07 NOV 2005 WO 02/090553 PCT/ EP02/ 05103 Reconbi nant fusion proteins and the
trimers thereof The present invention relates to reconbinant fusion07 NOY 2005
protei ns ‘which are capable of formng trinmers, the 5 reconbi nant fusion
proteins conprising at | east one conponent A and at | east one conponent B,
conponent B WRa@RA§O8588i meri zi ng properties and conpdEHEER2/A3HAyi cal
properties, and to triners of these reconbinant fusion proteins. The
present invention 10 furthernore relates to the use of such trimers for the
production of RGFMRIAAME s REF M A9 1ihe i Eingxs FRR%ERRosi s or for
t he production of an in-vitro diagnostic agent. The present invention also

relates to DNA sequences encodi ng such a fusion protein, and to 15
expressi on vgéﬁorggﬁﬁﬁnﬁos{n‘é‘%ﬁ“\:%gﬁo h}r%tr% t4%e %ﬂﬁio“‘lsbéaﬁé‘ﬁce%ﬁ?l?ﬁe

expressi on vegboeinA | ahglehnuaber @dpgbDé eids e&xirsding) natheeswhoske
physi ol ogi cal f\%%g.i S hﬁ‘% of triners..Interactions at 20 the surfaces of
these prot ei AECRAPERAEF nePP28% NP QbPUEF ot MRF T t 3 BFSISéi n°ne
aggr egat i onsceohipoheatc Wt aspontariemisst] yowe ebseonena del ayethordatt eranpl e
kinetically ggl_\,a%ed, manner. %\{yi.ng to the fact. that

g’ a merizing a

t¥i properties nd component A
biological properties, and to trimers of these
recombinant fusion proteins. The present invention

10 furthermore relates to the use of such trimers for the
production of a medicament or the use thereof for in-
vitro diagnosis or for the production of an in-vitro
diagnostic agent. The present invention also relates to
DNA sequences encoding such a fusion protein, and to

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 1in 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 Dbonds, covalent bonds, for

example disulfide bridges, and/or Coulomb forces.

In addition, however, certain proteins have structural
30 motifs which 1lead to the formation of specific
structure-dependent intermolecular supersecondary
structures and thus to protein trimers, plus other
multimerization states. The formation of supersecondary
structures 1is based 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 Dbring about the trimerization of



t hese aggregations are concentration- or nmedium 25 dependent. The forces
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motifs with triple helix character are found 1in
particular in extracellular protein trimers, but very

especially in proteins or protein complexes of the

10 connective tissue.

Thus, for example, Beck et al. (J. Mol. Biol. (1996)
256, 909-923) describe a connective tissue protein,
known as the cartilage matrix protein (CMP), whose
15 aggregation to a homotrimer is based on the triple
helix with coiled-coil pattern which is the result of
the aggregation of three complementary helices (each as
a polypeptide component). It is the heptad pattern
(abcdefg), which is characteristic of the amino acid
20 sequence of such a triple-helix-forming helix. The
amino acids of the heptad pattern in positions a and d
usually have attached to them apolar side chains, thus
permitting the formation of the above-described
superhelical structure, in this case a triple helix

25 composed of three helices.

Specific structure-dependent multimerization phenomena
which are due to the formation of supersecondary
structures are also found in proteins from the collagen
30 family. Here, the structure of collagen fibers 1is
characterized by tropocollagen, which consists of three
helical twisted polypeptides. Also, the protofibril of
a hair consists of an a-keratin triple helix with the
“coiled-coil” motif, albeit in left-handed form.
35
In addition, the proteins Clg, collagen al (X)), o2
(VII), the overwintering protein, ACRP30, the inner ear

structure protein, cerebellin and multimerin are
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which are found in this family, for example the
structure of the protein Clg, which is known from the
10 complement system, 1is characterized by monomers, each
of which has a globular domains which is known as the
“head” and a “collagenaceous” helical sequence segment.
It is this helical sequence segment, which forms a
coiled-coil triple helix, wvia which the monomers
15 trimerize. In turn, six of these Clg trimers form an
oligomer, the oligomerization of the protein trimers,
in turn, being based on interactions between the
individual coiled-coil triple helices. The result of
this structural arrangement of the protein or the
20 multi-(oligo-)merized protein complex Clg is a
construction also termed “bouquet”, it being ensured
that 18 globular, C-terminally arranged “head” domains

are connected to give a hexamer of trimers.

25 A structure similar to that of the Clg protein is also
found in the protein ACRP30, another protein from the
Clg family (Hu et al., J. Biol. Chem., Vol. 271, No.
18, 10697-10703, 1996). This serum protein, which is
secreted by adipocytes, is most probably quatromers of
30 trimers where globular C-terminal domains are linked
via collagenaceous triple helices, as is also the case
in the Clg protein. It is 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.
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SIX of thesecldgrmeysreps ftorimens. Thus, for example, the proteins

lung surfactant protein A (SP-A) and the mannose
binding protein (MBP), each from the collectin family,
trimerize owing to the interaction of their
10 “collagenaceous” domain and eventually  occur as
hexamers of trimers (Epstein et al., Current Opinion in
Immunology, Vol. 8, No. 1, 1996, 29-35). Accordingly,
the proteins known under the name collectins therefore
also form oligomers (for example hexamers) of multimers

15 (for example trimers).

The 1literature furthermore discloses that a large
number of proteins which act physiologically as signal
molecules are capable of transducing a Dbiological
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, 1998,
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, Dbe 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 linker
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
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analysis. 0 gén amé%ggs_tﬁ%t is to say higher-order aggregates,
which consist of recombinant fusion proteins

encompassing two components A and B. In order for
10 example to increase the biological (apoptotic) activity
of TNF cytokines, component A of the recombinant fusion
proteins may, 1in accordance with DE 19963859, for
example be a TNF cytokine and component B a protein
segment which links the recombinant fusion proteins to

15 give higher-order aggregates.

Although such complexes with potent apoptotic activity
are desired in a large number of medical indications,
the treatment of a large number of diseases, however,
20 requires the provision of substances which reliably
block the triggering of apoptotic events. It is known
from the publication of Suda et al. (J. Exp. Med. 1997,
186, pp. 2045-2050) that soluble Fasl trimers can under
certain circumstances block apoptosis which is induced
25 by an oligomerized molecules. Substances, for example
protein-based substances, which are capable of reliably
blocking the triggering of, for example, apoptotic
events at the receptor itself, which are non-native in
nature and which are therefore better protected against
30 physiological degradation in vivo are, however, not

known from the prior art.

The object of the present invention is therefore the
provision of those substances which, being
35 biomolecules, are capable of acting as a Dbiological
block at the receptor itself so that for example
triggering of the apoptotic signal transduction cascade

1s suppressed.
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trimers. Thus, for exanple, the proteins |lung surfactant protein A (SP-A)
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protein segneptotkiam tskgmektibr aner boaindbiskgiest (koswnias sFasl) said
non- menbr ane- bO gufggs%lth a binding function, and component B
comprising a protein or a protein segment which
trimerizes the recombinant fusion proteins without the
activity of third molecules, i.e. which generates a
10 trimer of ©biologically active components A. The
invention therefore provides trimers which cannot form
higher-order aggregates, for example dimers of trimers,
but which, rather, are essentially, at least to 90%,
preferably to at least 95% and very especially
15 preferably to at least 99%, in each case based on the
total number of trimers, present in solution as

trimerized recombinant fusion proteins.

A protein or protein segment with a biological function
20 (component A in the fusion proteln) is understood as
meaning in particular protelns which have a 1ligand
function, very particularly for antibodies or
receptors, (that 1is to say which are capable of
interacting as binding partner with one or more
25 molecule(s)), modified amino acid sequences, for
example amino acid sequences with covalently or non-
covalently coupled active ingredients (if appropriate
of organochemical nature), antibodies or antibody
segments with paratopes, or else hormones, for example
30 peptide hormones. In this context, the present
invention is based on the finding that in particular
signal proteins which, or whose segments or
derivatives, are employed as component A in accordance
with the invention are biologically active only in the
35 form of higher-order aggregates; in contrast, as
trimers, they bind in vitro and in vivo to receptors,
but do not activate these receptors but, rather, occupy
the binding sites competitively and are not capable of



25 fraction is no | onger capable of physiologically acting apoptotically on
target cells. The publication of Schneider et al. (J. Exp. Med. NOY 2085
No. 8, 1998, 1205-1213) described how the biol ogical action of sFasL
trimers which - as explained above - are obtained after 30 elimnation from
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reconblnantpgyyfy&ﬁmptqhg§ extracellular, protein segments are

preferred as component A of a trimerizing recombinant

signal protein. However, amino acid sequences which can
10 act as antigens may also be employed as component A in
the recombinant fusion protein. Finally, receptors, for
example receptors from the family of the TNF receptors
(for example FasR) or segments or derivatives of such
receptors, which likewise have a binding function (and
15 thus interact as binding partner with another molecule,
for example membrane-bound Fasl) and which are thus
also covered by the term “ligand” for the purposes of
the present invention may also be used as component A.
Such biological receptor fragments which are capable of
20 binding are particularly suitable for use as medicament
when the complementary biological ligand is present in

unphysiologically high concentrations in the patient.

In a preferred embodiment, the components A which are
25 present 1in trimers according to the invention may
encompass identical components A (homotrimers) or
different components A (heterotrimers), i.e. wvarious
recombinant fusion proteins may form a trimer according
to the invention. In this manner, proteins with wvarious
30 components A, if appropriate with different biological
functions, may Dbe bound together in 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 1its
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



enconpassi ng two conponents A and B. In order for 10 exanple to increase the
bi ol ogi cal (apoptotic) activity of TNF cytokines, conponent A of Jt7THEYV 2005
reconbi nant fusion proteins may, in accordance with DE 19963859, for
exanpl e be a TNF cytoki ne and conponent B a protein segnent which |inks the
reconbi nant fusion proteins to 15 giveBhigher-order aggregates. Al though
such conpl exes with potent apoptotic activity are desired in a |large nunber
of nmedical indications, the treatnent of a |large nunber of diseases,
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triggering ofp3poptoit€ eveBbSbihhtisnkiown atrtemathepulddcald onef Suda et
al. (J. Exp.. Med.. 1997 186, pp. 2045-2050) that sol uble FasL trinmers can
under certarf eFrtemEtances bl ock apopt osi s which is induced 25 by an

ol i goneri zed nol ecul es. Substances, for exanple protein-based substances,
whi ch are capable of reliabl bl ockin he triggering of %on e | e,
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a segment of these, preferably a segment capable of
binding. However, functional derivatives of the
10 abovementioned peptides, protein segments and/or
proteins may also be employed as component A in the
recombinant fusion protein which is a constituent of a

trimer according to the invention.

15 In accordance with a further preferred embodiment of
the trimeric recombinant fusion protein according to
the invention, its component A encompasses a receptor,
for example a receptor for a peptide hormone, a growth
factor, a cytokine, an interleukin, or the components A

20 of the fusion protein according to the invention take
the form of a segment or a derivative of such a
receptor. Especially preferred examples of such a
receptor are receptors from the family of the TNF
receptors, in particular FasR (hereinbelow also simply

25 referred to as Fas).

The term functional derivatives of biologically active
proteins, ©protein 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 mnative sequences. These sequence
deviations may take the form of one oOr 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



provi si on of those substances which, being 35 bionol ecules, are Caﬁiﬁgﬁ'Of
acting as a biological block at the receptor itself so that for e & 2005
triggering of the apoptotic signal transduction cascade is suppressed.
O7NON 2005 - 6 The present object is defined by the subject nmatter of claim
1, viz. by trinmers of reconbinant fusiom proteins which conprise at |east
one conponent A and at | east one conponent B, conponent A conprising a
protein or a 5 protein segment with a biological function, in particular
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segent whi gh o $4) 0 268, heoLgcominant, fuskon. protelns wihout jthe
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the total nubeho9F tLHbLEBRSULREESCRNhdrE SALMHd M fSs from the same

class &are exchanged for one another. There are, in
particular, amino acids with aliphatic side chains,
positively or negatively charged side chains, aromatic
10 groups in the side chains or amino acids whose side
chains are capable of forming hydrogen bridges, for
example side chains with a hydroxy function. This means
that for example an amino acid with a polar side chain
is replaced by another amino acid with a likewise polar
15 side chain, or, for example, that an amino acid which
is characterized by a hydrophobic side chain 1is
replaced by another amino acid with a 1likewise
hydrophobic side chain (for example serine (threonine)
by threonine (serine), or leucine (isoleucine) by
20 isoleucine (leucine)). Insertions and substitutions are
possible 1in particular at those sequence positions
which do not bring about a change in the spatial
structure or which relate to the binding 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. (EA.), 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



trimerized reconbi nant fusion proteins. A protein or protein segnent with a
bi ol ogi cal function 20 (conponent A in the fusion protein) is undﬁﬁmg%{mas
meani ng in particular proteins which have a ligand function, very
particularly for antibodies or receptors, (that is to say which are capable
of interacting as binding partner wtht®ne or nore 25 nol ecul e(s)),
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by employing P-amino acids.

For the purposes of the present invention, a ligand is
10 understood as meaning all molecules which participate
in binding reactions. Accordingly, a ligand may also be
a protein normally referred to as a receptor. Also,
such a receptor may be "“ligand” for the purposes of the
present invention, for example when it binds to its

15 interaction partner, for example a signal molecule.

A trimer of recombinant fusion proteins is especially
preferred when component A in the recombinant fusion
protein is a cytokine from the TNF cytokine family, a
20 segment of such a TNF cytokine or a functional
derivative of a TNF cytokine or of a corresponding TNF
cytokine segment. By binding to the corresponding
receptors in vivo (for example in the case of binding
in the form of a higher-order aggregate), the
25 Dbiological action of the TNF cytokines employed in the
target cells may bring about for example apoptotic,
proliferative or activating effects, but then as the
trimer typically only ensure the binding to the
receptor in question, but no longer exert the
30 activating function. In a nonlimiting enumeration,
suitable TNF cytokines, and thus a suitable component A
in the fusion protein, are, in particular, the proteins
0X40L, 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



triggering a biologically activating signal, but only of blocking. Amrong
physi ol ogi cal | y menbrane-bound signal proteins, 5 for exanple in ghal¢ase
of TNF cyt oki nes, cl eavage products enconpassi ng the extranenbranous, in
particular the extracellular, protein segnents are preferred as conponent A
of a trinerizing reconbinant signal prb%efn. However, am no acid sequences
whi ch can 10 act as antigens may al so be enpl oyed as conponent Ain the
reconbi nant fusion protein. Finally, receptars, for _exanple receptors from
the family of SCRELERENedeticFs PHI Girewdie Fashyebprakyrertedorre
derivatives efitsueRlligceptosgnents cHEl ithew Seohaven @i diadli ngmbuaeét on (and
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for the purpa%eseofclédreae epeotuicneeionvery adsgoedie lisedpasfennpdnent A.
Such bi ol ogical receptaor fra nts i.ch are -.capabl f.20 binding are
parti cul af Iy “BE7t abfe o7 0S8 58 miktcamet ChhEn PRBSEORPI eneht ards
bi ol ogi cal | rgaegptios present fmesunphysi dlsogi cettaitedh cohcentiamadns in
the patient. ol ;g prefer red,entgdl megh, Lhe, ¢9uRaReNt Sefk ahi gl ar gy 25
present 1 n triners accor di ng to the 1nvention may

abovementioned TNF cytokines or segments of the TNF

cytokines may also be employed as component A of the

10 fusion protein. In a very especially preferred

embodiment, component A of the recombinant fusion

protein, which is a constituent of the trimer according

to the invention, is selected from the group consisting

of hFasL (AA 139-281), hTRAIL (AA9 5-281), hCD40L (AA

15 116-261) and m or hTNFa (AA 77-235).

Accordingly, the following possibilities result in
accordance with the invention: component A selected for
a recombinant fusion protein, which is to become
20 constituent of an oligomer according to the invention,
is already in solution in the form of a trimer. In such
a case, component B will enhance the trimerization of
the components A even more. This situation is found for
example when component A, for example a TNF ligand or a
25 segment or derivative thereof, which is typically
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 wvivo, 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 is shifted greatly

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



enconpass identical conmponents A (honotriners) or different conponents A
(heterotriners), i.e. various reconbinant fusion proteins my fq:mm@\ 2005 mer
according to the invention. In this manner, proteins with various 30
conponents A, if appropriate with di ffer ent biological functions, nay be
bound together in the trimer according 120 the invention. Here, the
conponents A of two reconbinant proteins may be identical while the third
fusion protein may deV|a e vvlth re ard to its 35 conponent A, or fe al |
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the recombinant fusion protein.

In a preferred embodiment, however, component A of the
10 recombinant fusion protein may also take the form of an
amino acid sequence according to the present invention,
which is suitable for acting as carrier for a receptor
agonist or receptor antagonist. Thus, for example, a
pharmacologically active, small organochemical molecule
15 can be coupled, typically covalently, to such an amino
acid sequence, for example wvia an ether bond with
threonine or serine, an amide-like bond or via an ester
bond. Such coupled agonists or antagonists can increase
the binding constant of a trimer according to the
20 invention, preferably to values of at least 10° M*!, or
can modulate the biological activity, in particular the
inhibitory behavior of a trimer according to the
invention, in particular with regard to inhibiting the
triggering of the apoptotic signal cascade. In
25 addition, a trimer according to the invention can be
employed as carrier for pharmacologically active
substances. 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 vicinity 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 FaslL 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



10 abovenenti oned peptides, protein segnents and/or proteins may al so he
enpl oyed as conponent A in the reconbinant fusion protein whi chDi7N 200
constituent of a triner according to the invention. 15 In accordance with a
further preferred enbodinent of the trinmeric reconbinant fusion protein
according to the invention, its conponeht™ A enconpasses a receptor, for
exanpl e a receptor for a peptide hornone, a growh factor, a cytokine, an
interleukin, or_the conponents A 20 of the fusion, protein according to the
i nvention tak@U1€he& SO of & sEGHENE of T8 de Wgﬂ%e © sheh™§* r'eteptor.
Especi al | y peefetoetlicexaqiasrofessuchsa a@ciept or iageedeeapt or svHirahn t he
famly of the gNga receptors nti n_part it_f:auékar OFas]Jl?m( hneer eicré Isovxé aallislgstsi nply
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active protehas, tprotedi n seghent s for peptamipser efier s tlme paesecular to
t hose pratei j pntain.the 3 i.ol ogical f | I tjcular the
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bi ndi ng propéer W he interaction partner, for exa nenbr ane-
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native sequeggesssdhese sequence. devipalhonsommy takedde formaof; ppe or

nor e
of the dopamine-producing cells in the substantia nigra

can thus be prevented in accordance with the invention.
10 The use of such systems of carrier in accordance with
the invention and, if appropriate, covalently coupled
active ingredient component as medicament in human or

veterinary medicine is thus disclosed in general.

15 Component B of the recombinant fusion protein will
typically take the form of a protein from the Clg
protein family or the collectin family. Especially
preferred are the proteins from the Clg or the
collectin family as constituent of the recombinant

20 fusion protein, wviz. as component B, when only the
trimerization domain, but not the oligomerization
domain, is transcribed, or translated, as constituent
of the recombinant fusion protein. Preferably,
component B in the recombinant fusion protein will also

25 not comprise the globular “head” domain, which is
characteristic of the abovementioned proteins in the
native state. The abovementioned component B in a
recombinant fusion protein according to the invention
will thus have a sequence which typically only

30 comprises the, for example collagenaceous, segment,
which has the functionality for trimerization due to
the formation of a triple helix, but not those sequence
segments which additionally have the ability to form a
bi- or oligomeric structure with other triple helices

35 (for example a tetra- or hexamer of, for example,

triple helices).



35 insertion(s), deletion(s) and/or substitution(s), a sequence horml ogy of
at |least 70% being preferred and a sequence honol ogy of at Ieang _/2005
between the derivative enployed and the native sequence being

2005 - 13 could result for exanple fromlinking the triner to cytotoxic
substances as active ingredient, whichl4substances prevent an attack of

i mmune cell's against the target cells, for exanple in the case of 5
degenerative, in particular neurodegeneratl ve, . di seases, espeC| al |

Par ki nson' s 8€ehSemBFIAIDBeflHEAO8 PAPSEABe Wil (HETELSE Sft Jﬁ&rqﬁws\’on s

di sease, perbﬁiﬂyn@on@énﬁhEHdQEaﬂbﬂ@1ﬁfs06lﬂCth@ @Qioltsem@ tehens Wist antd a nigra
can thus be grevent e% i n_accordance wnl h t he 1/%% tion. 10 The use of such
systens of cRBFPFBIDi A2ELdSr PnckRRi ERIIEREIPVETHilIoh aRd COMPOREBFoft i at e,

coval ently cenpted aﬁ@tnv@spdsnggﬂdientf@onpﬂmnttmmwa:ﬁrmm iwhileran or

I d h
{conbi naht | FUSEbn TR T |1 PRy AP Pakd e For M P ALRP o8l n Trom

the Cq proveharfanmptyins bhepcokkéant srghanitky asEspapiocalenye Apnéfiertr ed are
the prOteinsliﬂ@ﬂlggeegkgto%tﬂ%%logical function. For the purposes
of the present invention, the term “recombinan:t fusion
protein” is thus understood as meaning that the at
10 least one component A and the at least one component B
in the recombinant fusion protein are fused
artificially, i.e. that a fusion protein for the
purposes of the present invention corresponds to no
naturally occurring protein.
15
Functional, i.e. trimerizing, derivatives of proteins
of the Clg protein family or the collectin family, or
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 seguence 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



collectin famly as constituent of the reconbi nant 20 fusion prot eul,p Viz
as conponent B, when only the trinerization domain, but not the NOV 2005
ol i goneri zation domain, is transcribed, or translated, as constituent of
t he reconbi nant fusion protein. Prefer ably, conponent B in the reconbi nant
fusion protein will also 25 not conpridge the gl obul ar "head" donain, which
is characteristic of the abovenentioned proteins in the native state The
abovenenti oned co onent B in a, reconbinant fusion Er otein according to the
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hexamer of, for exanple, triple helices) ON 2005 - 14 The trinerizing
fusion protein will therefore typically only contain those donains of the
proteins frdspdeiddly proeéenredn layeor trhieneod | ecti nthawel y fasiconponent B

proteins which comprise sequences from different host
organisms. Very especially preferred are aggregates
according to the invention when they originate from
10 chimeric fusion proteins, component A originating from
a different animal species than component B. Thus, it
may be advantageous that component A corresponds to an
amino acid sequence from mouse, rat, pig or another
vertebrate, in particular a mammal, or to a functional
15 derivative of such a sequence, and component B 1is of
human origin, or vice versa. Alternatively, the
sequences of component A and component B in a fusion
protein according to the invention which forms a trimer
according to the invention may ©preferably also

20 originate from the same animal species.

In a further preferred embodiment of the present
invention, the recombinant fusion proteins trimerize
due to a short amino acid sequence of more than 6 amino
25 acids, preferably of 8 to 30, very especially
preferably 8 to 20, amino acids, which sequence is
present in the recombinant fusion proteins as component
B. This trimerization of fusion proteins, which is
achieved owing to these short amino acid sequences, is
30 typically based on the formation of supersecondary
structures, in particular on the formation of coiled-
coil triple helices. Suitable for this purpose are, for
example, all those sequence 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).



which are responsible for the trinerization, while 5 their respective "head"
domains will be replaced by other proteins or protein segnents as?qqqum)gnt
A which 1|ikew se exert a biological function. For the purposes of the
present invention, the term "reconbi nant fusion protein” is thus understood
as neaning that the at 10 | east one c‘or}"p?on’ent A and the at | east one

conponent B in the reconbinant fusion protein are fused artificially, i.e.
that a fusiop,protein for..the urposes of the present inventjon corresponds
to no natur SHH5S ocBFFPRAG ST otei RRe 15 FERELPENAl LS . COTEPRRBF | 21 it

derivatives oheprodedmisinait t heuGan pratoeiednf,anivhy car 1&edsol tectile fam |y,
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al so be enpl %%\e%z l?:I(%rrponen for °the aegsgsreélga i"on of “Feco nant fusion

proteins to ggyeegatarr scofppneranpl ehovddpoyeitcaBlw ot compriise téhe
rel evant Sequence; 3€9MpLSaAL, thGnRERt RS Clds, ) MBP SP-, (liung syrfact ant
protein , g%% Hﬁung sur?act ant protern IS), E& (bovi ne ser&%g
congl uti ni n) inRksropigcpbeyi e se@ificet iprudye an8refeAeRR30 cromaseryf
functional dgriygtiyes @tokResS@nkr Olrish oSeIMERMSin will therefore
[lacuna] no cysteiﬁe residue, or only those cysteine
residues which contain an intramolecular disulfide
10 bridge, that is to say within the recombinant fusion
protein itself, in order to avoid a situation where a
covalent linkage with the at least one cysteine residue
of a fusion protein of another trimer may occur under
oxidizing conditions.
15
In addition to components A and B, the fusion protein
may comprise additional sequence segments. Sequences
which are preferred for the purposes of the present
invention are, 1in this context, those known as tag
20 sequences, for example at least one flag tag, that is
to say the amino acid sequence DYKDDDDK, and/or else
for example at least one His tag (comprising several
consecutive histidines, for example at 1least five)
and/or further tag sequences or antigenic sequences. In
25 addition, the individual segments (components A, B or
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 wvarious 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 be separated from the components B. The



Especially preferred are trinmers of reconbinant fusion proteins when
conponent B of the reconbinant fusion 30 protein conprises a protefj MEgibnt
of the protein Cq or of the protein ACRP30 with a sequence segnment of at
|l east 8 AAin length, typically of at lLeast 20 AAin length, fromthe

col | agenaceous sequence regi ons which forma tri pl e helix, or a functional
derivative of 35 these. A very especially preferred enbodi nent of the
present invention are tripers of reconbi nant fusion .proteins ose
conponent B RSHpTI 96 Qn” B Rl cf’ﬂteséﬂuéﬂﬁe a8 Show? BF S L‘ﬁ\ggyla(frarred
sequence, AAMHSRYNOYADEersUS sé@udrdde. or a functional derivative of this
marine (m amno acid sequence (for exanple the anal ogous human sequence
or the anal ogous sequence of another mammal) or a segnent of this sequence.
5 Especi al | yImpr efeinetobe e tcomposent thoseahusben aprengeds Whi cloonpri se

sequences Tromalliereny Noshaiougani sge. Nepkgepeciglly puaiarrad are

aggregateés "accordi I nvention when they ori gl hat rom chineric
f usi on prot éf risercumpbhient Pheri jhaat FAgUERERS may occur at  any

position of a recombinant fusion protein according to

the invention, preferably at the N terminus.

10 Processes for blocking cellular extramembranous
receptors are also disclosed as a further subject
matter of the present invention. Such processes are
characterized by the recombination of at least one
component A, which corresponds to a protein or protein

15 segment with a biological function, and at least one
trimerizing component B, wherein first (a) such a
recombinant fusion protein is expressed, for example in
an expression vector, (b) isolated, and then (c) added
to a cell culture, for example a cell suspension, for

20 in-vitro studies. The present process is thus suitable
for protecting cells, for example from apoptotic cell
death, in in-vitro studies. Such cells with trimers
according to the invention which are bound as described
in the process can then be employed for further in-

25 wvitro studies or else for the production of a
medicament. If the binding constant is high, such in-
vitro treated 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



a different animal species than conponent B. Thus, it may be adﬁgpﬁﬁpﬁﬁy
t hat conponent A corresponds to an am no acid sequence from nou pi g
or another vertebrate, in particular a mammal, or to a functional 15
derivative of such a sequence, and co %nent Bis of human origin, or vice
versa. Alternatively, the sequences of“conponent A and conponent B in a
fusion protein according to the invention which forns a trinmer according

to the |nve(%10n nqy 8ref rab%§ aI%Q tiginate fromthe sane ani nal
o rdiephe B¢

speci es. CY T Fer Cpr €& ET Enbodi me the Yresent® i nventi™6n, the

reconbi nant ﬁmstomkprmmmmmsamdlneetexanQMw tedacshert am peradicdlsequence of

more than 6 galnocBipankde. prelenatluBh Sto. 30, er: espaRbALl be

preferably m no acl nce 1s present 1n the
reconbi nant $wsh on protel nsrgbemrrponentiergvatrhvg pifl trbei papiteanoorf usi on

proteinsg Whé%ased Oaﬁh'mﬂ\é%d %&9:&19 bhegs ghar ts i ng; agkdesgaugnces, is

30 typlcal n the formation of supersecondary structures, in
particul ar dﬁ?tﬁéeﬁéﬁﬁbIWbﬁhoﬁhébl¢%%me%%lHhﬁﬁﬁﬁpe He¥ | besotgameasle for
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whi ch generate trimers owing to the_for i on of

when 1ncreased “extracellular concentrations of the
respective physiological ligands or an increase in the

10 number of membrane-bound receptors is or are observed
among the symptoms. Examples are increased
concentrations of membrane-bound signal molecules, for
example TNF cytokines (for example FasL), on the cells
themselves, or of soluble signal molecules, for example

15 TNF cytokine which is soluble as the result of protease
cleavage. In a nonlimiting enumeration, such trimers
according to the invention can be employed 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 1liver 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 seqguences are expressed



35 supersecondary structures, for exanple typical collagenaceous triple
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transfected with DNA sequences which encode the fusion
proteins according to the invention. Very especially
preferred in this context are host cells which are
transfected with expression vectors, the expression

10 vectors, in turn, comprising DNA sequences which encode
the fusion proteins according to the invention. All of
the abovementioned subjects according to the present
invention are suitable as medicaments or for the
production of a medicament, in particular for the

15 treatment of diseases which are disclosed in the
present patent application, if appropriate as

constituent of a composition.

Within the scope of the present invention, the trimers
20 according to the invention, or the other subjects of
the present invention, are preferably used in such a
way for 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 Dbuccal, intracerebral,
intraocular administration (injection or infusion), if

appropriate also for topical application.
30
Fach 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



may conprise additional sequence segnents. Sequences which are preferred
for the purposes of the present invention are, in this context, tHb38 kawn
as tag 20 sequences, for exanple at |east one flag tag, that is to say the
am no aci d sequence DYKDDDDK, and/or else for exanple at |east one H s tag
(conprising several consecutive histi i hes, for exanple at |east five)
and/or further tag sequences or antigenic sequences. In 25 addition, the

i ndividual segnments (conponents A, B or__tag sequepces, it also, being
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according to the invention, in particular trimers

according to the invention. Suitable ©preparation
10 procedures are disclosed in “Remington’s Pharmaceutical
Sciences” (Mack Pub. Co., Easton, PA, 1980), whose
contents are herewith incorporated Dby reference.

Suitable carriers for parenteral administration are,

for example, sterile water, sterile salines,
15 polyalkylene glycols, hydrogenated naphthalene and, in
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 1linking
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



- 17 proteolytic cleavage site in the linker is preferably a thronbin
consensus sequence. In principle, conponent A can be arranged C cﬂ]lﬂﬂvzms
Ntermnally relative to conponent B, preferably Ctermnally. The tag
sequences may occur at any position of a reconbinant fusion protein
according to the invention, preferablylat the N termnus. 10 Processes for
bl ocki ng cel lul ar extranmenbranous receptors are also disclosed as a further

subject matter of the present invention. Such processes are characterized
by the recomSiHti AT of (50T | e33FMBhE EBAPUABRESA, OFhi &P L8 ESSSNds to a
protein or prot@idridr SegmRItsteirddesa B0l @ghsasit UBEET Mecardhiad Iteast one
trimerizing conponent B, wherejn first %g) sugh a _recanbi nant fusion
protein is exXpt eS¥EF L TG? I&)én}ﬁ?epffﬁ"la e¥plrésSFGh SFéetsr COAs) 190l at ed,
and then (c)faddedxampla celdoteudlsteur eintiositexedpl era elrdmemtspenrsinen, for 20
in-vitro_studies. The present process is thus suitable for protecting
cells, for S&HPt% from apoptotic cell death, in in-vitro studies. Such
cells with trinmers according to the invention which are bound as descri bed

in the pr Ocelsgirr(\:gpstgggopgiggplt%yecq')é O{m];éjrgé{]oeﬁ i‘:l?e preferably also
used in the field of in-vitro diagnosis or else for
example for biochemical purification processes. The use

10 of trimers according to the invention in the context of
biochemical purification processes, in particular
chromatographic processes, for example on purification
columns which can be packed with such complexes for
example in order to be able to isolate cells which

15 express the corresponding extracellular receptors is
also feasible. Thus, the use of such complexes for
detection purposes is also disclosed within the scope

of the present invention.

20 A further subject matter of the present invention which
is described here are fusion proteins which are
suitable for the trimerization of [lacunal] as long as
the recombinant fusion protein comprises at least one
component 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 1ligand
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 corresponds to the

embodiments of a recombinant protein according to the



25 vitro studies or else for the production of a nedicanment. If the binding
constant is high, such in- vitro treated cells can be retransplantgq.,%gg
exanple, such a procedure is suitable in the case of autoi mune PJ%% %
or degenerative diseases in order to protect 30 the cells from apoptotic
death in vivo. A process of the above t¥pe-is very especially preferred
when conponent A is a TNF cytokine, a segnent of a TNF cytokine or a
functional derivative of such a 35 protein or protein segnment. Triners of
the present LRAVERELOR R s&Ft aBlhe st orcaengsitodBcEPsn cof r ac el _aient or

for the treatuBAbNOMHQANNR0EcordBhdli seasas amvdinsakgerss f oypiesisynal use,

i.e. for use in both hunan and veterinary nedicine, in particular _when
conmponent A PsPZO&EgHalS SFBTE POreH <o dfe FUHP LRGP REin or a
g_eri vgtive Of:h'éEQl@r @ixeidglai@f fﬁanﬁie.lhgﬁﬁjﬁ_ .tHe V\t(cﬁlelécmi rﬁﬁl}l}ﬂiy,diéﬁaﬁﬁ?morl |
i sorders_ can treate t triners etero- .or honotri ners cl ai nre
by the | rventiEn Foftas i e hEBd S LpHFPREEraT TSR ifiier CHORPBY Ml | ul ar

concentrati opg of diwe respembinenphysifalsagncal gricgands orpa@féraisease in
the exclusively comprising a trimerizing segment, but no
trimer-oligomerizing structure or globular “head”
domain. Typically, component B will thus comprise at
10 least one amino acid sequence with the heptad pattern
(abcdefg), which structurally forms a triple-helix-
forming helix whose amino acids in positions a and d
preferably have attached to them apolar side chains and
thus enable the formation of the above-described
15 superhelical structure, in this case as a triple helix
composed of three helices. Such sequences of at least
one heptad pattern, preferably at least two, can
originate for example from one of the following
proteins keratin, collagen, Clg, MBP, SP-A, SP-D, BC,
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 bridge (ApoFasL-060). This inhibitor is present in vivo
- 1f 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 1linker and the AAs 103 to 138 from hFasL and the AAs
139 to 281 (component A), likewise from hFaslL (see Fig.
1). Analogously, an inhibitor of the ApoFasL-060 type

as component A may also bear the corresponding binding



10 nunber of nenbrane-bound receptors is or are observed anong the
synptoms. Exanpl es are increased concentrations of nmenbrane-bound s0gridV 2005
nol ecul es, for exanple TNF cytokines (for exanple FasL), on the cells

t hensel ves, or of soluble signal nolecules, for exanple 15 TNF cyt oki ne
which is soluble as the result of protédse cleavage. In a nonliniting
enuneration, such trinmers according to the invention can be enpl oyed for
exanple for the production of a medicanment for the treatnent of

hyperi nf | amB®FFS BF s SHidePSRezut B mfe iideses 1050 amases Wit are
based on hypefapopt atiEaKr, eactd ONstabQl degener athYEL, | A1pant | il BHL,
neur odegener ati ve, | seases  exanpl e Parkinson’ kfease

d f d . 0 f
appropriate %?%5Lviygb iﬁP‘cF&ﬁrs.oﬁTF 15 ﬁEQQFBFﬁg%Fo The’ qﬁiﬁﬁion are

very particufiael yroueiabdl epwben rhelL?5TEASeasSENFeqUnr g% ra itdidatrmeEmNF whi ch
intends to prevent

-t i ol i I tivi t] t oki , that ist
say serves f&rih oEkPﬁg 3?#%%%%%&5%}%%1%&?%%2 $e§é29§¥ 85E§§%p| tolge °
menti oned areheireatempmntod and aldelépatiities, ( HBY, pi6W)icalaohalheinduced
h titi 30_dj ti titis, WI : di . titi
epatitis 30 diseases. chglestaticfieatddis, Sl sap: s, di sease.,; o fiepatitis

due to nonfunction of the autoi mune Ssystém ~of rejection owi'rig |iver
transpl ant s, PGvHBD, rFEN

10 The present invention is illustrated in greater detail

by the figures which follow:

Figure 1 shows the amino acid sequence of the FasL
chimeras according to the invention (FasL-199, FasL-060
15 and FasL-267) in the one-letter code. The two protein
chimeras FasL-199 and FaslL-267 comprise a constituent
of the protein ACRP30, a plasma protein which resembles
structurally the complement factor Clg and which is
produced 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 1s 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
(mMACRP30) (amino acids 18 to 110). In the direction of
the C terminus, the Fasl chimeric protein the

35 trimerization domain of FaslL (amino acids 139 to 281).
Linker sequences are located between the N-terminal

flag tag and the mACRP30 segment and between mACRP30



(toxic epidermal necrolysis), Hashinoto's thyroiditis or nultiple
sclerosis. 35 The present invention furthernore relates to DNA spqdighdids
whi ch encode fusion proteins of the abovenentioned type. Such DNA sequences
are expressed 07NOV2005 - 19 in expression vectors, the corresponding
expression vectors, which conprise a B¥Asequence for the fusion proteins
according to the invention, also being the subject matter of the invention.
The present invention 5 furthernore extends to those host cells which are
transfect ed WFRPPRENSeGleRtEs R EHTBRC HHE SEhESPUSTEn (FBO&ES 4ccor di ng
to the invention. Very especially preferred in this context are host cells
which are transfected with expression vectors, the expression 10 vectors,
in turn, conprising DNA sequences whi ch encode the fusion proteins

accordi ng torhée diveticonpraktkeiafl Fdde- 260DVemericspoedssubgegesyaceording to

the present _jnvention are i tabl & as di canents or.for the _production of

a nedi cament ‘,‘h?n i)%rf‘?’fl&%"f%r %:‘Jaosrl‘t e 15 }}nﬁea ﬁ‘&ntaofg%l}%téla%%s %i ch€are

di scl osed i nmAGRP30 segment . It does not contain the
oligomerization domain (amino acids 18 to 44) of

ACRP30. The deletion mutant was generated from the EST
clone AA673154 by PCR methods. The deletion of the
10 amino acids 18 to 44 of mACRP30 causes the construct to
exist in the form of a trimer, as demonstrated by the

gel filtration experiments.

The chimeric protein FasL-060 has a flag sequence at
15 the N terminus, followed by a 1linker (GPGQVQLQ), a
specific linker which can form a disulfide bridge, the
AA 103 to 138 of human FasL (hFaslL) and, finally, as
component A, the AA 139 to 281 of hFasL. Depending on
whether the disulfide bridge is established, ApoFasL-

20 060 behaves like a trimer or a hexamer.

In Figure 2A, Figure 2 shows the activity of ApoFasL-

060 and ApoFaslL-267 in 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 is
plotted (logarithmically) on the x axis. The optical
density at 490 nm is a measure of the wviability of the
cells (a high optical density corresponds to a low

30 apoptotic activity of the substances added, and thus to
high cell viability). The curves shown are curves for
assays with ApoFasL-267 (o), ApoFasL-060 (), 1in each
case without addition of crosslinking antibody, or in
each case with addition of crosslinking antibody (e,

35 M). 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.



present patent application, if appropriate as constituent of a conR sition.
hin the scope of the present invention, the trinmers 20 accordlng[l%'EWEM5

i nvention, or the other subjects of t he present invention, are preferably
used in such a way for the production of a medi cament or for the treatnent
of the abovenentioned di seases or disoréders that they are suitable for

parenteral, i.e. for exanple 25 subcutaneous intramuscul ar, intraarteri al
or intravengus, or

rana or anal i.ntra opneal , gi nal or
O o T Evenys o o phranasal o anal . LU aper Lonea). ypgl nal o
i f approprlabe @nﬁ)ﬁpﬂFasmnuﬁﬂ apphscahbmn 130 FREaulreof2 A .held romde:s
according to the |nvent|on Qr Igells W@ICh fornltrlners accordlng to

the inventioff® o€ t 1IﬁNA sequend%% WhY ¢ tencdﬁglr ey naht ot (s ton

pr ot ei ns capabhgoukrﬁaem|n©a$hlnﬂrsa aonsentalalte o35 ekphdssiogdmlveecd®rs, can
act as el CanRial: REM 299 Qs dised Ll e, PLaduGli-an, oL 8 HRdL cament

However hey ~“may "al s0 be nploye as nedi canment ion"with other
active ingredient conmponents or pharnaceutical 2005

Figure 2C shows the results of affinity studies, in
each case comparing the affinity of FasL-199 and FasL-
267 to Bjab cells. ApoFasL-267 and FasL-199 compete
10 with 2zB4 antibodies for the binding to Fas on BJAB
cells. The percentage of bound ZB4 (an anti-Fas
antibody) is plotted versus the concentration of FasL-
199 () and FasL-267 (o), respectively. Within the
inaccuracies of measurement, no difference was found
15 with regard to the affinity of the two FasL ligands. It
was thus demonstrated that the difference between the
two ligands with regard to their cytotoxicity i1s not

based on different binding affinities for the receptor.

20 Figure 3 shows the results of in-vivo experiments,
namely the effect of ApoFasL-060 inhibition on
hepatolysis as induced by agonistic anti-Fas antibodies
J02. Figure 3A shows the results of experiments in
which mice were injected intravenously either with

25 ApoFasL-060 (25 upug/mouse) or saline (control) before
being injected intravenously with 5 ug of J02 antibody.
The solid bars in Figure 3A represent the serum titers
(in U/ml) of ALT, while the open bars represent those
of AST as the results of measurements four hours after

30 iv injection. The plot on the right shows the result of
the control experiment. Figure 3B shows the survival
rate of mice which have received 10 ug of J02 antibody,
either after pretreatment with saline solution (solid
bars) or with ApoFasL-060 (20 ug) (pale gray bars, in

35 each case 2nd from left) or only with ApoFasL-060 (dark
gray bars, in each case third from 1left) or with
ApoFasL-060 and crosslinking antibody (mid-gray bar, in

each case on the right), as a function of the time that



- 20 adjuvants, carriers or additives. Thus, the trimers according to the

i nvention or the further subjects of
constituents in

the invention can be conbin@d MY 2009
conbi nati on with pharnaceutically acceptable carriers, 5

adjuvants and/or additives. Al so disclosed in accordance with the present

invention are therefore

according to the invention, in particular trinmers according to t he
i nvention.
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eantibody, in turn, cancels the inhibitory effect of

ApoFasL-060 (mid-gray bars).

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
ApoFasL-267 Dbefore 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
on the right in Figure 4 show the results after the
administration of agonistic, i.e. apoptosis-triggering,
FaslL, while the plot on the left represents the
comparative experiment without administration of
agonistic FasL. Figure 4 thus not only shows the
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.

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



metal ions or inclusion of materials in or on specific preparations of
pol ymer conpound, such as, for exanple, 25 polylactate, polyglycoqyﬁngqu
hydrogel , or on |iposones, mcroemnul sion, mcelles, unilanellar or

of the individual enbodinents of the

mul tilamellar vesicles, erythrocyte fragnents or spheroplasts.

behavior, 30 for exanple with regard to solubility, stability,
rel ease of the
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Figure 6 shows the effect of ApoFasL-267 and ApoFasL-
10 060 on an AAP-treated murine liver. The mice were
treated as described above in Figure 5. 24 hours after
the induction of hepatitis, the livers were dissected
and evaluated histologically. Figure 6 contains three

images of histological sections (addition of AAP,

(control)

15 addition of AAP and ApoFasL-267 and, finally,

comparative set-up (control) after addition of saline).
Treatment of the mice with ApoFasL-267 (or ApoFasL-060,

not shown) prevents liver damage, as can be seen from a

comparison with the histological section

20 control animals. In contrast, the livers of exclusively
AAP-treated animals show necrosis and apoptosis in the

central venula region, sinusoidal inflammatory

from the

congestion of blood and vacuolized hepatocytes.

25 Figure 7A shows the cDNA sequence and its derived amino

acid sequence of the Fas chimera according to

domain (that is to say the Fas receptor), fused via a
30 linker 14 amino acids in length to the

oligomerization domain of murine ACRP30 (amino acids 18

to 110) . At its amino terminus, the

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.

complete

construct

the
invention, Fas-ACRP30 (MKB21l6). The construct comprises

the amino acids 17 to 172 of the extracellular Fas

he .invention or

ﬁﬁ)%ﬁ&ﬁs are

inmeric
ut has a



ol i goneri zation domain (amno acids 18 to 44) of ACRP30. The del et h@v
mut ant was generated fromthe EST clone AA673154 by PCR net hods. 0% 2005
deletion of the 10 am no acids 18 to 44 of mMACRP30 causes the construct to
exist in the formof a trinmer, as denonstrated by the gel filtration
experinments. The chinmeric protein FasL-960 has a f| ag sequence at 15 the N
termnus, followed by a |linker (GPGQVQLQ , a specific |linker which can form
a disulfide bridge, the AA 103 to 138 of human FasL (hFasL) and, finally,
as conponent A, the AA 139 to 281 of hFasL. Depending on whether the
di sul fi de brrdgearies sesdahinaited, tApokaRibi 20r06@ chalvavest | Fke-aCkPI0rer or a
hexamer. In Figure 2A _Figure 1-2as51?9r‘n'\5"t£'§ ctivi %ng’f ApoFasl - 060 and
ApoFasL- 267 it vvlgﬁllregard o The “ YT abPPP y of I%j A Lel TS T he
absor bance aThéDa®80rpmiion 25 EISEt hed (@reasherey axicendsuhel cohcenf rati on of
the fusion tei.ns ed . for_t t 0f oxj Ci test_Jis .t.ed

9! BP%O I-glngx?)gg %) £§ og@ﬁo%.éh g}}c%eng ail%,g 81&1% .the

(l ogarithm calTy) € X axis. eplcal ity a nMisS a nmeasure
of the viabi kohgeotrehieoncebFs fle hifglsiopt | galotdemsi iy caneespondsiso a | ow

S0aar oot SHAEEh el e sl ancesanled oAed b Lon abreel
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
FaslL, chimera according to the invention, FasL-199. The
Fas-ACRP30 construct inhibits FasL-induced apoptosis
with an ICsp value of 80 ng/ml. This value is comparable
with the wvalue 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, TNFa and
CD40L fusion proteins:

The trimerization domain of FasL (AA 139-281) was
amplified from human c¢cDNA 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 1ligated
into pCRII (In Vitrogen) and the coding sequence,
framed by the restriction cleavage sites Pstl and
EcoORI, 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 AaAp), the



assays with

anti body (,

ApoFasL-267 (0), ApoFasL-060 (), in each case w thout addition
of crosslinking antibody, or in each case with addition of crd@ssNihKing

35 N). FasL-267 alone is not cytotoxic for the cells, even

at

hi gh concentrations (i.e. slight dilution), in contrast to FasL-267 with
crosslinking antibody. 0 7 NOV 2005 --2B° Figure 2B shows the inhibitory

activity of
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The expression vector for FasL-199 was constructed as
follows. Using the EST clone AA673154, a PCR
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
NsiI and PstI, [lacunal cloned into the PstI cleavage
site of the vector encoding trimeric FasL (in such a
way that the fused NsiI/PstI cleavage site was on the
5’ side of the coding sequence). The wvector for
expressing the fusion protein FasL-167 (with the aAa 44-
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/PstlI cassette was
subcloned into the FasL-containing vector as described
above. Other fusion proteins with alternative TNF
cytokines in combination with ACRP30 were generated by
substituting the respective seqgquence of FasL 1in the
expression vector FasL-ACRP30 by the respective ligand

sequence into the restriction cleavage sites Pstl and
EcoRI.

(b) Expression and purification of the recombinant

proteins:

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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ravenqQusly wth SSg%of,JOZ anti body._ The solid bars in Figure
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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 value 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/NaCH (pH 2.5) (1 ml/min, 4°C) and, if
appropriate, neutralized with 0.2 volume of 1 M Tris-
HCl (pH 8). The buffer was exchanged for PBS 1in
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



has el apsed after the adm nistration (2h, 4h, 24h). After 4h, none of the
m ce whi ch have received exclusively agonistic JO2 anti body (blaﬁt78§fﬁﬁ§is
still alive, while the inhibitor (pale gray bars) 5 allows the sur

virtually all of the mce. Thus, ApoFaslL-060 prevents the |ethal action of
the agonistic anti-Fas antibody JO2 im¥hite. The crosslinking antibody, in
turn, cancels the inhibitory effect of ApoFasL-060 (m d-gray bars). 10

Figure 4 shows the effect qf. ApoFasL-267 after liver damage induced by
oIigonerizedcﬁﬁgE?SﬁFgﬁW§£%%§§%%?tk@enﬁééahﬁ§ d?“gxﬁéFFﬁﬁﬁﬁchﬁ vt ch™ t he
mce were inpactedh tasteagepgusillyaedt heomwicth sal ioeueymmt.h 25 pg of 15
ApoFasL- 267 before being injected intravenously with oligonerized FasL
(FasL-199). The serumtiters of ALT (solid bars) and AST (open bars) were
anal yzed aft¢d) foutohouwisihgdaekapsed. Again, the bars represent the
respectiwﬁ titers in UmM. 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-t r Thgermiyigtoxfasity whssayt wesplatrored heuk efes sespriesdnt sas he

conparative gxperipeAt Wahout, adeinhsigaki ot oLy, (7. Biol. Chem.
272:18827-18833, 1997) . Here, 50 000 cells were
incubated for 16 hours in 100 ul of medium, the medium

10 comprising the above-shown ligand concentrations in the
presence or absence of 1 pug/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 viability (a high optical density corresponds

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

(e) Treatment of the mice

25 Female Balb/c mice (8 to 10 weeks o0ld) were injected
intravenously with the wvarious 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-Ml 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).



agoni stic FasL. Figure 4 thus not only shows the 25 results of control
experiments, but also the results of experinments with FasL-199 w g8V 2005
protective ligand and of FasL-199 in conbination with protective Iigand
FasL- 267. 30 Figure 5 shows the effect of soluble FasL in the case of
AAP-i nduced hepatitis. The mice were infected intravenously either with
ApoFasL-267 (Figure 5A) or ApoFasL-060 (Figures, SB and 5C) before being
injected intraperitoneally with AAP (300 ng/kg). The plots in 35 Figures 5A
and 5B are the titers (Umnm) of ALT (solid bars) and AST (open bars),
nmeasured in gagh @dse€ifigvetdsmgurs after the injection. The plots on the left
in Figures 5A and 5B correspond to the conparative V 2005 0 7 NOV 2005 - 27
experinments, while the plot on the right (Figure 5A) and, in the case of

Fi gure 5B, tI'Ié*epla(ﬂfjjnidWeafniKtmtbmasIameraﬂmeFaéIghw%hw\staeteemnheé after

Shows the r el QT Ve ToGPHRSE o1% HaCHAT notPastner ot Pher E5hath8iat, Toon
wi th nock-tré&dded grdontfed ) antibodies were labeled with 100 uCi
(125I) wusing the iodo-Gen method (Pierce, Rockford,
IL). This 1led to a specific activity of 1.5 uCi/ug
protein. 1x105 Bjab cells were incubated for one hour
10 at 37°cC with radio-labeled ZB4 and unlabeled
competitors in serial dilution (100 pg/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



animals (100% . Figure 6 shows the effect of ApoFasL-267 and ApoFasL- 10 060
on an AAP-treated nurine liver. The mice were treated as described Bb#ge ) N
Figure S. 24 hours after the induction of hepatitis, the livers were

di ssected and evaluated histologically. Figure 6 contains three inages of
hi st ol ogi cal sections (addition of AAP,3315 addition of AAP and ApoFasL- 267
and, finally, a conparative set-up (control) after addition of saline).

Treatnent of _the mce.wt FasL- 267 (or ApaFasL-Q60, not sho prevents
vt Gamage b RERC ba Een TP BECUSHEE: | Ol 1% he Tt of Tores)
section fromsteezBecofivi bbwangnmaCstetmigehlyastandihe imverstafmexxel usi vel y

AAP-treated animal s show necrosis_and apoptosds,in e en . venul a
regi on, si nuSof aaf “T'h ?annaf%r?ml%%nsgégfoﬁﬁ%% EPO&%ﬂﬁnagvgké%ﬁiiggg

hepat ocyt es. e2br€sgade 7RPushoms pheteDhA sthuedctéfanedi t Sraeriiesi@m no
aci d seguenc L he Bas i : i ng i nv i : Se 30
(MKE216) © ThEr Sb5bEr U20 - s ol oy R bt (S P
extracel | ul aspFasfidodanhkett had ithet ersap tHvd dFEast Gedeptobiy of uskakskia a 30

l'inker 14 ampo,a¢kds)in length to the conplete oligonerization domain of
muri ne ACRP36 (amno acids 18

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
2A) 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



to 110). At its amno termnus, the construct furthernore conpr nSaRV3005
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, show ng the cleavage sites of the construct of Figure 7A
07NOV2005 - 30 also loc. cit.: Schnei dé et al., J. Exp. Med. 1998). These
stably transfected clones were renoved and distributed into 96-well plates

contai ning sel ection .nmedia. The _supernatants re an ed r t.he presence
5 of the recd®brhaht Prot eﬂ?% ?ﬁgt hZEéPBISf ?%ﬁ'arﬁf?&[%%a’goé/@staelﬁ? bl ot
t echni que. Thedstabl yropansfiectd@dercehlos awses gmdwnmd oant@bbdiéd edays in 800
m of a nonselective gedi g(r)n' flLasks ‘Ehe JEO C%ItureT\h\aes cent.rifuged and

|

i .
t he super nat BhtSWRs' f PIter® &t&rfPP2EF2 Fus gﬁlcprugtee'i ns ofre[—sélsll_tsvm nmuri ne
ACRP30 (Faslus@6eéxampEasl2- 1198)s weeronhhenaper thaed abhiflel 12w aslHIS0
supernat ants r e i d aﬁda £fq .concentrati 150 mvi
and 2 m\/l65 reg}égcgpégﬁg%, gi? %%& t aé:hp '\%%(Jie%v\%‘s.%%géé ? '?'g %ﬁ% vl\:n%{}‘f] agueous
hydr ochl ori cracedtsodi tHnely dreskiidee sol ugpoerization for transducing
the death signal. The reduced cytotoxicity of the two
inhibitors is not attributable to a reduced affinity
for the Fas receptor since their affinity for

10 oligomerized FasL (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/kg), thus protecting the animal after



Thereafter, the reconbinant protein was applied to a 1 m M-agarose col umm
(Sigma, Switzerland) (0.5 m/mn, 48 hours, 4C), and the colum was washed
with 20 10 volunes of TBS conprising 2 nM CaCl 2, finally eluted {hNTBBIEDTA
(10 M) (0.1 M/mn, 4C) or 50 nm citrgate/NaOH (pH 2.5) (1 m/mn, 4C) and,
if appropriate, neutralized with 0.2 volume of 1 MTris- HCL (pH 8). The
buf fer was exchanged for PBS in 25 concentrators with a 30 kDA excl usi on

limt (MIILRQE h t r ation _Of ri.fied ei rm ned
by the bici ncﬁﬁ%lﬁ%sggl g 88 %3 gtoezr cg%t I%e%mlcéa (%roqﬁ Roﬁ%‘ Wa]?iep%f{g USA)
usi ng bovi nefsétune al(banahOé}zS@ﬁé standaededandyt héhearr}b@étpnrl {yeqas 30

det erm ned by PAGE) and, CoogRss | ue. gt ai Ce he, human
T-1 ynphopl astoﬁﬂ’%ur f’%:o Q%Agg‘%grkl %}t% : gec%g%r% C‘Jélf gcgr ??gjl cells

were grown |ﬁpREMSLa@éerpébmSed @Sqmme%e hd ﬁ efbrgoni et kidhey cells

293 were Lul EHEQQoBE‘eQ [MEN ”HB}n'm%Q%EéBCG & aB%2 L1411 supplepent ed
with 2% FCS. of the nedia O 005 - 34 against the flag tag

(Figure 2A). opﬁgpggg @@gq@g@9nded to those of the control mice. At
a dose of 10 pug of J02 antibodies, a predominantly

protective effect was observed (approx. 920% 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 upg/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



i nduces apoptosis when no crosslinking antibodies are present, Hglhﬁ its
aggregate structure. The results of wuse exanple 2 thus denonstra 2005
whi | e ApoFasL-060 5 and ApoFasL-267 are each capable of binding to the Fas
receptor, they require ollgonerlzatlon %fr transduci ng the death signal
The reduced cytotoxicity of the two bitors is not attributable to a
reduced affinity for the Fas receptor since their affinity for

ol | gomer | zed Fasty (Fagkoladhahs nal. L egigadko ) noadditf o, lah agl t'qgwere

prei ncubat ed "W i hcreéasin oncen i ons
subsequentlyAadﬁest@6ﬂnde@Va@b@td@n&v(séemﬁggur@fZBymé15nnmaéﬁEngd t hat

FasL- 199- |ndagggr ?ngog'stggnAg% ﬁateﬁggéggfg§6§995§§L 267. It can be seen

fromthe series of neasurenents t inthe formof the
trimeric nolecule is capable of preventing apoptosis in vitro at an

i nhi bi tory cepaeeplbaphena(lC) 20 of 100 ng/m . Thus, while ApoFaslL-267 in
trimeric fornr—prevents apoptosis by blocking the receptor, aggregating
ApoFasL- 060 cannot prevent FasL-199-induced apoptosis in vitro since it

itself has aRnhapeRLeShSori BdeeaRgnebheat (dne)tonbliecst huphuhesi s25

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 ug 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 low doses and the control

animals which had only been treated with saline. It can



Use exanple 3 In-vivo experinents after the induction of hepatolysis 30 A
Ef fect of ApoFasL-060 To this end, mce were injected with agonistic JO2-
anti-Fas antibodies wiich resulted in the deaths of the mice trea@dChRus
owing to flum nating hepatic failure. ? Hepat ol ysis was detected in these
m ce by the high ami notransferase (AST And ALT) serumtiters. The mce

wer e experlnentally pretreated mnth ApoFasL 060 (1 ng/kg), thus protecting
t he ani nal Eb hgw'e80§ adnln 381 tlon EE%QZ nt|b0d| $e fromthe
hepatic fail % BF SIS rlggereﬁ ﬁ el atte see &ggu 3#0 As
expect ed, théopmouettaveompbeatlwb o&nﬁ§§¢y®ﬁ0OﬁaSﬂﬂme&mﬁmmmdemteswhen 5
4g of J02 5 gatk %dgg% ﬁ% ¢ adm nistered, the AST and ALT titers observed
corresponded oSe of the control mce. At a dose of 10 4g of JO2

anti bodi es, a predom nantly protective effect was observed (approx. 100%

reduct fon 0f,ST apdsALTAbickr S) - 1The.T eSublrsiel hus,LBat 10, AgoFasL- 060

per se is not toxic unless a crosslinking antib { (Figure 3B) was
enpl oyed, sohikaploggard 1yt hel Fig. 6A). The fo lowing must be

mentioned: necrosis and apoptosis in the central venula
region, sinusoidal inflammatory congestion of Dblood,
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 1linker 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 (2x%x3mer) .

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



apoptosis-inhibiting effect is based on the binding to the Fas receptor
W thout triggering the death signal. 15 The | ethal dose of J02 antfbo@Neosys
(10 ggl per nouse, injected intravenously) led to death within four hours
inall the mce studied (Figure 3B). Pr%treatnent of these animals with
ApoFasL- 060 reduced the nortality raté drastically - the survival rate
after 24 hours 20 anmobunts to 86% The inhibitor ApoFasL-060 (injected on

its own) praves to be.not toxic -_after coi.njection wth crosslinking

ant i body, hgt?/%f/%l?‘? ?fl%%’geﬁlﬁ? h'§° t‘b“??cagakg(it ‘T\%iet ¥ 4 SroMta isfia r}'Fate of
80% after fag9 houbsdidy Bto Efthect inferpodaslac2E&Ed | ast e tuseilexdnpl e, the
mce were injected eit W t-h i ne_( C o] : 267 prior to
bei ng 30ilﬂ%§ﬁéﬁf%ﬁ%h?gggL§i © :% ?%sggaﬁgﬁééé%ta%éé%3$ﬁgégfu% iters in
a hepat ol yt i chiamalmgginerof the mwekibitear edftflags wefe tlbsemusttdtuctassessed

hepat ol yo1 & S Al Ry T raTer ooy Co” Fast { Paor 5 TaGF =S e ani ma s
enpl oyed as ©ont edlfectFast- imddémaripepmian yoifs tad béasbIarvedndery rapidly
(W thin two 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
10 value 1is markedly lower than that of the dimeric
comparative construct Fas-Fc (ICs0>1 pg/ml). The
inhibitory effect of Fas-COMP, which has an ICsg value
of 35 ng/ml, 1is comparable with that of Fas-ACRP30.
These data thus confirm that Fas-ACRP30 is an effective

15 inhibitor of FaslL-mediated apoptosis.



hours) after the adm nistration of FasL-199, show ng am notransferase
titers which are increased by a factor 0 7 NOV 2005 - 36 of 10. ...,
Accordingly, pretreatnent of the aninmals with ApoFasL-267 prevenlﬂs] f}w@%
damage of the animals as determ ned by the AST and ALT serumtiters. 5 Use
exanple 4 Inhibition of acetam nophen (AAP)-induced hepatitis Acetam nophen
(AAP), a painkiller, is known to induce 10 fulm nating hepatic failure. The
nol ecul ar mechani smis based on Fas-nedi at ed apoptosis. The possibility of
trimeric ApoFasL-267 and/ or hexaneric 3KpéFasL-OGO protecting the liver
cells from AAP-i nduced apoptosis was therefore investigated in the present
use exanple. 15 To this end, WRatpigecl@ined fi%cted intraperitoneally with
a subl ethal dose of AAP (0.3 g/glfé). Five hours later, any |liver damage was
det ermi ned by ldet er®yi nt#igmetrhe KT and LASPNBERaRTt i tfarss.orThePPeeHhd AST

titers were YisRed BB aBaShZYyRBt éemESsait i Aacretdaneet20nei th the | FCC
(I'nternati ?nal Feder aﬁéi on of di niec I Chcem st.r?’%\?csui delriorkeesi.n Thle a

adni ni strati oif P RSOFast: 267 o7 RSOF%SL-%IS entedan SMicr 8ase in the
AST or protein segment with a biological function, in

particular with a ligand function for antibodies, for
soluble or membrane-bound signal molecules or for
receptors or an antibody or antibody segment, and

10 component B consisting in a protein or a protein
segment which trimerizes component A, wherein component
B consists 1in a segment of the protein ACRP30,
including the trimerization domain, without being
capable of forming higher aggregates of trimers.

15
2. A trimer of a recombinant fusion protein as
claimed in claim 1, characterized in that the
components A of the recombinant fusion proteins in the
trimer are identical or different.

20
3. A trimer of a recombinant fusion protein as
claimed in claim 1 or 2, characterized in that
component A of the recombinant fusion proteins is a
peptide hormone, a growth factor, a cytokine, an

25 interleukin, a receptor, a segment of these or a

functional derivative of the abovementioned sequences.

4., A trimer of a recombinant fusion protein as
claimed in any of the preceding claims, characterized
30 in that component A of the recombinant fusion protein
is a cytokine from the TNF cytokine family or a TNF
cytokine receptor, a segment of such a TNF cytokine or
receptor, or a functional derivative of a TNF cytokine
or receptor or of a segment of such a TNF cytokine or

35 receptor.



ALT titers as brought about by AAP. In conparison with untreated mce, the
aminotransferase titers at the time 25 of observation in the m ce GfiNN %d
been pretreated in accordance with the invention were narkedly reduced (75
to 90% . The protective effect of pretreatnment with ApoFasL-060 30 proved
to be dose-dependent (see Figures 5B and 5C). 25 g of ApoFasL-060 (1 ng/kg)
were adm ni stered, no AAP-induced hepatol ysis was observed, when 12.5 4g
were injected, the am notransferase titers were slightly increased, i.e.
slight Iiver damage occurred, and evefi®35 | ower doses, for exanple 6

g/ nouse, resulted in the 1loss of the protective effect. No difference was
observed between t HesE1 W Hosds &nd FEREMEORERDI LaRi FRI SPIRFEH hatf onl y
been treated wilkhmsal iife.any 6anthe? NS¢ -c1Fimd hushdbeastat etbd hat t he

nhi bi tion obsgrved !t akes e 1o HEOk,a Sammekitlane oceupalgnolid he
bi nding sites onthe Teceptor. The ARP-TNduced Tiver damade was exani ned
hi st ol ogi cal | ys( Frg.TNBA) CYTRELRE| | o%i iy AESNEBE Sfentd ofilH: FEEPIs and
apopt osi sgi n theeceeBHr akrMRNWIRE group consisting of CD40L, FasL,
TRAIL, TNF-o, CD30L, 0X40L, RANKL, TWEAK, Lta, Ltab2,
LIGHT, CD27L, 41-BB, GITRL, AP-RIL, EDA, VEGI and BAFF,
or a functional derivative of the abovementioned
sequences.
10
6. A trimer of a recombinant fusion protein as
claimed in any of the preceding claims, characterized
in that component B comprises an amino acid sequence as
shown in Figure 1 for the sequence of amino acid 44 to
15 111 of ACRP30, or a functional derivative of this

sequence, where Figure 1 is a constituent of the claim.

7. A trimer of a recombinant fusion protein as

claimed in any of the preceding claimsg, characterized
20 in that the recombinant fusion protein has the FasL-267

sequence as shown in Figure 1, where Figure 1 1is a

constituent of the present claim.

8. A trimer of a recombinant fusion protein as
25 claimed in any of the preceding claims, characterized
in that the recombinant fusion protein comprises a

linker sequence between component A and component B.

9. A trimer of a recombinant fusion protein as
30 claimed in any of the preceding claims, characterized

in that the linker sequence comprises the dipeptide LQ.

10. A trimer of a recombinant fusion protein as
claimed in any of the preceding claims, characterized
35 in that the recombinant fusion protein comprises a tag

sequence, preferably an N-terminal tag sequence.



regi on, sinusoidal inflamuatory congestion of blood, vacuolized

hepat ocytes. In contrast, as shown in Figure 10 6B, no such synpt rysMi¥f2005

| i ver damage are discernible when a pretreatnent with ApoFasL-267 (or
ApoFasL- 060, not shown) is carried out. Use exanple 5 15 A Construction of
a Fas receptor chimera To prepare an extrenely effective inhibitor of FasL-
nmedi at ed apoptosis, a fusion protein consisting of the 20 extracell ul ar
dormain of the Fas receptor (amno acids 17 to 172) and the conplete

ol i goneri zation domain of rmurine ACRP30 (amino acids 18 to 110), which are
| inked via a linker 14 amno acids in length, was prepared _(Figure 7). The
r econmbi nant pr%&einThasuaﬂaP§z§81B9r§5aﬁeﬁg%l%$dSBS—P%&EPénﬂlﬂaﬁsah‘apparent
mol ecul ar wei gihd fof thie Krpdrdenonedchnge8otghéhons and of 150 kDa under
nonreduci ng conditions. It can thus be concluded that the construct MKB216
(hereinbelow referred to as Fas-ACRP30) occurs essentially in the formof a
hexamer 30 ( 2&3mer TheBus¢ndf b ¥ brgr effectl agimeBadnASRP30foalEanE- hedi at ed

apoptosi s g 10 for the preparation of a medicament for the

treatment of viral hepatitis (HBV, HCV), alcohol-
induced hepatitis, cholestatic hepatitis., Wilson's
disease, autoimmune hepatitis, rejection in liver

transplants, diseases due to hyperapoptotic reactions,

10 degenerative diseases, 1in particular neurodegenerative
diseases, inflammatory diseases, toxic epidermal
necrolysis (TEN) , multiple sclerosis, Hashimoto's
thyroiditis, GvHD.

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

claimed in any of claims 1 to 10.

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

in claim 13.

15. A host cell, characterized in that the host cell
is transfected with an expression vector as claimed in
25 claim 14.



35 To confirmthe inhibitory effect of the fusion protein Fas-ACRP30
according to the invention on FasL-nedi ated apoptosis in vitro, 07NCY 2005
FaslL-sensitive A20 cells were preincubated with increasing Fas- ACRP30
concentrations 07NOV2005 - 38 before oligonerized FasL was added. The
construct FasL- 199 according tQ.the. 'Df’s‘?%é on acted as particularly
effective FasL oligoner in the p?esent experinent. In this manner, the

i nhi ki {@r xpgiéc%%@arme& %@{;@Mpuggt itﬁasce%a!’@@saccor ding to the invention
was COITpaFI‘@@inMpt hguddheoeff esf of a dimeric formof Fas (Fas-Fc) and a

pent arer i gcfiwirerf fasal Faa: C@¥P). As shown in Figure 8, a Fas-ACRP30
concentration of 80 ng/m can bring about a 50%reduction in FasL-nedi ated
apoptdzi>s ReHdmibg ndir oy Ahgreonisgroterikeding bewwer Ttivemet hat of the dinmeric
conparative construct Fas-Fc (1C50>1 g/m ). The inhibitory effect of

Fas- COMP, AfRtiN2A3s an 1C50 value of 35 ng/m, is conparable with that of
Fas- Al 3(%C %'63 851% ta thus confirmthat Fas- ACRP30 is an effective 15
|nh|Q P§ar 28 o] O%SE i ated apoptosis. 21 - 39

<160> 14
<170> PatentIn Ver. 2.1

<210> 1

<211> 213

<212> PRT

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: ApoFasL-060

<220>

<221> DOMAIN
<222> {1)..(8)
<223> Flag

<220>

<221> DOMAIN
<222> (9)..(16)
<223> Llnker

<220>
<221> DOMAIN
<222> (17)..(34)

<223> Specific linker

<220>
<221> DOMAIN
<222> (35)..(70)

<223> humanFasL aa 103-138

<220>
<221> DOMAIN
<222> (71)..(213)

<223> humanFasL aa 139-281

<220>
<221> DISULFID
<222> (29)

<400> 1
Asp Tyr Lys Asp Asp Asp Asp Lys Gly Pro Gly Gln Val Gln Leu Gln
1 10 15

Val Asp Leu Glu Gly Ser Thr Ser Asn Gly Arg Gln Cys Ala Gly Ile
20 25 30



What is clainmed is: 1. Atrinmer of a reconbinant fusion protein, conprising
at | east one conponent A and at | east one 5 conponent B, corrponenp 7’%!0‘1' 2005
conprising a protein or a protein segnent with a biological funcli'on, Tn
particular with a ligand function for antibodies, for soluble or

menbr ane- bound si gnal nol ecules or for_ receptors or _an_antibody or antibody
segrreAﬁfg,L%‘hggg&e(‘fo%beoﬁéﬁtmﬁ %§®§V§tﬁlﬁgL?%%ga pérﬁt i?‘h 567 YUrotein segnent
which trinmerizes conponent A, wherein conponent B consists in a segnent of
the piot eln sACRT30net iwRCI Mdi ARG the dJvi PRI icZzati RncHdomaE sy W t hout bei ng
capabl e ofp form ng hi gher saggregates of trkpers. 15 2. Atrinmer of a

reconbi nant fusion protein as clainmed in claiml1, characterized in that the
conpadinents AeofProhera @condiivnayd Lieisilonler 6teilys Val tthe Hitsri mer are identical
or difePerent. 20 3. A tPimer of a reconbtinant fusion prdtlein as clainmed in
claim1 or characterized in that conponent. A of the reconbi nant fusion

2
pr ot &iHsTh ChY lﬁépf‘ggdé‘sﬁo?%ﬁé‘% S§* d?‘;(gwflfi’ 58t oM, TEP &%tgozkﬁpne, an

Thr Tyr Gly Ile Val Leu Leu Ser Gly Val Lys Tyr Lys Lys Gly Gly
100 105 110 -

Leu Val Ile Asn Glu Thr Gly Leu Tyr Phe Val Tyr Ser Lys Val Tyr
115 120 125

Phe Arg Gly Gln Ser Cys Asn Asn Leu Pro Leu Ser His Lys Val Tyr
130 135 140

Met Arg Asn Ser Lys Tyr Pro Gln Asp Leu Val Met Met Glu Gly Lys
145 150 155 160

Met Met Ser Tyr Cys Thr Thr Gly Gln Met Trp Ala Arg Ser Ser Tyr
165 170 175

Leu Gly Ala Val Phe Asn Leu Thr Ser Ala Asp His Leu Tyr Val Asn
180 185 190

Val Ser Glu Leu Ser Leu Val Asn Phe Glu Glu Ser Gln Thr Phe Phe
195 200 205

Gly Leu Tyr Lys Leu
210

<210> 2

<211> 255

<212> PRT

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: ApoFasL-199

<220>

<221> DOMAIN
<222> (1)..(8)
<223> Flag

<220>

<221> DOMAIN
<222> (9)..(16)
<223> Linker

<220>
<221> DOMAIN
<222> (17)..(110)

<223> mouseACRP30 aa 18-111

<220>



25 interl eukin,
of the abovenentioned sequences.

as

cyt oki ] or a TNF
cytoEi%ﬁi%??%#%qgg&or, or a functional derivative of a TNF cytokine

a receptor,

a segnent of these or a

functi onal

derivative
4. Atriner of a reconbinant fusio

abover . ! . fusi on protein
claimed in any of the preceding clains, characterized 30 i nOthidY 2005
conmponent A of the reconbinant fusion protein

cyt oki ne receptor,

is a cytokine fromthe TNF
a segnent of such a TNF

recepiofs of,Qf, a segnent of such a TNF cytokine or
2005 - 40 5. Atrinmer of a reconbinant fusion protein as

t he preacedi ng cl ai ns,
f usi e 1pr oA IV
fronkte gtbip .cd¥ei sting

BAFF,
triné

?O%ﬁ 2
1

Glu Asp
Pro Pro

Pro Gly
50

Gly Glu
65

Glu Thr
Pro Gly
Glu Lys

Ser Arg
130

Leu Ser
145

Gly Leu
Asn Asn
Pro Gln
Thr Gly

210

Leu Thr
225

Val Asn

<210> 3

re

Sp yr ys

Asp

Lys

35

His

Lys

Gly

Thr

Lys

115

Ser

Gly

Tyr

Leu

Asp

195

Gln

Ser

Phe

<211> 229

Val

20

Gly

Asn

Gly

Asp

Pro

100

Glu

Met

Val

Phe

Pro

180

Leu

Met

Ala

Glu

or a functional
na

Gombian

5

Thr

Thr

Gly

Glu

Val

85

Gly

Leu

Pro

Lys

Val

165

Leu

Val

Trp

Asp

Glu
245

characterized

t
sp

Thr

Cys

Thr

Lys

70

Gly

Arg

Arg

Leu

Tyr

150

Tyr

Ser

Met

Ala

His

230

Ser

gggl

Thr

Ala

Pro

55

Gly

Met

Lys

Lys

Glu

135

Lys

Ser

His

Met

Arg

215

Leu

Gln

gn
ys
Glu
Gly

40
Gly
Asp
Thr
Gly
Val
120
Trp
Lys
Lys
Lys
Glu
200
Ser

Tyr

Thr

35 receptor.

or

0 7 NOV

clainmed in any of

in that conmponent A of the reconbi nant
is a TNF cytokine or a segnent of a TNF cytokine 5 selected
of CD40L, FasL,

TRAIL, TNF-a, CD30L, OX40L,
RANKEZ23pWeapenteeh, ad tah281 LI GHT, CD27L, 41-BB, G TRL, AP-RIL, EDA, VEG and

derivative of the abovenenti oned
8£otein as

y Pro Gly Gln Val Gln Leu His

Glu

25

Trp

Arg

Ala

Gly

Glu

105

Ala

Glu

Gly

vVal

Val

185

Gly

Ser

Val

Phe

10

Leu Ala

Met

Asp

Gly

Ala

90

Pro

His

Asp

Gly

Tyr
170

Ala

Gly

Leu

75

Glu

Gly

Leu

Thr

Leu

155

Phe

Tyr Met

Lys Met

Tyr

Asn

Phe
250

Leu

Val
235

Gly

Pro

Gly

Arg

60

Leu

Gly

Glu

Thr

Tyr

140

Val

Arg

Arg

Met

Gly

220

Ser

Leu

Ala

Ile

45

Asp

Gly

Pro

Ala

Gly

125

Gly

Ile

Gly

Asn

Ser

205

Ala

Glu

Tyr

Leu

30

Pro

Gly

Pro

Arg

Ala

110

Lys

Ile

Asn

Gln

Ser

190

Tyr

Val

Leu

Lys

15

Val

Gly

Thr

Lys

Gly

95

Leu

Ser

Val

Glu

Ser

175

Lys

Cys

Phe

Ser

Leu
255

Pro

His

Pro

Gly

80

Phe

Gln

Asn

Leu

Thr

160

Cys

Tyr

Thr

Asn

Leu
240

seqguences.

10 6. A



claimed in any of the preceding clains, characterized in that conmponent B
conprises an amino acid sequence as shown in Figure 1 for the s@ddénddhof
amno acid 44 to 15 111 of ACRP30, or a functional derivative of this
sequence, where Figure 1 is a constituent of the claim 7. Atrimer of a
reconpipant . fusion protein as clained in any of the preceding clains,
charactigrized: 20 ihingt hat .t he reconbi nant fusion protein has the FasL-267
sequence as sﬁomn in Figure 1, where Figure 1 is a constituent of the
presentoslaim 25 8. A trimer of a reconbinant fusion protein as clained in
any of2:8hepepeetediongof Irat i ciehareacéetel: zegbrakn-Achat t he reconbi nant fusion
protein conprises a |inker sequence between conponent A and conponent B. 9.
A trisiP>of a reconbinant fusion protein as 30 clained in any of the
precedi‘Ag XMAis, characterized in that the linker sequence conprises the
dipeﬁﬁﬁgé Ul -49. A trinmer of a reconbinant fusion protein as clainmed in
any of¢? ﬁéqﬁﬁeceding clains, characterized 35 in that the reconbinant fusion
protgjg gonprises a tag sequence, preferably an N-term nal tag sequence.
07“K)4§ 85 DOMAIN

<222> (9)..(16)

<223> Linker

<220>
<221> DOMAIN
<222> (17)..(84)

<223> mouseACRP30 aa 44-111

<220>

<221> DOMAIN
<222> (85)..(86)
<223> Linker

<220>
<221> DOMAIN
<222> (87)..(229)

<223> humanFaslL aa 139-281

<400> 3
Asp Tyr Lys Asp Asp Asp Asp Lys Gly Pro Gly Gln Val Gln Leu His
1 5 10 15

Ala Gly Ile Pro Gly His Pro Gly His Asn Gly Thr Pro Gly Arg Asp
20 25 30

Gly Arg Asp Gly Thr Pro Gly Glu Lys Gly Glu Lys Gly Asp Ala Gly
35 40 45

Leu Leu Gly Pro Lys Gly Glu Thr Gly Asp Val Gly Met Thr Gly Ala
50 55 60

Glu Gly Pro Arg Gly Phe Pro Gly Thr Pro Gly Arg Lys Gly Glu Pro
65 70 75 80

Gly Glu Ala Ala Leu Gln Glu Lys Lys Glu Leu Arg Lys Val Ala His
85 90 95

Leu Thr Gly Lys Ser Asn Ser Arg Ser Met Pro Leu Glu Trp Glu Asp
100 105 110

Thr Tyr Gly Ile Val Leu Leu Ser Gly Val Lys Tyr Lys Lys Gly Gly
115 120 125

Leu Val Ile Asn Glu Thr Gly Leu Tyr Phe Val Tyr Ser Lys Val Tyr
130 135 140

Phe Arg Gly Gln Ser Cys Asn Asn Leu Pro Leu Ser His Lys Val Tyr
145 150 155 160



- 41 11. The use of triners as clainmed in any of clainms 1- 10 for the
preparation of a nedicanent. 12. The use of triners as claimed in0aMeyans
claims 1- 5 10 for the preparation of a medicanment for the treatnment of
viral hepatitis (HBV, HCV), alcohol- induced hepatitis, cholestatic
hepatitis., Wlson's disease, autoimmune hepatitis, rejection in |iver
transpl ants, disseases rdue 1,0y Rer aRapE ot g, neactions, 1 degenerative
di seases, in partigdy ar neurodegenerati ve diseases, 7gnflammtory di seases,
toxic epidermal necrolysis (TEN), multiple sclerosis, Hashinoto's
t hyr okdiMdts seOrkiD. c 5 TA3.ThA EINAGSRQUENTs; AcCharacter iszedryin t hat t he DNA
sequence encodégla reconbi nant fl@8Sion protein asi9¢lainmed in any of clains 1
to 10. 14. An expression vector, characterized in that the 20 expression
vect 6FU Cophis &8l & TINASR dfiefite 585 “dlRaftRedisiifucl el fe13?sm5. A host cel |,
characterizédin that the ho$t° cell is transt®cted with an expression
vect %rala§erchﬂlj r}:%g éenr I_.gu5 \/CallaAsng :Léhl'e G.q_u7G£\1lloge120&§1 Thr Phe Phe

210 215 220

Gly Leu Tyr Lys Leu
225

<210> 4

<211> 8

<212> PRT

<213> Artificial Sequence

<220>

<223> Description of Artificial Sequence: Flag seguence
in the recombinant fusion proteins of the
invention

<400> 4
Asp Tyr Lys Asp Asp Asp Asp Lys
1 5

<210> 5

<211> 8

<212> PRT

<213> Artificial Sequence

<220>

<223> Description of Artificial Sequence: Linker
sequence in the recombinant fusion protein
ApoFasL-060

<400> 5
Gly Pro Gly Gln Val Gln Leu Gln
1 5

<210> 6

<211> 10

<212> PRT

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Linker
sequence {(page 28 of specification)

<400> b
Gly Pro Gly Gln Val Gln Leu Gln Leu His
1 5 10



SEQUENCE LI STI NG <110> Apot ech Research & Devel opnent Ltd. (except US)
TSCHOPP, Jiirg (only US) SCHNEIDER, Pascal (only US) <120> Rekonbifriaki\e2005
Fusi onsprotei ne and deren Trinere <130> APO1P002WD <140> PCT/ EP02/ 05103
<141> 2002- 05-08 <160> 14 <170> Patentln Ver. 2.1 <210> 1 <211> 213 <212>
PRT <213> Artificial Sequence <220> <223> Description of Artificial
Sequence; oFasL- 060 <220> <221> DOVAIN <222> (1)..(8) <223> Flag <220>
<221%, N <222> (9) . . (16)

<213> Artificial Sequence

<220>

<223> Description of Artificial Sequence:
Oligonucleotide JT398 (for amplification of
hFasL-trimerization domain) (page 24 of
specification)

<400> 7
actgcaggaa aaaaaggagc tg 22

<210> 8

<211> 22

<212> DNA

<213> Artificial Sequence

<220>

<223> Description of Artificial Sequence:
Oligonucleotide J290 (for amplification of
hFasL-trimerization domain) (page 24 of
specification)

<400> 8
caacattctc ggtgcctgta ac 22

<210> 9

<211> 51

<212> DNA

<213> Artificial Sequence

<220>

<223> Description of Artificial Sequence: DNA fragment
coding for the signal peptide of haemagglutinine
(page 24 of specification)

<400> 9
caaaacatgg ctatcatcta cctcatcctc ctgttcaccg ctgtgcgggg c 51

<210> 10

<211> 24

<212> DNA

<213> Artificial Sequence

<220>

<223> Description of Artificial Sequence: Flag epitope,
part of the coding sequence for the FasL-proteins
of the invention (page 24 of description)

<400> 10
gattacaaag acgatgacga taaa 24

<210> 11
<211> 18
<212> DNA



<223> Linker <220> <221> DOVAIN <222> (17)..(34) <223> Specific |inker
<220> <221> DOVAIN <222> (35)..(70) <223> humanFasL as 103- 13d) 2220305
<221> DOVAI N <222> (71)..(213) <223> hunmanFasL as 139-281 <220> <221>
DI SULFI D <222> (29) <400> 1 Asp Tyr Lys Asp Asp Asp Asp Lys Ay Pro Ay d@n
Val n u n.. 10 15 Val Asp Leu Au Ay Ser Thr Ser Asn Ay Arg Gn
Oys ARG T S0 S AT
<220>
<223> Description of Artificial Sequence: Linker, part
of the coding sequence for the FasL-proteins of
the invention (page 24 of specification)

<400> 11
ggacccggac aggtgcag 18

<210> 12

<211> 26

<212> DNA

<213> Artificial Sequence

<220>

<223> Description of Artificial Sequence:
Oligonucleotide JT1147 (for PCR amplification in
the vector construction for FasL-199) (page 25 of
specification)

<400> 12
acaatgcatg aagatgacgt tactac 26

<210> 13

<211> 24

<212> DNA

<213> Artificial Segquence

<220>

<223> Description of Artificial Sequence:
Oligonucleotide JT1148 (for PCR amplification in
the vector construction for FasL-199) (page 25 of
specification)

<400> 13
agactggaga gcggcttctc cagg 24

<210> 14

<211> 25

<212> DNA

<213> Artificial Sequence

<220>

<223> Description of Artificial Sequence:
Oligonucleotide JT1421 (for PCR amplification in
the vector construction for FasL-167) (page 25 of
specification)

<400> 14
aaaatgcatg caggcatccc aggac 25





