ}l anprciIlTrn lJ(%OE)) pg and
kanany- ci wd$0 Pwml )baundt waree Mlethdgaxradseoc UlSdgemat,he Swiitizealland)e and
(dilution 1:50 r owt t ) \ﬁh d for the pessmn
after one h t%ﬁgtWOJﬂggn@rjrgTél Sl“éﬂﬂ%%‘f er was rep 388 by
in concentrators. The concentration of purified proteins
15 was determined through the bicinchonin acid process (Pierce
Chemical Co., Rockford, IL, USA) using bovine serum albumin
as a standard and the purity of the samples was determined

through SDS~-PAGE and Coomassie Blue staining.

The fusion proteins of TRAIL, TNFa and CD40L with ACRP30
20 were added in the respective assays in the form of enriched
supernatants which were produced in the following manner:
293T cells were transfected with the respective expressions
plasmids through the calcium phosphate method. After the
cells had been incubated with the precipitate for 16 hours,
25 the cells were washed with PBS and incubated for 4 days in
a serum-free medium (Optimen, Gibco BRL). The supernatants
were reduced to one-twentieth of the original volume
through concentrators and the presence of the protein was

checked with Western blotting. In the case of TRAIL-ACRP30
30 and TNFa-ACRP30 titrations of these proteins were compared

with titrations of purified trimeric TRAIL or TNFa in or-
der to determine the respective concentration of the

recombinant fusion proteins.




hours. The bacteria were harvested by neans of centrifuga- tion, washed
twice in PBS, lysated in the "French prgss" and the |ysate was segﬂr@pe@%
fromthe insoluble rest by centrifugation. Stable clones were nade f I
FasL pro 30 teins in HEK293 cells by neans of selection in 800 pg/m (418
(see loc. cid). Caealding tSohneollecudbralweight Bxp.tidednultdN8yrs 4hrhgiN

2004 The trinmeric and hexanerig |igands and super FasL were pu- rified from
t he super nat antgseciﬁPes‘imfrﬂ %oﬁb&oﬂ?g‘a‘ﬂrﬁae- rial |ysates by nmeans of

affinity chromatography on M2 aga- rose (Sigma, Switzerland), eluted with

50 M citrafe Neke S ofpH e 2d3) FRBGATEES 20! Yroeuling! ives Welkl Hhihap! une
Tris-HCL (pH =8) . The buffer was replaced by PBS in con- centrators

( Cent ri kon-t3gous @l dorl:ratthen opn Fupetday 200 sHRRE/30 K&barwadiajur i ne

ACRP3Q wer [ fal i n .fol | ow ng.manner . _The syperpatants were m xed
wth Somv TPSGHLERT TR eats  Erh B ol e A St A R ans
of hydrochlagid cotglBhhigpH. i nTheheecsHds N3t tHOt €F ime@e tdiad Balachd O

ML- agarose (Sigma, Switzerland) and eluted in TBS-EDTA (10 nM. The bcfjffer
was repl acddIAnIBS and EgrEdfinatand . ovatbwminr efiorattingn MERBEP| usion

roteins 1 : erJg h I Cl nj CJ cess | erce
IOChem' cal é%&gﬁ'orﬁyﬁ%é%ﬁ)%ﬁg?ngh%o(g/él’%g&geifﬁmga#‘gﬁ%ﬁ"% ggs 2zQi)I(DJIst“'ei'ﬁdard
and the purdlteaf witeh sEBP| ¢6.5amldatiey) maned cdlllemtgdd SN5- PAGELaBGs of

Coonmgssi e Bl slta-gi ni ng. The fusion Erotei ns of TRAIL, TNFa and CD40L with
ACRPI® 20 Unere Bdded T PRESEEGSecPEy LR SRFSTRANShELR ot f dddtiegiant

super nat antggAahiichh Ve b @+ BLOdYEEL: bRt h Bk Ol Vi UYh rfgg&t LordSEehlliday yere

transfected wth the respective expressions plasm rough the calcium
phosphat e mstiifodasifdetexthinedewlithhiiéstieen biotlidingd WFhe s$hzepodcitid at e

for 16 hours, .25 the cel wer e she ith P and jncubate Qr 4 s in
a serum fr && OrSd m%'(aaptcle%?fm@%\@oms%ﬁ\)%hq‘htégg%p%g nélggﬁ?giogualn (6df’a§/
kDa), ferritin (440 kba), catalase (262 kDa), aldolase (158
15 kDa), bovine serum albumin (67 kDa), ovalbumin (43 kDa)

chymotrypsinogen A (25 kDa) and ribonuclease A (13.7 kDa).
(dy Cells:

Murine B-lymphoma A20 cells were held in DMEM which con-
tained 5% heat-inactivated FCS. The human T-lymphoplastom-—
20 Jurkat cells, BJAB Burkitt’s-lymphoma cells were cultivated
in RPMI, accompanied by 10% FCS. The human embryonic renal
cells 293 were cultivated in a DMEM multi-material mixture
F12 (1:1), accompanied by 2% FCS. All media contained anti-
biotics (penicillin and streptomycin at 5 ng/ml respec-
25 tively and neomycin at 10 pg/ml). The IL-2 dependent murine
cytoxic T-cell line CTé was cultivated in RPMI, supple-
mented by 10% FCS, 1 mM natriumpyruvate, 50 uM 2-
mercaptoethanol, 10 mM hepes and 10% conditioned EL-4 cell

supernatant.
30 (e) Cytotoxic assay:

The cytotoxic assay was carried out essentially as de-

scribed previously by Schneider et al. (J. Biol. Chen.,



were reduced to one-twentieth of the original volune through concentrators
and the presence of the protein was chegked with Western blotting. hn Ngﬁm
case of TRAIL-ACRP30 30 and TNFa- ACRP30 titrations of these proteiné Wi

conpared with titrations of purified trimeric TRAIL or TNFa in or- der to
det er m ne t2¥ rlEf&+188320nkedT) at FhAtpf thbesandcoabl sane reudin@utpioi€i ns.
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5 Reconbi nant protein with the internal stahdards catal ase and oval bum n
in the casdussange t ernm@bisengrl Abxarengdéml | MBarade ikodly f 2 | ggimandcor
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after precgﬁitation through trichloro ethanoic acid was deternined with
West ern bl stifmatdiy ItHul a3 ode- &y} heb - p3 vcarbex st hist yphengd I w2t 4the hel p of

t hyr ogl obul j f 9 ferriti 440 Kk atal ase (262 k ,:al dol ase
(158 15 kDa“flén?g’S‘.eﬁ‘ klgg%zu 55 Eﬁﬁlf%ﬁ'kﬁﬁ%?"égﬁ%ﬁ%n é(%ékaa Adison,
chynot rypsiwmggenThe ( 2o lchdy) asdelbprate! aase A Ackied Kbz) .thd) i%¥ed
Murine B-1ynphonma A20 cells were held in DMEM which con- tained 5%

heat -i%hact v d{ Rt cahby hdman 3r-housRbpl 3beoabEorhanaa ¢as| neagw@d
Burkitt's-| hyacells were cultivated in RPM, acconpani ed by 10% FCS
The human enbryonic renal cells 293 were cultivated in a DVEM

mul ti-material mxture F12 (1:1), acconpanied by 2% FCS. Al nedia
‘cont ai ned af)i B wiedtli grlpdierzttiom amshywt reptonycin at 5 pg/m respec 25
tively and neomycin at 10 pg/m ). The IL-2 dependent nurine cytoxic T-cel

line CT6\M€5f§“53§§¥f¥gié%fﬁgAWeggp%Eﬁécted by means of FACS sorting
from human PBL (peripheral blood lymphocytes) with magnetic

15 “beads” and purified, whereas CD-19 negative cells were ir-
radiated with 3000 rad. One hundred thousand purified CD-19

positive cells were incubated for 72 hours in 96-well

plates with 100,000 autologous CD-19 negative irradiated

PBL in 120 pl medium (RPMI 10% FCS, antibiotics) with the

20 titrated soluble CD40L fusion proteins, with or without M2
antibodies (10 pg/ml). Subsequently, the cells were pulsed

fo; 6 hours with [*H]-thymidin and the incorporation was

measured with liquid scintillation counting.

With regard to the description of the methods used for im-
25 plementing the embodiments explicit reference is made oth-
erwise to Schneider et al. (J. Exp. Med., Vol. 187, No. 8,
1998, 1205-1213) and the publications quoted there as ref-

erences.
lst embodiment

30 A recombinant fusion protein (2) was expressed which had
the amino acids 103 to 281 of the hFasL (h: human) as com-

ponent A and at the N-terminus of amino acid 103 a sequence




mented by 10% FCS, 1 nmM natri unpyruvate, 50 pM 2- nercaptoethanol, 10 nM
hepes and 10% conditioned EL-4 cell supggnhatant. 30 (e) Cytotoxic:@@ggwﬁmﬂ
The cytotoxic assay was carried out essentially as de- scribed previolsly
by Schneider et al. (J. Biol. Chem, 44 3 a JUN 2004 272:18827-18833,
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Exp. Med., y?é'o%8gFa§2'(§ig. 1).

The wvector construction of the fusion proteins (1) and (2)

15 took place in accordance with the procedure described in
{(2) . The expression and purification of the fusion proteins
took place in accordance with the procedure described in
(b).

The purified fusion proteins (1) were subjected to reducing
20 or non-reducing conditions and then gel electrophoretically
separated (Fig. 2), linked with a rough determination of

the molecular weight of the respective bands.

Finally, A20 and Jurkat cells cultivated in accordance with
(d) were removed and subjected to a cytotoxic assay in ac-

25 cordance with (e). The assay was carried out (Fig. 3) for
each of the two cell lines with increésing concentrations
of trimerized fusion protein (1) or of bimers of trimers
(in other words hexamers) of the fusion protein (2) in the
presence or absence of anti-flag M2 antibodies (Sigma,

30 Buchs, Switzerland), in that the absorbance was determined
at OD 490 mm.

an

embodiment




1998, 1205-1213) and the publications quoted there as ref- erences. 1st
enbodi ment 30 A reconbi nant fusion proteig (2) was expressed mhichd?@d t he
amino acids 103 to 281 of the hFasL (h: human) as com ponent A and atUN Al
N-term nus of am no acid 103 a sequence 45 30 JUN 2004 of 18 AA

. ( VDLEGSTSNGRQGASZ diibisan € alfhed ompasidt 6ih | NREN Jwads egpPBaBEAl WhidR had
addition, a flag sequence wth the am no_acids DYK and a |inker
sequence GPERQABING |amidy 193 sond8lcelipkhg AFashe A% teomPERENLf At Bad

fusi on protgin (N= L nal C ent.: ki O o] ragi
experi rrentsfata tg%i gl;ltt%%gﬁ?g?lﬁ ?;15 %Rgxgcﬁr@es{sd;% \??\‘hlj%%qlg s%ghag(%atﬁée A
above-ment i dVELEGSISNSRDIAGIRIGt sdheaM édr mpadd fdid hlihkeginmad | Bbgpo-
sequence foll ow ng at tggic-terninus and connected to this at the

CternPnus PRETIFE -antho28Ci 810889 & -1 SRTYAEAEE . WAERO A AN u3FdAspr o-
Lepmue or g . i g o |
tein (1) d bybbonkoBrd'S O RESE ehBaliéncbnERLaTOROIEA AN g fg{fsggggrrﬁe

the specific i nker and the amno aci'ds 3to
vect or conscoupilicgn aft t hde udl-drepriotes nof{ 1)thend fwyior5 pookephacdNi-n

accordance wi'th.th prggedure describ&ﬁ in (a). Fhe expressi on and
purificati ofr® udESR GRRPARRA dkﬁﬁ%gée r accordance with the

procedure degel idRthdrht i) -exdpier AL s €€hé UBL1NORT BRI n 1)1 )BE8s ex-
subj ected to reducing 20 or non-reducing conditions and then gel

el ect A@phor presatedy ive fheatsete May, a®) the [(AREdembodimentudFidet dnni nati on
of the nol ecul ar wei ght of the respective bands. Finally, A20 and Jurkat

cells culti eq, | C ] d k €N supjected to,a
cytotoxic a\éf‘gltgy%ieﬁ;E e?%p Teot acn%ge&gvi ?% %%%?E%iéggs§§§ t%ggscaﬁ)i e%lmgut&() Fig.
3) for eackook tgimadewisehbcbirdasce tWithctleaspagceaneentdeidilsed ofor
trimerized f%iion protein (1) or of binmers of trinmers ,
embodiment 1. The expression and purification of the fusion
proteins took place in accordance with the procedure de-

15 scribed in (b).

Finally, A20 and Jurkat cells cultivated in accordance with
(d) were removed and subjected to a cytotoxic assay in ac-
cordance with (e). The assay was carried out (Fig. 5) for
each of the two cell lines with increasing concentrations
20 of trimerized fusion protein (3) in the presence or absence
of anti-flag M2 antibodies (Sigma, Buchs, Switzerland), in

that the absorbance was determined at OD 450 mm.
3" embodiment

A recombinant fusion protein (4) was expressed which had
25 the amino acids 139 to 281 of the hFasL as component A and
at the N-terminus of amino acid 139 of component A firstly
the linker dimer with the sequence LQ and then still fur-
ther N-terminally a sequence of 94 AA from the protein
mACRP30 (AA 18 to 111), the oligomerizing domain, as compo-
30 nent B. In addition, a flag sequence with the amino acids
DYKDDDDK and a linker sequence GPGQVQLH following this was
coupled at the N-terminus of the fusion protein (4) (N-

terminally from component B} (Fig. 6);




(in other words hexaners) of the fusion protein (2) in the presence or
absence of anti-flag M2 antibodies (Signa7 30 Buchs, Switzerland) EFU%]@@@,}
t he absorbance was determned at OD 490 nm 2nd enbodi nent 46 30 4

A reconbin fusian protein.(3) s _expressed i ch _had he am no agi ds

103 to 281a’g$‘eth%‘whll9§ng5§tgé‘rrpoﬁgﬁt wﬁégnﬂse‘gt Fe ﬁPF’BPﬁPgﬁd‘?eofe’é?ﬁﬁé"aci d
103 a sequemertef 18 AA (VDLEGSTSNGRQSAG RL, so-called specific linker) as
conpo 5 vent B. In addition, a flag sequence with the am no acids DYKDDDDK

and a |inker sequence GVQLQ following this was coupled at the
N-terninus o€t REPFEEPoANpRBFePHIMElcatiam AT i FHinhdedteB)s teps.
4). For co i ' S ot frusy | 235 1 ressed
in the sangpaéééagﬁtﬁéeﬁgFgE%%o |%§nf F?EFE%@EE$£é&%%%tor‘%éﬂ%tﬁﬁgtion of
the fusion proteins (3) and (1) took place in accordance with the
procedire dEispalbgd fBTAB eBugdiitdrits 11yhpbomapraskl®on aall gurkbitcatedhsof

t he fusi tei t ook pl - d ith th d de- 15
scribed in CBICIERRER 10 ASGCRRHRRER YL BRI 1) YRFS ateRTYF o @B danbR™w t h

(d) were resayeddapd auBleetBsilo adsex A HceRMWMEd Wittt (OF dajiee MELh
(e). The asSay was carried out (Fig. 5 for each of the two cell Iines
wi th increastyigwasncanriadi ons A0igf. thi ded sedhf ofi dtheprtsteicelB)lineshe

presence or absence _of anti-fla ntibodies (Sigma, Buch .

B tzor | andf Lo n LHGRTAT T AGoST e A tIePty HTRIFLS GF aBenfusign
enbodilgent Arbeednbi(lantorf ust Fl PhohetDzéd) t vasie X PGBk atr) e £45 the
am no acids 139 to 281 of the hFasL as conponent A and at the N-term nus of

ami no aci d 389noPTeERBBndAY - AthRtsmepns I [thek Siecmdnant FaHe AER3Ace
LQ and then sts}! §HM the presence or absence of anti-flag M2 antibod-

ies (Sigma, see above), in that the absorbance was deter-

mined at CD 490 pmm.
15 4™ embodiment

A recombinant fusion protein (5) was expressed which had
the amino acids 95 to 281 of the hTRAIL (h: human) as com-
ponent A and at the N-terminus of amino acid 95 of compo-
nent A firstly the linker dimer with the sequence LQ and
20 then more N-terminally a sequence of 94 AA from the protein
mACRP30 (AA 18 to 111), the ocligomerizing demain, as compo-
nent B. In addition, a flag sequence with the amino acids
DYKDDDDK and a linker sequence GPGQVQLH following this was
coupled at the N-terminus of the fusion protein (N-
25 terminally from component B) (Fig. 8}.
For comparative experiments a fusion protein was expressed
{not shown in Fig. 8) which is found in solution as a
trimer (TRAIL trimer). This comparative experiment protein
has (from the N-terminus to the C-terminus) the flag se-
30 quence, the linker with the sequence GPGQVQLH and finally
hTRAIL (AA 95 to 281). In contrast to fusion protein (5)
the component B (mACRP30: AA 18 to 111) and the linker with

the sequence LQ are missing.




ther N-termnally a sequence of 94 AA fromthe protein mACRP30 (AA 1B to
111), the oligonerizing donain, as conpg B0 nent B. In addition, a;fyl
sequence with the am no acids DYKDDDDK and a |inker seguence GDG('j/&_ 200
following this was coupled at the N-termnus of the fusion protein (4) (N

term nal |y Thonomgponest dFboriflicatiod 8£Ithe2804idheplkbticdm Prdskn
(1) was used for conparative experi- nments. The expression and purification

of the fus%*ﬁ‘iﬁ oL HRECQEAANCH | WEED, EhﬁcESPaﬁﬁ’ééemﬁi?ﬁthEeﬁr ddedime
described in (b). 5 Finally, BJAB Burkitt's |ynphoma -cells and Jurkat cells
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5% Embodiment

A recombinant fusion protein (6) was expressed which had

15 the amino acids 77 to 235 of the mTNFa (m: murine) as com-
ponent A and at the N-terminus of amino acid 85 firstly the
linker dimer with the sequence LQ and then further N-
terminally a sequence of 94 BAA from the protein mACRP30 (AA
18 to 111), the oligomerizing domain, as component B. In

20 addition, a flag sequence with the amino acids DYKDDDDK and
a linker sequence GPGOVQLH following this was coupled at
the N-terminus of the fusion protein {(N-terminally from

component B) (Fig. 10).

For comparative experiments a fusion protein was expressed
25 (not shown in Fig. 10) which is found in solution as a
trimer {INFa trimer). This comparative experiment protein
has (from the N-terminus to the C-terminus} the flag se-
quence, the linker with the sequence GPGQVQLH and finally
mINFo (AA 77 to 235). In contrast to fusion protein (6)
30 the component B (mACRP30: AA 18 to 111) and the linker with

the sequence LQ are missing.




(not shown in Fig. 8) which is found in solution as a triner (TRAIL
trinmer). This conparative experinment projgin has (fromthe N-termnus to
the CGtermnus) the flag se 30 quence, the linker with the sequence 0 JUN 2004
GPGQVQLH and finally hTRAIL (AA 95 to 281). In contrast to fusion protein
(5) the cohpenexyrds$hdCREBA: pASiL¥d dae ibhl hfantet Hashionk proddihs tHok
sequence L re m ssi n%. éS 30JUL\I2gg4 5 The expression and purification of
the fusion BriteiR-2ooREEPNGR Wi o ths @ERcedirenhdeRerpPsdedd dRlescri bed

in (b). Finally, T-Iynphoblastoma Jurkat cells cultivated in accor- dance

with (d) wewgek eer¥edeapd stibheekad tOrdl CHRIPEE aSSSRY 1hN AV HANCS
wth (e). The assay was carried out (Fig. 9) with increasing
concent r at i Wwhih of £} rtheref becthecfs asidingpioceeasinghconcend ra®iRals of

sequ‘._enﬁe (for_a conpari- son) or of _the oligonerized trimers of the fusion

proteih (5NEGn LIRS SwoPBs TOFE GrfoRRikanetigemeke rmeriodpkaners of
TRAI L- ACRP. 3 IL.n the presence or .absence of anti-flag, .M anti bodies
(Si gna, segﬂ%\%‘@ée‘}? itﬁeft iPa'feD?%c%b'é’Er @é’ﬁ(?_é’ce\mé’sfofé—fte‘r'nﬁ 9 Ye &5 H4gtPdmn
5th Enbodi npdd  sigeobidaninbysh oBopEeibetR118) wdes Xpeeadgddini ch had 15

the amno acids 77 to 235 of the mINFa (in: nurine) as com ponent A and at
the NNtermnus of amno acid 85 firstly the Ilinker dieter with the
sequence Lanhdhierpurpeser GT6t eedilsaweyeapsepacadefotr 84 pakiiocbmf he

protein mA 1 h |.i gonerizing, domain, as conponeni B.
"1750 aaat oo B ld Brede chlRdRn  8RBR s tatn R kBeoBk SRR OF nker
sequehte GR#(ddd f eldnasnmgrdthicnyaoforpled Aipetdiee Dhter ffnuss pf thge
fusion protein (N-termnally from conponent B)(Fig. 10). For conparative

exper i nent SCHL¥1sYRRe piBEUPAtREs Ik el bt @1atewn (AR, PP§. cERlswhi ch
is found i npePlIWEiP) 8Sr@a period of 16 hours with the indicated con-
centrations of TNFa-ACRP30 oligomers or mTNFa in the pres-
ence or in the absence of 2 pg/ml M2 monoclonal antibodies
15 and in the absence of EL-4 supernatant. The cells were
‘pulsed for an additional period of 6 hours with 3[H]-
thymidin (0.5 pCi/well), subjected to three cycles of
freezing and thawing and finally harvested. The 2[H]-
thymidin incorporation was finally checked by means of a

20 liquid scintillation method (Fig. 11).
6" embodiment

A recombinant fusion protein (7) was expressed which had
the amino acids 116 to 261 of the hCD40L (h: human) as com-
ponent A and at the N-terminus of amino acid 95 of compo-
25 nent A firstly the linker dimer LQ and then further N-
terminally a sequence of 94 AR from the protein mACRP30 (AA
18 to 111), the oligomerizing domain, as component B. In
addition, a flag sequence with the amino acids DYKDDDDK and
a linker sequence GPGQVQLH following this was coupled at
30 the N-terminus of the fusion protein (N-terminally from

component B) (Fig. 12).




trimer (TNFa trimer). This conparative experinment protein has (fromthe
N-termnus to the Ctermnus) the flag $ quence, the |linker vm'tB tfm\g
sequence GPGQVQLH and finally mINFa (AA 77 to 235). In contrast cp‘ﬂ 10
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fusion protein (7) was expressed which had the amno acids 116 to 261 of
t he hCD40L FihalAypyanjhas cedh pmkﬁlfeﬁaamdnamslslag Nert e amcnursdarfcanwidaci d

‘95 of conmp 5 nent Afirstly t er LQg%gthe furt her

t ermi nal | yqﬁse‘dﬁﬁncﬁaﬁpﬁﬂ A%u{gro?ﬁl? 1= Cb‘?%fel P mAERP30 E\ﬁ eby coor
trimer CD40L-ACRP30 oligomers (homododekamers) were added
in the presence or absence of anti-flag M2 antibodies

15 {Sigma, see above) ( Fig. 13).

7% embodiment

7.1 Experimental procedures

The 7*" embodiment refers to fusion proteins which consists
of a multimerizing and oligomerizing component A and a re-

20 ceptor as component B.
(A) Vector constructions

The fusion proteins were constructed from a modified PCR-3
Vector (from Invitrogen) as an arrangement of interchange-

“able modules in the following order (5' to 3'):

25 (a) a HindIII/SalIl modul, containing the extracellular do-
main of receptor, with a preceeding Kozak sequence GCCACC
{in the case of hTNF-R1 (amino acids 1 - 211); h-TRAIL-R1
(amino acids 1- 239); h-TRAIL-R2 (amino acids 1 - 212); h-
TRAIL-R3 (amino acids 1- 240) and hCD40 (amino acids 1 -
30 1383) or in the case of hFasR {amino acids 1 - 170) by




18 to 111), the oligonerizing domain, as corrponent B. In addition, a flag
sequence with the am no aci ds DYKDDDDI { a |linker sequence GPGQy/ JUN 2004
following this was coupled at 30 the N-t¥€ mnus of the fusion protein

(N-termnally from conponent B)(Fig. 12). 50 3 0 JUN 2004 For conparative

exper i ment S Pad1heg OPnPERLAIN MAS EXDECSESEs §A0EHENGWOLKR rBnG 1 akddq Wekch i's
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d f PBL,. wh
T er - Conott ABRES TR e B oo oy sTeYerE SRRASTS T ey Bance
or absence gpgpnt Emb! aGn AN NP4 851 15 46F)9ne, Géf?@aﬁieox%sgsﬁl-g cémb-

7e' embodi nent’ 7.1 Experi nmental procedures The 7th enbodi nment réfers to
f usi on pr ot GambnehiactidsongRst s75,0f GenBahki nh'lr(JSzQQﬁj anddol i goerti A XippI-
conponent A and '

V t t t
The. st on GHOTREHE: werR AU ched RO AT FRFRAS s Wbt O 150

I nvit1@gen)caSor RheaARSHoHe©f z4 1 &4 CHeMEEn ahlse ﬂﬂé@h&cﬁ%%nthl&e il hewi ng
order (5" to 3'): 25 (a) a Hndlll/Salt nodul, containing the extracellular

do- main ofackdepearengesh GEG} carddAREPREGEK ate diendb- GEUACE-eTmimb, case
9f hTNF- leéﬁ%é@%f&éﬁ?.lLln%éig JLréQﬁéeéufor all constructs. In the

case of Fc-constructs the "hinge" region, the CH2 and CH3

domains and the stopcodon of hIgGl were cloned as
15 SalI/NotI-cassette as described before {Schneider et al.

(1997} J. Biol. Chem. 272, 18827; Schneider et al. (1998)

J. Exp. Med. 187, 1205). Stable HEK-293 derived cell lines

for the production of recombinant proteins were established

by selection in 800 pg/ml G418 by the method described pre-
20 viously (Schneider et al. (1997), loc. cit.)}.

(B) Transient transféction

293T cells were transfected by the Call; method as de-
scribed before (Schneider et al. 1997 , loc. cit.) and
washed with PBS before they were incubated in serum-free
25 Optimem medium for 3 days. Supernatants were concentrated
30 fold and maintained frozen until needed. The concentra-
tion of Fas/ ON-OPG and Fas/CMP fusion proteins in concen-
trated Optimem medium was determined by a titration on
"western blots"™ with the aid of purified Fas/COMP as stan-
30 dard.

(C) Purification of recombinant proteins




(amno acids 1- 239) ; h-TRAIL-R2 (amino acids 1 - 212) ; h- TRAIL-R3
(am no acids 1- 240) and hCD40 (am no a&ggs 1 30 193) or in the ga[ls_ﬁlhf){(lﬂﬁ
hFasR (am no acids 1 - 170) by 51 30 JUN 2004 placing in front 24

nucl eotides of the 5 -untranslated re- gion); (b) a 14 am no acid-|ong

| i nker (POPERKRERKPERE: Woihistad1Saldtahotasassebbe-tasidesdidetohfed
Terskikh et al. (1997), Proc. Natl. Acad. Sci. USA 94, 1663); (c) an 5

ol i goner i zaPholM2a8garasen (&% Xigand: ehmrateim Atrenharosef (BPGEpakiono

acids 187 - : ei L. gnat.ed , (g cj 451 -
493), GenBaRgg!l[iégggf ;@a%g%'gg Ea't:?nl n%g‘sag}‘f s%@t%@%ﬁ %t)g%@%) ,glapél) a
Not I / Xbal - ¢pHS@,15d,. CDiné aiedluagea cwabi mettifaddzwd-BypoTend-aACt ogpr08)
codon. _The oligonerization domain was_franed by the ami no _acid sequences

GOCC afid ARFPACERSaPUEREENMam Fhangathita PBS ddp@antadkendy nkersensra-used
for all CONBLEUCH2r ok AR orcA%E Ao CRONN Uciohd N Tt L egh OB L

CH2 and CH3 omal hs and the'stopco gd wer e cl oned as

Sal | / Not | - casinbt ewerse dganriified] behor ki T Seprechalbit et callumnsl99For). tRigl .
Chem 272, 18827; Schneider et al. (1998),. J. Exp._ Md. 187. 1205). Stable
HEK- 293 der PYERCEEY | SHPREDATARLS: 1QF 15} ¥ & asys fasksihi dht Cpl B eFRE ver e

establ ! shedsuBg1eReReElOby I OnRONECICHRY Mo the_BRLAASdSS e pes 20

viously (Schnefder et al. °(1997), loc. cit.). (B) Transient "transfection
293T a6l | s wer ectlnumss ecwbdchy wdme CaGhRedewiidll d%, e Soxdaed(dibf 2y 6) ,

(Schnei der et ;al. 1997, .loc., cit. d shed with PBS befpore fhey were
i ncubat ed i ﬁngeFﬂmiﬂ‘g’éa’z-?doﬂﬂ r?é# ’n&g}%rﬁ%.w&ﬁléfas&ﬁfgr%?%n%@gv@w
concent r at edhe 3@ ricted ra dwaBe NteAiyted fwPERNPBB idormteadtithg The GaCRRTRha-
tion of Fas/ SN-OPG and Fas/CMP fusion proteins in concen- trated Optinem

medi um was &Becbuffied Wasachanged ot B Wssdememibscs ' baferet he ai d of
purified Fas/ COMP as stan- 30 dard.

Flag-FasL and Flag-TRAIL were produced as described before
15 {Schneider et al., 1997, J. Biol. Chem. 272, 18827, and
Thome et al., 1997, Nature 386, 517). Both references are
.included in the disclosure of the subject-matter of the
present application by reference. Flag-CD40L (AA 116 to
261) was expressed in bacteria and purified on M2-agarose,
20 as described for Flag-TRAIL. Protein concentrations were
determined by the bicinchonic acid method. The degree of
purification was examined by SDS-PAGE and Coomassie-Blue

staining.
(D} Gel permeation chromatography

25 For gel permeation chromatography, the respective amount of
fusion protein in a volume of 200 pl was loaded on to a Su-
perdex 200 HR 10/30 column (from Pharmacia) and eluted in
PBS by 0,5 ml/min, concomittantly measuring the absorbance
at 280 nm. As described below, the individual fractions

30 (0,25 ml) were analysed in cytotoxicity tests. For the de-
termination of the molecular weight, the column was cali-
brated with the standard proteins thyroglobulin (669% kD),
ferritin (440 kD), catalase (262 kD), aldolase (158 kD),




(C© Purification of reconmbinant proteins 52 3 0 JUN 2004 Supernatants of
stably transfacted 293-cells were Ioaded33 on M2-agarose (as Iigandﬁ or
protei n A-sepharose (Fc fusion proteins), washed with PBS and el
mMMcitrate-NaCOH (pH 2,5). The eluate was neutralized by Tris-HClL (pH 8)
and the bufferines selangedd kaufiBS (g7 cemt,) | kRDSReAORGRNH i it 01 g 3( T¥®M
Am con, Easton, Texas). COWVP_and CMP fusion pro- teins were purified on
H Tr ap- chel @R ¥MeE¥ nogeR Ahi(35 klipesd, rsggé\aﬁ&ﬁaﬁﬁs%fu%abihm.
transfacted 293 cells were supplenented by 500 M NaCl and 10 nM i m daz

JuN B4 50

5

ol ,

and gi ven 1%);)3:%% i,y\@igﬂ]:ggre coated with 0,5 MzZnS™ (pH 2,5), and

equilibrate e co
eluted with PBS contai ning 50 nM EDTA. The buffer was changed to PBS as
descri bed bRi®or econppeiyittase BLIIFA agwdRAldameiredd praathuceds afoddsaws bed 6

umm was washed with PBS and the proteins were

befdre_ 15 (Schneider et al., 1997, J. Biol. Chem 272, 18827, and Thome et
al ., 1997, '&é? ﬁ“g%%?ABE%Fe%otﬁeFSfeFQﬁEég aY'ég}‘i nEFE&Q&OFr{FtOn" usion
di scl osur e Ofo¢dien SYl,eCtngRiieri®df gate  PHGREN! 1aPPhbGRL! O HYCy ef efgnce.

Fl ag- CD40L (AA 116 to 261) was expressed In bacteria and purified on
M2- agar ose, we@ll siswedeecsalbugated Har- JmAl houPr atei3¥ *conicenPBS; | the \RBS

determ ned by the bici cgon' c acid t hod. Th(e d ee of Burifi ation was
exan ned by S BRET aRd FodSTis | 82 BEuSSTEF, (Ao PLITS R PREEREAL dPT
chromat ogr agy @8eFQf GRIDATEL MERE T B oelki AR IR RN Wwad NEBESS RRGIH A4 A UNt

of fusion protein in a volunme of 200 pl was | oaded on to a Su- perdex 200

HR 10180 cotuinfatf £saePhadddciand dhdd%d sl R0 PESPIyebisgnFemior, COMP
o A SR s 000 £ SFCTACRI O
the de- termfidér oinothéhprasleae ayr wbgtice tdf Ddlmh pesteahi A, The
ligands were added at a constant concentration (sFasL: 2

ng/ml, 36 nM, sTNFa: 0,02 pg/ml, 0,36 nM; sTRAIL: 0,1

15 pg/ml 1,4 nM; sCD40L: 0,5 pg/ml, 9,2 nM all in blocking
buffer) and were allowed to bind for a period of one hour

at 37°C. Bound ligands were identified with an M2-anti-
Flagantibody (1 pg/ml in blocking buffer, 100 pl, 45 min-

utes, 37°C), peroxidase-conjugated goat-anti-mouseantibody,

20 1:2000 in blocking buffer, 100 pl, 30 minutes, 37°C) and o-
phenylenediamine hydrochlorid (0,3 mg/ml in 50 mM citric

acid , 100 mM NaHPO;, 0,01 % H;0;). The absorbance was

measured at 49%0 nm.
(F) Cytotoxicity tests

25 The cytotoxicity tests were carried out in 96-well plates
in a volume of 100 ul, substantially as described in
Schneider et al. (1997), loc. cit. The chimeric receptors
were serially diluted in a medium containing amounts of
cytotoxic ligands, which were able to induce more than 95 %

30 of cell death. Where indicated, protein A was used at a
concentration of 1 pg/ml. sFasL was used in the presence of

1 pg/ml M2 and sTRAIL in the presence of 2 ng/ml M2. No M2-

t he
For



brated with the standard proteins thyroglobulin (669 kD), ferritin (440
kD), catal ase (262 kD), aldolase (158 k), 53 30 JUN 2004 bovine ;ﬁﬁﬁ )
al bum n (67 kD), chicken oval bumn (43 k% chynot rypsi nogen A ( @ Q%d
ri bonucl ease A (13,7 kD). (E) Conpetitive ELISA The conpetitive ELI SA was

carried outarsidddy OMss QQed51nWQ|He t'%-s‘ts'%éilfg@%ﬂ‘@ﬁ esBRRECd T b1
receptor/Fc-fusion protein (0,2 pg/m in PBS, 100}il, 16 hours, 25(3 Fhe

wel I's were ‘Gﬁaﬁ%r%@@ﬁ‘ér tone hb@r haur3igdubarsen,t kadeDBShemontvaJabrﬂgiﬁy%

I)ﬁ]E ?chalgfs co aPh?%éh%%dZ& aﬁl?rggém tg]eti}ﬁsje%g%é@@dmggﬁw%flgéél "

Conpet i ng F((phﬁnm‘!‘féméul&bmlﬁi@éEBF‘$4¥\BL&1ﬁ6th?ltM1§k§ié|-ﬂe-§l An-slofh-pl
bl ocki ng buffer in the presence or absence of The

t
||g[a_lno% @ Rpiegnethex hrrwht - %oﬁéeﬁ@lﬁ??bﬁnf%?—a%ﬁ E[ggrg@g/lmum.ses m/} "
TNFa: 0,0 ey O'pd B L:
3 2 ﬁM al | %dl%rg())fck?ngglgmmr t?d.i \/vebgaecill rﬂ’d]'%Cél%glpn )f(?ligg 9

one hour &tnc&?@rad?»omu:ladi@ﬁnahs w()enmdenﬁlérﬂdrmbhlﬁﬂlwt%nthe molar
[ in bl ocking buffer, 100 pl, 45 mn- utes, 370,

T b 60, i o
e L T

was IfeasurpeEr apréd@cabed( y-Gytpledi gliyar)esk s nfl thpd ioyi oy pxi @Fdg: Kest s

were carried out in 96-wel| plates in a volune of 100E, substantially as
descri bed i*OMbhnatHBy e?t&h'IOPC{ 21088y, 1. tPP. amk &ABnEkDPz, r cespat-s

were seriall i1 ut d|u ntalnlng anpunts of _cytotoxic |igands,
“whi ch vvereta‘b"[ }EOW 95 o6UBr of WTPPGeaBR, WAdre B ed,

protein A ves msLd AIFRL: Fc, :coup: 104 and 187 kDA. CD40:Fc, :COMP:

101 and 180 kDa. TRAILR2:Fc: 86kDA, TRAILR3:Fc: 127 kDA.

15 Flag-TRAIL, Flag-FasL, Flag-TNFa, Flag-CbD40L: 71, 55, 56
and 54 kDa, respectively.

(G} BIAcore measurements

The biacore measurements were carried out on CM5-
carboxymethyldextran-modified sensor chips (from BIAcore
20 AB, Uppsala, Sweden) at a flow rate of 5 pl/min. The CM5-
chips were activated by a 50 pl dose of a 1:1 mixture of N-
ethyl-N'- (3-dimethylaminopropyl)-carbodiimide:N-
hydroxysuccinimide. Then, six pl of a 100 ug/ml solution of
M2-anti-Flag monoclenal antibody in 10 mM NaHCO; (pH 5,5)
25 were delivered over the activated surface. A 50 pl dose of
1M ethanolamine-HCl deactivated the remaining N-
hydroxysuccinimidester. The amount of immobilised M2-
antibody, which as needed for the procedure, was about 4600
units. For the analysis of interactions of FasL-Fas:fusion
30 protein and TRAIL-TRAIL-R2:fusion protein, a constant
amount of labelled ligand was immobilised on an M2-modified
surface. In order to achieve this, a 7pl dose of 2,5 ng/ml
Flag-FasL or Flag-TRAIL was brought on the surface. This




concentration of 1 pg/m . sFasL was used in the presence of 1 ug/m M and
STRAIL in the presence of 2 pg/m M. 54 30 JUN 2004 anti body

used in the test series with sTNFa. Thﬁ%l S were exposed to a 169 ﬁ@UN 2004
i ncubation, and their viability rates were neasured by the use of the

PM5/ MTS-t esledyttensthe binding of about 100 to 150 units. Besides,
(phenaC|nerrethosquatej3 4, 5-di_met hyl t hi azol e--2-y] 1-5-[3 5
car boxynet 3§ $hefANd L Fong |5 | B- opdpépakz gtisgpciationr neéf Bhealt)

(Promega, Maghsoms %350@@)1»42 Ther Ahsor by ?ﬁ@x""ascé??@éﬂﬁgaﬁtt 1420 pm In

order to inditate the nolar concentrations o e various fusi on“proteins,
the nol ecu-léwed wei gsuffdsiesit meubseamendl | pesepféthanirdingl £bx3 &R 10

PN Or% | Seanabps£R o e, S Patied %téﬁ' | Serbbi 95"’1%99@ PEOtegmpias
QWP 3NGRG 8l 8Byand 99 kR TNERLLER. o0 dkand J8Z kDA

CD40: Fc, :COWP: 101 "and 18 k 86k DA,
15 Fl ag- TRAIOL : Alsipiragirotiiy- Wacoﬁlcagteﬁ&tﬁ\bnsnbesﬁeeEG lamand4 k@A,

respecti vel Bl Acor e sur nen The cor e neasurements were
carlroi ed out'}l‘%/ﬁ'gjg\/ﬁcoifﬁFBB?? Pﬁyl i&gntﬂna'ls s of PEhAFS QG on
Bl Acore 20 AFethpsaldreSWRdpiiredd okl awpr@:h%dnfoé Bllxﬂmﬂhté@eaﬁl}ﬁ tik8i ps

were activated by a 50 pl dose of a 1:1 mixture of
et hyl 1§ - ( Si%ﬁmmmﬁoﬁﬂémﬂl)cazaﬁbadl a mpgsind htyﬂr dxytacch ninirdeteThen,

o Naroce (i, ShELsBRERERCRRY. melfertia e thel T ot e e, PR

dose of 1Npetdahgibrdose Hef sleaﬁmu ¢atedtehrcre(pHn2Ng) N Up to 30 suc-
‘hydr oxysucci ni mj dester. The apount of imobilised M- anti Eody, whi ch as
needed for "E?l%sb?%cé'&&faétsvva&f abdndingoandnregenesatips a’l’ﬁ??sﬁ@féﬁl’-’-d

i nteracti onsyofyfasdafas: S4yhe® Uiy HHY Ly 5@&# li%él{la -
protein, a constant anount %(5;1? IJ'abel:-ﬁr eﬁdlbgan was i mmo ? aon an =
m)lﬁﬂedlstlcs of immobilised M2-antibody. The dissoc1at10n and as-
sociation kinetics were analysed with the aid of the ki-

netic analysis program provided by the manufacturer using

the models AB=A+B and A+B=AB.
(H) Cultivation of primary mice hepatocytes

20 For the cultiviation of primary mice hepatocytes, C57BL/6
mice were sacrificed, and the liver region above the bil-
iary vessel was removed immediately, in order to then main-
tain it in a "hepatocyte-attachment medium™ (HAM). Ini-
tially, the liver region was perfused with 16 ml of 10 mM

25 Hepes (pH 7,6) in order to remove erythrocytes, then with
12 ml of 0,5 mg/ml collagenase H (from Boehringer Mannheim)
in Hepes (4 mM CaCl;), and then homogenised in Hépes in a
Petri dish. The cells were washed in Hepes, then centri-
fuged (100xg, 30 seconds) and resuspended in 60% isotonic

30 Percoll solution (from Pharmacia) in HAM, and again centri-
fuged (700 xg, 2 min). All buffers and the medium were used
at 37°C. The sedimented cells were resuspended in HAM,
counted, seeded on flatdish- formed microtiterplates (10000

per well, 200 ul) and were allowed to attach correspond-



surface. In order to achieve this, a 7pl dose of 2,5 pg/m Flag- FasL or
Flag- TRAIL was brought on the surface. This 55 30 JUN 2004 led to th

bi ndi ng of about 100 to 150 units. Besides, these conditions all oi/\ﬂadUﬁZUUI;
m ni mal di ssociation of the Iligands fromthe M2 surface, as they

conconi t t anthylpl - Thewaskse S1théik Ca BNmisthaeqUEssr 12T0pt a4 10t Ngnfebjthe 5
anal ysis. The binding_of the _receptor:fusion protein was then anal ysed by

a 15 pl |nj"éé¥?on55?5{1ur(|ff‘-iné‘d- CARGRN G EREFQR d?p%r%gémh: af’ &dhceand aMRons
bet ween 1 q/ﬂnalcoaaségaggkeqoho 0 PndP) WS- alldRa,  ang

associ ati on |net cs were neasure eri
di ssoci at i drtsex’thmellsrwerpeu.hmibraftea tf@r5 fmrrnhte&s 16 Hweixs! hph§u3ﬁace

was regener at ed égo a SI M2 surfac e)m@y dose of 50
ci t rat®- HCIPReRRY wa Smgﬁegucfr@é‘%'s r‘éBQaPé- oM ﬁ’dMﬁ}'la#@Fl the

regener ati o 161 £1 €A1 £L 66 pAY! HAYS cBraidd) bufaal Iangs Hdy il 00 "o

character 15 istics ant he "di' ssocCi ation and” as-
soci ation kinetics mere anal ysed with the aid of the ki- netic analysis
progr am pr old dekcthivateonanoflacedr eellsdegtht he nodel s AB=A+B and A+B=AB.
(H Cultivation of prinary m ce hepatocytes 20 For the cultiviation of

i t C57BL/ 6 ficed, and the |
et on’ abovid NECH | £oPRy VBLGEPCHEEE: BARas | FHED: GO | HLRATEb-t hen

mai n- tain Hdmdm @Df*i h?ﬁéGOQYDep?VMQhEHnPBQEQanB ls_!é%d WH 3 ALY, athe
liver region was perfused with of 10 nM 25 pes (pH 7,6) 1n oraclier to

r enovi0 er ytht ocGt eFhe I‘Elrﬁ"?ﬁw hwere Hasifed), BWwieg rrﬁ-nccﬂﬂsawmds enletEB( fwbh

Boehri nger es ) ,,=and { nogeni sgﬂg pes
ina Petri 5 ﬂ;%e ce S m‘jrl(eﬁmia@sﬂhggﬁ% HRp&s L hen h@'@ht?? e?ilé—ﬁ
(100xg, 30 mb)conéx)a anifxedsuspgndetei mrﬁOBbi&tisDnaﬁd3cﬂf§tEﬁDﬂ>htéa| UW+Op
(from Phar naci.a) f Mh and a aip_centr .
each ' well, en ce trlfuged (200xg, 3 min), and incubated
for a period of 24 hours at 37°C. The viability of the
15 cells {at OD 490 nm) was measured as described above. The
specific cell protection (in %) was calculated as follows:
[(anti~CD3 + inhibitor) - anti-CD3)]1/[{control) - (anti-

CD3)] x 100.

For providing a mixed~leukocyte culture, splenocytes from
20 perforin-deficient or gld C57BL/6 mice (H-2P} were cultured
with gamma-irradiated (36 Gy) splenocytes from Balb/c-mice
(H-2%) for a period of 5 days. Before use, non-viable cells
were removed from the samples by gradient centrifugation on
Ficoll-paque (from Pharmacia Biotech). The labelling was
25 carried out according to the methods described herein-above
(Kataoka et. al.). Briefly, target cells (A20 cells) were
labelled with natrium [“Cr] (from Dupont, Boston, MA) for
a period of 1 hour, then washed three times with RPMI 1640.
MLC cells were mixed with the target cells (10! cells per
30 well) in U-shaped microtiter plates in the presence or ab-
sence of Fas:Fc and Fas:COMP at 40 pg/ml in a final volume
of 200 pl and the plates were centrifuged (200 xg, 3min.).

After an incubation of 4 hours, the Supernatants were re-



fuged (700 xg, 2 min). Al buffers and the nmediumwere used at 37C. The
sedi nented cells were resuspended in HAI\@., count ed, seeded on flagddsh-
formed microtiterplates (10000 per well>'200 pl) and were all owed & &N 2004
attach correspond 56 3 0 JUN 2004 ingly. The experinmental mxture (serially

di l uted i nhhdvedt and, theadadifdaiali €0ONEePhéBdd PNvadOReRGLTed .7 T Qgg— -
anti body (fipal cEﬂcent ration: 1 pg/m)) were added, and then the cells
ver e i ncubatettf ot f Grd RELesSendins . 3 iTheasdet papinednbywddie efmbkdvihgesh

HAM (100 pl goMas1addedraad b kalili PMS/ MI rried out as
descri bed ab%ve. () A([:?lgvgt ?gﬁ?}l‘ﬁggcedt%é%‘lgggeath Fl glpg‘?%ha%}aeo?‘h%d re-
mcrotiter htaseks/ warinomt edleath antsponhunedu€DBeIBa6e(10 xpod) in PBS
for a period of 3 hours at 10 37 C. The plates were washed twice in PBS and

once with M 40, nedj um Jurkat cells (5 x 105 cells per ni, 100 pl)
wer & nf xed @?’thp —*ﬂlﬂ?iﬁrf‘ﬁgs and distributed over each well, then
centrifuged (200xg, 3 mn), and incubated for a period of 24 hours at 37C.

The viabi|itosf daesuealimd At cHd 4001 0M-HasdPaRILAL ap1dgscrbnggs

above. The specific cell protection (in % was calculated as fol I'0WS:
[ (anti - CD3 sellsi bvasr jncubatiedChd)td 2 [{g onf reD40:COMPt in EMR)Y bufPer For

provi di ng a, g xeds kocyte cul ture, splenqcyt fro 20
perforin- de'f]?gcgl("e;ljjt6 g# g?#&?ﬁb%sﬁ#?é"(Ppgbgg'ﬁg?‘eﬁem)cur ed with
gama-irradi ated (36 Gy) splenocytes fromBalb/c-mce (H2d) for a period

of 5 days. BefIGMRPISRer8Osddbie Gelght iveel@ItaBIVedréFEpL bRecoRP! 55 DY
gr adi f?t centrifugatjon_on Ficoll-paque (from Pharmacia Biotech). The

| abel 19 ng ViRESS e PYed dif @Ec8FdOngntd mye mantidndyieandi sadsequent

her ei n- abovug.o { Kad,goka al ' tar X ﬂ\tzjﬁf_ cells).were

| abel l ed wit he nat rr?étjm f@tlt(t:\r] f%’?%ﬁiéﬁ%%%?d Btﬁ’t%z)tn,Ca n%gifgea ﬁé}?l&ﬁo%lf 1

hour, then {(lasHEY ¢ hEnecubatieonegi werdePMarifiddl out for a period of 20
min at 4 °C in 50 pl FACS buffer.

(L) B cell proliferation assay

15 For the assay of B cell proliferation, CD19%-cells from hu-
man peripheral blood lymphocytes (PBL) were purified by
magnetic beads and the remaining CD19 cells were irradi-
ated (3000 rad). 10° purified CD19* cells were mixed with
10° cp19” autologous irradiated PBL in 120 pl of medium

20 which contained sCD40 L at a concentration of 100 hg/ml
(1,8 nM), M2-antibody at 10 ng/ml plus or minus proteih A
at a concentration of 1 pg/ml and the indicated concentra-
tions of CD40:Fc or CD40:COMP. Then, the cells were culti-~
vated for 72 hours in 96 well plates, pulsed with [3H]

25 thymidine (1 pCi/well) for 6 hours and hérvested. The incu-
bation of [*H} tymidine was checked by liquid scintillation

counting.
7.2 Results of the 7% embodiment.

Fusion proteins which consist of extracellular domains of a
30 receptor being fused to the Fc-part of IgG (receptor:Fc)

are known in the art as inhibitory agents for the investi-



M.C cells were mxed with the target cells (104 cells per 30 well) in
U-shaped mcrotiter plates in the presenge or ab- sence of Fas: Fc JUN 2004
Fas: COMP at 40 Ug/m in a final volume ©f 200 pl and the plates were
centrifuged (200 xg, 3min.). After an incubation of 4 hours, the

Super nat antgayese o€ TécdplolUN i2Hd nDyeskadeidme. r afi epet iMH Yedihsd gof
was neasured. The spe- cific (51 Cr] release (in %9 was determ ned by the

fol l owing FeRbul Be[ #2zpePEneRbER figde 38 : Fesfysigne o tadin was exam-
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d Q. 02% NaN3) . , Fas: were used as negative control.

PcantDr - ORPS tBG CORtALDIRdcd Tar b iy APl tonpeotactndiomails

bs’ t ' ahehl oatwantle & y , :
Phoubat s onsrhec MReke N kBoEL T8 Lethago8bsgible BRISEIN Al pids Ol
buffer. (L)agaim$t pedblideathi ahthongh theFdegrbe afspyroafedtical | (up to
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plexes of Fas:Fc. According to the present invention it was
15 recognized that such higher aggregates of the fusion pro-
tein can act as potent inhibitors of FasL-induced cell
death. Therefore, this high molecular weight fraction of
aggregated Fas:Fc was initially raised by édding the immu-
noglobulin cosslinking agent protein A. As soon as the
20 analysis was carried out under conditions where only about
10% of the injected Fas:Fc were shifted to the early
eluting fractions, it was apparent that a high molecular
weight Fas:Fc complex is an effective antagonist of the cy-
totoxicity induced by FasL. Compared to that, it was found
25 that thé remaining Fas:Fc fractions still eluted as a dimer
and only a partial protection was awarded to the cells in
spite of a ten-fold higher concentration. According to the
present invention the results of the 7th embodiment show

that the formation of higher Fas:Fc aggregates substan-

30 tially increases the specific protective activity.

Therefore, according to the present invention complexes of
fusion proteins were constructed on the basis of these
findings, which show a better avidity with respect to FasL

and improve the inhibitory characteristics due to an in-



Fusi on proteins which consist of extracellular domains of a 30 receptor
being fused to the Fc-part of 1gG (recepgfgpr:Fc) are known in the b ﬁs
inhibitory agents for the investi 58 3 0 JUN 2004 gation of recept J Né@l‘ld
interactions. In the 7th enbodi- nent, the size of purified Fas: Fc-fusion
protei n wascmase iinedhry degkeei onf chlagamegisphyioand Fasvas fpnowkinat a

singl e peak was e] ut egeh I ng the expected retention tine. 5 Fas: Fc .
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a lethal dos@li®dlublinfasloherantlacagbhllal ashhiAsabl dddapudlid hoe
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was awarded to the cellsg in  spite of a ten-fold higher concentration.
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5 matography on metalchelate columns or on protein A. In the
7th embodiment, the receptors Fas and TRAIL-R2 were also
bounded to the C-terminal dimerisation domain of the pro-

tein osteoprotegrin of the TNF family (Receptor: SN-OPG).

The receptors which were fused to COMP or CMP oligomerized
20 as was shown by slow migration in the polyacrylamide gel
under non~reducing conditions. Fas:COMP and TRAIL-R2:CMP
eluted as well - defined peaks having apparent molecular
weights of about 400 and 170 kDA, respectivly, by applica-
tion of the gel permeation chromatography method. The mo-
25 lecular weights correspond to pentameric and trimeric, re-
spectively, structures of the fusion proteins. Therefore,
it can be concluded from the experiments of the 7th embodi-
ment that the aggregation characteristics of coiled-coil
oligomerisation domains of the above-mentioned matrix pro-
30 teins is not impeded by the fusion to proteins (or protein

domains) of the TNF receptor family.

The fusion protein Fas:COMP showed a lower K4 than Fas:Fc

when the fusion proteins were allowed to compete with ap-

plied Fas:Fc for the sFasL-binding. In agreement to this




Therefore, according to the present invention conplexes of fusion proteins
were constructed on the basis of these Ejndings, which show a be t[gr
avidity with respect to FasL and inprove the inhibitory characterdibdihg0l
due to an in 59 30 JUN 2004 crease in the degree of oligonerisation. Fusion
proteins acesulitpgat disbecintden donsntoRANEg, 7.1 Wi mdasuPdd for
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(as well as Receptor: Fc fusion proteins as controls) e expressed in

mammal i an ceéheseand the | resulby afdr nifas :Flar cagdregd bes apansed mbyal thel at e
columms or Qp protein A _In_the, 7t nbodi , the receptors Fas_and
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pro- tein oshespr €oegFds oMM eani- Fadytide, (TRRCOPESEecSNEPEctiviRy of
receptors which were fused to COMWP or CWP oligonerized 20 as was shown by
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Fas: COMP and TRAlL- R2: | ut ed wel | - defined peaks ,having apparent
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15 better than that of FasL-blocking monoclonal antibodies

Nok-1, 4H9 and 4AS5. In comparison to the Fas:Fc complex,

the superior inhibitory activity of Fas:COMP was also evi-

dent from experiments with primary murine hepatocytes or

from a model system for the activation-induced cell death

20 with anti-CD3-activated Jurkat cells. In all of these ex-

periments a medium protection level resulted for Fas:Fc-PA.

Furthermore, it was examined whether Fas:COMP is capable of

inhibiting the effect of FasL expressed on CTLs. The death

of A20-cells in a 4 hour test system is solely depended on

25 perforin and the FasL-dependent signal transduction path-

ways, since CTL which are deficient for perforin as well as

for FasL have no effect on these cells. In a corresponding

experiment, A20 cells were killed by perforin-deficient

CTLs as well as by FasL-defizient CTLs, as expected. Fas:Fc

30 and Fas:COMP specifically caused a certain degree of pro-

tection for the cells which were exposed to perforin-
deficient CTLs.

In a comparison of the affinities of sCD40L to CD40:Fc,

CD40:Fc/PA or CD40:COMP according to the present invention




ol i goneri sati on domai ns of the above-nentioned matrix pro 30 teins is not

i npeded by the fusion to proteins (or prgiein domains) of the TNF receptor
family. The fusion protein Fas: COWP showed a | ower Kd than Fas: Fc 3 0hidN 2lhe
fusion proteins were allowed to conpete with ap- plied Fas: Fc for the
sFasL- bi ndi bg. cbmpagieerentEITSANi & §Qb30adbha2004ceesybt ind wHsSpekapion
constant of 0,77 _nMwas, neasured for the FasL-Fas: COWP interaction, which
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appr oxi mat epyoteinf¢R40Lyebpssd tutiyely,Pivas tises, fax dheesulligdmdpl dakess
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of Fag; COMP was al so evi- dent from experiments with primary rurine
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15 liferation of human B cells which were co-stimulated with
anti-B-cell receptor. Neither CD40:Fc nor CD40:Fc/PA were
able to impede the proliferation significantly even in the
case where they were administrated in high doses. On the
contrary, CD40:COMP according to the present invention was

20 capable of blocking the proliferation already at relative

low doses.

Summing up, it can be concluded from the observations of
the present embodiment that the inhibition of FasL-induced
apoptosis by competitive inhibitors increased depending on
25 the degree of oligomerisation and that the relative activi-
ties of the various inhibitors (expressed as the proportion
of their respective ICsq values) remained relatively con-
stant for the various cell lines. The increased inhibitory
activity of Fas:COMP according to the present invention in
30 comparison to Fas:Fc is probably the result of its higher
avidity. Similar results were also determined for the ac-
tivity of the CD40 fusion protein according to the present

invention. CD40:COMP according to the present invention is

distinctly superior to CD40:Fc in vitro with respect to the




for FasL have no effect on these cells. In a corresponding experinent, A20
cells were killed by perforin-deficient _CTLs as well as by FasL-def] zi ent
CTLs, as expected. Fas:Fc 30 and Fas:CIIﬁizspecifically caused a cert&ilN 2004
degree of pro- tection for the cells which were exposed to perforin-
defi ci ent : : 2. C ard o) ffinitdes -§]§D4 t - Fc
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constifutivaty, nabivedyd charadtenisebneyi samediom AL FNCS Ifalrel thelr
anal'ysis with the aid_of. the CD40  fusiqgn proteins as sanples. A
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bi nd- ing native unprocessed CD40L. In order to exam ne the spe- cific
activity ofhighr idegree ppbt el hapmezibabliogical sys- tem it was attenpted
to inhibit the CD40L-dependent pro 15 liferation of human B cells which
were co-stinulated with anti--B-cell receptor. Neither CD40: Fc nor
CD40: Fc/ PA were able to inpede the proliferation significantly even in the
case where they were adm nistrated in high doses. On the contrary,

CD40: COWP according to the present invention was 20 capabl e of bl ocking the
proliferation already at relative |ow doses. Summing up, it can be

‘concl uded fromthe observations of the present enbodi nent that the

i nhi bition of FasL-induced apoptosis by conpetitive inhibitors increased
dependi ng on




25 the degree of oligonerisation and that the relative activi- ties of the
various inhibitors (expressed as the proportion of their respective |C50
val ues) renmined relatively con- stant for the various cell lines. The

increased inhibitory activity of Fas:&DW according to the presenﬁU\lemh
invention in 30 conparison to Fas:Fc is probably the result of its higher
avidity. Simlar results were also determned for the ac- tivity of the
CD40 fusion protein according to the present invention. CD40: COW
according to the present invention is distinctly superior to CD40: Fc in
vitro with respect to the 62 3 0 JUN 004 i nhibition of CD40L-i nduced
proliferation of primary B cells. ACTD ngly, the results of enbodi nent 7
show that dissociation constants in the | ow nanonol ar regi on can be

obtained for such receptors as, e.g. Fas and CD40, which are natively
characterised by a nediumaffinity for their ligands, if they, as i ntended
by the present invention, are a_conponent of fusion prote V\/m chCJ

¢har act erised Zybamehi gireroldenmed ¢t o HBBF®r | Eétlf“8ﬁs’0q§1 raolmr%s 0 l;JiUN 24
- 1. A biner or oligoner_of .diner oe guad YL S Ol chdr Pené aimdd  of

r ecomdi nant f@?%’ﬂarb‘?xb? ePhs I”%é)?‘gébélfll zggséy tcye reconbi nant. fusi on
protei ns havi ngy agnk easkopp@nanamianént Prandias heasndorRs copoheti® B,

wherein com ponent A conprises a_protein or rot el « WM -
bi ol ogi cal - fun@@mweﬁl‘ﬁ Particc @tart /P th Oy ﬁ@‘%ﬁﬁ& or 18 %orl%mn{:élﬁgodi es,
for soluble or % 1# age cl%ghtbr}qsgsgga%m@ghgcwxe% AFrdtogin ec@gm@m's witlan
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anti body or anti body and conponent B conpri sg g ot e| n or
a protein segBEalLogebemt édnf:tn.omthre mbtppc@bﬁgl‘sﬂhglb‘?an E“‘P
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| molecules or for receptors or an antibody or segment of
an antibody and component B comprises a protein or a
protein segment selected from the group consisting of
the family of Clqg proteins and the collectins, which

15 bimerizes or oligomerizes the dimer, trimer, guadromer
or pentamer of the recombinant fusion profein yithout

the effect of third molecules.

5. The bimer or oligomer of dimers, trimers, gquadromers or
pentamers of recombinant fusion proteins according to

20 Claim 1 characterized by the component 2 of the recom-
binant fusion proteins in the dimer, trimer, guadromer

or pentamer being identical or diffexent.

3. The bimer or oligomer of dimers, trimers, guadromers oOr
pentamers of recombinant fusion proteins according to

25 Claim 1 or 2 characterized by the component A of the
recombinant fusion proteins being a peptide hormone, =2

growth factor, a cytokine, an interleukin, a segment

thereof or a functionzl derivative of the &bove-

mentioned seguences.
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or oligomexr of dimers, trimers, guadromers or

—entomers of recombinant fusion proteins accerding to
pentamers of




or pentaner of the reconbinant fusion protein without the effect of third
nol ecul es. 2. The binmer or oligoner of diners, trinmers, quadroners or

pent aners of reconbi nant fusion proteins according to 20 Claim1 0 JUN 72004
characterized by the conponent A of thgsrecom binant fusion protéing In
the diner, trimer, quadromer or pentanmer being identical or different. 3.
The binmer or oligonmer of dinmers, trinmers, quadroners or pentaners of

reconbi nant fusion.pr ehei AScReCeNEiRG ha22cBeaiipel @y X harengmrdmed by
t he conponent A of the reconbinant fusjon proteins %eLn% a peptide
hornone, a gridweh ftaet orecapynasii nBIS kD | RERFERDRI Be12% &GridftC ' Her eof
or a functional, derLyaticue.ql, e ARover SEntdoned segueneess ihcfhe bi mer
or oligoner of mers, {rimers, quadroners or pentanmérs of reconbi nant
fusi on pbot e~risraeganiting tor 64 Bufctidh@00deprrabivehefabdee TBPATIE

characterized by the cgggonent A of the reconbinant fusion proteins being
a cytdkine fraeRERENEANFFIIBRCSNF cyt oki nes, a segnent of such a TNF

cytokine or a functional derivative of the above- 5 nentioned sequences. 5.

The bimer gr ofi gopehe Pl odi 81 84Smet I bied Sme SHIACE PIRE S5 P qup@nbmanes so0f
reconbi nant fusion proteins acCording to Caim4 characterized by the
conponent A\ofpehEamecsmpﬂﬂRﬁﬂﬂmblnﬁnﬁ1fﬁ%%%mn§r@§ﬁm§%iaﬂ@ﬁ¥¥¥ﬁifﬂé or a

seg 10 nment of TNF cyt okine sel ect QM opsishe +8GcL
CD40L, FaslL, Tﬁiﬁ‘,“ ?N§5§Fa6%§6&FE@x%’g’Lf“’%A&é?‘fidl%ﬁ? (ta Ltab2. LIGHT,
CD27L, 41-BB, &iRht ARBibn fHRAeiViEGbeaindy GAFENForcydokimet iconad €@¥Tvati ve
of the above-nentioned se%uences. 15

) 6. The .biLner ol i.gone .dieters,
trimkPs, quadrofeEsodra BEAt SHEPLIBE Fﬁxﬁﬁﬁ?ﬂaﬁfo?ugFSngﬁggPe%%ggﬁgéording
to ing of CD40L, FasL, TRAIL, TNF-a, CD30L, OX40L, RANKL,

TWEAK, Lta, Ltab2, LIGHT, CD27L, 41-BB, GITRL, APRIL,
EDA, VEGI and BAFF, or a functional derivative of the

above-mentioned sequences.

15 6. The bimer or oligomer of dimers, trimers, gquadromers oOr
. pentamers of recombinant fusion proteins according to
Claim 1 or 2 characterized by the component A of the
recombinant fusion proteins being an antigen or a seg-

ment of an antigen of viral, bacterial or protozoologi-

20 cal pathogens.

7. The bimer or oligomer of dimers, trimers, quadromers or
pentamers of recombinant fusion proteins according to

Claim 6 characterized by the component A of the recom-

binant fusion proteins being a surface antigen or a

25 segment of a surface antigen of a viral, bacterizl or

protozoological pathogen.

8. The bimer or oligomer of dimers, trimers, guadromers or
pentamers of xecombinant fusion proteins according to

Claim 1 or 2 characterized by the component A of the

30 recombinant fusion proteins being an amino acid se-

quence coupled to a receptor agonist or to a receptor

antagonist.




Claim1 or 2 characterized by the conponent A of the reconbinant fusion

. prqoteins being an antigen or a seg- nent of an antigen of viral, bacteri al
or protozool.ogi - 20 cal pathogens. 7. The bimer or oligoner of di med§,JUN 2004

.trimers, quadroners or pentamers of reggonbi nant fusion proteins according
to. Cdaim6 characterized by the conponent A of the recom binant fusion.

proteins being a surface antigen or a 25 segnent of a surface antigen of a

viral, bacteriaheobimprobozobiggneal opadimgen, Brimaespi avedepmers geker of

dieters, triners, quadro s or entamers of r I, nant ' rpteins
according to Eﬁ‘&Fgﬁ“irBr %%FC’F%‘?O ’é}airgted£%§/l?%e%%§g%5%§nta Aébc%%r}hd; g%
recombi nant fughanoRr ¢hel RHJWRI MY AMmsANEHY AfidkiSeed queneee coappedett a

receptor agonist or to a receptor antagonist. 3 0 JUN 2004 65 | 9. The
bi mer or ol i goherfofthéi macombimamty §USHPRIFRTSET CHERHENRE Bf 1~

recombi nant fugi.on proteins ac | ; o%%?M AthegabaverGhat iBnal
characteri zed ﬁmFﬁgz&Bﬁp5%5ﬁtSgégéﬁgf%gl?%co |ﬁ%nt ?ﬁs?%nfproteiﬂg
cont ai ni ng a nukr3vhti®ei zMgsaad & | sggrentzialy segmmeriteior, asélactednal

derivative of such a segnent of a praotein, selected fromthg_ grou
consi sting of €rem WBE TSPUR OSESPSTRAI Q§Jﬁﬂ%nupgﬁ}¥§%%Abrggo tagﬁfng t he

col l'agen domain;gf the 4 Ot 81 N8R+ 21 huRGt haRal cslerdget | asndber sef . 10

10. The bi mer of oligomer of dinmers, trimers, quadroners” or pentaners of
recombi nant f ushen EpRopeioheiacoor di figntbiothai degieabivet ehezediby t he
conponent B containing an amno acid sequence, as shown in Fig. 6A for the

e TR a8 D B3 B 8rhbE B AR 0hneinGredEohlgtior
' pentamers of recombinant fusion proteins according to
Claim 9 characterized by the component B containing an

amino acid sequence, as shown in Fig. 6A for the se-

quence of amino acids 1B to 111 of mACRP30 or a func-

15 tional derivative thereof, or containing an amino acid
sequence, as shown in Fig. 6B for the sequence of amino

acids 18 to 108 of hACRP30 or a functional derivative

thereof, whereby Fig. 6A and 6B, respectively, is part

of the Claim.

20 11. The bimer or oligomer of dimers, trimers, quadromers or
pentamers of recombinant fusion proteins according to
Claims 1 to 8 characterized by the component B contain-
ing a seguence of 8 to 20 amino acids which bimerizes
or oligomerizes dimers or multimers of recombinant fu-

25 sion proteins.

12. The bimer or oligomer of dimers, trimers, quadromers or
pentamers of recombinant fusion proteins according to
Claim 11 characterized by the component B forming one

or more disulfide bridges.

30 13. The bimer or oligomer of dimers, trimers, quadromers or
pentamers of recombinant fusion proteins according to

Claim 12 characterized by the component B containing




sequence, as shown in Fig. GB for the sequence of amno acids 18 to 108 of
hACRP30 or a functional derivative thereof, whereby Fig. GA and 6B,
respectively, is part .of the Claim 20 11. The biner or oIigoneragUUszL
di apers, trinmers, quadroners or pentamers of reconbi nant fusion proteins
according to Clains 1 to 8 characterized by the conponent B contain- ing-a
sequence of 8 to 20 am no acids which binerizes or oligonerizes diners or
nul timers of rieontirdaret Rgid25eduangs olEGHS SNEROCAREREI A% 8r BRRGOr ner

of diners, trigfggalq#ggaggg{ o Obf ggg;a$§é§egéereconbinant fusi on proteins
1955

according to aim characterize y conponent B forming one or
nore disul fide bridges. 30 13. The binmer or oligonmer of diners, triners,
quadr oner s16r Tipenbiner sopf ol bgomdi nafit dimeron proterds qeadrohaygster C ai m

12 characterized by the caonmponent B cont%inln 60 g Q JUN 2004, t he @nino
aci d sequenceHﬁﬁ%%@ﬁ@ﬁQ@&GqﬁF_ Patnctuet shaPra FF?&H%R??ﬁd%Wﬂs ©
sequegce. | 14@15{;@. ti'l”eél?é’fa@ééﬂfli@ci,sg HHE! Sombbh8RES B UUGHE SR8 O
pent aners of reconbinant fusion proteind according to 5 Claim1ll

characteri zed tiyet be quemsen ECITINGREBAGIRE  ohe as dprartc@n=RGSISNOROSAG RL
or a functional,deriya-. tive of this sequence. 15. The biner or oligoner of
dieters, trine %?eqﬂngBﬁ§r§eg?enﬁ%ntaners of reconbi nant fusion proteins

according to 10 one of the above C ainms characterized by the multimer- ized

and ol igonesi zedef HEMOPR BEObBLASMOAVEAJdRRELFEENt EimSEgeghsSdiatetet@ct i ng
and crosslinking by antibodies. 16. The bimer or oligonmer of diners,

triiners, quadPeRERBEEF OfeieFRARLMNY cEBABPRARTOLELNSN R IT akRor di ng

to 30 one of the above Claims characterized by the multimer-
ized and oligomerized fusion proteins having antigenic

segments for detecting and crosslinking by antibodies.

16. The bimer or oligomer of dimers, trimers, gquadromers or
pentamers of recombinant fusion proteins according to

15 one of the above (Claims characterized by the recombi-
nant fusion proteins having a linker sequence between

component A and component B.

17. The bimer or oligomer of dimers, trimers, gquadromers or
pentamers of recombinant fusion proteins according to

20 one of the above Claims characterized by the recombi-
nant fusion proteins having two or more different com-

peonents B.

18. Use of bimers or oligomers according to one of the

Claims 1 to 17 for the production of a medicament.

25 19. Use of bimers or oligomers according to one of the
above Claims 1 to 17 for the production of a medicament
for the treatment of hyperinflammatory disorders, auto-
immune diseases, diseases based on hyperapcptotic or
hypoapoptotic disorders, infectious diseases, in par-

30 ticular viral infectiocus diseases, tumours, in particu-




15 one of the above C ains characterized by the reconbi- nant fusion

. proteins having a |inker sequence between conponent A and conpongp@ ﬁ &Z.
The biner or. oligonmer of dimers, trimers, quadroners or pentaner fJON 2

. reconbi nant fusion proteins according tg;20 one of the above O ains
characterized by the reconbi- nant fusion proteins having two or nore
different com ponents B. 18. Use of biners or oligoners according to one
of the d ainslirtotdwodins blie gheodughpbatbé ysdincanamnd/cR5ebdoctde of

bi mers or oligonmers according to one of the above Clains 1 to 17 for the
production of &oﬁEGPEEﬁE SOfgeTfhe treatnent of hyperinflanmrnatory

di sorders, auto- imrune di seases, diseases based on hyperapoptotic or

hypoapopt obinc di80r 81 HindfseCchbiousl {HRaseSactBraadhg3td | eHkarofi tale

i nfectious diseases, tunours, in particu 30 JUN 2004 67 lar tunours of the
. lynphatic syst elpvandtlrinhddcitio- ol Ho¥ cahedibFmdisrtdom et Be V8L CBN®er s or
ol i goners according to.one of the. above Clajns. 1 t r. I ction
of a ggccine 5 P8 Her Ve 8F 6??3%ﬁ§i%%%ﬁﬂé%égﬁﬁPagﬁ%%ﬁ%ei% g%ﬁ?éﬁg%

di seases, in paikietdedy, ap@i paktybndhri pi@dhiseusvilist ¢asestidis die-of

bi mers or oligonmers according to one of the above Clains | to 17 for the
producti on of &&#&&ci ne 10 according to Caim20 to vacci nate agai nst

German nea- sles, neasles, polionyelitis, rabies, tetanus, diphthe- ria,

BCG mal arira, yekl ouef ayigler 1l ¥rolold 8y aac2drdihg Ofo DofRr Sor the
ol igoners according to one of the above Cainms 1 to 17 for the praoduction
of a nedi camreneb¥eacebrimnglt doC ¥l nfor8tde Frasiudgtgon Hef pRod@ECAS® of a

VaCCH%F accordgg%éééfggﬂgg2%h§{m2%0f9£ 9358E£§£g|a85in5t German mea-

sles, measles, poliomyelitis, rabies, tetanus, diphthe-

ria, BCG, malaria, yellow fever, HIV or influenza.

22. Use of bimers or oligomers according to one of the
above Claims 1 to 17 for the production of a medicament

15 according to Claims 18 or 19 or for the production of a
vaccine according to Claim 20 or 21 for parenteral or

oral administration.

23. Use of bimers or oligomers according to one of the

above Claims 1 to 17 for in-vitro diagnosis.

20 24. A fusion protein characterized by the recombinant fu-
sion protein containing a component A and a component
B, whereby compenent A contains a protein or a protein
segment with biological function, in particular ligand
function for antibodies or receptors or an antiboedy or
25 segment of an antibody or for soluble or membrane-bound
signal molecules, and component B contains a multimer-
izing and oligomerizing segment or a functional deriva-

tive of such a segment of a protein, selected from the

group censisting of the family of the Clg proteins and
30 the ccllectins.




oral adm nistration. 23. Use of biners or oligoners according to one of the
above Clains 1 to 17 for in-vitro diagnosis 20 24. A fusion protein
characterized by the reconbinant fu- sion protein containing a codfodihiilia
and a conponent - B, whereby conponent ABcontains a protein or a protein
segnent with biological function, in particular ligand function for

anti bodi es or receptors or an antibody or 25 segnent of an t.] y. or for
sol ubl e orz efranes pbendPIef§hal 2RFEPEEUTEs Ca daéghﬁ%%éﬁFa r%iéﬁﬁ%eﬁg a

nul timer- |21 ng, apl, oLl gONELZI 9 SEONEN! £05 1 8nf YRstboRalcdiRrividng ive of
such a segnent “of @ protéein, selected tfromthe group consisting of the
family of the Gl ptot £ NSgandd 3Digdmesciod drertsamnerd T UN ZOUF 68 25. The
fusion protein according to Caim24 characterized by the Nt B of
the fusion prot efAnebhCBRAI AGFaVEFUVE| rFEFn&agﬁH 5*%6%%§¥fgﬁﬁgﬁgggient of
a protein or a functj i yat ofspibhe cgane, syelrect falors tdred 5
grouﬁgconsistigﬁféh %#g?ﬁhggﬁgsé?AFigp-E?bBC, cL43 anéé E%%P30, or

cont ai ni ng t hencrpb} ager:doned tadiindet EDAcoplagenn &mmaild ufét itéifal EDA
derivative thereof. 26. A DNA sequenfe char ctggizegggg'the DNA sequence
encod- ing t heP¥REEbR BF ofef APEEERPaT ndFt b TF Bl 22 oF 55. 10 27- An
expression vector characterized by the expression vector containing the
DNA Seque“%& agCAfli BeqhenEkacRhr2bte28zed bpstheeDNA chagaeteri 2eeBy t he
host cell being trans- fected with an expression v§ tornggcgédégg to claim
27 29. A fusi obngrbhei AusemPr PEPREIRhRCEREFTHRRI FOI GreHBntl n°of “A recept or

of the TNF famly, fused to an oligonerising domain of a protein selected

amongothe g5oup, GONSISLING, | §oLRe:CandAAa%-0ldGPMBYI i Obepne66DWR) and
e

rtilagé matri protein (CWVP).

vector containing the DNA sequence according to Claim

26.

28. A host cell characterized by the host cell being trans-

fected with an expression vector according to Claim 27.

29. A fusion protein comprising the extracellular domain of & receptor of the TNF
family, fused to an oligomerising domain of a protein selected among the group
consisting in the cartilage oligomeric protein (COMP) and the cartilage mafnx
protein (CMP).

30. The fusion protein of claim 29, wherein the receptor of thc. TNF family is
selected among Fas, TRAIL-R1, TRAIL-R2, TRAJLR-3, TNF-R1 and CD40.

31. A DNA sequence encoding the fusion protein according to claim 29
32. An expression vector containing the DNA sequence according to claim 31.

33. A host cell being transfected with an expression vecter according to claim 32.




30. The fusion protein of claim29, wherein the receptor of the TNF famly
is selected anong Fas, TRAIL-Rl, TRAIL-R2, TRAILR-3, TNF-R and CD40. 31.

A DNA sequence encoding the fusion protein according to claim 29 nggm&
expressi on vector containing the DNA sequence according to claim 31. . A
host cell bgigg jransfected with an expression vector according to claim
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