?@NBe3e) } &vvw<zj z, } 6b} T} k WO 02/ 090553 Reconbi nant fusion proteins
and the trimers thereof The presemw' mmmmmm rel ates to reconbi nant fusion
proteins which are capable of for w l m the 5 reconbi nant fusion
proteins conpri sin east one conmpons A and at Ieiaél% %me”t B,
conponent B%%ﬂ%a?%t%ﬂgprreri zi ng propelrtlgbtés and conponen / I‘'ol"0gical
properties, and to triners of these reconbi nant fusion proteins. The

present inventi r 0, ' s for the
production of aﬁgrlr%%#%%ﬁrjr‘é% e%"?@{%é %@%ﬁ%ér e%’}&?%l?gie%ﬁlﬁ%g& %%ir‘gglfs or for
the production of an in-vitro diagnostic agent. The present invention also
relates to D%é%%%@gﬁ% engodhRgoaUChe Paf 88T oL PLARIND G t @uddon
expression vectors and haost cells conprising the DNA sequence or the

expr essi on vEHWEING | ¥3ehnuRbEr SRPPPLEei s SN MM Swhosde
physi ol ogicalrdcnBiirfardthatf ugfi okl | fRbSeihBt etatbi DESnGt A tlkasaur baees of
these proteins which t[}rmeri ze igjosol ution may result in protein

aggr egat i ons SATRIAGc L 8PInBinebtRT 8PCelFSEPCR A tadiay e ™o ExEnpl e
kinetically dehayed, aannerimesdingro theopectiéhat andesecagyrmeati oAs are
concentration-, or nedji;um adent . fqQrces Si a

hydr ophobi ¢ iri)njtoeroa%]tc'iddolns, Egﬁggggg%‘gbondﬁe&co&ﬁ enFEEIg%gg, Eof ei'glr?slee

di sul fi de brimkpambigmditor Teed @nb pPoPeetns| n Bddi t PoASECAbweBVENEEP A N

prot ei ns; javer stdiotilal 3010084 f soWhheh Jeadd astdie £8rHBEE ORoOf taReci fic
structure-dependent | nternpol ecul ar supersecondary structurei_}sm?nd thus to

protein tri mRECAWI&iODt Bk amadifdmerdt i oh §hat &8 THEFR et PHn 181
SUpersecond?r\yihtﬁﬁd ua&ugﬁss;gs kasedoon wHwrped@uesion @fi ndn adndvitro
sequences of the proteins form these trimers. . Supersecondar tructures
whi ch can be Ve aaf%‘?mfbrﬁg‘?(a%?%?nmé{w%rrnélﬁﬁo%s%sgs r’ecg?éﬁéd:c%oi I
triple helicedNA wkgoknbeengeratmlitng heuthi rer fraioon rafotein, 2ang @ 15 20
25 15 expression vectors and host cells comprising the DNA

sequence or the expression vector.

A large number of proteins exist in nature whose
physiological form is that of trimers. Interactions at
20 the surfaces of these proteins which trimerize in
solution may result in protein aggregations which occur
spontaneously or else in a delayed, for example

kinetically delayed, manner owing to the fact that

these aggregations are concentration- or medium-
25 dependent. The forces responsible are hydrophobic
interactions, hydrogen bonds, covalent bonds, for

example disulfide bridges, and/or Coulomb forces.

In addition, however, certain proteins have structural
30 motifs which lead to the formation of specific
structure-dependent intermolecular supersecondary
structures and thus to protein trimers, plus other
multimerization states. The formation of supersecondary
structures 1s Dbased on characteristic amino acid
35 sequences of the proteins forming these trimers.
Supersecondary structures which can be mentioned are,
for example, what are known as “coiled-coil triple

helices”, which bring about the trimerization of

AT
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30 35 proteins by the interactions of characteristic a-helices, which are
found in each of the proteins formng the coiled-coil form The coil ed-coi
triple helix as the internol ecular "trinerization donain" of proteins is -
in terms of structure - a three-stranded superhelix coiled around one

anot her. Such coiled-coil notifs wth triple helix character are found in
particular in extracellular protein trimers, but very especially in

proteins or pr .0 CO xe f th >tihwe tLgsue anpl e,
Beck et al. EFOTaiRe" g B ( To8c)  B5CCH0GS65Y) ok, Bate e saneet e
tissue proteidrhelicws aswhfichcar¥e| dguntht dnx prebeiof (C®)  PRABSENS
aggregati on teQ,, & iRAOLhE Mo i Fedlagsd Ofokche T Thel @dialdacadih eekibed- coil
pattern which is the result of the aggregation of .three conpl enentary

hel i ces (eachedd*a 9l ?ﬁ@pt’r%l"eercrbchlp%‘ﬁ%ﬂ‘? FEiperigathep: £P W er AT
(abcdef g) 5 wWhireht disnschiat act eni skirfisofoft e rrdtireact da sefuneacetpbndadh a

triple-helix-formng.helix., The_am ng acids of .the h d rn.i
positions a fﬁlé)e(f}lfgﬁéﬁ I?/O%]a?/g 3F?Iégﬁe8nteo T SHol %Liﬁ)élgl §§E(1: §i ﬁg%ﬂt hus
permtting thetidsmatwiorh of trhplaboreldsscaheedctgyer lateé cafowrductiare, in
this case a tyj.Ql; | X: €0 f1 1k LS+ - SREGET | Gt
structure-de%%’ln é%ﬂ%ufl tfﬁe%%?%&%lpﬁgﬁgﬁ%%é%ﬁcﬁrare ﬁlﬁe t0 tﬁgry
fornati on of esmssrisddondarny PretietiBPesOrr PEPERLH ofRIHeXat Sifnstheom t he
col I agenq hamdyhndddritre thigssifd ucture of collagen fibers is characterized by
tropocol I agen, which consists of three helical tw sted pol ypeptides. Al so,
the protofibril of a hair consists of an a-keratin triple helix wth the
"coi |l ed- coi | "THaY,i f fol kiample,| ebéchaededfor U. | ModddiBioh, theopnoteins
Cl g, collage (%o _a2-:(VI ] the _overw i rQt:.ein, . the
i nner ear struct'ur é)o& %t%gi)n, d%%?’_ébgﬁ i% gn%?%‘%‘{&%ﬁé;r_i%tﬁ%lgglg Ag?ggglgl'assed
as the proteikndvani lag utber taectidageCinpteik| wrowing tiEMEHei r wbeggence
honol ogi gg | Jﬁ% d&iPetl Ve midd iRl N SegueBge SIMmIY s cikibsehore
and Rei d?gl m%luéno_p gg;lar.rrlxalcol .y, 42 (1999) 15-21), and, 5 ow.ng to thelbr
structure, tH&eproteinsodded-roihe RAHRGE WhRgRlr 18gdMyat @SUbF, Ofor
exanple, tri r@*[é-ag?j@?aﬁi& P6 Ot EhASe Webiip Mthéh BE ZREL 08Bl @pathi @g Whi ch
are found in this famly, for exanple the_structure of t&%cﬁrotﬁln dq,
which is knovh mlﬁ? cGRPPERERE ) systEém ¥ s r A% e B35V SFSnoner s,
each of whi ch(dmsdetr gl obwhatchddnai esanhcehristkaowt asheheaihread'acadd a
"col | agenaceous” helical. se ce s t. s 4N | Lcal: seq ce
segment, 9&,(“ FETHFHES a Coi Isg‘lgﬁgo?al S-'ri Sﬂ S %lflffﬂtyg& | pﬁ%ﬁﬁgs'm;%%ers 15
trinerize. |raning, asidsobft hbse hepgad inmdrtedrorin apodl tyemera ané d

ol i gomeri zat 'Lgéhaolfw NEaPEOLELBChEIMRILS tHdh a8dh aPel 18e DARGENEN thus

i nteractions between the individual coiled-coil triple helices. The result
of this strudeFeteRangdhgnt SPTFRELRFOt ePh orthehe Zove-described

nul ti- (ol i go-JupRsizETh @4 Dt §ittueamdesX CAQ 1519 eeRst r 4ctimiphd shelldsned
"bouquet”, it bei(gg ﬁnsgr d th}t1 %8 %obul ar, CGtermnally arranged "head"
domai ns are cMPRRERY 9 %?’f/%e $ieXafer of trimers. 25 A structure sinilar
to that of the Clq protein is also found in the protein ACRP30, another

protel n Irombe (gl aphclids Sectbaent. AhOLimCHER s Y0l orflndia 16

10697- 10703, _ hi's"serum protei n, I's secreted by adi pocytes, is
nost probabl ywhiel r onEes 8Re30teri FBes WREFBLdPHhulCdr EUPSHHSTIMSESHAI ns

grle i nﬁed Vi g £ @B852580US1EHI PbEBnACEhCPFotas nkS £abso thize ctaseden t he
g protein.

[t Is assuned that four of these triple helic in turn,
finally £ m5mblY gorfdfT dy n@'éﬁ'\s DU b é’ﬁt ntcg?lgﬁqq%s.eﬂﬁ?gspu&ﬁ cation
of 35 Shapi r ocleataSedet £6d (BUr eeopoBblllaggn]1998icl: 330s338F sifowhndee
structure of an, ACRP30 honot.riner_as .determned w t id.of .x-r
structure ana#‘?%?ggf gwliteﬁ I?gflyﬁrec?tt iE\C/IIrﬁasS 'V\h‘@g%o’ar éﬂﬁng\%ﬁ% rgé%gtlée o¥
literature are hhase daromsthe obl hecoi-kegledds, whirle arelthawatheriheed by a
col | agenaceous, JpiBhNco 2y Pegkel £9i OPnald 1R POELLAERALY Boghobul ar
car boxy-term nal “"Tectin binding

35
In addition, the proteins Clg, collagen al (X), a2
(VII), the overwintering protein, ACRP30, the inner ear

structure ©protein, cerebellin and multimerin are



5 domain. The collectins too are found physiologically as oligoners of
trimers. Thus, for exanple, the proteins |lung surfactant protein A (SP-A)
and the mannose binding protein (MBP), each fromthe collectin famly,
trimerize owwng to the interaction of their 10 "col | agenaceous” domai n and
eventual |y occur as hexaners of trimers (Epstein et al., Current Opinion in
| mmunol ogy, Vol. 8, No. 1, 1996, 29-35). Accordingly, the proteins known
under the namh GaldLCNS féer%fr%rt% | sqfany %h@%&ﬂer%h(ef%e%an@ha
hexaners) of Tl tmer s 15 exanple trinmers). The literature furthernore
di scl oses t h&tami lvar g@WhGQ‘be‘FO oftherigt ePREUGAEEh RRFOMPYEEDI 3di caPRYTas

signal nol eClﬂe%iaéﬂt%\i@p%@ﬂl%ﬁfeﬂﬂﬁfiﬁdu%'e@%e%c@ Ols@gh\@ﬁltszo (Rigpabranly in
specific st at es, Thus for exaqrgg e, rﬁ;rane bOL{ g il ol ogl Elal ly,

i .e. apoptotid4l | ye azfe&e el mtRat ile 93f t ha@~éxt r acBPful ar
protei n segneyidg ofbt hﬁ:mb@a&recbw&d Sﬂg@@é\t p(rlmdllﬂlsaSa:BEaS:h) sakd

non- nmenbr ane- $ound ?_ §§L 25 fraction.s ng el ca abI

physi ol ogi cal Cifnhcfj Ja%%%’f otaiggaﬁe]%?ter? tgrfget el 182 1e'pu5’Fl C8tPon of
Schnei der et Paribnq J. tl@(p piveins Vobitl87mulNoim8ri1888pon12050opei8)es

descri bed ho ta| neldﬂl#) ’%“% ctirgn gfllgFa?é.mH%rrer gon ERam ng expkai ned

above - are o elimnation from nbr ane-bound protein
segnment can, Sfewstarre pef r Ehet iprated nni G4 r etjlarnahtGSt R Ay s ePBgiEas

functioniby usimpdl &ieans! 5pktas, aritg bk £8ctdPi 88 S b§NUnorforhélss ONepEAt € N
consisting of the tri qrt .linker 35 js“equence

rizati i n_of Fast
and a flag t (W%‘Fpgﬁésf Iaaggolé?ﬁ‘ﬁl(?rdc‘ii‘am%iaﬁ%eweécf’oﬁé KA @Bdee
DYKDDDDK) wasrasdwit raed el a@dllaa(@éﬁacsedusanﬁessﬂehlfusqoanpéotsegmsn\nhi ch are

nonstruct ur e- epende | tr| rize no eci.fi 5 210 15
20 25 30 35 s%con&argﬁs ruc gf%alfnt egq%“ nlcc?nsg %nf“he “rﬂéls t fth1

super secondargeistedrstairle i sripteedhedis, cr 099l i Mdeictby hbansm@hoamcsbodi es
di rect ed; agau{ﬁﬁnéﬂezélaﬂnt %glrnThesﬂ@pBl?l I&r@éﬂe Geigan NaleRt APphi gation DE

19963859 di scl oses bi- or oligoners of di- tetra- or pentaners, that
is to say hi ghergonter 586r éﬁd{%“ewacﬂ%%ngfstth@f PEReRHR nERLTEESI on
proteins eﬂcqbrfpaS@im t iSe LGP OHLEES Aoﬁndlﬁte!]ga%%%sﬁé fEétﬁééfﬂJ' €hk0 R
I ncrease the bigolog apoptotic) actjvity.o C I nes nent

of the reconti 4‘1?2‘11 % [33 Ff?%&rrag/rll? al&ri§&Tee %\f’?h r[%é"l]dbgg f or
exanpl e be aEENl%cﬁ@ummﬂd coeorgEnterit a qff ottdien pegirein \Mmrchthlenks t he
reconbi ngpt f e e orde ga Al:t_hou h such

Ay trﬁ eﬁcgflaiopt 10 Ay LB]{%JI i J xe ‘g‘i] il

conpl exeS "wi ic acti y are deS| |n rgé nu er of
medi cal i ndi c:amsmslcttm t pdsoneherneéda ‘1meentofb@ir§ea§@§urﬁwever

requires the provi $50g18huidkst ¥NGLsSHGN el iabl ye bl Gﬁgaahedbmaqa%ﬂ ng of
apoptotic events. 1t i's known fromthe publication of Suda et . (J. Exp.

Med. 1997, 18¥€ APNDRAURDOED)IHAE RAXAHIY RtETINeRT s can under certain
ci rcunst ances bl ock apoptosis which is |nduced by an ol igonerized

nol ecul e Supst ances, for,ex pr_ot ed bstances whi ch are
capabre 215 é%) %‘b’F’;}cB‘FB%kFﬁ@l?%g ?P 531 6\?5}1 ford eRARpFE? %’151) 56 ¢
events at thefcrwm:bpinr til'Itesain‘qtewm CACRPQOnoamwaﬂ'ne\re proteitur Eramd thiei ch are
therefore betesy BL %@géknatl physi %QQ%Cabh@ﬁgra%ﬂ ONahl Vigho are,

however, not ror art. ect of 'the present invention
i's therefore the éloé\?7SI1§HO§fl t 3@ suﬁ'ﬁlénc%%r"&ml PEOtSdng Wbl déul es,

are capabl e ofe@cdidy By adbbek9dksal i Q@é%@tpfcbﬁaﬁ?eﬁﬁQErbfné@bf o%0 that
for example trl gr(ﬂgeen_[s[ n%h%fret hgl%&ft oti C e rg.%llal omalJ'fICltsI OaI.’]reCa in edl S
suppr ess
via collagenaceous triple helices, as is also the case
in the Clg protein. It 1is assumed that four of these
triple helices, in turn, finally form an oligomer by
means of suitable interactions. The publication of
35 Shapiro and Scherer (Current Biology 1998, 8:335-338)
shows the structure of an ACRP30 homotrimer as

determined with the aid of x-ray structure analysis.



- 6 The orwsent cb;ect ~s definec. icy t=ce su:oject rr~atter of ¢' aim-,

~.'"1z. by tr=mers p L rerc-rl;lr.a:~t >=-aslol= prGe-rls ~~;, ,~~ich
conp-ise at ' east one conponent ~ an:a at |east one cc-r~po:ient E,

"~orl Jonent ~ onlpr|S|ng a protein or, a 5 oro~ein se~~rnerit ~. ..~ ::n
a biclc;gical functlon inpa-tir~' .17 &=~ ,.~~ith a |Jir_ding f'an~ct_on,

and co-r.pcne~it B conp.--svl~g a proteir— or a protein segnent ~.ah~ch

L Teri2es (U eteidrnd <l o VSO BEghe e koM LLREgEL are 1Y

1~g-::a' 1t9no@@t iront: the)rﬁpldr@crurs classrheﬂmcrr arée Fbﬁr@ﬁéeméea

o o~ Ti des t i TeLS colIQb%ﬂa%@Bﬁ%t d%haﬁn,h'Eheﬁe@kdefeéloﬁregﬁdeslnfOr
exanple ~iners of trir-lérs, _but ~~.~~, r~her,_are, esser:.~ial- )96

at |east to agditiogghyea: 910?9136 g@rhgﬁy_qqrmmnq%(ﬁqqgﬁn bigdiagjal' y

| ~ preferabl ydnaiat. _TﬁﬁﬂcdﬁiectlﬁbEﬁﬁb‘aﬁ@sﬂbﬁ@@eph?srolbglégalynasAﬁiJe
of r r-ners resent in so~ution as trvrr. recc-rhi fus~c

pr ot ei ns. ST TR Y oF ELRCEEgnemtes . gor exﬁmglg od#E%|PF8h81PEr
i.~..~ruoc~ nammg~ surﬂdmta&u5|qnxpnnu9|V&l GSPumHersm@odthe nmannqgeln

pa t _,iu- ; av i d i
partlcularly iéirE%Otel g ngsgh é?%glt% &é}f%etlé- ar%%)l are
CG JC-Nic O tlru-tf!@ra@ta =v'qQyigy ' o- tmjl ngtl})%trt n@P—teiFﬁ@hl@@e opt m:r‘éhesrm

~leaal . gy SicolladdnaRold aNMiBRa26I ~~as8dUeRREfud Oy exd@Rhe <. §8i 1 no
a~,: d secuences :~1'th coval entl| or noncov.'alent v ~~oupled active

i ngre~vi ent s NEPRMEFSH R T INARS cERStIR: 9 - a%~1eﬂ?rr%nﬁloﬂéPﬁ?% o

ﬁr ~tiph~iies Iecﬁmﬁﬁ;tllog@qdyvsfgnen INGS. ~1h’ 1906 ,p 2F-FDPLSAcObraiagly,

or _~r.oues, ,-0r O0Xx ppl=i ~e Qr T, nes th s.copte t he
present ~ r B Qﬁeggaqs k?owgsgadgﬁ tHeE -|rﬁfrff%¥F }?Spgﬁ %b?Far LW
~. ~hcse segnedsa;ﬁnrmnqﬂlgpmqrs»$fo¢gﬁamplehhexﬂmegserf~mUIaumer8'es,

are enpl pyed te ~c~' ordance 6~i1~~': the Iri~,"e:l~lon
are bICIogI éﬁ%‘%)c %? %e 6ﬁfﬁ??o--n t~le 3~~ formof higher-or~:ier
aggrega~es; in corr_rast, as t:rync_-s, ;.:ney Lind _i;~rit~." and

vi~~c to recﬂﬂkprﬁlﬂﬁgaﬂﬁfbr fhréﬂéfmor@ledi@@§@5é§ceﬂﬁéﬁs k, ~1§EFe;ét|

er, occup)%tre |l:ir dilug sites ¢ et-t-~, %I are nc
10 15 20p£§)number ot prgtelns thWR act physggloglcally éscgggnaf cf 5

molecules are capable of transducing a biological
20 signal only in specific states. Thus, for example,
membrane-bound FasL is biologically, i.e.
apoptotically, active while after elimination of the
extracellular protein segment from the membrane-bound
segment (known as sFaslL) said non-membrane-bound sFasL
25 fraction is no longer capable of physiologically acting
apoptotically on target cells. The publication of
Schneider et al. (J. Exp. Med., Vol. 187, No. 8, 1598,
1205-1213) described how the biological action of sFasL
trimers which - as explained above - are obtained after
30 elimination from the membrane-bound protein segment
can, however, be reactivated with regard to the
physiological function by using crosslinking
antibodies. To this end, a fusion protein consisting of
the trimerization domain of FasL, a short Ilinker
35 sequence and a flag tag (with the flag amino acid
sequence (one-letter code) DYKDDDDK) was constructed
and expressed, and such fusion proteins which are non-

structure-dependently trimerized (i.e. not via specific



30 35 triggering a biologically activating signal, but only of blocking.
Anmong physi ol ogi cal | y nmenbr ane-bound signal proteins, for exanple in the
case of TNF cytokines, cleavage products enconpassi ng the extranenbranous,
i.n particular the extracellular, protei% segnents are preferred as
conponent A of a trinerizing reconbi nant” signal protein. However, am no
aci d sequences which can act as antigens may al so be enpl oyed as conponent

A in the recqui _ysl tqipi j nal p S e I
receptors from toh%gi%%gmﬁfq%f&{r%e Ilrfil.ec'rcjcglp %Sr s“;%fgrgr&g‘%( aﬁ%%gi ‘!_:azsé%ﬂ?org
segnents or dawiersEopssiagly ssterneleeept bes fommedh ladeewrseshbimked bbrdi ng
function (angdais JNeiiato A PINVNRE RPTHJEMIM hAnAREr P! ecul e, for
exanpl e marrbrarélie- bound Fast) and which are thl?s al so covateyraeﬁy the term
"ligand" for the purposes of the present invention may also be used as
conponent 5 A. ThChubbhebDgsRal RGERIOT phtafdfeH MWHL0 B epeapebkessd

bi nding are parti.cularly,.suitable for use a% rrgdi canent when the

conpl enent ar Y5955 aPri g&hd 95 Tsht Ofn Ghphysiiot ogi SRR hi §h
concent r at i orsentiantehes  pattihentt . ilsn &aopr ehgr r edgbpabedirdent , agbeeganpenents A
whi ch are pr in I acgar di {s invent | y S

i denti cal co%\rr%%n@élnt S (}A&t%%%r%t ri 8mgr S) q%rctog[}bfl:l]%rné:nt (r;%&rr%{(;onrgﬁt Sggggglfgg

(het er ot ri nerssiconpass iy | 6We r eemrbheaht flsiamd pribt eilms megefror foa tri nmer
accor di ngot 0 dlagnd 10V &Y | Bikerddld Mise MBNGEE g1 P4 Pt GhPSpPbE Doy 3RERYS: ty
conponents A, if appropriate wwth differ engtJ bi ol ogi cal functions, nay
bound t oget h&f |TNE Y RKIRDS a RIIRFIRPE A the FATererombipgre, fuféon
conponent s Agdfotasmd eGRbi Nait paEStStdend@®y Pechdepti cabsvbsbe therthird
fusion protein ma de]\éi ate %%h rg% rd to its corg)onent A or else,all
three fusi on s Rayf di T FCEO WS h2PEg S AR T Tonpbndht PROESHR t hi
manner , the ssgimectt ovhidinel ankangbee necontrd neyeci fusti @onbt oia¢ios aad/ or
the nunbeg of ;cmal S rddy e dddd®ig can g _ typically finely
modul at ed i NI bitory e fects, it appropriate in conbination with activating
effects, can be achieved. 5 In a further preferred enbodi nent, conponent A
in the recombiinapudrisé ¥ PESHSLBxEaKEs thheJtdd® Oé.p@;t)’@g@{é dgchegrepe, a
grow h factor, a cytokine, an 1nterleukin or a segnent. of these, preferably
a segnent cafdf e iFENdiRg2 r DURRRE L i dNedeFal at ndésabionfie 10
abo?/erregti On&ﬂl@EtDﬁé&iﬁ'a‘Aer_ltDr 6Eeiaﬂ B@len%@nhﬁn@faﬂ/ VEf dDECA s nmznoaé{s@rbe

enpl oyed,as conpanent in the reconbi nant fusi on protei,n ich,is.a

const) t Bl e e FREC BT REEO8 (Fo |SHARAE® 183N hoEGIARNEE with a
further prefé&lek erdcregpesinghefi rapapteti@cenbnhant Iftusi ®nkpowhei n
accor di ng toééb?n'{}%’eefﬁd&%cééizo&%@%@cﬁ‘é &y CREONMPASSES,a ﬁS&?%QEv,for
exanpl e a receptor for a peptide hornmone, a growth fapt%r, a cytokine, an
i nterl eukin, it IRP A grpiseHeb o sTanl pEbiBeHS agebr UNAFTt o t he

i nvention takeithe f of it Slimdt SLGEND16EK A agRPirvatiisv antfcrsULH ankgeeat or .
Especi al tors fromthe

%g preferred_exanpl es of su]fh L:;:}jrrece tor are recgf)
famly of>t hYTNEr 8deFrTIeT 158 PR 1Tt &F - FRURSERBLEPnbet Yw §KEBPLPpI y 25
referred to axdtasin-bEred eaubdtiarmdesonathitst i apé | yesabie bbbl egileéablly active

proteins, praot.eil. ts Qr.. i.des refers in particular_to those
pr ot ei ns whi 21110%?1%{%%@}%e%§6%§%g%§ cé’l%’f u%g i o%,xal}“ﬁiﬁartlagﬁpéf’ the
bi ndi ng propeéventa tat t beei negrREPFOR tp@lifnewhifcdy as@npbe-naeive in
menbr anebound, JIRGRPIMG WHHANOSE SREHEPSFe SHOVB A HLELEREES E?g&ﬂgt

correspondi ng native sequences. These sequence deviations nay e the form
of one of OnpRA¥E 9kpEtalondepragdeitdtrond avdyer st HOWMEVER(s) ok
sequence homydregy Arom dragdridl d@i.ng preferred and a sequence honol ogy
of at |east 850 between the derivative enployed and the native sequence
being nore g _ preferred and at | east 900 being very especially
preferred. TiEhd eolyéanctdfonahe deriesahity esneavetsn i dspathexetare t bhee am no
a0l 0 Seauenc SIS GPNSeEEA | VEnSHRSt | I ATLALe £ OTPRERAN W tBLhg

35 Dbiomolecules, are capable of acting as a biological

S

block at the receptor itself so that for example
triggering of the apoptotic signal transduction cascade

is suppressed.



5 sequences. The term conservative substitutions refers to those
substitutions where am no acids fromthe sane class are exchanged for one
anot her. There are, in particular, anmno acids with aliphatic side chains,
positively or negatively charged side chains, aromatic 10 groups in the
side chains or am no aci ds whose side-chatns are capable of formng

hydr ogen bridges, for exanple side chains with a hydroxy function. This
means that for exanple an amno acid wth a polar side chain is replaced by
anot her ami richachdenith acl ekéwiise dedliavec1B sidee chaPheChr Mf-G6F LeXdnpl e,
that an anino agid which ig,chargcterized-by-a;:hydrophehice gidecchain is
repl aced by another’amno acid with a |ikew se hydr oghobif Si»d% chain (for
exanpl e seri'nel ¢t NFEBRFAET Y- t hFedhi RS seTTRIE)S or 7 eUEl ndt (i'$61%uci ne)
by 20 isol eugidec-theysine) b, loasehicons ransh-gubisdinqt i opsoarenpossiabl e in
particul ar at those sequence positions which do.not bring about a.change in
the spatical 2tTuctiure 6" Wich Félate to thE BPAdI ng regi on: A change of a
spatial struedtirecbyat nserthi ons)b ord 25 ddluetdtons), cancbecdetected readily
with the aid of, for exanple, CD.spectra (cigeular, dichroi spectsA)
(Urry, 1985,CW©§'DT%"E‘i‘§n, “ci Fedl arl%Di o Iiojgsm gngCCPE) of Igghﬁf/]g]ept ?gesh? in:
Mbder n Physi calmdvet hodstia Bieseédirstity , f Neluber geptetnal Y1ICEQLY, HSsevi er,
30 Ansterdam).. Suitable metheds f9rcgenesatiing prohecns yetdrantno Aacid
sequences which contain substitutions in conparison with the natiye
sequences) arelHi5cl 6sed tof- €karpte i ne CEhE pubi A Ons® US4, 737,462, US
4,588, 585, US 4:950:314h=US5t5,-216,943,deldS &y 89, 1 1dh BShand ndS t5,0drs;, 691
The generation of derivatives is described in particular Q. hy, ,.Sanbr ook
et al, (19897 FbtEcular’ cf 8Rfh ?“%\SLagtjra?(‘)‘?{?yﬁ/ﬁndallm%%olc? %p‘r‘?%gb r bor
Laborat ory Press)iicti,beinghpossiake ¢osdreaiel "y~ 20 loist conpléirent or
substitute codops, O her deriyativ y Jee in particylar those prafeins
whi ch are stabi ‘f“z‘él(%i n dgdera?o é%%lsgapﬁ?si ol og?cal/%gégradati on;EOl %r
exanpl e 1By sbabl¢fzihy the 9pr oted vt bd8kbone WA 5 aibsPREGET 67 df" Dy

stabi | i zi ng the,protghnchackhone by substiftution: of ihhe samidedtypeond,
for exanple al so by enpl oying, ~i -anm. no, aci ds. For the purposes of the
present invehti®dal!acti gand™Fs 40 uhder St odd”hS eani ng all mol ecul es which
participate in binding reactions. Accordingly, a ligand may al so be a
protein normal |y referred to as a_receptor. A so, .such .a rec r. may be
"I'i gand" fopEt hgoéﬁﬂ'ﬁo’ééspéf}tfﬁg 5?&%%% i“rvent on, f lacexlarfﬁﬁfa@{v&%ﬁ it

bi nds t@dts(d5nbnhenacti onnpartnefysfor exafplie’la s$ ghdakemsiteed &35 A
trimer of regonpipant. fusion proteins isespecially preferred hd
conponent A Eﬁ%gﬁhgsr e'Ergnbl n‘g'n”t” ‘u:?l qﬁ“l&‘c?gzﬁ n ig a}ﬁcthgkgne,g,fr%%r]ﬁﬁt he TNF
cytoki ne fanfhbystacpo segfdhit oPaglickUacTNE cyt'6li ne B~ @ Furict i orfal
derivative of.a-INF-gytokingror jef a@aocormgspondidrg ENe cyigkddie: segirent . By
binding to the corresponding receptors in vivo (for exe;mgl e in trggrecase of
bi nding in tha foritofJa Ritghet-brdet dugredate) the 25%bi iogi'¢al® action
of the TNF cybokines (empl oyeddin tde t anget celdis: mapebriengeaboutidor
exanpl e apoptotic, proliferative o activatingqefiects. bur thenas. the
trinmer typical Fy"onl y ersure the binding to the receptor ih question, but
no | onger exepvaihet30 actizdatd ngctamet i rami el onliithi td iy @nurietat i on,
sui tabl e TNF eyt okines,-ighd thus @, suid abl e.compenent Adm ther fasdpn
protein, are, in particular, the proteins 'OX40||E’ RANKL, TMEAK,,Lta, Ltab2,
LI GHT, CD27L3¢4TeBBE @&-TRL,PAPRIICEVER T aRdSBARR “3F Fiiei r- Tegnehtd or 35
derivatiyes. pVprycespeebahdye pref erredtare t hemreottsi ns €40y r&asitt, TRAI L,
TNF (in particular TNF which binds to the.receptor. TNF-R2),_ 0L, and EDA,
or their segrBHEE-dF deri varives.°"a g%ﬁpdﬁé‘r?tm& inthe " pa FEROL &

sigral proteins which, v whcse segm

D

ncs or

cordance

9]

derivatives, &re employed as component A In a

with the invenztion are kiclogically active only in the

35 form of higher-order aggregates; in cortrast, as
trimers, utney bind in vitro and in vivo tTo receptors,
but do no:z activate these receptors buct, rather, occupy

the birding sites competitively and are nct capaeble of



- 11 reconbinant fusion protein which is preferably used are extracel |l ul ar
segnents of the abovenentioned nmenbranebound TNF cytokines or their
functional derivatives. These cl eavage products are very especially
preferred 5 when in particular their Qigdtng capacity for the receptor in
guestion is retained. Functional derivatives in the abovenentioned sense of
t he abovenenti oned TNF cyt oki nes or segnents of the TNF cytoki nes may al so
be enpl oyed ; nt usy Qqn it el ng. % e ially
preferred en%%é%%gggggc5%9%%%%%820%31&hghggggﬁﬁfﬁ%nfléﬁ??bn%%¥btéﬁﬁg whi ch
is a constit@énblefking trinmer according to the invention, is selected from
the group consisting of hFasL (AA 139-281), hTR AL (AA9 5-281), hCD4OL (AA
15 116-261) and mor_ hTNFa (AA 77-235). Accordingly, .the_follow ng

possi bi | i ti edTPEGuI PRY RIS+ BAMEYE REIPHIRE BRI | SATPEdnpBRehei RS sel ect ed
for a reconbiteant eksimbe pirot @i vhkeh 65 tMNHeegBkiBegonstiéaeageof an
ol i gomer accordin% to the invention, is %{read i_n soégtion in the, form of
a trimer. |nPEREHCEScaseSREOMRBREHEYR wite ennBAEE AREREAIOESI zat i DR of t he
conmponent s Apevedcoiee. Thes sExtustdedlulan,ounsrdorirexasgdreembhen epaponent
A Tor exanple g IMed IdaNdofboRef SCUBNL W ARLL VALY e LOSIER agihi ch s
typically al ready Fi et ze6d Th S0 ution, I's to be stabllrzed In Tts
trimeric for®siened xotean paweyegonpitiam &:1id sewenest  which hearvent
that comenerRktAsf s REHDI NANtaiysi BB REPHSLR A% S Wsdinsdiaws: N0 syrface

30 interaction-nmediated trimeric structure in Solution or in vivo
conponent B WY ISGOMREIGFafds AT PEHE iy TBhLY hat@CeRERFS ur Bor

tri mﬁri zat i O?xahm@ﬁﬁfmﬁto&‘s)fflfmmtﬁéolﬂ]ainam offua:imﬂﬂfmlﬁt eébeptdhe |atter
is the case r _exa typic en _on se nts_of .the 35 native
protein, whicfho%as %e cgﬁﬁgi t¥’ i rfe’eer%eé‘%sf 8? S35 IR0t pr B8Rt i n
vivo in trimeeiceptors, fwridxahpkevbeeabseet ke qdirdriumeisorshi &néd
greatly fovang,hg JIRNan®r ., 4 Rabdhd Opéxaé’nn%ﬁ Q1 5 3R Brner :hoiécu?&?”ems

of cytokines, in particular Ctermnal” se nts or exanpl e segnents
enconpassi ng f&r | exanrigo menkyaneRInds &a6d) cuphfedirdm are CEhesni nus),

preferably abl's%%oxﬂ@&%ﬁn@hﬂarﬂéﬁwﬁIig’arﬁ)def ebablthed Mrpeasd 480 AA
fromthe Cterm nusg of Fast, CD4OL, CD:%gI{;8 RAI L, EDA or TNF, are used as
i

conponent A &P RF INEREFQR | BRY pf e MFes Aof PTRI bl ment
however, conmgareénbidlelgitdad Midaawhi fHiradmdritsd orhidot£1d dayalblsoof ake t he
f or m of ar:g'.n .aci d _sequence cccirdi na. tqothe CE)resent i nvent i oné @/ni chis
sui t abl 620 or PARAY AT BTGCHAT LY SESARS aoni 98¢ 7S  Beapraren

ant agoni st. Vhes, tfhe compbérenwaphabiatobogatalligaact: e, psesdént in

or ganochem C%'np'i@)s%‘i:co%ijc%ﬁ?‘lrﬂ%hc%%?l'c%%t:faH'o%%' Ly Q:@l\éa%%@ilé_frt o such an

am no aci d sequence, for exanple via an ether bond wth threonine or
serine, an am de-like bond or via an ester bond. Such coupl ed agoni sts or

antagoni sts aan 4 Nnpreasertie drivdditenEQnsiledt cefpanbht BB ageiuKli Aget 0 the
20 mven% on, rpref %\r/abl y to,val ues of at_,I easﬁi 10-3 M 1, or_ can nodul ate

t he bi ol %)i cRTERERY i & ERIPEESi cACSPTEALYI nkPbi £8Py BBREVFLPTof ™Yt ri ner
accordi ng t o entenpasant | Ddent icghr t companentsh regatitbrict#ineds )t i ngrt he
triggering ofg.t pt ot | i | gcas e, l.n. di ti,on, b

accordi ng todtlhf}é]i%lr%\%%nt ?%}Hﬁggﬁﬁgg ezgrpl @g‘% régs&clgrr?erﬁasgr’ f&r‘gﬁhg}’%&gﬁ%gi cally
active subst assesbipande|fartiony rratginshirayx afeFrrat F¥ iper agcopufigat o t he

invention, aghaymcelRHGal] Y ACtiwes I RaLedE enbr60ihd LDER VaYibEs
transported sel ectively ) . . , , )

30 components A, if appropriate with different biological
functions, may be Dbound together 1in the trimer
according to the invention. Here, the components A of
two recombinant proteins may be identical while the
third fusion protein may deviate with regard to its

35 component A, or else all three fusion proteins may
differ with regard to component A. In this manner, the
selection, the arrangement, the specific combination

and/or the number of components A in the trimer can



30 into the spatial vicinity of specific cells, which constitute the
phar macol ogi cal targets of these active ingredients. One possibility
consists, for exanple, in coupling such an active ingredient to an Fast
trinmer, the binding of the Fast trine[_Q{qpking the FasR (and 35 thus
inhibiting, in accordance with the invention, apoptosis, in this way
saf eguardi ng the survival of the cell), while the active ingredient is

applied dire - c SSi 1@5 yst - 13
could resultq§%¥(%§g' Ieffé%%$llﬁEBUlaF%g tfﬁ#@fﬂﬁﬁ) to%gg?gtéubs ances as
active i ngr ecinanopniteh mmm@tm@v@htﬂhaﬁcaw%kngf ef frGhi&  ceRNs

agai nst the talgeth&Rld$, for exanple in the case of 5 degenerative, in

parti cul ar neurodegenerative, diseases, especially Parkinson's disease or
Al zhei nmer's di sease. In the case of Parkinson's disease, perishing of the

dopani ne- pr oduci &9 faekheri rpﬁemi‘eﬁtél’ﬁtéxﬁbbalrﬂéﬂtﬁ @ampbh@&tbeA pigvenked in
accordance with %ﬁg_lnvenﬁlon The, us % st ens_ of carrlg in
accordance wit$F% qﬁﬂﬁnl?%ﬁp%nﬁro ?lﬁng ﬁﬁ %W%I%%t?ypggﬁﬁ &d
active i ngr ediemorsoNED nprbwias ﬁ@dt@nnemtcynokunen an vyeterilpakynmedi ci ne
is thus disclos e aly of  t m gﬁﬁg usi-on
protein wll %y%gghPPg ?ﬁ e t 56 forﬁ?QESPébE%telnQ%g&%ﬁ?héi 1q ﬁéo?gln

fam ly or theéigulingt i nHomeviey., Esﬁé@?élpyabref@@f%ﬁﬁ%ﬁ%ﬁ%he<¥ﬁotéhﬁs from
the Clg 9p thgsalh&slidhd@m Ipemsi NSt WigHei®f t RRJHREREDI NaRl /& fusion

protein, viz. as conponent B, “when only the trimerization domajn, but not
the ol i gomer iRERGEHNTIoRaYNn, 2450 t P&ns@?ﬁ’lﬁﬁed PSt reOTRPRRYRL As HdnstEt uent

of the recommimwnf@smlel proE’éﬁﬁembbh igorposenst Behant hef a
reconbi nant fusi on proten$% so 25 not. conprise the globular "head"

domai n, whi ¢ ¥ Cha S st |tc° qﬁ‘h’? HE HFRVeent i oned proteins in the

native state. The abovenenti oned conponent B in a reconbi nant fusion

protein ggcordi BchBthﬁc'e“%?#ﬁ Ogov‘fﬁitﬂ& ptz}%‘f%r%e%te%}%'&§ e ch

of
typically only rises r exanpl e col I agenaceous, segnent whi ch
has the functtﬂ@maltirtlylercéﬁ {FeRerPFBaRbN fdlféqrb Pﬁ@t?éﬂrmﬂfFQﬁif%?fn% i pl e

hel i x, but nothd hoseeSEAYENCE tEeETRPonaMt G0 atldbhpLESS Yahaerplterability
to forn1a bi - _or Ollﬁ%ﬁgrlc structure with other trhﬁle helices 35 (for

exanpl e a tetfd B3 nBr T6FEPEQF oimf PRYIPF PREPPREs) @ ITOWER The
trimerizi ng fwmpr@teyt\omﬂaé taer ehoeeléykingl by ehkycoapbaentshase

domai ns the.proteins .fromt Clq rotein famly or.the oIIe n famly
as conpo%gnt %§wﬁﬁ$hf§Fé Fbé%%% ? 58?r§ﬁ89 %FhéﬁriafPXﬁn WAt & g St hei r
respective htdmi fhomai e wial | slagmleepl aced dy dehevapiveeios Gugir oeei n
segments as %é‘é;sem MELEH; L1 kew %fefé?féda an{BB%Sa' Fungli.gn. gFor the

pur poses of t i nventi om, ferm "reconbl nant fusion protein” is
t hus under st o’é%F%Bt%arﬁl?ﬁg trW&tthr%Sat from efBe of@mEbrpatentth® addFt he at

| east one CO”%E@@&OLEBI nlhhga&QQQﬁﬁb_la&arﬁag‘ws(@é}r@iﬁa@lcﬁwaa@sfaussaﬂlply
artificiﬁlly, %@aY n protein for the purposes of the present

i nventio cor?%gﬁﬁﬁ Q 3% ¥&flral Iy occurring protein. 15 Functional ,

i.e. trimerizing, derlvatlves of proteins of the Clq protein famly or the

col l ectin fan% & t?%mf%@%Hﬂi%ﬂaf“ﬁéf@@dﬁf%%éﬁofeBQBT5818£1EDQactlve

abovenenti oned prorel ns _
proteins, proteln segments or peptides refers in

particular to those proteins which maintain the
30 Dbiological function, in particular the binding property
with the interaction partner, for example the membrane-
bound receptor, but whose sequence shows differences to
the corresponding native sequences. These sequence
deviations may take the form of one Or more
35 insertion(s), deletion(s) and/or substitution(s), a
sequence homology of at least 70% being preferred and a
sequence homology of at least 85% between the

derivative employed and the native sequence being more



20 conponent B for the aggregation of reconbinant fusion proteins to give
trimers. For exanple, conponent B wll conprise the relevant sequence
segnents of the proteins Cq, MBP, SP-A (lung surfactant protein A), SP-D
(lung surfactant protein D), BC (bovine _serum conglutinin), 25 CL43 (bovine
col l ectin-43) and/or ACRP30 or else of functional derivatives of these
protein segnents. Especially preferred are triners of reconbinant fusion
prot ei ns whe nt f the r i t i on roLein ¢ ises a
protein seg ﬁ%ggg t%e Sggfefﬁhcfég%gﬁgfyfﬁe p%%%gihé%EgPB%gggFﬁggggequence
segnent of apriedsswre®.AAThe |t hfungpioakply derivateees ZOVAXS nihength,

fromthe col LagRRAcaQUs SRAMENGE ISLUHONS MWChnEOE M8 kT LBhBePEhEXveOr a
functional derivative of 35 these. A very eSpecially preferred enmbodi ment

of the presefUlISHIERGIOR arkh t r FREPRY FCRec HiHbnantie usPBYSpPoPEE A8 whose
CorfponentsiAcsférag@l45 lein%R% 15.anr1a@1'1%%raci@loﬁ§§wa_@ﬁvéls ssdiwm_ ﬂ@ilargngreﬁ,ieféra_rred
sequence, - to .or a functional derivative of this murine
(m am no acit® SERHCEIRT bF CR&LART e ﬁEeaﬁ§F880@§Hﬂﬁnﬁ?%ﬁxﬁﬁﬁc@aﬂﬁ t he
anal ogous se@qlenree ateanatdicingedndlgr obna segoenérof THerse seqeenceén 5

Especial |y prefenied ar e Lpkners,0f ol Nase f ushonpratel ngqahi eh, coopr i se
sequences fr&mdifferent RO organi Sms.” Very e.peC|éily pref érred are
aggr egat es acesddiivgliyo eaheneaabhveby whemgede\sishd gilates f r enematehi neri c

fusi on p{et eigfi%aup%OWPH”%!He As ik gidiatidg bromamd fH f fer Rt AHJ®l s$Reci es
t han conponent B. Thus, it may be advant ageous that conggnent A caqrresponds
to an amino &°dTSeqiEfic LIV FroRde, FPERING VAT QFRR hF 1dgaSebr 4P8, i n

particul ar adRmple sAdd chninciitinad Hpdeety vatihyeiéh. suehs amegfence,
and conponent_ B is. of human origin,.or vic; versa. rnati
Angit

Al t gel t he
sequences of WHipcfnt SN ¢ Rt BT ¥asi®rPPprdt efh %c%g?aPng to
t he i nventi onismMiedldasdioya dnothesr aarcionali axgid owtble &nitkéwbsenayplar

preferab al 0 i gi nate fx i S i.es. Jrt her
preferre%gemﬁyﬁéiﬁég%#’tﬁ%’pﬁgggéighégafigﬁég?hg %@gg'i?égﬁawﬁgﬁ%n
proteins tri s i zghakacterzethor by antno hydirgrhediencesisie noekaimanis am no

25 acids, prefgriaklan ofp@ tand@ne¥er Yar@SReci abiy phaferably 8ikew2@e am no
aci ds, which _séquence is gresent in the reconmbinant fusion proteins as

conponent B. RO ObRs i %Q?oﬁhé%nfd§P6nﬁiﬁﬂ&%%ﬁ?eﬁh?%h(F rSeRtBFed ow ng

t? t hese shorﬁdy anii¥eacint se@enees) , i501|80 wlpdzfﬁél ]y(basedueﬂnféhe blg:r gati Ion

of supersgecondary st.ructures,..in parficular on t o) tjiop,of coiledcoi

Cripl o hebi caeotanaing of frd i ot iene 58 sRhNGHESCirTs | AbSe

sequence segmedssibdfe prigt eipas biltudlargeaer ataose neesuenceg postihéoher mati on

of 35 supers ry st t fo e i cal .col lL.agen us-triple
Per SRaNFar ¥q {'1%@: uﬁ?gglg ébg??”pé c]tlya][(ﬂo#@e 1¢0! L AQ §§§9H§1 Ip

helices or segnents of these t he acuna exanple in the case of
t he proteins stvRctoaeP, ogol Vageh drelatig nity) . the. hypding region. A

change of a spatial structure by insertion(s) or
25 deletion(s) can be detected readily with the aid of,
for example, CD spectra (circular dichroism spectra)
(Urry, 1985, Absorption, circular Dichroism and ORD of
Polypeptides, in: Modern Physical Methods in
Biochemistry, Neuberger et al. (Ed.), Elsevier,
30 Amsterdam). Suitable methods for generating proteins
with amino acid sequences which contain substitutions
in comparison with the native sequence(s) are disclosed
for example in the publications Us 4,737,462,
Us 4,588,585, US 4,959,314, US 5,116,943, US 4,879,111
35 and US 5,017,691. The generation of derivatives 1is
described in particular also by Sambrook et al, (1989,
Molecular Cloning: A Laboratory Manual, Cold Spring

Harbor Laboratory Press), it being possible to leave



Since, according to the invention, the conponent B of the reconbi nant
fusion protein, which leads to the trinerization, should formessentially
no hi gher aggregates, conponent B should typically not conprise a 5
cysteine residue, which is capable of fgr m ng an internol ecul ar disulfide
bridge. Preferably, conponent B in a reconbinant fusion protein wll
therefore [l acuna] no cysteine residue, or only those cysteine residues
whi ch cont ai i I 1 ge t Wi t hin
t he reconbi na% f u@%&%%.%eﬁ“‘qﬁeogaggh o] 85%)12% gegll%’%g I'6f wher e
a coval ent | imfkageb@i t hirt hepatrtieadaroneheyss ei pyotesngue wich f uslrr@n

protein of angtfign fSddrein ”@:b’d@fcﬁ'é HGQ?& Bﬁygaéuegleamda%beaaat&g
addition to conponents_A and B, the fusion protein my_c ggrl se addi'ti onal

sequence segrieht sS*8BRLUBNEYs FRFERLAFENGr &S rRECESID t Rac &Y of t he
present ipvenhig¥tiditsidd &hi Bycgr&hmu,lztl&@se;ﬂ@owb@élﬂ aEa@Qbéﬁauggces,
for exanple at .l east .one fl ag IS to _sa am no uence
DYKDDDDK, andi'6ts e -5t ‘ég Ce %ﬁ‘lc?%a@fp%ngo s t (%?FB? ﬁ@ geveral
consecuti ve Mstenblwsnd @F-aendanples-iais | east five) and/or further tag
sequences or antigenic sequences. In 25 addition, the individual segnents
(components A, B or tag sequences, it also being possible for two or nore
conponent s ARax behgresepesen dlfie thesimressrot einverttioni ng Logehd is
 nventi on) ofurfdutslfhy PLE! GdarALO! 81 10 niol Il JoMURE LN pERY 1BEpBERAN At ed

fromone 30 another_ by |1 nker sequences. _These |1 nker sequences | east 2
AA, preferablyt RINERT TR0 1iQRT vAFEPTEHRILY r U8t LiF GRNERH ?éﬁpoﬁeof t he

various functd Oﬁ@bt@Qﬁpqulm trfée:erxe@@nbtaaras féSleane&K’éBJ_el naagd,can
preferably al so.exert a " m no acid aﬁﬂuence of

Pl exibro atr I & Aefsptepdinn b5 o EFuprqtaf o PRoBa:PRRREr OF
conpri se at Imenmelpwenembylt,l cfot eaxagplsa tehemhiith bhalkestd héts

conponentg A { Qg h 4/ Prot eol ytic
cl eavage §| te r|9:n c%%I | s pr e%ge}rea%i y iar]?ehr on]t?q it cg%%leens%s sequence. In
principle, conponent A can be arranged G or 5 Ntermnally relative to
conponent B, prefenabl vrCi&ispmady: F8ibAJ HRAUERGES; JRYPecik1al, any

position of a reconbinant fusion protein according to the invention,
preferably atPEHENIEr WRRls. CAPPIHesSesi? ofbs| o’é%‘??fbbjé”éﬂtul gusion
eﬁtrarrenbr angrodeiaepior & ﬁfy&:cadﬁm di s6thogsBed aNFa éyl{d]ghﬁ’ée Sﬂ@m@my mat t er of
t he pres i nvention. Suc ocess re racterize y .t

r econbi ng{gl orP TS | eR5t SHEE w %ﬁfjcrh co??esﬁonéémic(glgn&lot ein
or protein 1Ei$e:gmmtvw oh a WNFI @g«t@édlrn‘ajrmi i ofh, aandraespbeadingn@NF

trimerizing C‘%méssg’gé eh&Lel n A rs£l£§1n§ucgoa EHEO ALY § go&{ﬁ' P@t ed,

protein is ex for exanpl e 1n an exg‘?esm on vect or
and then (c) ZRRRREQWS alBeMiveul tigte, exappbyaipl &he cEse seEpoAsidéng for 20

i n-vi tro studies. thhe present opr O%Ssh'lgh%?ﬁ%r%'é'rt abéé‘%fé&at?égt ectth%g ]
ea In 1N-vitro s | es ucC

cells, r e | e from apoptoti

cells wi gﬁ t)ri'i’%%g’a?ﬁzjor?lgﬁ O?oc’%hé'f vt | CREUFIRES oFBPHOVEY A8 §8&cri bed
in the proces&r@étthﬁlllme rapl Qyzethgj Olablowitt héori rexzmplid r apdptidites, or el se
for the productl a. nedi_canent . ndi Lng ck())nst%rp1 |s h| such

invitro treat®d ]geﬁ?ra%%\ﬁe b8y & r%ln%% n?ﬁe&l%f éxar}’b Stich™ %?’gcedure
i's suitabl e itrimer cas¥pbtadllyoi pmiNe dinseases tz:he de@ma@xlwl veodi sb&ses in

order to prot Lhe;gell ©{R.RAPOPLQLI C at R gplkeH VOg Progess of
t he above typ%%%ﬁeoery esgec(?u%"gf pr're)f erred V\ﬂgn cgrr%gnent ﬁéjfs aq:T%F

cyt oki ne30a YAtHid a *é’y‘?%kl n&lor 2a FOREMSFARIde CRVBETPE1ON such a
35 protein orgpiwdisld B¥ENEPtokines, and thus a suitable component A

in the fusion protein, are, in particular, the proteins
OX40L, RANKL, TWEAK,  Lta, Ltab2, LIGHT, CD27L, 41-BB,
GITRL, APRIL, VEGI and BAFF or their segments or
35 derivatives. Very especially preferred are the proteins
CD40L, FasL, TRAIL, TNF (in particular TNF which binds
to the receptor TNF-R2), CD30L and EDA, or their

segments or derivatives. A  component A in the



Frinmers of the present invention are suitable for the production of a

medi cament or for the treatnent of - 18 diseases or disorders for

medi cinal use, i.e. for use in both human and veterinary nedicine, in
particul ar when conponent A is a signal .protein or a segnent of such a
signal protein or a derivative of the'p?gtéin or 5 segnent. A wi de spectrum
of di seases or disorders can be treated with the trinmers (hetero- or
nomot 11 Mers) ARG LAe 4 $08n TheY ﬁrfsugggfégaﬂfgthgg ar, yhen

i ncreased exttacallular concent rati ons of the respective physi ol ogi cal

| i gands or aredtmaaslsleiliar t feonennsnbér tdfe nelbdyemen boomedr BeEprense-i s or

are observed ,aqpng The SYPLRBes BAMPLAS; 2T el £ised aeRgeRtrdkisons of
menbr ane- bound si gnal nolecul es, for exanple TNF cytokines (for exanpl

npl e
FasL), on théhadq sCLlRRHBEPVELOBICEH BPUNISEYsi FREC TRl BeuPEsLergedexanpl e

15 TNF cytoKiwieriiieh igaragldlly asHdie reswldinef peaphedss Clfeavaghe In a
nonlimting enuneration,,such triners accordi i nvention cag be
t

ng to.th
enpl oyed for SEHAY for*the FPE§EELFon of° a dg%F%éﬂ% t fo upﬁglppg nent
of hyperi nf| atewmivatyivkdsor dar s, tlaeit olabavemeditdeases, 26ndeseases whiech are

based on hyper i.c_reactions nerati Lo _parti r
neur odegener a%b?é\}g%ﬁe&;tsleoargee(g HN%r %&gér}ﬁ?gg%arirﬁng\éﬁmse hgisse(zl';iée)cd,vﬂelaf NE
appropri ate atwwkined nayectlisonsbe Tempdoyedcad dEagrenenhe & noknthen are

very parfpeul gidyo,sui babkeiphen the 25 digegse dguiiLm A { peak@Rakanhi ch
intends to prevent the biol ogical act|V|tg of native %ﬁtoklnes, that is to
say serves fATRAGEHy coFPRRRE ngP cyPbki hBer eE8FPBPANARkam5MEL 0 be
menti oned ar @rddeat memicd véral cbapet ttibst (6BVLhECYrimal-cakebridiggced
hepatitis 30 dis ases, chol estatic hfgaéiéi ¥ Vvkgon's di sease,, Qe atitis
due to nonf unc? i 'Oi° of “YFRELR bi hiufEe 85T n? 8F FefeltPBR FEFFoN-AdY i ver
transpl ants, d¥HEFadEN (ARoXiX9 €48 der NBTRAED, r(@APsis)38Hashh@D40Ls (AA

t hyr oi di tfligsD%lé@%i')plaq,léﬁie(%ﬁsﬁﬁ@éa%erpjﬁﬁnt i nvention furthernore

rel ates sequences encode sion proteins of the abovenentioned
type. Such DNA sequences are expressed - 19 in expression vectors, the

cor respondi Nop EXPF ST BP, VEEROT S£oMIbkIngONBbEEEna1 Pesequeraetl ornt he
fusion proteins according to the invention, also being_the_subject nmatter

of the invent3HFPTIIRCHrekent ERAVERYERR1ISNf uFPHBPABRE BxFEAGSTEE fRdse host

cells which adg ié@étﬁtﬁﬁﬁéz@td Wi ENA peguentes Whiileh eﬁlé]?deot gebefcu;ﬁiﬁon
proteins_according to the Lnventi.an. Very especia p errred in this
cont ext §@e|ﬁﬁﬁs ??%nﬁh?thaﬁr@%ﬁ%ﬂ%ﬂﬁxﬁ%ﬁé%é%ﬁpeé%rgggi&ﬁvfggﬁgps, t he
expressi on l0iwveslveadyiimtsoutionpinsthg Dbmsefuencesmeatri.clinesccde t he
fusion prOte'£5c§§8°r%kﬁ%oh%nkhﬁa'QX?Et%%%ané%J Heth ?ﬁQQYQQES&hOQEﬂ

subj ects according to present Invention are suitable as medi canents or
for the produlte opomporeriesli dafEat, MPAepalhieupatupsionhd s1Soupdatfivgnt of

di seases whi cixahS1 & SdRSeSmpOnhe R! €8Pt cRAkBNE aPRNFCAtigand o a
appropriate as constituent _of ,a co 05|hlon. VVthbn he ,scope af e
present PrventEIRCNE heOF ri ABFLVEBLYCcoFBRREOE0 t HBFverti o YPH MY ot her

subj ects of already trimerized in solution, is to be stabilized in
its trimeric form even further by the component B. In
contrast, in the event that component A of a
recombinant fusion protein as such shows no surface-

30 interaction-mediated trimeric structure in solution or
in vivo, component B will, in accordance with the
invention, have to ensure trimerization of component A

of the recombinant fusion proteins. The latter is the
case for example typically when only segments of the

35 native protein, which, as such, cannot trimerize or at
least are not present in vivo in trimeric form, for
example because the equilibrium 1is shifted greatly

toward the monomer, that is to say, for example,



the present invention, are preferably used in such a way for the production
of a nedicanent or for the treatnent of the abovenenti oned di seases or

di sorders that they are suitable for parenteral, i.e. for exanple 25
subcut aneous, intranuscul ar, |ntraarter ? i ntravenous, or oral or
i ntranasal or anal, intraperitoneal, nal or buccal, intracerebral,

i ntraocular adm nistration (injecti on or infusion), if appropriate also for
t opi cal appllcatlon ach_of rinmers a r.di o the on or
host cells wi" gﬁneflormtrrgrrer%y%ccor %hgmtsl({?t hgjgrgr?gec%tqf%n g téﬁ%gm
sequences Wwhiselgremtade ( fecorﬁxatmﬂtefaggmnnpsotem@@m@@abﬂl@ @ft f deadhg
trimers, or o apl e 3 %é@tte%%gw (JELLOI S g 2R BA AR edicapeAbsper se or

be used for t e roducti on di cament. However,_ they may al so_be
enpl oyed as FEGIEEMAY iat cb%?‘ha@?@n% t%@)t?@?t-‘a@ﬂ%@l}’ n@F@éPEﬁPlY

conponents olxtPhpsa@eeutvocala fromOthadjdvestsinGsy I iogr sF8L addbadues.
Thus, the trinmers according to the |nvent|on or {he further subj ect§: of the

i nvention cafrBeTeontiibd afPlort | ThEnt 4% Adt i<6

phar maceut i cajHey raceaiiialre: dargiicer iproﬁ:eaﬂj.uvant s and/ or addr tives. Al so

di scl osed in accordance with the present invention are therefore
(pharmaceutical) conpositions conprising subjects according to the

i nvention, inMmatpreferredi ppbodawenkdi h@wme&’he dompemargn. A Suf t Abke
preparatjgn %ﬂ%@@ﬁ@%@ﬁ@ﬁf&&&@ hdl, 5880 ngL el snEhasprcsEt haal

Sci ences” (Ma ., Easton , whose contents are herewith

i ncor por at ed W%fa&%c‘i@q‘ﬁﬁqeab?‘éc%%rﬁ%r%ofB]PepHFéﬁFEFalmgﬂﬁ‘FhPé‘t ration

ﬁrg for exgrmile:h ﬁtfrsu&atrgter fost eertllelgsels neser ildr ppdgzlyaérybeegtglrycol s,
ydr ogenat ed napht hal ene an in particular [ ible | actide

pol yners, | a@tchﬁ S yebl iR R yﬁﬁ%agf’nbﬁf:yo@’elﬁryl RE/ pETI &N Pr oBy! ene

copol yners. @rqosddlans addor diaigite, tdmeal hvenganochayicahpmpbiechilkl ers or

S DSt ance8  sidh e ZoLBFLAS L BRI L) coMARRNGES dPTsEOY MR b! K1 NG

pol yners xanpl €; I"ene 0 |n Itors
accordi ng to adisl i meameEns®, cémtfl eﬁxﬁgpﬂaﬁt th@t aﬁnr Grtdhest h@@ldusweﬁhof
materials in SREA S | S PLAPAT A | AR50 1 PRL VBBAG COPPOYAdanSUGReas, for

exanpl e, 25 po y act ate polfgl ycolic acid, hydrogel, or on liposones,
ni cr oenul si oo™ ¢ f4dy SFeAIARLBFS nof t ANEABPTAF LS eSABI dBCTEAFRr ocyt e
fragnents or @iﬁﬂem@ﬂﬂ&bs cbhetahei cerofat herimsh vightadr Emrpditeentieof the

conpositigns depends on the behavior, .30 f r exa l.e ywiith _regard
to sol ub?ﬁl tylmgetré it ypr%ﬁgﬁ%@r}f %?IY? Uy QbgridABArt t3rf]\‘f[ tofPFed or
constant rel ezme rnﬁdﬂlmteacthe/eblolgo@dc@htac‘onpnmant 1acpardmglau t:he

invention in t rrpktcloé%; k%é}%\}ﬂ.% udgs for ny]_,%é aggoeglgg |e| C

depots (for exa ty acids, waxes or ol % stances
accordi ng to inRentiamt i bh DATEOAPOSKL WaE CRERTSI TRy snbhbsﬁbégaﬁb@s Vi z.

coati ngs thﬂ%@/ételr@ apg |1 keui S%ﬁdjp%etqs;ed Wi GRLD t heyseppe, of Thhe
pr esent - I'nvention (for exa EOl oxaners or Q,ol oxam nes
Furt her m8Pe, aé%’s'i’a‘?{b'es or(@tﬂ‘ff‘p'os?t’ 8ﬁ‘§ B8c i hgSt ¢ VRR tL et dn ey be

provi ded wit f‘etﬂ_dilli}féﬁl vascoatagiser f Of oexangh s od Bagica Ihy bi tertiver
perneabilizirgh éieggg By selecting a suitable carrier trimer
according to the invention, a pharmacologically active

ingredient can in this way be transported selectively

30 into the spatial wvicinity of specific cells, which
constitute the pharmacological targets of these active

ingredients. One possibility consists, for example, in

coupling such an active ingredient to an FasL trimer,

the binding of the FasL trimer blocking the FasR (and

35 thus inhibiting, in accordance with the invention,
apoptosis, in this way safeguarding the survival of the

cell), while the active ingredient is applied directly

to the target cell. A possible use of such a system



Trimers according to the invention are preferably also used in the field of
in-vitro diagnosis or else for exanple for biochem cal purification
processes. The use 10 of trimers according to the invention in the context
of biochem cal purification processes, jcg particul ar chronmatographic
processes, for exanple on purification | uims whi ch can be packed with
such conpl exes for exanple in order to be able to isolate cells which 15
express the carrespondi tra r pt : f il e Thus,

t he use of s&@ﬁllgorrf)?g&gg %rlr dégggﬁﬁgn %ﬁoﬁgo%géﬁgaaﬁé%gditggﬁggeqt%thi n
t he scope of cyftetprésentsilpsemnten. 26 A doriver sograstiendtt erwbichhe
present | nve%h%%a%'e%h. bSefERer iRedabeL ey ardt f Usih@Re PIdBINSaYhE sBare
suitable for the trimerization of [lacuna] as_long as the reconbi nant

fusi on prot eitheconp?¥ees acCeldgst ofRF coRFERBAE A hd hfel ef@S%nect
conponents B, depEperertivA,25 Cofpri sip@reiPiDiei N ohedrpleyeherseguent wth
a biological function, in particular with a | i%gnd functi ﬂé%or ant i bodi es
or recept or s 1&FFSES CIR I T 15 i %?3?%g°§e§ 8t a®
functional deriiseatsieve I shiehcassegferRrarfimms@r'ct edissasd, apeB8Oshisgri bed
above as constd tuyent. of the trj . accC ing. to e.l L on. , all

t hose reconbioﬁflar#lef udscfpoar%Ili lpﬁeo_t};gel{ér’]%{czlr d‘? éslgjisgg]é% F%Qa%{é%%g%%\%ggwngﬁy?he

i nventi on whicem érhersdils|msesten tiybvin aacecondanceent thother ineestaetor di ng
to the ipyenthian., Jhesabayverdi Sl Qs €or £Br33eC0NRLCLd 08 i de /i BB S
according to the 1 nvention regardi ng conponents A and B and for the
construct i on tdfe alreeBrbPRariid ust bnaprseeriatRus YV ¥ PotsCPYPLRe

embodi nent s Qfcta vee COAR AN P ebRipBnateor(l ngefiochhent -in2Zhumdryedki on per
se. Thus, co nent B faor r.econbi nant fCnglsi ggéo(ré)t.ei n accorldi ng to the

i nvention is te;)}:yﬁréﬁa\r)y X 5 ?e&ﬁ’éﬁ STRET HroATHE Ggroup consi sting
of the Clg protein famly or the collectin famly, or from5 the famly of
the col ! 3genacoounifiot 8 e CORRONAMoib AladNC ARAAUD! B3RklUST gR1protei n
preferabl'y exclusively conpiising a trinerizing segment, but no
trimer-oligoramidaidyst takeur ther kpwbuladr Bhebyotddhmi Fromy pheal Ca
conponent B Wi,ldy dihiS (oA S@at +He | eR3h eRE naNEAR1aGl.d 2egUenas Ly th the
heptad pattern (abcdefg)n which structurally forns a triple-helixform ng
hel i x whose SHEHEHSGHs 3% pokPei oRECRSARE d T518T ertdift v e ¥ftath&d to

t hem apol ar sddgig &dins fnd ihussenaldns tiitten®r metti othef kBeombinant
above-deﬁﬁri bﬁf 15 suger hel i cal , struct ure, i n tnhi sgtasg as a tlri pltlr;zl hel i x
conposed?8f tHESThePrOEE "sucht éequthc SSTBIP A" eBst BRe héptadd paftern,
pref erably attdiemstizatoorcandomagnnat buftor rtanptief r ohigowesfizabhéon

foll ow ng pr ins. kekati 3gen, o R -SP-7A, - : 43 or
ACRP30. A fu%ﬁ%%ldl %grie\%ﬁnfs\c/‘ggllof suc até%{glr%r?t%eg? t%’g gtc))g\?grlré%tgingﬁed
proteins may af so Be enpespsdpifiati n tHei9sope PEPLERS -pr eSERECLAPSNt i ON,

t hel abovel- Se'cf&ﬁ;%héilﬁf ) :r:Iitl opnef réc&#ﬂ?ﬁ%%ﬂgafxg%h;/ﬁt:b‘ééi%?ﬁvi%@WBtQ?@nt fA
anal ogously al so appl yi hg to_conpaonen 3 urther ,subject er o
the presént iMfent %‘i‘fylilssedn théhi 19 L ch}ieé"d;)re?\?malinn v?"’?lﬂ'(?g?nl%l ution
as hexaner (2xXHrawtex)idtoid heff othat iaovaimemtdicsidd | geo88ihsi dge the
(ApoFasL-060)._ .This inhibitor.,i s prese N vVivo - 1 roprj at.e in an

oxi di zi ng medttid S i Y HE T orm of pﬁ%‘%%?‘?%r%}tlc?rdeb%hac\?é‘{@?%%at t_H rré'?ll Pre
fashi on and trecomxenant | fusbonomrresper 8ceerdpoFds - OB daWensaLonof an
N-termnal fl eq e, 1add Nker agduansReCiyiicer® tipkesiapd bheyAAs 103
to 138 fromh asifi aggﬂlghe AAs 139 to %gln(corrponlent A)i,’ﬁl i kegmpse from hFasL
(see Fig301).comRiosRusI§hean fgthi BEePls O0d LA9GERSIEWE0 t FRETEERE .
conponent A npyi@h S@alkeafhé heugitiesRandiyngf bt Ndirigeriza23on due to

the formation of a triple helix, but not those sequence

segments which additionally have the ability tec form a
bi- or oligomeric structure with other triple helices
35 (for example a tetra- or hexamer of, for example,

triple helices).



segnents of other TNF cytokines, for exanple OX40L, RANKL, TWEAK, Lta,
Ltab2, LIGHT, CD27L, 41-BB, G TRL, APRIL, VEG@ and BAFF or their segnents
or derivatives. The proteins CD40L, Fast, TRAIL, TNF (in particular TNF 5

whi ch binds to the receptor TNF-R2 ) , OL and EDA and their segnents and
derivatives, in particular their respective human sequences, are very
especially preferred. 10 The present invention is illustrated in greater

detail by the,.figur.es whi.ch follo i e LN > guence
of the Fast gflemgcrralsfn ea{:clczolrngq n%u 106’}[% hgf(?%%le%g\f' jggi)\(,\@é%?ggggb ggg? E 8é%§15 and
Fast - 267) i n drfly arentagint erhassledofnins wof prloe ebnotainer soRathe199aand

Fast - 267 COMYt.ih COARELL UBR! (e 1801 PLOLEY NeB(RTI0a R BLASHECRE OBel N

whi ch resenbles structurally the conpl enent factor Clq ] ich is
produced by adiisdcyes TiesDemsibdeaCP30 6t etiiRgs 18a880PengtRidf 247
anmno acigs, pMdil aregapeethiod Stead~ SRR (M1l tke 1 herAladdie By
term nus and a_ subsequent sgqc#;ence of 27 am no aci ds r%AA 18 tg 44%5, whi ch
i s responsi bI¥NE RIRFGIHYMNerR 23T 0h SPIRFRCHr 3F eF AP IRERE uBsWE G ER

segnent (AA 45 Hewikl))exért hae Bioldabiive lprfatreiti ennFasesh@2pudpbagenaceous
sequence repeats,_.which or.di formt iled-col i : t he
native state,o h %e cglr?%%ggorlﬂ\’%%%f)ﬁ’brtlrﬂr?grs]@ea outggﬁéﬁ%%?gﬁgg‘iﬁ;gFﬁ%ﬁ. 30
The protein ghiotwin’Fads- 180ugcomdergtard esnsmeavtind vihat t Hdieai dtof a
PCR anpl i hi catd QN il COTMELSES: t RE 2GAMRERS 6,10 1 QOET 28t LoRpERBRE NBOT

muri ne ACRP30 ( mMACRP30) an?no_ aci dsé1 18 to 110) . In the dirgction of the C
terninus, thdTFastthei neFeeopprranth t hBustoRri neFPEaifon 85fai nfoFeLast

(amino aci ds ghd9 #i 28y, Linker sgewencgs angibAcapedtbehweedrt hehe

N-t er m nal fla?lgrgtéja and .t he. MACRP30 segnent %nd bet ween mAC(gQPBO - 24 5
10 15 20 25 FRnHonehES BPRARF he RGN L REastOSEGTRRLSE cofpoRént A)
(LQ . The chiamrral Ipr cierurfast -t etiorr esponds | argely to the construct
Fast-199, .but has a deletion of the mACRP30 segnent. It does not contain
the ol igomerization domain (amno acids 18 to 44) of ACRP30. The del etion
mut ant was génsrcttiezhdkomitBe ESTinewelingGc78e54vBEiPER ek hpdoteIns

del etion of the ggine1aCifds,clfid ordfhi pf BRCRRI0 cautes: fhergansiruel to
exist in the formof atriner, as denonstrated by the gel filtration
experi ments. functional derivatives of segments of the
abovementioned proteins, may also be employed as
20 component B for the aggregation of recombinant fusion
proteins to give trimers. For example, component B will
comprise the relevant sequence segments of the proteins
Clg, MBP, SP-A (lung surfactant protein A), SP-D (lung
surfactant protein D), BC (bovine serum conglutinin),
25 CL43 (bovine collectin-43) and/or ACRP30 or else of

functional derivatives of these protein segments.

Especially preferred are trimers of recombinant fusion
proteins when component B of the recombinant fusion
30 protein comprises a protein segment of the protein Clg
or of the protein ACRP30 with a sequence segment of at
least 8 AA in length, typically of at least 20 AA in
length, from the collagenaceous sequence regions which
form a triple helix, or a functional derivative of
35 these. A very especially preferred embodiment of the
present invention are trimers of recombinant fusion
proteins whose component B comprises an amino acid

sequence as shown in Figure 1 (framed sequence, AA 45



The chinmeric protein Fast-060 has a flag sequence at the N term nus,
followed by a |inker (GPGQVQLQ), a specific |inker which can forma
disulfide bridge, the AA 103 to 138 of human Fast (hFasL) and, finally, as
conponent A, the AA 139 to 281 of hFasL, _Dependi ng on whether the disulfide
bridge is established, ApoFasL060 behaves Tike a trimer or a hexamer. In
Figure 2A, Figure 2 shows the activity of ApoFasL060 and ApoFasL-267 in
vitro with regar 0 e_viahiljit f B . Ih 0D 490
nmis plott egz onﬂ[%)e {D/Paf?i sﬁg{n# Jt%leaolco%%gﬁil%g“’%nogf ect}ﬁtegs %@%@p?{gg ei ns
added for themdyicotaxidi tsequesicd s (ppot tethndlsgarhehmrzaldgdusonhuhanx axi s.
The optical e&geeato#%hemaé%l%d@ﬁssugsqﬁénwe,o\f' ahidiner ohakg16el I's (a
hi gh optical density corresponds to a | ow apoptotic activity of the

subst ances ad®e@® s@EHuSLE FHigHa®BIGNGA-ability). The curves shown are
curves fog assays w th ApoFasL-267 (o), ApoFasL-060 (), in each case

w t hout addition aof .crosslinkin nti body, or in each case with addition of
crossl i nki ng Eé:’rﬂqodﬁd&y(, B?e{%@?@ 6728F on&FHEEAGY a{ot%{?%ef oEuF’HBncel |'s,
even at hi gh pretednis avhdels Comprisld ghdoqikehaks ofirom rdichidrast hosEast - 267
wi th crosslinkin .antiboq%. - .Ei,qur e t i nhi_ i ctivity
of ApoFasL-Zé)fg(a%lsénﬁc’d Apo a’sL?G%%c(l)algai S (%\%ﬁ%l@%\gé ggrgg 2%\%381:%8%%8% to be
abl e to det ematiawrding i bhi bther yirasmbiary, wbehgoreey zed ikdstatat from
concent r ghi O} NG L 5 YR pﬁoeggﬁg,' '&o?nlp:on Rerd r@fi&iﬁé‘t%%??r&fﬂ

S
trigger apoptosis. Figure 2C shows the results of affinity studies, in each
case conpari g €hEferenthi pRiBRlEENCISS JHpTasPYBPREestBEa Tt s, 1t
ApoFasL- 267 ang, Restaddfnecagpete thavi idhmfBheatt iboshesed®inddecdi ading to
Fas on BJAB cells. The _percent a%e %f bound ZB4 ?(fan anti-Fas anti Qﬁd}/) IS
plotted vers@ifte 85A%eFRITURT of TRESLIRYST) &RY FaRI928F (8tothe

respecti vel y.vafitdimattehe imapsutacudsrob measalenent ,tmoadiffitheceéepnalwas

found 15 wit 0 e affinit t a j S | t hus
denonst r%l)tgmedrq%lgtg’aa[%e&eqi %?ersglr(fce e%\ﬁgé‘ﬁhttgﬁé t%\i\qodzl ?%%Jﬁélggl\?\ngt F13 rfesggrgg to
their cytotoXiwiary i erhginbased onvibef evemsabi ndhheerndtivelivs fohet he

receptor. 20 Houne.cd shevg [2RUI A S 2l | dbnMAHLBXPBT I1RENL S£,8apRI Y the
ef fect of ApoFégii_g- 060 i nhi b,io??%r? on hepgt ol sin\s6 as induceld by az;loni stic

anti- Fas ant ifRhedt RECOR G B A R oIRVERE PR YR SR of CERPefRi HEATSETI n
which mce wej@-dryiegs edtbnt rgvenousiiergiitdier ey h 2h-Apafasly 0681635

~. g/ m)usgé or_sal. net%_ﬁtgrnt ro\il%e bef ore being i né'fe.ct ed intravenously with 5
~. g of JO62 arftitodi? LH15F Y i W B YurPESA Fepresent the serumtiters
(in Um) of ALT, while the open bars represent those of AST as the results
of measurements fourefous, afbeeedl Ly | BRBEALABn: TeeP! BheONptBg hLaNt

shows the res of the control experinment. Figure 3B shows the survival
rate of nice ViieltEinve tdgei vegombinagtof fuppomniasd@insei themegieer

pretreat ment yid hesad i eSOl 4thiRp 480K SeQBESLe 0 WnbReABREAS K- BBAN620 UQ)
(pal e gray bars,_in 35 each case 2nd from| eft)380r only with ApgggiL-%O

(dark gray ba#tst9%n eREFLEZERIVNi rA fr8m 1%9t) 38r wiYFFRpoFSBES &nd
crossl i nki ng g fdaegtyl  msd- goay2 ®ar .animccaabidase whidhe gdghince agsa

function of the ti t hat - 2 h I ed_af m.nistration (2h,
ah, 24n). AfCHCSRC e BT FREompLash @ﬁgh%&ep%éc‘%s?@*%dggx5?5}2’?’&%&*&
agoni sti ¢ JOB antTticdy tbinesk zbgion | ofst fhsiami erotvging t hriakhi Bist or

(pal e grayl“ﬁéﬁié%é&'ﬁﬁ§?§h@os%ﬁgégﬂsﬂgfﬁﬂéﬁiﬁg|¥c§é1s8&uéﬂée§10§s_Thus

ApoFasL- 060 prevents t et hal action of the agonistic anti-Fas anti body

J02 in mBle. ARLGRDLS| DRGSR At B&W, TMAHeD c&fcePyPeReScRREB Yor y

effect of Apof@skcffed M dngiytidar 16h Faer e hnsiovsh t be ebfieel-of

ApoFasL-267 after live anpge i nduced olLi gonerized Fast. Figure 4 shows
the results of%%xpert %?]%gf C i cﬁu%ﬁﬁg#ctoaef: 150 PUEPRTS AtFavefdus y

either with satamel®r sllhtBbse. getfuence segments of proteins which
generate trimers owing to the formation of

35 supersecondary structures, for example typical
collagenaceous triple helices or segments of these (as

they [lacuna] for example in the case of the proteins

CMP, COMP, collagen or laminin).



15 ApoFasL-267 before being injected intravenously with oligonerized Fast
(Fast-199). The serumtiters of ALT (solid bars) and AST (open bars) were
anal yzed after four hours had el apsed. Again, the bars represent the
respective titers in Umnm. The plots in the mddle and 20 on the right in
Figure 4 show the results after the admnistration of agonistic, i.e.
apopt osi s-triggering, Fast, while the plot on the left represents the

conparative expeld ”EQEcEM:EDHb't AN SEABERPRCAT 39N SddSod@st - pFigure 4
thus not only shows the 25 résults of control experinments, but also the

results of expeRi ﬁs@ﬁognhmqmFaﬁmw@ WPEREBEDpr ovBEERy el #3¢@aNndEandher

Fast-199 in corthddiOmomth phelaet i VEoth Jare seagki2iy 30n&i guighershows
the effect of soluble Fast in the case, of AAP-i ndu;g? ﬁ/e atitis. The m ce
F

ver e inj ect ePIFHFIRTOUST PRIPFRT i PRCRHIFE¥PLSE PQhr ECBRFise 2
ApoFasL- 060 (dvgeise SBcasmldeé:) behbelr besngcappblieedoint lf@prmiintgone@l I y

w th AAP (300, I Fl 35 aretetlt

(UmM) of AL'I""'E@&]L%%d1 ars ID 8%%&%?‘ %ﬁé 131(%{)Haqre éfn%ggﬁgg%iyf nS Ongélse five
hours after the imj e@tlnﬁcorﬂnen«pnbtsfumphe p@bttenln Fiwgddes tmr&f@r*:eB
correspond toy i;@m%até Steinie 2LesAHRR,| NBAL %m%% %ﬁoé@e Rlse e the

right (Figure 5 and, In the case of Figure 5B, In the mddle and
on the right 5¥®\6ugR rédifhs E‘PPE?lﬁdm"lﬁl sﬂpélrﬁﬁ‘ﬁlér:utlﬁé‘ i KHiswilifdce

accor di ngot 0 Redgéayerhhen. 1£| g4l B wishoMs tie fé&@ﬁbY§aﬂ€CVf%%§%n0f the
am notransferase tjters Ln arls n wth rmcgtreat gcontrol animals (

1000 . Fi gur @%°% 1Fﬁ@ ffé‘ PG 0ERS PVIEF GhdS WpHERSPR 0vB8680R an
AAP-tr eat ed nawvalkent vEinkdde wictk vkeeatr dahed anedessrticied ateeMdeluen

Figure 5. 24 ugs gafd t i ciio pat Ls IS

di ssected an evél E%t é%hh Ih‘f tjl%%?cé#l Qngkhg%r 311 %%ntlgggﬁ Efﬁﬁeeu?ﬁiages of

hi st ol ogi cal @%ediniRo (et bIndf AAP 15 addition of AAP and ApoFasl-267
and, finakly, a conparative set-up (control) after addition of saline).
Treatment of the mi_¢ce with ApoFaslL-267 (or ApoFasL-060, not shown) prevents
liver danmage, I%saéﬁhtb@nséé’n JRMRANERGhpAr PEGn Bui t FRE hELURLSRoPEGtEin

section fromhdye 20ngafitded| adaitabaall Nsegitnast  sdditeddyer SeRfuepeesusi vely
AAP-treated a i@%s show ne r05|(§ d aggﬁtoms in the central venul a
?FSDé:st

regi on, sinus e hEt ot HURBHRE afd v %olﬁrfec’(ﬁmt
hepat ocytes. Pwvéngior aeshowm tthkisDiorsesutencehase | ksoder iaed taig no

acid_seqygnceg %ué Cedas G Sl ﬂ%ﬁoa{é“ PatP b ) egg 111% Eﬁgﬁ“ﬁ@m’o

(MKB216) . The® ruct conpri SeS the am no- aci
extracel | ul artFasagordie @mhap iacid §QW@h@eFé§fﬁmlor?nd{gse@l\ﬂ% a 30

l'i nker 14 am f@ra%bcgﬁlpllg lehgtBake tdiee CQEIB' alLy 0|(b9ﬁﬁ§£biﬁ§' Qvdemai n of
muri ne ACRP30 (am no acids 18 to, 110 ) its am_no term_nus, the construct

furthernore cOMFESREIVEsilgiatlidd %"T AR e fly ARASE afd V&)t | ag
tag. Moreoverandherresttheti aag35eqheﬁuageosl ha% gk isheeaendele fingure.

Filgure 78sShopse A L85 TLRL O IR o hP "L OgntRES ! (221515 O ' U
tag sequences, it also being possible for two or more
components A to be present in the fusion protein
according to the invention) of a fusion protein
according to the invention may be separated from one

30 another by linker sequences. These linker sequences (at
least 2 AA, preferably at least 5 AA) serve for the
structural delimitation of the various functional
components in the recombinant fusion protein and can
preferably also exert a “hinge” function, i.e. an amino

35 acid sequence of flexible structure. Very especially
preferred are those linkers which comprise at least one
proteolytic cleavage site, which enables the components

A to Dbe separated from the components B. The



Figure 8 docunents the inhibitory action of Fas-ACRP30 in vitro agai nst
Fast - medi ated apoptosis in A20 cells. The absorption at 490 nm (neasure of
cell survival; cf. 5 also Figure 2) is plotted on the y axis, while the
concentration of the fusion protein |2Rggest|on is plotted on the x axis in
ng/ M. The inhibitory effect of Fas-A 0 was conpared with that of

Fas-Fc, a dineric formof Fas, and that of Fas-COW, a pentaneric 10 form
of Fas. The S it S ording to
O oS, e BRI RIS s W L hiexERct hiEpL 8 BEGOLd T
apopt 0si s Wi tHTOMOSCOPASIEUSt SEIUEISH-. This value is conparable with the
val ue of the pentaneric Fas derivative Fas 15 COW (35 ng/m ), while the

| CSO val ue for (dineric), FasFc is over 1 ug/m . The present _invention is

i |lustrated i gr¥afEitidt ai ISP use® ex@mpl 28 whiFERAREEE 0wt~ 200Fhe

fol | owi ngs exp@mermﬂtrﬁlll@ondi:éwﬂﬁvéa) aleY) (Ebmﬁeﬁéntt 0 B,he pryrusgbeyanpl es
whi ch foll ow, nless §@§C|f| otherMAse her ei n:

const ruct i onsC 61 LS ESTNFRE %‘%P%OLI“?%Q %ﬁc’ﬁot 8Fns®¥he
trinerizati ompogdrdion obf Fastre(cmmmrﬁﬂlius\aenamqtfemd deaymrdnmantoDNA

gzbgg(tcgi CC)JEA &Q@f@%#ﬁ%@l@% cég%? pr oduct ms?ﬁg;ﬁgdﬁ) n?(r)]d

PCRII (In Vitrogen) and the coding sequence, framed by the restriction

cl eavage; gi tQﬁ:d%%tslse%nd HeORl . soseking ng dePNM dragnertranerdiagohie 35
hemaggl utinin es !oeptl de, | ncl udi n%?m x, bases of _the 5'-untransl ated

sequence ( GEFeATELlRPC FAEC éeﬁ%TcaeTcaCTéuﬁbeAccse%’re@FG GG
GGC) and thenfdta:garer)btfoplﬂqeé G%'EeE/é(ﬁtAAAn%@tGé&E Gﬂ@@ﬁTp%%)esgém are 29

l'i nker (GGA CAG), the re ction cl e.sites Pstl,

Sal 1 ol i BARISE AR K BBC| ERET B RELT: e r it AEARE EPBavage
sites Hindl I lccampdrBatHI A of whai el diepredspORiE|l teedt cprCQtPSCtsSQrSprnthr ogen,
NV Leek, 1dhe Netherd aggdsy i B‘@éf&{@& basee 42, 76§n&‘era% delated (BS 038).

The expression vector, for Fas -199°was constructed as | ows. Using the
EST cl one Mmf%lz&m%%qtfu &at | RaKeITf i rfétrS@arr(aéd 8U€hwi 8h t he

aid of the oldegemmileeid Cmﬁslbﬂlﬁﬂot(éﬁﬁ A Gihe £86d AfoAExShp1 ACTNnAC) and
JT1148 (AGA CIG GAG AGC GEC T ég%G r?lhe sequenq?e enco? gg tBe am no
acids 18 to Pf1 %#PE%S%RH.%%C‘A%psé ASRER 65t ARG i FR of Fbn2BFR&9vage
sites 15 Nsiltcaral Pell, culaiieg] fdmwnedample thedlst |sespavapensi ferof the
vector epgodi.ng t.rineric Fast (iLp.such a that the fused Nsi

cl eavageggl ten\C/J\_/e‘l’sltorr? t%tu{l i dgﬁgf pfﬁg’egod}bnréacsees uence?ﬁu%hgulggggﬁ for
expressi ng t Hod usroheptrbnei welidst - 1B (ekahpl he fAamMlapgotdiiof crACRP30)

was anplifiegaydih tE‘ﬁ aiﬂ' \QIt{-é;‘e saédﬂégat' %6 ch 9&19&”%‘&@ Ldend]1421
(AAA ATG CAT GCA GGC A PCR product was ated into a PCR

"bl unt " systéﬁc%ri%é:%?b@swv%‘a%%%t‘éh%ﬁ% 3gpchened Pﬁt epREibed

Fast - cont ai niig ¥Rt Prasedlesenhbatheld BBOVEmpId 1 Fusi ofuiIdei AG-W th
alternative TNF c tok{é(g i n conbi nation W|th CRP30 re .generated by
e RN

substitutPng "Fﬁ:er esp ? s@JueftSDf Fa&t RSt hé on Yect 8r
Fast - ACRP30 medimnegspeclfvehei gandlisggueomtetamnt oishéirgst rsweth ohnel eavage

sites Pstl aw1é¥%[%¥ggted cells can be retransplanted. For example,
such a procedure is suitable in the case of autoimmune
diseases or degenerative diseases in order to protect

30 the cells from apoptotic death in vivo.

A process of the above type 1is very especially
preferred when component A is a TNF cytokine, a segment
of a TNF cytokine or a functional derivative of such a

35 protein or protein segment.

Trimers of the present invention are suitable for the

production of a medicament or for the treatment of



(b) Expression and purification of the reconbinant proteins: 35 HEK293
cells were transfected stably with the aid of the cal ci um phosphat e net hod.
After incubation for three days, the HEK293 cells were grown for two weeks
in a sel ecti on nmedi um conpri sing 800 ugégi 418 (see - 30 also loc.

cit.: Schneider et al., J. Exp. Med. ). These stably transfected cl ones
mere renoved and distributed into 96-wel | plates containing selection
nmedi a. The s t z S e t r nmbi nant
P ot o n wi th TRe A o7 { R ann T ag estein Bror - feehnidas. e Stanly
transfected d&l | BOWBr HIREWNAREr VEF QW0 MBHaysdiAiBO0 MmN oPaxthGHEFect i ve

mediumin fl g doRpodest| huries VAS sGemEN fpm&bﬁﬂdokh% Ssiehdtat agE was
flltersterlllzc{jhn Fusl on proteins of Fas& W t I‘Inf CRP30 (Fast-267 or
Fast-199) wer¥Thén HRF) QF AL, IgheY %Eﬂp\é‘?n‘é ahtS REPESEPelfed with
NaCl and SaCsxdpfdntal mowd:dat r@emmmﬁ%)f i aeds2snidr réspecdével st)an 15 and

the pH val ue Qas brogﬁg vm tthr z%nueou iédrochl ari £ ackd/so
hydr oxi de soI i 5h r &4 he1eco prot ein was a pfn &d to al

m M- agar oseledmath ¥ ghe, 1$\Metnzterdrand2)‘h@® Erm lased 48 pautscul@r and

t he col umm S 0 IHES T, 2
finally el u%% %%%%éT%%loé}gn%ﬁ@é lmé% m ﬁghg%quéé%%g?ﬂvl g%/![ ?g%/ NaCH

(pH 2.5) (1 WesReTtisg Wl?:FOW%p?-FQ@@dSnéﬁtraél i RIFeFTH DR2thel une of

1 MTrisifl GRidisdr Jﬂemamb&ahe%@umchaé@@gstéﬁ PBS dr 2fe CoBgBREAL O S
with a 30 kDA excl usi o i m t@%M | | ipore). The concentration of purified

proteins was AW ni n&oy t FEMBFRPRichoni EX3E et h6F S i etBETERERFCAl
Co., Rockfor d:oridentiistk)ldma ngf bmvembeaﬁepbnsuatibmngmaas thdkest baglar dorand t he

I ] d
R i s e R N S LR S
| ynphoma cel Itdfletmsq%?a/]es,can @ﬁm@@plﬁmsm\napl\momcohgam €édrbpxa®plBCS. The

human enmbey o ‘@ﬂlﬂé’ rE@'&lﬁ&?%M@l&Mé U£§dth8 s’f‘egh@/' Byl bko%%Q%Eance
mx F12 (1:1), supplenented wth _20 FCS. of the nedia conpri sed

antibiotics (PEAEIS nlBncP sﬂoé’&tlé}%i“ﬂ a?nPﬂeéaEhoﬁase“FFl'thﬁilmﬁﬁé
neonycin at Hrdiding {£¢l) k¥t ehoxheiby 2$$A¥e Semployed for example

for the production of a medicament for the treatment of
hyperinflammatory disorders, autoimmune diseases,
20 diseases which are based on hyperapoptotic reactions,
or degenerative, in particular neurodegenerative,
diseases (for example Parkinson’s disease), if
appropriate also viral infections. Trimers according to
the invention are very particularly suitable when the
25 disease requires a treatment which intends to prevent
the biological activity of native cytokines, that is to
say serves for blocking corresponding cytokine
receptors. Examples to be mentioned are: treatment of
viral hepatitis (HBV, HCV), alcohol-induced hepatitis
30 diseases, cholestatic hepatitis, Wilson’'s disease,
hepatitis due to nonfunction of the autoimmune system,
of rejection following liver transplants, GvHD, TEN
(toxic epidermal necrolysis), Hashimoto’s thyroiditis
or multiple sclerosis.
35
The present invention furthermore relates to DNA
sequences which encode fusion proteins of the

abovementioned type. Such DNA sequences are expressed



The cytotoxicity assay was carried out essentially as descri bed above by
Schneider et al. (J. Biol. Chem 272:18827-18833, 1997). Here, 50 000 cells
were incubated for 16 hours in 100 ul of nedium the medium 10 conpri sing

t he above-shown |igand concentrations |£ the presence or absence of 1
~.g/mM M antibody. The cell survival™ Pes were determined with the aid of
PNB/NWS (phenanzi ne net hosul fate

3-[4, 5-di net hyl t hi.azol [15- rbo t n 4-sul f ophenyl ]-2H
T5 terrazol| 0 SEPER oA S ESE g K son LOrEORTEE oF 5P Ras A puid
to devel op forreqtlme*sr,equce}d pempodsef at iPNA ( spghentkey fbx3 tHour éylswne
apsor bance vias. Jreandt egceg 49 gnrleoﬂ&%eop&geeht%ﬂataylas £ e

O0to alow

measure of c V|a|I|ty g opti cal enS|ty correspon
apoptotic ef fse@tne@ft tm?et%rde@f stbst aﬁéfe@taﬁ@ trﬂsetzereﬁs@rhtcenvevpaem ity).

(e) Treatgents@fHitoHLe e mRIFR! @ Bakhbogem &est8 £@118 WeRksnol drevere
injected intravenqusly with the various consti]% . The_. mce were bl ed

after the pelifGdSIGCiEI Sttut ¥ SRAUPRECE Rt Nt FRALPEr ases
AST and ALT @aspainat eaacbpaingnsier ahe ahdvehehome ammot espsteadse) were

30 subsequent lﬁllﬁf%i%n;dnz: d. t}gfg_. VAL &r ’?tlm ne% ﬁ\ggEosceeﬁ%B{W lc%ntl -flag ML

and antl-fla drés® were ob from Signa
Swi t zer | and) .trEmes £EQ2X eant Mbaclh esxpwes sdbnai Nedtbrsm Phhemi agpnesamdnt he

cell culjyre s 4 f :?{E.Cﬁ%%( | & <F§¥\f 2
Bi ndi ng %t ud;yr '%ﬁ%% i rfl{?{/uﬂj# ECO?IE:%SL Igﬁlg %% walg{](gl)ét g?(r:noﬁgd
usi ng a conpétia |ﬁi%1536€§2;a§}r0t|'%11t1$n Qcéﬁﬁdlﬂﬁet@or‘f&@ onaerBomnt Al Fast

anti bodi es waiiR | abelefleit t Bnd80 m; e(cles‘Sl hclsirdd nighec b OQ@reGegrasehed
(Pierce, Rockford, L). This led t emﬂ(g activity of /~, 9

protein. 1x1G5VEH el 13 Swerts f JPEDhEPRTRTS 10°’ét B9E wHiA
radi o- | abel edaﬁlﬂﬁcanabrunloafbelaedmedjmatdemr S in seairakcdilbit i abr( 1eHeug/ m

to 10 ngjal) .. Aflef é‘r 4 eh.n[eéaé’& &PB%&‘)”HiééiBQe&O BSA c10e

radi oactivi ty oun 1o S Wwas er m ned using y-counter and
expressed as Ry@EsRH ag@acﬁertfounoﬁmlrncmnorw explri n@ppsonexetear reed out

in triplicatqofd¥ilthRIHOISE LTInfRdS dde description of the methods
enpl oyed for carrying out the usé exanples, Schneider et al. (J. Exp. Med.

Vol . 187, No. 8, 1998, 1205-1213) 20 and the publications cited therein as

references am&f&ﬁfe&xﬁéysé@ﬁer bed the. ﬁi&%éﬁtﬂf’fﬂ{@eﬂt%A fesorbinart fusion
protein é% Fast - V\/m ch corrgél sed,the amn aC| 3@139 t.o, 281 of _hFasL

(h: huma VR IRentIB, T s8FHERCSWIP S nOFengt h
(AA 18 to 11]t}re‘ ﬁﬁé:EaEae) iNstesrtiiang | Iayref pafreraidyd UdS&d ofincapdneat A was

expressed. A%wﬁhefor the production of a medicament or for the
treatment of the abovementioned diseases or disorders
that they are suitable for parenteral, i.e. for example
25 subcutaneous, intramuscular, intraarterial or
intravenous, or oral or intranasal or anal,
intraperitoneal, vaginal or  buccal, intracerebral,
intraocular administration (injection or infusion), if
appropriate also for topical application.
30
Each of the trimers according to the invention or host
cells which form trimers according to the invention, or
the DNA sequences which encode recombinant fusion
proteins capable of forming trimers, or suitable
35 expression vectors, can act as medicament per se or be
used for the production of a medicament. However, they
may also be employed as medicament in combination with

other active ingredient components or pharmaceutical



30 Ntermnus of the fusion protein (N-termnally of conmponent B), there
was additionally expressed a flag sequence with the am no aci ds DYKDDDDK
and a |inker sequence GPGQVQLQL.H arranged between the flag tag and
conponent B coupled on (see Figure 1). nponents A and 35 B are separated
by the linker sequence LQ For conpar at 've experinents, a fusion prot ein
(2, FasL267) which conprised, at its Ntermnus, |ikew se the -

e T qi&naﬂa%&equ‘a%%%l\é,ﬂrgh bhe sage.lioker seauenced OLC%%"G?O 281 of

Ctermnally, ‘C-term nal” arrangenent, the amno acids
hFasL was expeeeselingruse offher d{réiem(lgn 4P f Shed Furdrhetuss Wl 6cbe oPéi n ( 2)

accordingly kpphea dlerl\?éﬂ&rbr?ncéﬁwa%é Ngcbh8i SRECT A5 C EbHEEEtﬁBHtEhe i@m no
acids 103 to 138 of hFasL (Figure 1). The vectors for e fusion proteins

(1) and (2) DR UG ¥ D O PRI SH s %féew%}%%upéréawé The

fusi on prot ei i WRITR £XPrassask anda@ai tives. as desai | edisplbbeqnet had of
(b). The degree of_ nultine zatbon or ollgomerlzat.lon of the_ 15 %urified
fusi on prot eiFEFEAP 2)”1\}6;% GBFerHF HRE by BIEA TP nid s EBFY ETPRE resul t

was that Fast 28 nesceexiarel) (2xSompgsiahoheor r esponisinggneasubgeentss for

Fast-267 gave ts f a ApoFas xamer .
20 Use exanpl ecrc%stllgn 1’§gm '?Jory é {néggipgéas@gG ggggijﬁgéaa%&é%egg
Fas- nedi at ed agssptdisis i AOvi tﬁfl’t)e 28nBeabiBor ki t9ultalpkomprcebPesagionn as

descr i be@ouncd%%oc(éauﬂ@g %f@”@i’@c’é’l@é@dsyﬁl 8RERINGLoA " syb%%aebhxlaaiay as
descri bed un (d). For this cell line, the assay was carrle out in each

case W th i nCYELIHRE 30 CHrdenfrlri oS- of FRFHRRI z&th £ udi®&Y pr oWBPsE
ApoFasL060 ansbriyefasl - 2eé Imém:'pcrlesemﬁeo@poaa&@ace mj ameifblragchl

ant i bodi es ( Buchs, Sw tzerl and Fi gure 2 t erm n| n the
absor bance at L%r;a% NTETFRE S hf BF t o&%é %ﬁ%]d /Qﬁ'&%&é %
ApoFasL 267, fare 35esamphein Fisgereld (seatse, exaspéeilsg. Bealilnlelsl bitors

reveal g}rggﬁg%qmyfééelaﬂyswg PHORELHSS aieh ISl e daiht hyhhe

ant i body
particular, biocompatible lactide polymers,

lactide/glycolide copolymer or polyoxyethylene/polyoxy-
propylene copolymers. Compositions according to the
invention may comprise fillers or substances such as
20 lactose, mannitol, substances for covalently Ilinking
polymers, such as, for example, polyethylene glycol, to
inhibitors according to the invention, complexing with
metal ions or inclusion of materials in or on specific
preparations of polymer compound, such as, for example,
25 polylactate, polyglycolic acid, hydrogel, or on
liposomes, microemulsion, micelles, unilamellar or
multilamellar vesicles, erythrocyte fragments or
spheroplasts. The choice of the individual embodiments
of the compositions depends on the physical behavior,
30 for example with regard to solubility, stability,
biocavailability or degradability. Controlled or
constant release of the active ingredient component
according to the invention in the composition includes
formulations based on lipophilic depots (for example
35 fatty acids, waxes or oils). Coatings of substances
according to the invention or compositions comprising
such substances, viz. coatings with polymers, are

likewise disclosed within the scope of the present



- 34 against the flag tag (Figure 2A). ApoFasL-060 al so i nduces apoptosis
when no crosslinking anti bodies are present, due to its aggregate
structure. The results of use exanple 2 thus denonstrate that, while
ApoFasL- 060 5 and ApoFaslL-267 are each %gqule of binding to the Fas
receptor, they require oligonerization r transducing the death signal
The reduced cytotoxicity of the two inhibitors is not attributable to a

duced affi h j it .
o1 ' gomer  zed v (ot <585 | SREBpEE ChOEE-AABLE bk CRtarShitEms vere
prei ncubat ed I\‘Mltﬂ’hqflﬂmle%,SI SQOATERESIS- 267 coPRRPs bi ¢S, acarr dHaxt - £99 was
subsequently &@%&&Ew%aﬁpﬁ@t B?bélélésewftﬁub%o%@:tl%% oa®TRigged that

Fast-199-i nduced apopt osis can prevent ed by ApoFaslL- . It _can be seen
fromthe serifear ofemgb?en@ﬁ%e@ﬁ& AFOERILIET | Art h@erra\%béflltzwg
trimeric pol egyderd s capabl e of preventing apoptosis in vitro at an

i nhibitory concentration (1C 20 of 100 ng/m . Thus, while ApoFasL-267 in
trimeric form prevents apoptosis by blocking the receptor, aggregating
ApoFasL- 060 cnu‘nnmérspr&ae@fdfﬁgtta>99;he1ch1mﬁ§hta¢mpt@séSpiraféirabazysiallcse, it
itself has an_a pt si sl ndygi effec to uct ure. e _exanpl e
3 In-vivo experéi)(r%en S}t\ elrﬂt % |(§1Educ%L i on or h%lpa I%(%ys%sogo %\fs%ﬁ%ect of
ApoFaslL- 060 Texarp ke efmir lm@@hwe;ealnpemédcwl:mnagmr:etsseSJozaﬁet uskas

anti bodi g3 whi£h £ aauld ededpr-gigg deat Bﬁeofm{lgﬁt%ﬁelhr eBkedohRexoWsng to
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t he apopt osi sf nW%EW@e%‘ffJé&YeIP%l%sed on the binding to the Fas receptor
wi thout triggering the death signal. 15 The lethal dose of JO2 antibodies

10 ~, g/ ted int lLy).led to death hin f h
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ApoFasL- 060 reslucédsthibadrt hlerey reatee diwsidomal byoteihe swhichal arat e
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ant i body, hov@%rreppﬂlha§a§thlfg4ﬁl5pl‘{ oRreteinecomprilses rk t APAEY oS of

80~ after fouko9diént A and at least one component B, component A

25 comprising a protein or a protein segment with a

biological function, in particular with a ligand
function for antibodies or receptors, and component B
comprising a trimerizing segment or a functional
derivative of such a segment of a protein such as
30 described above as constituent of the trimers according
to the invention. Thus, all those recombinant fusion
proteins are disclosed in accordance with the invention
which are disclosed ,above as constituents of trimers
according to the invention. The above disclosure - in
35 connection with trimers according to the invention -
regarding components A and B and for the construction
of a recombinant fusion protein thus cbrresponds to the

embodiments of a recombinant protein according to the



25 B. Effect of ApoFasL-267 In this use exanple, the mce were injected
either wwth saline (as control) or ApoFasL-267 prior to being 30 injected
W th Fast-199. The respective AST and ALT serumtiters in a hepatolytic
anal ysis of the mce treated thus were 5 bsequent |y assessed (see Figure
4). The ApoFasL-267-pretreated mce are protected agai nst hepatol ysis as
i nduced by the oligoneric Fast (FasL 35 199). In the animals enpl oyed as

controls, Fast-] d at.al ysi a ved Y, I ap} cwithin two
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ApoFaslL- were adm ni stered, no AAP-induced hepatol ysis was
observed, wheremoged giwdhasenjketiers t heuahi FEIUERSESr 2Ft ef8Sker e
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20 CL43 or ACRP30. A functional derivative of such a
segment of the abovementioned proteins may also be
employed within the scope of the present invention, the
above-selected definition of a functional derivative
for component A analogously also applying to component

25 B.

A further subject matter of the present invention is an
inhibitor which is present in vitro in solution as
hexamer (2x3) owing to the formation of a disulfide
30 Dbridge (ApoFasL-060). This inhibitor is present in vivo
- if appropriate in an oxidizing medium - in the form
of a trimer or behaves in a trimer-like fashion and
thus exerts inhibitory properties. ApoFasL-060 consists
of an N-terminal flag sequence, a linker and a specific
35 linker and the AAs 103 to 138 from hFasL and the AAs
139 to 281 (component A), likewise from hFasL (see Fig.
1). Analogously, an inhibitor of the ApoFasL-060 type

as component A may also bear the corresponding binding



thus be stated that the inhibition observed takes the formof a conpetitive
occupation of the binding sites on the receptor. 5 The AAP-induced |iver
danmage was exam ned histologically (Fig. 6A). The follow ng nust be
mentioned: necrosis and apoptosis in gh;: central venul a region, sinusoidal

i nfl ammat ory congestion of bl ood, vacuo ? zed hepat ocytes. In contrast, as
shown in Figure 10 6B, no such synptons of |iver damage are discernible
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It can thus hespeatlivded hhabnt heseguatcest MEBZL6 (leewei nbspewiatlerred to
as Fas- ACRP3 e%gy%':essenti ally in the formof a hexaner 30 (2x3mer). B.

I nhi bitory effect of Fas- ACRP30 on Fast - nedi at ed apoptosis 35 To confirm
the inhibitory effect of the fusion protein Fas-ACRP30 according to the

i nvent i ofip on pERSts it ednapRpL 881 $si N Mhidtdat@Stisepsidive Ad0ace! |'s
wer e preincubated with increasing Fas- ACRP30 concentrati ons - 38 Dbefore
ol i goneri zed Byadih w rct FasL199 according to the
invention acted as particularly effective Fast oligonmer in the present

experinment. Iln this nner, the inhibitory effect of the gonstrugt

Fas- ACRP30 agg‘%%gﬁos B r‘f\?/lgnt?%hn%asgcclo S /ctn ?ﬁeq%’fef eg?sgf a

di neric for mafineaay Fasd@imnda peat anmeentidor (FasLFa39 ( FEssTONRY. As
shown in,Fig F =P3 t i 0 n i about a
500 redu%?i olr%rnlec\_in{g%%s -%@?ﬂf\g?gd%%gnﬁgiis&%se%séhﬁ{eﬂ %&%FEQE%W ower
than that of atteediaferFaskohPar aNdyeFadhsie iccorRyice (3 csepstityept). The

i nhibitory efdeqlndfpFss ZOMERINY Cha h9Ba dila | £P6t ¥8h URhEN3ReBBfBlLesi S
conparable with that qf Fas- ACRP30._. These ta thu[%acpngﬁé m\}%% Fas- ACRP30
S

is an ef f ect iFEUFYLHE B ¢ GReof CRERT EHRAF at’ e SFop 086553 -
~' ~% - PCT/ ERZYNEEB by adipocytes. The native ACRP30 protein has a

20 length of 247 amino acids, with a secretion signal
sequence (AA 1 to 17) at the N terminus and a
subsequent sequence of 27 amino acids (AA 18 to 44),
which is responsible for the oligomerization of the
protein. The subsequent segment (AA 45 to 110) of the

25 native protein comprises 22 collagenaceous sequence
repeats which, accordingly, form the <coiled-coil
domain. In the native state, this coiled-coil domain

brings about the trimerization.

30 The protein chimera FasL-199 (control) was constructed
with the aid of a PCR amplification and comprises the
complete oligomerization domain of murine ACRP30
(MACRP30) (amino acids 18 to 110). In the direction of
the C terminus, the FaslL chimeric protein the

35 trimerization domain of FasL (amino acids 139 to 281).
Linker sequences are located between the N-terminal
flag tag and the mACRP30 segment and between mACRP30
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In Figure 2A, Figure 2 shows the activity of ApoFasL-
060 and ApoFasL-267 1in vitro with regard to the
viability of Bjab cells. The absorbance at OD 490 nm is
25 plotted on the y axis and the concentration of the
fusion proteins added for the cytotoxicity test 1is
plotted (logarithmically) on the x axis. The optical
density at 490 nm is a measure of the viability of the
cells (a high optical density corresponds to a low
30 apoptotic activity of the substances added, and thus to
high cell wviability). The curves shown are curves for
assays with ApoFasL-267 (o), ApoFasL~060 (), in each
case without addition of crosslinking antibody, or in
each case with addition of crosslinking antibody (e,
35 B). Fasl-267 alone is not cytotoxic for the cells, even
at high concentrations (i.e. slight dilution), in

contrast to FasL-267 with crosslinking antibody.
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Figure 4 shows the effect of ApoFasL-267 after liver
damage induced by oligomerized FasL. Figure 4 shows the
results of experiments in which the mice were injected
intravenously either with saline or with 25 ug of
15 ApoFasL-267 before being injected intravenously with
oligomerized FasL (FasL-199). The serum titers of ALT
(solid bars) and AST (open bars) were analyzed after
four hours had elapsed. Again, the bars represent the
respective titers in U/ml. The plots in the middle and
20 on the right in Figure 4 show the results after the
administration of agonistic, i.e. apoptosis-triggering,
FasL, while the plot on the left represents the
comparative experiment without administration of
agonistic FasL. Figure 4 thus not only shows the
25 results of control experiments, but also the results of
experiments with FasL-199 without protective ligand and
of FasL-199 in combination with protective ligand FasL-
267.

30 Figure 5 shows the effect of soluble FasL in the case
of AAP-induced hepatitis. The mice were 1injected
intravenously either with ApoFasL-267 (Figure B5A) or
ApoFasL-060 (Figures 5B and 5C) before being injected
intraperitoneally with AAP (300 mg/kg). The plots in

35 Figures 5A and 5B are the titers (U/ml) of ALT (solid
bars) and AST (open bars), measured in each case five
hours after the injection. The plots on the left in

Figures 5A and 5B correspond to the comparative



@H$1 INORT} xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! Hi

1'$%06ef } xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca%za! f =>0P] "wx) *56mst } xsni d_Z] ca] ca]
cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] €a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] ca] ca] ca! 23VW *#\ ] mEFW xsni d_Z] ca] ca] ca] ca] ca] ca] ca]ca]ca]calc
al cal cal cal caleal calealcal gal £al cakeab sl calealsal eabagl calialral gg)cal WK
#98- &<' B' U } xeswhc Y} ctlba] capeajeda\Hinina] &R csheapdajtcajrcatlea] wafidapca] cal c

a] ca] ca] ca C%]rfaa]&ﬁl £Ré caj gatcahodl tals A&l tad Ui Meet (6 RTBEMaRIoAP/ 2/ /70
0 000000_0" 47779

6<| wr mthc A Ynh @EY[E dfdeiRid) g AR didlg afe af ea] tayeat et cal £4yES] 68a] caV] ¢
a] ca] ca] ca] c’¥ka] cahea] efpheale” et &€ " df the aminotransferase
6<v>| >RFYFG/I },JIJMVPPSSTT

UVI] (] 3d:d
gSi kkmi ol or z SW 8] c%&ﬁ%&%?&] ca‘]"gﬁfca]nboaﬁ]i:_at]rcezﬁtceﬂ cal E8TEEPLA] cav] ca
] caV] ca] ca] calrdajedag c@\f03a].ca] ca] ca] ca] ca] ca] cal rruuzzz{)2_filq[b(/tgxRZ| w
mhb] W V] ca] caV] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] caV] ca] ca] ca] ca] ca] ca] ca] ca] ca! Z3:V 8EL
{vqgl gb] X] V] cdlicnirsa] capbayea]tds cef £edtapsafeabiecd]-C4V] c@}@a}pa}’@a]—:ea] cal ca
|cal cal cghoalsa] oateahsal saboareateal e 15 ﬁ ice wer

7%~ytoje [V]ca]ca]calc %ca ] cal ca] ca] ca] ca] ca] ca ca caV]calca] ca ca\/] ca] caV
] ca] ca] ca] ca]tc,rzﬂactzﬁ%aﬂﬁ CRPBEY @a?@ﬁ]’éaﬂmﬁfdjguéfe hours a ter
#1~ ysnhc“XledHé]gﬁaﬁeaiﬁﬁvb@ahﬁﬁﬂﬁiﬂiéﬂcabéahﬁ&h%ﬂcwa&@ah@abée@baa]ca]ca

% \(/:v‘rfj1 } Sg} \3\?];/[\ qﬁaz:%?%gﬁl%gf% %’}%}]]Oéf}g&&]ﬁ&gg e ZT%Q%T ‘% aPc & TP c5f*€8Fca] cal ¢

a] cMa] ca] ca] aar]ama]a:’\ac]ﬁ:a]h:e&}m]w:]@a‘h] cefchions (addition of AAP,

})c;i]Za?g aj c{ﬁ ca:] c%ﬂ cal c aj cafc"kflc Cﬂ ¥ ]Cgﬁcggﬂ f’%ﬁa} °a8] cal ca

c}+, 05zuoj d_ZHmpgyaigle fewr al %@}*@:1‘%:} a? *é?%a?é‘é}émq![lca]fcﬁ]ié&a}?cka] cha)ca
] CAa] ca] c"a] el "3 0@1&3111.{:@4 C\ﬁl@ﬁ] ﬁp@i“&ﬁ.cﬁé? O(éar ApoFasL 060

PO # SNSPSSPSVRBNRES ' (({vpke [V ca] ca] ca%c aJ caj c”a] ca] c”a] ca
] c~a] ca] cal c"%ﬂ"ca‘im)"a?%%‘]%%ﬂ c]a}‘é%ﬂ c‘éﬂ‘&%ﬂ‘%a] 23] €aFcBfcaFERVFEIPcE| cna] ca
§%%) \ P£$$1arlson with the Ehlstologlcal sectlon from the] |

e al c”a] ca
] cnal ca] c"caﬁ% %]aﬁ I&‘é]f%% Ca%%%] 2 gf‘cﬁ}(gg%f&é{}’gé{] ]ca]ca

VA4l ssF Ilomt(x)ea:iecwamﬂmna&bw) nlébp@ﬁuslcw@o'ejaa@;@oﬁé sEn the
1 10% B’ B& 09 ”
ZX6! | Q0- #1((32’/&4:5@ 26t AB%%‘ %% ( B B C%g TLETT Tovmme Py Tt oRY

congestion of blood and vacuollzed hepatocytes.

25 Figure 7A shows the cDNA sequence and its derived amino
acid sequence of the Fas chimera according to the
invention, Fas-ACRP30 (MKB21l6). The construct comprises
the amino acids 17 to 172 of the extracellular Fas
domain (that is to say the Fas receptor), fused via a

30 linker 14 amino acids in length to the complete
oligomerization domain of murine ACRP30 (amino acids 18
to 110). At its amino terminus, the construct
furthermore comprises, a signal sequence of the Ig heavy
chain and a flag tag. Moreover, the restriction

35 cleavage sites are shown in the figure.

Figure 7B shows a restriction map, showing the cleavage

sites of the construct of Figure 7A.
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Figure 8 documents the inhibitory action of Fas-ACRP30
in vitro against FasL-mediated apoptosis in A20 cells.
The absorption at 490 nm (measure of cell survival; cf.

5 also Figure 2) is plotted on the y axis, while the
concentration of the fusion protein in gquestion is
plotted on the x axis in ng/ml. The inhibitory effect
of Fas-ACRP30 was compared with that of Fas-Fc, a
dimeric form of Fas, and that of Fas-COMP, a pentameric

10 form of Fas. The apoptosis-inducing agent used was the
FasL chimera according to the invention, FaslL-199. The
Fas-ACRP30 construct inhibits FasL-induced apoptosis
with an ICsg value of 80 ng/ml. This value is comparable
with the value of the pentameric Fas derivative Fas-

15 COMP (35 ng/ml), while the ICsy; value for (dimeric) Fas-
Fc is over 1 ug/ml.

The present invention is illustrated in greater detail
by the use examples which follow:

20
The following experimental conditions (a) to (f) apply
to the six use examples which follow, unless specified

otherwise herein:

25 (a) Vector constructions for the FasL, TRAIL, TNFoa and
CD40L fusion proteins:

The trimerization domain of FasL (AA 139-281l) was
amplified from human c¢DNA using the oligonucleotides
30 JT398 (ACT GCA GGA AAA AAA GGA GCT G) and J290 (Caa CAT
TCT CGG TGC CTG TAA C). The PCR product was ligated
into PpCRII (In Vitrogen) and the coding sequence,
framed by the restriction cleavage sites Pstl and
ECORTI, comprising a DNA fragment encoding the
35 hemagglutinin signal peptide, including six bases of
the 5'-untranslated sequence (CAA AAC ATG GCT ATC ATC
TAC CTC ATC CTC CTG TTC ACC GCT GTG CGG GGC) and the
flag epitope (GAT TAC AAA GAC GAT GAC GAT AAA), the



7 109& ()-sO 109& ()-f)109%& ()-sY" 109& ()--./06_=I1!t
“||1o<y&'()-l~‘|I10fy&'()-1ow&'()- 10 10 10&83109%& ()-, YL0%& () -
wl3_=1}"s@! 10%
& ()-1"s@! 10% (& ()-!|s@! 10% (& ()- |1 10%66& ()-1}""1110%1& ()-! 1!
10%1(&'() {JIrs1it 1 10% (& () - ‘LI'lO%&'(? yLI110% - & ()-!pLl! 109%$& () - 10%&
)- 10;: 10:;; 10::JLa"6 7 8 9 wi[M.!t 110% (& 10]] 10]]

VL OEM 11008} %%90]5/& SG%E‘%E@%WEG?; “cheld ()éptc’s) 10(%5%)/@ rfsbhictitd DG

s10%& () - 10%& ¥9avage Ssifego' PstI gE:Jalip 16heiom@)3&mﬁ@9/&vqa)s z%hen

210%&() ZlO%QKanﬂg@@@b@kWeéglw%%é) restrlctlon cleavage sites
"B ?(m*DHr P x!10%-5~5& ()-!tx!10%535& ()-!k
X1 10065 X5E! )Hi‘r%&h ofBRE ML) ahog eMeflifdgsle QGRIIT vector (PS038,

5 In-Vitrogen, NV Leek, The Netherlands) in which the
bases 720-769 were deleted (PS 038).

The expression vector for FasL-199 was constructed as
follows. Using the EST <c¢lone AA673154, a PCR
10 amplification was first carried out with the aid of the
oligonucleotides JT1147 (ACA ATG CAT GAA GAT GAC GTT
ACT AC) and JT1148 (AGA CTG GAG AGC GGC TTC TCC AGG).
The sequence encoding the amino acids 18 to 111 of the
murine ACRP30, framed by the restriction cleavage sites
15 NsiI and PstI, [lacunal] cloned into the PstI cleavage
site of the vector encoding trimeric FasL (in such a
way that the fused NsiI/PstIl cleavage site was on the
5 side of the coding sequence). The vector for
expressing the fusion protein FasL-167 (with the AA 44-
20 111 of mACRP30) was amplified with the aid of the
alternative 5’-oligonucleotide JT1421 (AAA ATG CAT GCA
GGC ATC CCA GGA C). The PCR product was ligated into a
PCR “blunt” system, and the Nsi/PstI cassette was
subcloned into the FasL-containing vector as described
25 above. Other fusion proteins with alternative TNF
cytokines in combination with ACRP30 were generated by
substituting the respective sequence of FasL in the
expression vector FasL-ACRP30 by the respective ligand
sequence into the restriction cleavage sites PstI and
30 EcoRI.

(b) Expression and purification of the recombinant

proteins:

35 HEK293 cells were transfected stably with the aid of
the calcium phosphate method. After incubation for
three days, the HEK293 cells were grown for two weeks

in a selection medium comprising 800 ug/ml G418 (see
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distributed into 96-well plates containing selection
media. The supernatants were analyzed for the presence
of the recombinant protein with the aid of the anti-
flag Western blot technique.

The stably transfected cells were grown for 10 to 14
days in 800 ml of a nonselective medium in flasks. The
culture was centrifuged and the supernatant was filter-
sterilized. Fusion proteins of FasL with murine ACRP30
(FasL-267 or FasL-199) were then purified as follows.
The supernatants were treated with NaCl and CaCl,
(final concentrations 150 mM and 2 mM, respectively),
and the pH wvalue was brought to 7.0 with aqueous
hydrochloric acid/sodium hydroxide solution.
Thereafter, the recombinant protein was applied to a
1 ml M2-agarose column (Sigma, Switzerland) (0.5
ml/min, 48 hours, 4°C), and the column was washed with
10 volumes of TBS comprising 2 mM CaCl,;, finally eluted
in TBS-EDTA (10 mM) (0.1 ml/min, 4°C) or 50 mM
citrate/NaOH (pH 2.5) (1 ml/min, 4°C) and, if
appropriate, mneutralized with 0.2 volume of 1 M Tris-
HC1l (pH 8). The buffer was exchanged for PBS in
concentrators with a 30 kDA exclusion limit
(Millipore). The concentration of purified proteins was
determined by the bicinchonic acid method (Pierce
Chemical Co., Rockford, 1IL, USA) using bovine serum
albumin as the standard, and the sample purity was

determined by SDS-PAGE and Coomassie-Blue staining.
(c) Cells:

The human T-lymphoplastoma Jurkat cells, BJAB Burkitt
lymphoma cells or Raji cells were grown in RPMI
accompanied by 10% FCS. The human embryonic kidney
cells 293 were cultured in a DMEM multi-substance mix
F12 (1:1), supplemented with 2% FCS. All of the media
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s10%& () - p#q(mcrtrhart}etﬂ?lfmﬁsl% h;ommoca@& loa ul of medium, the medium
10 comprising the above-shown ligand concentrations in the

presence or absence of 1 ug/ml M2 antibody. The cell
survival rates were determined with the aid of PMS/MTS
(phenanzine methosulfate 3-[4,5-dimethylthiazol-2-yl]-
5-[3-carboxymethoxyphenyl]-2-[4-sulfophenyl]-2H-

15 tetrazolium, salt) (Promega Corp., Madison, WI). The
color was allowed to develop for the required period of
time (typically 1-3 hours). The absorbance was measured
at 490 nm. The optical density at 490 nm is a measure
of cell wviability (a high optical density corresponds

20 to a low apoptotic effect of the added substances and
thus to high cell viability).

(e) Treatment of the mice

25 Female Balb/c mice (8 to 10 weeks old) were injected
intravenously with the various constructs. The mice
were bled after the periods of time stated, and the
titers of the aminotransferases AST and ALT (aspartate
aminotransferase and alanine aminotransferase) were

30 subsequently quantified.
(f) Materials

The agarose-coupled anti-flag-Ml1 and anti-flag-M2
35 antibodies were obtained from Sigma (Buchs,
Switzerland). The J02 antibodies were obtained from
Pharmingen, and the cell culture reagents from Life

Sciences (Basle, Switzerland).
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(125I) using the iodo-Gen method (Pierce, Rockford,
IL). This led to a specific activity of 1.5 uCi/ug
protein. 1x105 Bjab cells were incubated for one hour
10 at 37°C with radio-labeled ZB4 and unlabeled
competitors in serial dilution (100 ug/ml to 10 ng/ml).
After three washes with cold PBS comprising 1% BSA, the
radioactivity bound to the cells was determined using a
y-counter and expressed as percentage of bound cpm. All

15 experiments were carried out in triplicate.

Furthermore, as regards the description of the methods
employed for carrying out the use examples, Schneider
et al. (J. Exp. Med., Vol. 187, No. 8, 1998, 1205-1213)
20 and the publications cited therein as references are

expressly referred to.

Use example 1

25 A recombinant fusion protein (1, FasL-199) which
comprised the amino acids 139 to 281 of hFasL (h:
human) as component A and, as component B, a sequence
94 AA in length (AA 18 to 111 of mACRP30) N-terminally
of amino acid 139 of component A was expressed. At the

30 N terminus of the fusion protein (N-terminally of
component B), there was additionally expressed a flag
sequence with the amino acids DYKDDDDK and a linker
sequence GPGQVQLQLH arranged between the flag tag and
component B coupled on (see Figure 1). Components A and

35 B are separated by the linker sequence LQ.

For comparative experiments, a fusion protein (2, FasL-

267) which comprised, at its N terminus, likewise the
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expressed. Fusion protein (1) differed from fusion

5 protein (2) accordingly by a deletion encompassing the
specific linker and the amino acids 103 to 138 of hFasL
(Figure 1).

The vectors for the fusion proteins (1) and (2) were

10 constructed as described in the procedure above. The
fusion proteins were expressed and purified as detailed
in the method of (b).

The degree of multimerization or oligomerization of the
15 purified fusion proteins (1 and 2) was determined by
electron microscopy. The result was that FasL-199 as
hexamer (2x3mer), and corresponding measurements for
FasL-267 gave results for a trimer and for ApoFasL-060

likewise a hexamer.

20
Use example 2
Inhibitory effect of ApoFasL-060 and ApoFasL-267 on
Fas-mediated apoptosis in vitro.

25

Bjab-Burkitt lymphoma cells grown as described under
(c) were removed and subjected to a cytotoxicity assay
as described under (d). For this cell line, the assay
was carried out in each case with increasing
30 concentrations of trimerized fusion proteins ApoFasL-
060 and ApoFasL-267 in the presence or absence of anti-
flag M2 antibodies (Sigma, Buchs, Switzerland) (Figure
24) by determining the absorbance at OD 490 nm. The
inhibitors applied, ApoFasL-060 and ApoFasL-267, are

35 shown in Figure 1 (see use example 1).

Both inhibitors reveal similar apoptosis-inducing
properties when crosslinked with the antibody directed



0% ()-0

10%&' ()-WZ8rP. /!~ sl 10%& ()-Z! s! 10%& ()-Z!s!10%&' ()-Z :!10%& ()-!:!10%& (
)-:109%& ()- 108; F BCDEW [ M !~ s! 109%&' () 10(( 10((

10( (! sY"110% (& ()- @ sY"! 10%##& () - @ ;5Y" I 10%& ()- @sY"! 10%& () - @EL
}[9I\/I!~‘s!~s!100/&'()-!ys!lOO/&'() @LOY& %)

SIM 109 ()-:! 1M 109 ()-::109%& ()-~wi [ M|~s|~s|10%10## 10##

B o S,V L OME ) oy ) ”@MX POy SPLOSE ) a1zl P
E-1~l 10 10 ymdqygp@ppypgps;§ly@@g&qq Cross umﬁypg anti OdleS are

& ()-!x f)! %@s%@it() -due ﬁolol/@s (a%g Es&rﬁ@é-@l/@ (Phé@ reld D, &£()-!y !
109 ()-1y 1 T0%&' ()1 ~"1 109! ( VR
10, ,!s-! 10% uge )GX%IHP%%@@(& (1?‘ osm @&e( )thai'srr)wliel& fPokRekodRl() -°

0% ()-C'5: and ApoFasL-267 are each capable of blndln to the Fas

10.,11srt L0001 094 (111l 103aed 001G AL ) 0% ) 0.

10((!s|7!10%&@&(de&ﬂﬁl@&@hél SaiHel iBéddYged ~ sirLd08RYL €] £Y STl 0EKe ( wo
inhibitors is not attributable to a reduced affinity
for the Fas receptor since their affinity for

10 oligomerized FaslL (FasL-199) is not reduced.

In addition, Bjab cells were preincubated with
increasing ApoFasL-267 concentrations, and FasL-199 was
subsequently added to induce apoptosis (see Figure 2B).

15 It emerged that FasL-199-induced apoptosis can be
prevented by ApoFasL-267. It can be seen from the
series of measurements that ApoFasL-267 in the form of
the trimeric molecule is capable of ©preventing
apoptosis in vitro at an inhibitory concentration (IC)

20 of 100 ng/ml. Thus, while ApoFasL-267 in trimeric form
prevents apoptosis by blocking the receptor,
aggregating ApoFasL-060 cannot prevent FasL-199-induced
apoptosis in vitro since it itself has an apoptosis-
inducing effect due to its structure.

25

Use example 3

In-vivo experiments after the induction of hepatolysis

30 A. Effect of ApoFasL-060

To this end, mice were injected with agonistic J02-
anti-Fas antibodies which resulted in the deaths of the
mice treated thus owing to fluminating hepatic failure.
35 Hepatolysis was detected in these mice by the high
aminotransferase (AST and ALT) serum titers. The mice
were experimentally pretreated with ApoFasL-060

(1 mg/kqg), thus protecting the animal after
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observed corresponded to those of the control mice. At
a dose of 10 pug of J02 antibodies, a predominantly
protective effect was observed (approx. 90% reduction
of AST and ALT titers). The result is thus that
10 ApoFasL-060 per se is not toxic unless a crosslinking
antibody (Figure 3B) was employed, so that, again, the
apoptosis-inhibiting effect is based on the binding to

the Fas receptor without triggering the death signal.

15 The lethal dose of J02 antibodies (10 ug/per mouse,
injected intravenously) led to death within four hours
in all the mice studied (Figure 3B). Pretreatment of
these animals with ApoFasL-060 reduced the mortality
rate drastically - the survival rate after 24 hours

20 amounts to 86%. The inhibitor ApoFasL-060 (injected on
its own) proves to be not toxic - after coinjection
with crosslinking antibody, however, it has a highly
toxic effect with a mortality rate of 80% after four
hours.

25
B. Effect of ApoFasL-267

In this use example, the mice were injected either with
saline (as control) or ApoFasL-267 prior to being
30 injected with FasL-199. The respective AST and ALT
serum titers in a hepatolytic analysis of the mice
treated thus were subsequently assessed (see Figure 4).
The ApoFasL-267-pretreated mice are protected against
hepatolysis as induced by the oligomeric FasL (FasL-
35 199). In the animals employed as controls, FasL-induced
hepatolysis can be observed very rapidly (within two
hours) after the administration of FasL-199, showing

aminotransferase titers which are increased by a factor
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ApoFasL-267 prevents liver damage of the animals as
determined by the AST and ALT serum titers.

5 Use example 4

Inhibition of acetaminophen (AAP)-induced hepatitis

Acetaminophen (AAP), a painkiller, is known to induce
10 fulminating hepatic failure. The molecular mechanism is
based on Fas-mediated apoptosis. The possibility of
trimeric  ApoFasL-267 and/or hexameric ApoFasL-060
protecting the liver cells from AAP-induced apoptosis
was therefore investigated in the present use example.
15 To this end, the mice were injected intraperitoneally
with a sublethal dose of AAP (0.3 g/kg). Five hours
later, any liver damage was determined by determining
the ALT and AST serum titers. The ALT and AST titers
were determined in an enzymatic assay 1in accordance
20 with the IFCC (International Federation of Clinical
Chemistry) Guidelines. The administration of ApoFasL-
267 or ApoFasL-060 prevented an increase in the AST or
ALT titers as brought about by AAP. In comparison with
untreated mice, the aminotransferase titers at the time
25 of observation in the mice which had been pretreated in
accordance with the invention were markedly reduced (75
to 90%).

The protective effect of pretreatment with ApoFasL-060
30 proved to be dose-dependent (see Figures 5B and 5C).
25 pug of ApoFasL-060 (1 mg/kg) were administered, no
AAP-induced hepatolysis was observed, when 12.5 ug were
injected, the aminotransferase titers were slightly
increased, i.e. slight liver damage occurred, and even
35 lower doses, for example 6 pg/mouse, resulted in the
loss of the protective effect. No difference was
observed between these 1low doses and the control

animals which had only been treated with saline. It can
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thus be stated that the inhibition observed takes the
form of a competitive occupation of the binding sites

on the receptor.

5 The AAP-induced liver damage was examined
histologically (Fig. 6Aa) . The following must be
mentioned: necrosis and apoptosis in the central venula
region, sinusoidal inflammatory congestion of blood,
vacuolized hepatocytes. In contrast, as shown in Figure

10 6B, no such symptoms of liver damage are discernible
when a pretreatment with ApoFasl-267 (or ApoFasL-060,

not shown) is carried out.

Use example 5

15

A. Construction of a Fas receptor chimera

To prepare an extremely effective inhibitor of FasL-
mediated apoptosis, a fusion protein consisting of the
20 extracellular domain of the Fas receptor (amino acids
17 to 172) and the complete oligomerization domain of
murine ACRP30 (amino acids 18 to 110), which are linked
via a linker 14 amino acids in 1length, was prepared
(Figure 7). The recombinant protein was analyzed by
25 means of SDS-PAGE and had an apparent molecular weight
of 55 kDa under reducing conditions and of 150 kDa
under nonreducing conditions. It can thus be concluded
that the construct MKB216 (hereinbelow referred to as
Fas-ACRP30) occurs essentially in the form of a hexamer
30 (2x3mer) .

B. Inhibitory effect of Fas-ACRP30 on FasL-mediated
apoptosis

35 To confirm the inhibitory effect of the fusion protein
Fas-ACRP30 according to the invention on FasL-mediated
apoptosis in vitro, FasL-sensitive A20 cells were

preincubated with increasing Fas-ACRP30 concentrations
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before oligomerized FaslL was added. The construct FasL-
199 according to the invention acted as particularly
effective Fasl, oligomer in the present experiment. In
this manner, the inhibitory effect of the construct
Fas-ACRP30 according to the invention was compared with
the effect of a dimeric form of Fas (Fas-Fc) and a
pentameric form of Fas (Fas-COMP). As shown in Figure
8, a Fas-ACRP30 concentration of 80 ng/ml can bring
about a 50% reduction in FasL-mediated apoptosis. This
value 1s markedly 1lower than that of the dimeric
comparative construct Fas-Fc (ICs0>1 upg/ml). The
inhibitory effect of Fas-COMP, which has an ICsp; value
of 35 ng/ml, is comparable with that of Fas-ACRP30.
These data thus confirm that Fas-ACRP30 is an effective

inhibitor of FasL-mediated apoptosis.
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2. A frimer of a reccrwbinant ZfZusion prozein as
15 claimed in claim =, cnarac-erizead in “hat Tne

comperents A of che recorbinant fusion proteins in the

trime:r are lden_ical or dliiferent.

3. A rhLrimer of a recombinart fusicn protein as

e c_aimec in claim 1 or Z, characterizec in that
corpenent A of the recomginan fTusion prozeins 1s a
peptice hormone, a growth factor, a c¢ytekire, an
inter_eukin, a receptor, a segment of :these or a
functioral derivative of the abovementicned secuences

25
4. A rtzimer of & recombpinant  fusion proteln  as
claired in any of the preceding claims, characterized
in that comporent A of the recombinant fusion proteln
is a cytokine fvom the TNF cytokine family ocr a TNF

30 cytokine receptor, a segmert of such a TN cytokine or
receptor, or a functiocnal derivative cf a TN~ cytc<ine
or receptor or of a segment cf such 2 TNF cytckine or
recepLor.

35 5. A trirer of a recombirant fusicn protein  as

claimecd in any of the precedinrg claims, characterizec
in that comporernt A of the recombinant fusion protein

is & TNF cytokine or a segment cf a TXNF cytckine
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7. A trimer of a recombinant fusicn proteln  as
claimed in ary of =the preceding claims, characterized

15 ‘n thet compeonent B comprises e segment of the protein

ACRP2C, including the trimerization domain, without

being capable of ferming hicher aggregates cf Trimers

& Triner ~f a recomblnant [usio proteln  as
claimed in any of the oreceding ¢laims, characrterized
ir thal ccmponent 3 comprises an amino acld secuence as
showr in Figure 1 for the seguerce of amino aclic 44 tc

1°1 of ACRP3C, or & furctionel cerivative o¢f <this

seguence, where figure 1 1s & constituent of the c.ainm
5

Y A trimexr ¢f a reccrwbinant fusion protein  as

cla‘med in any of the precedirg claims, characterized

in thet the recorbinant fusion protein has the FaslL-267

sequence as shown n Flgure 1, where igure 1 is a
335 constituent ¢f the present claim

10. A crimer of a vecombinart fusiocn protein @ as

clainmed | n »f the preceding claims, cnaracterized

in “hat the receombinant Zusicn proteln comprises a

3% linker seauence petween component A anc comporent B.
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5 17 A  trimer of a recongcinant fusion protein as
claimea 17 an of the prececing claims, chearacterized
1 The lhe recomdinent fusion oroteln comprises & tag
seqguence, preferaply an N-terminal tag seguence

13 13 A imer of a reccrhiranc fusicn protein,
characterized in that at least two <¢f the three
recombinant fusior proteins oresent In the trimer have
different componenrts B

13 4 Trke use of trimers as c.almed in any of claims 1-
13 for the prenaration of a medicament
15. The use ¢f trirers as c¢_.a‘rea in ary of claims 1-
13 for the prepavation of a meclicament for the

20 Lreatmwent ¢ wvira. heoatitis {(HBV, ECVi, alcohol-
inducec renatitis, cholestatic nevatitis, Wilscn's
disease, Autoimmune hepatitis, ret*ectior  in  liver
transp_ants, ciseases due to /perapoptosic reactions,
degenerative diseases, 1in particular necrocegsnerative

25 diseazes, Infiammacory cilsezases, toxic cpldermal
necrolysis TZNG, multiple sclerostis, Hasnimoto's
thyroilcitis, GvHD.
16. A recombinart fusior ©gretein, characterized 1in

39 that Lhe recomdinant fusion protein comprlses a
corporent A anrd & component B, component A beilng a
protein  or  a protein  segment with a Dbiolecgical
function, 1n particu_.ar with a _igard furctior for
antipodies or receplors or zn antipcdy or antibocy

35 segment or zor so_uble c¢r mwembrane-bcunc signa.
mo’eciules, ana compoerert 3 corprlilsing a U

segment 0r a functiocona. derivetive of such a segment
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a proce.n, in  varticular se_ecred



10

- 42 -

consisting of the Clg protein family and the collectin

family.

17. A DNA sequence, characterized in that the DNA
sequence encodes a recombinant fusion protein as

claimed in any of claims 1 to 13.

18. An expression vector, characterized in that the
expression vector comprises a DNA sequence as claimed

in claim 17.

19. A host cell, characterized in that the host cell
is transfected with an expression vector as claimed in

claim 18.



