WD 97138104 1

PCT/ EP97.101736 JL.6 MUTEIN

FI ELD OF THE | NVENTI ON The present invention relates to a new
| L-6 nutein, wd O81eequence coding for it, its use in thePCEPIOITEE |
as a pharmaceutical conposition conprisi ng} it. 5 BACKGROUND OF THE

| NVENTI ON | nterleukin-6 is released into the plasnma upon

injury or infection by different cel IMMU%. It is involved in a

spect rum of (@L@;{i_m e defense, hematopoiesis, mat ur ation

of negakary . ﬁ%ction and acute phase response (1). 10

Besi des pl ayi ng ariegitesent ifvehtion reldiesto alagwiIEet muteif 4 PNA sejueack codidghfor

pat hogenesi s of a variety of diseases_|ike plasnocytonma/ nyel oma,
opccompIsIt.

ost eopor osi dt, itsiseissberapy ias well @s a pharmageutig
The [L-6.receptor conplex on target cells consists of two different

subuni ts,5 an 80- kDa specific ligand binding subunit (L6Ra) and a
130- kDa si ggA€eK! ) OF THE ION (gp130) (2-4). 1L-6 binds to the
| L-6Ra and the conplex of IL-6AlL-6Ra becones associated with a di ner

of gpl 30, t her ebyinterieukint6 isgelessed imtoghe plpsma uppn dnjpgy or infection; by diffegent cgll

measurable affinity.to 130 6 <o et | LN-6. ] . .
protein chamﬁ‘@i’géﬁv mtér%%ﬁtﬁmhgf 3W§éﬁeﬁey%ﬁ%g§%%n@eﬁﬁ°& 16815,
reported (7)mstfirat ﬂ%fnﬁgmﬁir' téiSplatelét pradiiction asd Acute phdse respansd (1). be
followed in this 30 pat en &g’rt:)p I|’cat.i c?ﬁ). Seléondary _gtruct?re pdr ?adi ctions
and protl@i n nodelBesiflep playingc ceatral role inthost defense, Is6 35 inxolved inghe pathogenesis

hemat opoi et io(i‘ ac%xti)e | "oF c{i&rpsésyﬁk%hglragx%éeyrt&ﬁgfjmﬁ%&9%rsteoporosis and neoplastic and
autoimmune diseases (1).

The I1L-6 receptor complex on target cells consists of two different subunits, an

80-kDa specific ligand binding subunit (IL-6Ra) and a 130-kDa signal-transducing
15 protein (gpl130) (2-4). IL-6 binds to the IL-6Ra and the complex of IL-6/IL-6Ra

becomes associated with a dimer of gp130, theteby initiating the IL-6 signal. IL-6 by

itself has no measurable affinity to gp130 (5,6). _

Interleukin-6 is a protein characterised by N-terminal heterogeneity. It has been
reported (7) as a 184 amino acids (this amino acids numbering will be followed in this

20  patent application). Secondary structure predictions and protein modeling pointed out
that IL-6 is a member of the hemhtopoietic cytokine family characterized by four
antiparallel a-helices (A, B, C, and D) (8,9). LIF (leukemia ihibitory factor), CNTF
(ciliary neurotrophic factor), IL-11, CT-1 (cai'diotroph_in-,l) and OSM (oncostatin M)
ﬂso belongs to this family. They all use the gp130 protein in their receptor complex,

25  which explains their overlaping bioactivities (1, 10, 11).

Deletion studies of IL-6 showed that the N-terminal 28 amino acid residuces are
dispensable for the biological activity of this molecule. Removal of more than 28 amino
acids inactived the protein (12). Further studies predicted that the C-terminus and the
end of the A-B loop/beginning of the B-helix (region 2c, residues G77-E95) are mvolved

30 in the interaction with the IL-6Ra (9, 13-16). These results were corroborated by the
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antiparallel a-helices (A B, C and D) (8,9). LIF (leukem a ihibitory
factor), OCNTF (ciliary neurotroph| c factor), IL,11, CT-I
(cardiotrophin-1) and OSM (oncostatin M al so belongs to this fanmi I y.
They al | uswOo%7@8tdl 30 protein in their receptor conplex, 25pctWyebi173s
expl ains their overlaping bioactivities @1, 10, 11). , Del eti dn
studies of IL-6 showed that the N-term nal 28 am no acid residuces are

di spensabl geqeptlyt publishesd bymam|[Lek tadel \(9)fwhere sthesel twal regiole were! inotloser e
t han 28 amR acids inactived the protein (12). Further studies
predi cted £ a’fmiltpfe C-term nus and the end of the A-B | oop/ beginning

of the B-hel ix (rAgpredngawolielalies sitek G with 3150 Hle\déhtifa, | 0 the
interaction with the | L 6Ra (9, 13-16). These results were corroborated by
t he i. . Epitope mapping of the IL-6 protein with neutralizing@nkbs_psvvided evideirce that
\é\g.r/g EI%S 10%51@% Q152-T162 (beginning of the D-helix) are involved in gp130 i intergction (17,
18). Analysis of chimeric human/mouse IL-6 proteins revealed the presence of an epitope
within the beginning of the A-B loop of IL-6 which was involved in contacting and
activating gp130 (9, 19). Recently, this result was confirmed by demonstrating that
leucine 57 is invoved in this interaction (20). This region is in close proximity of the

10  beginning of helix D leading to the assumption that these two regions together form a
common interaction site with one gp130 (9, 19, 21)

ii. A second interaction site with gp130 was definded in analogy to the GH (growth
hormone)/GHR2 complex, the structure of whlch was solved by X-ray analysis (22). It
was speculated, that the parts of the GH imp(i:rtant for the interaction with the second

15 GHR are the same in the [L-6 protein lmponant for interaction with one gp130 (23, 24).
Indeed, the substitution of two amino acids in t.he A-helix (Y31D/G35F) and two amino
acids in the C-helix (S118R/V121D) also lead to an IL-6 mutant protein with nearly
normal affinity to the MRa, but no bioactiéity. These four amino acids seem to be |

| important for the interaction with a second gpl§0 protein (24, 25).

20 In view of the previously discussed 1L-6 involvement in the pathogenesis of some
diseases, the development of inhibitors of IL-6 ‘activity has therefore been the subject of
active research. For this purpose, different appfqaches have been pursued, including the
use of antibodies againét IL-6, gp130 or gp80; the use of soluble gp130; or the use of
muteins for IL-6, or IL-6 Receptor.

25 The Apﬁlicant has investigated the possibility of synthesising new IL-6 muteins
that can act as IL-6 receptor antagonists. With this aim, one sbientiﬁc approach to
follow is to synthesise muteins that retain the ability to bind IL-6Raci, but have lost the
capacity to recruit gp130. Therefore, the optimal molecule should be the one that does
not show IL-6 activity but shows a higher IL-6Ra binding than IL-6 and that contains

30 as few mutations as possible with respect to IL-6, in order to reduce the risks of

antigenicity.



recently published human [L-6 nodel (9) where these two regions were in
close . proximty. At present, two interaction sites of
IL-6 with gp 130 are identifi ed. i . Epitope nmapping of the IL-6
protein wth wewrssitszi ng nAbs provi ded evidence that 5 the PEWERYRIT3I6
QL52-T162 (beginning of the D-helix) are i Bvol ved in gpl 30 interaction (17,
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approaches have been pursued, i'ncluding t use of antibodi es agali

| L-6, gpl 30 ﬁomgnbs(degmeeaaysaf dhe genetiol cmdgpmsmom muthtonsseodifg for a polmnpadas
for IL-6, or |L- Regglgt or. plicant has investigated the

possibility %?V“B%/WF §Fﬂ\ﬂtyr?é\ﬁhi“l_‘?feg%wﬁ§§:ﬁp_ ~ that can act as IL-6
recept oryjsant agoni At fyrthék (dbjdcdi oF thlepreSédt ivémioh! fsi & MA@ Afebtok Lontaining the

nucleotide sequence of the invention.

In a further aspect, the present invention provides the use of the protein as a
medicament. In particular, it relates to the use of the protein of the invention in the
manufacture of a medicament for the treatment of dlseases in which IL-6 has a

20 pathogenetic action, such as, for example, plasmocytoma/myeloma, osteoporosis and
neoplastic and auotoimmune diseases. |

The medicament is preferably presented in the form of a- pharmaceutical
composition comprising the protein of the invention together with one or more
pharmaceutically acceptable carriers and/or excipients. Such pharmaceutical

25  compositions form yet a further aspect of the present invention.

One method for preparing the mutein of the invention is by way of PCR
technology using synthetic oligonucleotides, which contain a mismatch at the base that
one wants to mutate, as primers.

Expression of any of the recombmant protems of the invention as mentioned

30  herein can be effected in eukaryotic cells (e.g. yeasts, insect or mammalian cells) or



followis to synthesise nuteins that retain the ability to bind IL-6Ra, but
have | ost the capacity to recruit gpl 30 Therefore, the optinal

nol ecul e shoul d be the one that does not show I L-6 activity but
shows a hi oghew7bsio0éRa bi nding than IL-6 and that contains 30pcrafeohoYyss

mut ati ons as possible with respect to HA6, in order to reduce the risks of
antigenicity. . WO 97138104 3 :
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Appl i cant now,found that by conbining point nutations at position 54
wth two rr%?}teie&?ﬁyﬁ?ml\JSlmR, whi ch increase the affinity to the IL-6Ra,

and two Egradxamiple, HoBNAT Moliuletididp ﬂﬁ%@p&nlggeﬁd& dfithé BvelRHE ARENT

interaction with 5 gpl30, obtained human JL-6 eins, which retained
recept or Hinsegied dntouapprepriately constructed expressionevegtorgdy technppes iveslll kowt ine
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In order to be capable of expressing the desired protein, an expression vector

10 should comprise also specific nucleotide sequences containing tramscriptional and
translational regulatory information linked to the DNA coding the desired protein in
such a way as to permit gene expression and production of the protein. First, in order
for the gene to be transcribed, it must be preceded by a promoter recognizable by RNA
polymerase, to which the polymerase binds and thus initiates the transcription process.

15 Theré are a variety of such promoters in use, which work with different efficiencies
(strong and weak promoters). |

For eukaryotic hosts, different transcriptional and tramslational regulatory
sequences may be employed, depending on the nature of the host. They may be derived
form viral sources, such as adenovirus, bovine lf)apilloma_ virus, Simian virus or the like,

20  where the regulatory signals are associated with a particular gene which has a high level
of expression. Examples are the TK promoter of the Herpes virus, the SV40 early
promoter, the yeast gal4 gene promoter, etc. Transcriptional initiation regulatory signals
may be selected which allow for repression and activation, so that expression of the
genes can be modulated.

25 The DNA molecule comprising the nucleotide sequence coding for the
polypeptide of the invention is inserted into  vector(s), having the operably linked
transcriptional and translational regulatory signals, which is capable of integrating the
desired gene sequences into the host cell. The cells which have been stably transformed
by the introduced DNA can be selected by also introducing one or more markers

30  which allow for selection of host cells which contain the expression vector. The marker
may also provide for phototrophy to a auxotropic host, biocide resistance, e.g.



sequence coding for the poylpeptide of SEQID NO 1, as well as its
variants resulting fromthe degeneracy of the genetic code or point
mut ati ons codi ng for a pol ypeptide having the sane activity as that .
of SEQ | D NOw0I197/38104 A firther objgct of the present i RCIMERIO1TIE a
pl asm d vector containing the nucl eoti de sequence of the invention.

In a further aspect, the present jnvention provifdes_.the use.of the protein
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carriers and/or exclpl ceut | conpositions form
yet a firthesmsawithovhich recipientroefisnthat cortaini tha vector may be recogmieedrand seletted

Gsi g syt haer® thase JsApiene ealis FUSoh i coBHH e YEchTT Pl Byl QX OPIARSGE it
Feconbi nant et Sfifich B HeBF 1 » partcnlar host, pit RAGRS, O isUecille b Befbie to
ef fected i n ‘chitdeY teivector betiveen host selia of differemapéciess nmammal i an cel |'s) or
\381-? 2{38?1}1)811736 Once the vector(s) or DNA seguenée containing the construct(s) has been
prepared for expression the DNA construct(s) may be introduced into an appropriate
host cell by any of a variety of suitable means: transformation, transfection, conjugation,
protoplast fusion, electroporation, calcium phosphate-precipitation, direct microinjection,
_ etc. _
15 Host cells may be either prokaryotic or eukaryotic. Preferred are eukaryotic
hosts, e.g. mammalian cells, such as human, monkey, mouse, and Chinese hamster ovary
(CHO) cells, because they provide post-translational modifications to protein molecules,
including correct folding or glycosylatioh at correct sites. Also yeast cells can carry out
post-transiational peptide modifications including glycosylation. A number of
20 recombinant DNA strategies exist which utilize strong promoter sequences and high
copy number of plasmids which can be utilized for production of the desired proteins in
yeast. Yeast recognizes leader sequences on cloned mammalian gene products and
secretes peptides bearing leader sequences (i.e., pre-peptides).

After the introduction of the vector(s), the host cells are grown in a selective

25  medium, which selects for the growth of vector-containing cells. Expression of the
cloned gene sequence(s) results in the production of the desired protein.

Purification of the recombinant proteins is carried out by any one of thg methods
known for this purpose, i.e. any conventional procedure involving extraction,
precipitation, chromatography, electrophoresis, or the like. A further purification

30 procedure that may be used in preference for purifying the protein of the invention is
affinity chromatography using monoclonal antibodies which bind the target protein and



prokaryotic cells, using the appropriate expression vectors. Any nethod
known in the art can be enpl oyed. For exanple, the DNA
nol ecul e coding for the polypeptide of the invention are i nserted
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host. The |y —D& Jer | sources, such as adenovirus,
bovi nqopaFIGURE V. Poift mitafiisaf humanm ptdteml (A)?repmentam:)ﬁtheﬂelmmdhl-&t ory

signals are associated with_a particul ene has

of gexpr esshretein withithe é‘%“fd?fédwg W’&F% Patfh%cpp@“ﬁe 8\°ﬁ'€ ta8/40
early predibRITE and 13§ T48ads Sthé aQFeBE esP TRE Qo a&a%e%ﬁaémfeg!oh@nal
initiatiorf reguaory sig e selected which allow for

repressi orandZh with Et!%ﬁi)diﬂmoﬁdntbhagmmq:ﬂmsllm affhunian (top) andgawrine (battomd
nodul ated. 25 The DNA . np] ecul e, conpri SI n hﬁ nucl eoti g“'ﬁt
into

sequence dBd6 rage shpwnpdhe prodused) pojph omtations 8PP PIPHY
vect Orl(SS) Wof‘ H:% RRE rsﬁ‘@&:é(s fn' ﬁ%ergglon 2a. (O) n'bbon representation of the human

IL-6 model. Representation of F78 (bottom) important for IL-6Ra binding and K54 (top)
important for IL-6Ra-dependent gpl30 interaction The N-terminus corresponds to
residue 17 of human IL-6 (Ehlers et al. 1994).
FIGURE 2. Nucleotide sequence of the human L-6 mutein of the present invention. It
20  contains five point mutations with respect to the human IL-6, at positions 54, 159, 162, | |
170, 176. Such positions are reported in bold.
FIGURE 3. Binding and bioactivity of K54 point mutants of human IL-6. (A) binding of
the IL-6 muteins to soluble human II-6Ra. Average values of two experimentes are
shown. (B) proliferation of murine B9 cells and (C) of human XG-1 cells in response to
25 IL-6 mutants. One representative of three experiments is shown. (D) induction of
haptoglobin expression in human hepatoma cells by IL-6 muteins. The amount of human
IL-6 needed for 50 % haptoglobin expression was set as 100 %. Average values of two
experiments are shown.
FIGURE 4, Binding and bioactivity of point mutations of K54 in combination thh EP-
30 LR (A) binding of the IL-6 muteins to soluble human IL-6Ra. Average values of two
experimentes are shown. (B) proliferation of murine B9 cells and (C) of human XG-1
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Restriction enzymes Accl, EcoNI, HindIIl, Ncol, Nhel, and Xbal were obtained
from AGS (Heidelberg, Germany), polynucleotide kinase, calf intestinal phosphatase and
- T4 DNA Ligase were from Boehringer Mannheim (Mannheim, Germany). Restriction
15 enzyme BspEl and Vent DNA polymerase were purchased from NEN Biolabs
(Schwalbach, Germany) and cell culture media from Gibco (Eggenstein, Germany).

Bolton-Hunter reagent (74 TBqg/mmol) and tran[35S]label were obtained from
Amersham International (Amersham, United Kingdom).
Oligonucleotides were obtained from Pharmacia (Freiburg, Germany).

20 Goat and rabbit polyclonal serum anti-human haptoglobin were purchased from -
Sigma (Deisenhofen, Géxmany) and alkaline phosphata_sé-conjugated donkey polyclonal
serum anti-rabbit IgG from Pierce (Rockford, U.S.A. ).'

Human IL-6 ¢cDNA was a gift of Drs. T. Hirano and T. Kishimoto (Osaka,
Japan).

25 The bacterial expression plasmid pRSET 5d and the host bacteria BL21(DE3)
were described by Schépfer et al, (26). After replacing the signal sequences by a
translational start codon, the cDNA coding for human IL-6 was cloned into the vector
pRSET 5d using the restriction sites Ncol and HindIII (27).

The human myeloma cell line XG-I was generously supplied by Dr. B. Klein

30 (Nantes, France). '



etc. 15 Host cells may be either prokaryotic or eukaryotic.
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cel | s. SExFenstriuction 6f expeession vegloshed gene sequence(s) results in the
production of the.desjred ot ei.n. . . Purifjcatl o @f N
reconbi nant pr ot fHE “§°Bﬁf“i F@g"% ap, gmin acid 34 o&ée"" @dg (pkgﬁ-rks_r’flomn
for this mumsaﬁﬁs4m,efmﬁnaﬁ%aameaﬁd&nwm Rised Gad" Bgdtéty dityi ¢ BudNBNhePRN,
precipitation, chronatography, electrophoresis, or the like. A further
puri fi cat i digestfl pRSET Sdetmtant 2a:(9).7Ehe oligonueleotides pvess:er ence for purifying
the protein of the inventj i frinity chr si.ng
monocl onal® AMGASHTES "b‘ﬁgﬁpﬁﬁlh‘é‘\%gf:&:}t p%@%ﬁa%% 5) WO
97/ 38484 s cTA GCG CCT CAT CGC TGC TTT CACAC T antisense (K54D) (SEQ ID NO: 3)

PCT/ EP97/ 01736

5' AAC ATG TGT GAA AGC AGC GAA GAG GCG3'  sense (K54E) (SEQID NO: 4)
5 CTA GCG CCT CIT CGC TGC TTT CAC AC 3' antisense (KS4E) (SEQ ID NO: 5)
5' AAC ATG TGT GAA AGC AGC TTT GAG GCG3'  sense (K54F) (SEQ ID NO: 6)
5" CTA GCG CCT CAA AGC TGC TTT CAC AC 3' antisense (K54F) (SEQID NO: 7)

15 5 AAC ATGTGT GAA AGC AGC AAT GAGGCG3'  sense (K54N) (SEQID NO: 8)

5 CTA GCG CCT CAT TGC TGC TTT CAC AC 3’ antisense (K54N) (SEQ ID NO: 9)
5" AAC ATG TGT GAA AGC AGC CCC GAG GCG3' . sense (K54P) (SEQ ID NO: 10) -
5 CTA GCG CCT CGG GGCTGC TTT CACAC3'  antisense (K54P) (SEQ ID NO: 11)
5' GAA AGG AGA CAT GTA ACA AGA GT 3 © sense (SEQID NO: 12)

20 5 ATGTTA CTCTTGTTACAT GTCTCCTIT3 - antisense (SEQID NO: 13)

To combine the point mutations of amino acid 54 with the two point mutations
F170L/S176R (short designation, LR) and the two point mutations Q159E/T162P (short
designation, EP), the vectors pRSET 6d-hull-6-EP-K54X-LR were constructed by
ligating Ncol-Xbal cDNA fragments from pRSET-5d-hull-6-K54X into Ncol-Xbal-

25  digested vector pRSET 6d-hulL-6-Q159E/T162P-2a2-F 170L/S176R (short designation,
pRSET 6d-hulL-6-EP-2a2-LR) (19). The integrity of all constructs was verified by
restriction fragment analysis and DNA sequencing (29).

Preparation of proteins. .. . _.

BL21({DE3) bacteria were transformed with the appropriate pRSET expression

30 vectors. Gene expression and refolding of proteins solubilized from inclusion bodies was
carried out as described (27, 30, 31). Refolded proteins were purified to >90%



whi ch are produced and i mmobilized on a gel matrix contained within a

col umm. .| npure preparations containing the reconbi nant protein are
passed through the colum. The protein will be bound to the col um by
t he specificwagmBody while the inpuritieg, wll pass t hr BURPITAIIG
washi ng, the proteinis eluted fromthe g by a change in pH or ionic 5

strengt h. . The invention will now be described by neang of the’
fol | owi ng Ehemegeneity,The puritiy of ghe aecombinant PIofsms s ghecked zi’ﬁ{y%]vgf' S

limting th ,Rri% o g%igon. The Exanple will refer to the Figures
specified hg,re éﬁg\%\lﬂ\;&& Rl EF DECRI PTI ON OF THE DRAW NGS 10 FI GURE 1.

Poi nt nut antBindihg b6 tblthdsalukle duman((By6Raepr esent ation of the human |L-6

protein with the four predicted a-helices shp hat c boxes. Nupbers
i ndi cate the Pugified | IL.+& anutantsprotgins wese o@g%edom Pﬁg %mesgé@%e
am no acid sequences of regions 2¢ and, 2a Wyidd its(ﬁsubdi yision int

region 2& 1 EDh20 610.296 @nd pdded, go g heman ot ddky6 (60,000-90,80Q cp wn.

The produce [ i [ ' .

a1 gnment o b he FibBle e f-RE opidhl i3 Uff (PAYBER vohbe o500 L
of the hunmafier overtight HRAbdtionReP4C dt-6/S6RMeomplbxéd Gler® inminkppretipititedior
| L-6Ra bi ndi ng and K54 (top) i mportant for I|L-6Ra-dependent gpl 30

i nt er act i on using aq HefRa sotiseremrand pratein ﬁoSepharospegqcb{péhopyﬁvfy Wafnsetenmingd
(Ehlers et %I. 199@‘. : FI GURE 2. Nucl eoti de sequence of the human IL-6
mutein of t é(gﬁ?(’é’? B invention. It 20 contains five point nutations with
respect 100 (Biglogitabasshys 6, at positions 54, 159, 162, 170, 176. Such
positions are reported in bold. FI GURE 3. Binding and bioactivity of
K54 poi nt nut ant Fosfthyumuring B and sthephumpm gXGfl proliferation: assays, Hin6c povgant o

| ubl e h | L- | ' :
£ "br o ' i e Ty Ao By MPSILTTAE RO The st
response t o péfforthéd @s éscribed (32)183). cDhe BY udit i cofresfontiingesppraxiniatelyns sl pg
shown. (D) induction of hapt ogl obi n e>]<igre35| on_in human_ hepat ona

cel I's by | Lbhemsnilrhper micleadrie half spaximghproliferation of B feliscWithchummn XG-1
hapt ogl @i n cettd haF Sxﬁ.%&m%%roﬁféra&én 3 SBramkE’ ARE itk With bout 50 pg/mi

human IL-6. For the acute phase protein secretion assay, buman hepatoma cells (Hep3B)
were cultured in Du]becéo's modified Eagle’s medium (DMEM) with 10 % fetal calf
serum, plated in 96-well cell culture plates and left to reach confluence. Cells were
washed with PBS, starved for 1 h in DMEM without fetal calf serum, and subsequently
20 treated for 20 h in 100 ml of serum-free DMEM with increasing amounts of IL-6
muteins. The amount of haptoglobin secreted in the culture medium was detected by an
enzyme-linked immunosorbent assay (34).
RESULTS _
Amino acid K54 of IL-6 is involved in the IL-6Ra-dependent gp130 interaction
25 Studies with human/murine IL-6 chimeric proteins had pointed out that region
232 (residues 50-55) of IL-6 protein is important for the IL-6Ra-dependent interaction
with gp130 (19) (Fig. 1A). The exchange of these residues against the corresponding
murine amino acids resulted in decreased binding to gpl30 and 30-fold decreased
bioactivity on human XG-1 cells. The alignment of ten JL-6 species revealed that within
30 the 2a2 region the positively charged K54 is conserved in 8 species but is changed into
the negatively charged asparagine acid in the murine and rat sequeace (35, 36) (Fig. 1B).



experinments are shown. FI GURE 4. Binding and bioactivity of point
nmut ati ons of K54 in conbination wwth EP- 30 LR (A) binding of the IL-6
nmuteins to soluble human IL-6Ra. Average val ues of two experi ment es

are shown. wW&hyse1p4i feration of nurine B9 cells and (C) of hpowErsfieilzze
WD 97/ 38104 A0

PCT/ EP97/ 01736 cells in response to IL-6 nutants. One )
repr esent aWe thepéfoieexvhasgedcK 54n¢Figs 1C3 ferhtheramig®)acids indicated ie tFigynlAf The

hapt ogl obi h | by | L-6
o o Rty prssp e, Beded s ifot rbofeoneit dtusptiond, §F 141 CadbRaE, |
shown. Avet%e/f[gé;g m4/§52m 53N, WSV ER alsORBhFzed @i rmyn 5 FIGURE 5.

Ant agoni sti C nt mitations of K54 in conbination with EP-LR
on the hunan ILWexadmeaﬂeh:ﬂnbndeeofd(prmmfmmumsmﬂhsﬂf'ﬁ?@-demnémtaﬁﬂ

L
30, o 856 A e el
Hndl 11, Nefdwn N"Figmé‘ﬁ‘ﬂ, s eldEhinSDtal MAFIL-6 displaced human 1251-IL-6 binding
to 50% when used in a 10-20-fold molar excess. The point mutant K54P and the double
mutant S52R/K54N showed a 10-fold higher affinity as human IL-6, whereas the mutant
10  K54E had a 3-fold lower affinity as hulL-6 to the IL-6Ra. The other examined mutants
showed a similar affinity as human IL-6. Again the mutants stimulated the proliferation
of murine IL-6-dependent B9 cells to a similar extent as bhuman IL-6, which
demonstrated that their structures were intact (Fig. 3B). |
On human myeloma XG-1 cells and on human hepatoma cells the bioactivity
15 pattern of the IL-6 muteins was: K54P > S52R/K54N > hull-6 = KS4F > K54D >
KS54E > C50F/K54N > C44F/K54E. Thus, mutants K54P and S52R/K54N having the
highest affinity to the IL-6Ra also showed the highest bioactivity on human cells. The
exchange of the positively charged lysine 54 against the corresponding negatively
charged asparagine acid resulted only in a slightly reduced bioactivity on human cells
20  whereas the exchange against Glu resulted in a substantial reduction (10-fold) of
bioactivity. |
Design of new human IL-6 receptor antagonisis
Recently, we have shown that the introduction of the murine residues 50-55
(region 2a2) and of the two point mutations FI170L/S176R (short designation, LR)
25  which increase the affinity to the IL-6Ra, into the double mutant Q159E/T162P (short
designation, IL-6-EP) which show decreased interaction with gp130, resulted in an IL-6
mutein with no detectable bioactivity on human cells (19). The affinity of this IL-6
mutant (IL-6-EP-2a2-LR) to the human IL-6Ra was similar to buman IL-6. This IL-6
mutant was an effective IL-6 receptor antagonist on the highly sensitive human IL-6-
30 dependent human myeloma cell line XG-1.



from AGS (Hei del berg, Germany), polynucleotide kinase, calf intestinal
phosphat ase and T4 DNA |igase were from Boehri nger Mannhei m (Mannhei m
Germany). Restriction 15 enzyme BspEl and Vent DNA pol ynerase were

pur chased f remaWsblod4Bi ol abs (Schwal bach, Gernany) and cel PCTBPOBIOLI36
media from G bco (Eggenstein, Gernmany). 11 Bol t on- Hunter reagent (74
TBg/ mmol ) and tran[[err]]lI abel wer e obtained from Aner sham

| nternati onal (AVerintraducedrthe &S4Kimtgutsiipto the mutant E‘G‘@'L&)ﬁ@élfm%r e

obt ai ned from Pharnaci a rel d

pol ycl onal WBtagk, PIAtemS, Qﬁ{ g&rm*&%uwgﬁrased dfmg jibs Al gﬁﬂ%nts
( Dei senhof l SFP-CAAFRSYFE I ROG g @ IL-6-
" pol ycl onal %ﬂtro@&ééeafﬁ&?ﬁ ant | -ra tm G fromH%D.laerce (Rockford, U.S. ann)t

Human | L- 6 EPWS4ARERshowetl aofkedived. aﬂ“mty-tcr thechuaman IF.-6Ra whierass ol othayiaautants

bact of | & bLbehapsebfike e i a0, A TBGRERNR; of mEis; O Ofls Wi sBady""
repl aci N9 a6, SlORA miGAHEEEP A R and MHBIED- SSMISLRL AL thep ik

cDNA codi ng was cloned into the vector PRSET 5d usi ng
the restri cwereabmut §s10nodd leas aictidertblan hupad YI.-6 (Flg 4B) Incow.mmbﬁqrmquna

E?Llnclel) ne X%anv%e °“%\£§%§ /%ﬁg\@glljeguce%yby about three bfies? of n‘aNa &S for the

PCT/ EP97/ 014 3fnts TL-6-EP-LR, IL-6-EP-K54F-LR and IL-6-EP-S52R/K54N-LR (Fig. 4C). All

10  other mutants showed no detectable bioactivity. On human Hep3B cells only the mutants
IL-6-EP-LR and IL-6-EP-K54F-LR showed residual activity (Fig. 4D).

When mutants without bioactivity were added at increasing amounts to human
myeloma cells (XG-1) which were stimulated by 100 pg/ml human IL-6, an inhibition of
proliferation was observed. Fig. 5 shows that addition of the mutants IL-6-EP-2a2-LR

15 and IL-6-EP-K54P-LR led to 50% inhibition of proliferation at about 100 ng/ml! whereas
all other mutants were about 5-10 times less effective.
DISCUSSION
Amino acid K54 is part of a gp130 binding epitope

All IL-6 muteins with a replacement of K54 by various amino acid residues bmd

20 efficiently to the human IL-6Ra. Interestingly, the introduction of P54 and the double
mutation S52R/K54N results in IL-6 proteins with higher affinity to the human IL-6Ra.
Since the 2a2 region which includes residue 54 is involved in gp130 interaction (19),

this is most likely an indirect effect. We speculate that the presence of P54 or the
charged amino acid arginine in position 52 leads to a relocation of the loop between helix

25 A and helix B thereby changing the position of region 2C which is directly involved in
IL-6Ra interaction. The replacement of the lysine 54 which is conserved within eight
species by an asparagine acid which is conserved in mouse and rat leads to a slightly
reduced bioactivity whereas the replacement by ghithamine acid leads to a substantial
reduction (10-fold) of bioactivity. Since gluthamine acid carries a side chain which is by

30 one methylengroup longer than that of asparagine acid, it is likely that the distance
between the charged group and the human IL-6Ra is critical. From these data it can be



The sol uble IL-6Ra protein was expressed in E. coli, renatured and purified
(28). The pol ycl onal nonospecific anti serum against the |IL-6Ra
was prepared by injecting a part of the extracellular domain of the
sol ubl e | L-wiB»7pBmMei n into rabbits (28). 5  Construct pefEphr/01736
expressi on vectors To introdi&ke point nutations at amno acid*
54 into the human |IL-6 (pRSET 5d- hul L- 6- K54X), four oligonucl eoti des

ver e fusedhypothdsizgditbst KH4 enakbe chntatd to\bakgatively chirgdsiesidue BERhnkE -gpusant
2a (9). The ol i gonucl eoti des vvere 5, AAC ATG TGT GAA AGC AGC GAT GAG

GG 3'  sefdl pptrodikction of acregptive; charged arpipe acidatositionSddadumes Br§ cac

G AG Gc%“*&?WEZ% GRblofrtadnide fonygo gp130 dnd SR TERAL G, AR TR o

TTT CAC AGmgitation ofithe Syseins (4456£50 (reuiBeti(in ND-6 Juteins with oﬂ&@h@ﬂ'@ TéducedA
AGC AGC TTT GAG, GCG 3' . sense (K54F) (SE iﬁ A GCG CCT CAA
AGC TGS TThiosstwvityconfirming the jrecent sesults %Q%Q alp(34) whe cpgld sipw that the G

oo CaT TR of Hidyigeis 4 mﬁzﬁ%’f@gﬁﬁ%ﬁﬁ%@e@% BiEs o) © 5 aac
ATG TGT GALyghkilréveprorGhielatiosCG 3' sense (K54P) (SEQ ID NO 10) 5'

CTA GCG CCT CGG GG3C TGC TTT. CAC AC 3' anti sense (K54P) (SEQ ID NO 11)
5 GAA AGG AGA Therstarturecof theshuman growth hormong/gsowtichpmngaeceptyr comples’

Al o A A

mut at i @ns éoldn e Rl
mut at |ﬁs &O%ng/ T162P (shor%ﬁa?mmﬁem ﬁr}gﬂ%ﬁimb%gmﬁiﬁ g&@éﬁﬂ‘@s pRSE"‘I'cld

6d- hul L- 6- Eesidu&s16 LR \hurdmg:ewgythasdtbehyevahxated (4jat iSipeNho| grawah hnmmne
o oOTe o P i e B s el . o 2 A AR o h SR
family which is understood at the atomic level, it has served as a paradigm for other
members of this family. For the growth hormone receptor complex it has been shown
15  that the interacting epitope on both, ligand and receptor side consists of about 30 amino
acid residues (41). The contribution of these amino acid residues, however, is unequal.
Most of the binding energy is provided by two hydrophobic interactions. This binding
core is surrounded by less important contact residues that are generally hydrophilic and
partially hydrated, of which only one third contribute to the binding energy. It has been
20 postulated that such a set-up of the binding site is also applicable to other ligand-
receptor interactions (41).

K54, however, is believed to be one of the surrounding residues of a central IL-
6/gp130 mteraction area which therefore conm'bufes to a small extent to the binding
energy. The relatively strong effect of the K54P substitution in the antagonistic IL-6

25 mutein is attributed to structural changes in the AB-loop. |
IL-6 receptor antagonists |

So far two major regions of IL-6 have been identified which are believed to
contact gpl30, (i) the 2a2 region (residues 50-55) and leucine 57 which are
complemented by the top of the helix D of IL-6 and (ii} an epitope which is formed by

30 parts of helix A and helix C (9, 18-21, 23, 24). Binding of IL-6 to the IL-6Ra requires
the end of the A-B loop (residue 78) as well as the C-terminus of the protein (9, 13-16).



pRSET 6d- hul L-6- EP-2a2-LR) (19). The integrity of all constructs was
verified by restriction fragnent analysis and DNA sequencing (29).
Preparati on of proteins BL21(DE3) bacteria were transfornmed
with the appwoprasioe pRSET expression 30 __vectors. Gene expr &ESHERPTOLTE6
refolding of proteins solubilized fromi nt} usi on bodi es was carried_
out as described (27, 30, 31). Refolded proteins were purified to >90%
WO 97/ 381041t is clear that two gp130 molecules are negessary for signal initiation and it 15 very likely

PCT/ EP97/ 01736 onpbgenej.ty.. . The. pukif | f ot ' r h NS
was checked dl°2’,‘%%’§%§- gﬂwﬂﬂ@%ﬁ’g‘ %{le%ver S %ﬁﬁ%g&wg@bﬁﬂﬁﬁﬁﬁgﬂéf

IL-6 to thepsabib! SitdrheicHs Withif Bath gp130 interactinguegions Havelled towicledulgs which ns
were seri al Py diluted in PBS contairning 0.02 % 5 TWEEN 20 / 0. 2% BSA

and added t oetained)tlicinrecepiter bipding cagacity mcb‘dleé@p (i_ni@atglgi_@m‘g;g. It has begp ghawy ng
20l Ubl e P SR S5 kB 1B fo ) i 0F) 21 247700l
oot A RO g O el s ST, S kg
Bi ol ogi cal &esagalled superantagonistE§19,t e 24} saggsstdBE thatdt ispossibledn change binding
proliferati %?opaesrt?e%xg ’varliléﬁstsrecr:ry;}tgrn gubunits in a somehow independent fashion.
The new IL-6 receptor antagonist which is presented in this patent application
10  contains a single K54P substitution within the 2a2 region and is still as effective as the
recently established IL-6 mutein with 5 amino acid exchanges in the 2a2 region (19).
Interestingly, the K54P mutant protein showed higher IL-6Ra binding than
human IL-6 whereas the combination mutant with EP and LR exhibited normal IL-6Ra
binding. |
15 Conceming the therapeutic potential of cytokine receptor antagonists it is clear
that the fewer amino acids are exchanged the smaller is the chance that the antagonist -
 will be ahtigenic. In this respect the IL-6 mutein IL-6-EP-K54P-LR is an improvement |
of IL-6 receptor antagonists available so far. '
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proteins were serially diluted to concentrations indicated in the figures.
The assays were performed as described (32, 33). One B9 unit )
correspondi ng approximately to 1 pg human 1L-6 per m, lead to half

maxi mal pr okwd eshepn of BO cells. Wth human XG 1 15 cell sl,d;?b icmal
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PCT/ EP97/ 01736 We therefore exchanged K54 (Fig. 1C) for the am no
acids indicated in Fig. 1A The cl oning procedure yielded also three
doubl e poi nt wosasiens of |L-6: C44F/ K54E C50F/ K54N and EEUEPKMIRE6
whi ch were al so anal yzed (Fig. 1A). To exam ne the influence of
K54 point nmutations to the IL-6Ra-d 5 interaction, we
first neasured binding to the | L-6R§£°g'@g§| spﬁgg'(}:lgc?mnt of human [err] l-1L-6
bi ndi ng to a soluble formof the IL-6Ra protein by an excess of the point

mut ant s. l&}ggpﬂ 3A, unl abel ed human wild typ IL-6
di spl aced hun‘&nGE[‘ err }? nggw;]dl to 50% when used in a 10-20-fold

nmol ar excess. Flh QbPL rdmwirant K54P and the double mut ant S52R/ K54N
showed a 10-fold IQERf NBMEL NEpY.TES RRyERcH byStEMsharsamLbhe Nuvant 10

K54E had a 3-fol d | owsy saRkERd hy semheokstkawect he | L-6Ra. The ot her

exam ned mut ants (celoameed eqoracae | ar affinity as human I1L-6. Again the
mut ants stinul at ed t he) proolNTier RETHERLANDS ANTIBLBS ne | L- 6- dependent B9 célls
to a simlar extent dB) ROSAAL |AODE, (3HF) cNONE  denonstrated that their ‘

structures were intact (Fig. 3B). On human nyeloma XG 1 cells
and on human hepédloFATER|AFs INFRYTEPNHadLr & MITEIR  pattern of the IL-6
mut ei ns was: K54P > S52R/ K54N > hul L-6 = Kb54F > K54D > K54E >

C50F/ K54N > CA4FKS¥PMBER, 08 SERVENFRS RB4P and S52R/ K54N having the
hi ghest affini ty to the |L-6Ra al gi‘%qowed the hi ghest bioactivity on human

cells. The b‘k’cﬁgﬁﬁ%;stg& ﬁ'ﬁ%ﬁ vel harged | ysi ne 54 against the
correspondi ng negat i g c UTE

pe acid resulted only in a
slightly reduced bio n%s%s podhereas the exchange

agai nst G u resulted bf‘ §b ag g thegliGhk e 1. 50- ¥&¥sddn Gf1 .30 (EPO)

bi cactivity. DeS| gn of new hurran I'L-6 receptor antagonists

Recently, we have shown that the introduction of the nurine residues 50-55

(2) INFORMATICN FOR SEQ ID NO: 1:

{i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 212 amino acids
{(B) TYPE: amino acid
(C) STRANDEDNESS:
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: peptide
(iii) HYPOTHETICAL: NO
{iv) ANTI-SENSE: NO
{(v) FRAGMENT TYPE: N-terminal
(ix) FEATURE:
(A) NAME/KEY: Protein
(B) LOCATION:1..184
{xi} SEQUENCE DESCRIPTICN: SEQ ID NO: 1:

Met Asn Ser Phe Ser Thr Ser Ala Phe Gly Pro Val Ala Phe Ser Leu
-25 -20 -15

Gly Leu Leu Leu Val -Leu Pro Ala Ala Phe Pro Ala Pro val Pro Pro
-10 -5 1

Gly Glu Asp Ser Lys Asp Val Ala Ala Pro His Arg Gln Pro Leu Thr
5 10 15 20

Ser Ser Glu Arg Ile Asp Lys Gln Ile Arg Tyr Ile Leu Asp Gly lle



(region 2a2) and of the two point nutations F170L/S176R (short designati on,
LR) 25 which increase the affinity to the IL-6Ra, into the double nmutant
QL59E/ T162P (short . designation, |L-6-EP) Whl ch show decreased

i nteracti ggoWrigedP130, resulted in an |L-6 nmut ei N W poT/Epodoi a6t abl e
bi oactivity on urran cells (19). The af@d nity of this IL-6 mut ant °
(IL-6-EP-2a2-LR) to the human I L-6Ra simlar to human IL-6. This IL:=6
mutant was an effective |L-85receptor antagoAPst on the highl $5sensitive

human 1 L-6- 30 dependent human nyel oma cell |ine XG 1. WO
97/ 38104 Ser Ala Leu Arg Lys Glu Thr Cys Asn Lys Ser Asn Met Cys Glu Ser
PCT/ EP97/ 01736 40 W introducetf t he K54 rrut ants°9 nto the nutant

| L- 6- EP- LR The resulting r telns

| L- 6- EP- K54X- [SR*WPRS 81% ﬁ’@s?‘@‘hd’rlés‘;gul“sﬁu?% 28?@‘*" b §??’]‘8’&ug%ﬁ ihg
position 54 (Fig. 1AP° MJt ant | L-6- EP2€44F/ K54E- LR and ®3utant I L-6-

EP- K54E- LR sh d. a red fdudl & t Whet | ot her
mutants 5 be(r?g\ere Cﬁi ﬂh% Zrkts%r %QHPW ?ILEE'?}Jon o??érmh%llune
cells was strongly reduced for mut ant | L-6- EP-2a2- LR and

| L6 P S52R KN 11 81 1y Dehe a1 an i Glu PAETCuabon iy ik 0L dykess
active than hygan Fig. 4B)p In contrast, psoliferation of 100 human
nyel oma XG 1 cells was reduced by about three orders of magnitude for the
nut ants | L- 6- BRulL&n lAkntadPrkd4iul Benirsdr| G116 CEP-Go2RAKE4H-AIR V&L 31ndC) . Al
10 other mutants showed noidetect abl e bi oacttk®ity. On human Rep3B cells
only the nutants

Met Ser Thr Lys Val Leu Ile Gln Phe Leu Gln Lys Lys Ala Lys Asn
120 125 . 130

Leu Asp Ala Ile Thr Thr Pro Asp Pro Thr Thr Asn Ala Ser Leu Leu
135 140 145

Thr Lys Leu Gln Ala Gln Asn Gln Trp Leu Glu Asp Met Pro Thr His
150 155 160

- Leu Ile Leu Arg Ser Leu Lys Glu Phe Leu Gln Arg Ser Leu Arg Ala
165 170 175 180

Leu Arg Gln Met

(2) INFORMATION FOR SEQ ID NO: 2:

{i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 27 base pairs
(B) TYPE: nucleic acid
{C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: DNA (genomic)
(iii) HYPOTHETICAL: NO
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2:
AACATGTGTG AMAGCAGCGA TGAGGCG 27
{2) INFORMATION FOR SEQ ID NO: 3:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 26 base pairs
{B} TYPE: nucleic acid

(C) STRANDEDNESS: single
(D) TOPOLOGY: linear



| L- 6- EP- LR and | L-6- EP- K54F- LR showed residual activity (Fig. 4D).

When nutants w thout bioactivity were added at increasing anounts to hunman
nyeloma cells (XG 1) which were stinulated by 100 pg/m human |IL-6, an

i nhi bition GY097/3810%roliferati on was observed. Fig. 5 shows t hBETERIHQLTH,
of the mutants |L-6-EP-2a2-LR 15 and |L-6EP-K54P-LR led to 50% i nhi bition

of proliferation. at  aho n ) all other nutants were
obout 510 11 iy udEihe HhRe1M MIRER o Anino acid K54 is
part of a gplBPﬁé\giﬁng}MHEPiéﬁReNo All 1L-6 muteins with a

repl acenent of y various amno acid residues bind 20 efficiently to
the human | L- 6Rg)| SécfeReE i sidlckTpidon:i k¢ adusdi an of P54 and the double
mut ati on S52R/ K54N results in IL-6 proteins with higher affinity to the
human | L- 6RaTacceeeTSi AMeectdert2aéacayi on whi ch includes residue 54 is 26
i nvol ved in gpl30 interaction (19), this is nost likely an indirect
effect. W gpECINFRREBATIONt FORMSEQr B3 &i9ce4of P54 or the charged am no
acid arginine in position 52 leads to a relocation of the | oop between
helix 25 A and(iheb¥QUEBCE HHABBYTERISIGERY t he position of region 2C which
is directly invol ved{#InLENGTH:| 7 grepe REEFcti on. The repl acement of the
| ysi ne 54 which is ctBs&P%d WMFLHS 2Eight speci es by an aspar agi ne
aci d which i s conser {&dSTRAIRFIVESSiFiPEL® | eads to a slightly r educed
bi oactivity whereas {HeTPEPH%EentHt*®By gl ut hanine acid leads to a
subst anti al ..he | - f ) j gactivity. Since glutham ne acid
R R S

carries a side one net hyl engroup | onger than that of

asparagi ne aci g, .t {mJng .t kgt the distance bet ween t he char ged
group and the iulr%énH* - Lf-séaf\tTLs cglélti cal. Fromthese data it can be

{xi) SEQUENCE DESCRIPTION: SEQ ID NO: 4:

-

AACATGTGTG AAAGCAGCGA AGAGGCG . 27
{2) INFORMATION FOR SEQ ID NO: S5:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 26 base pairs
(B} TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
{ii) MOLECULE TYPE: DNA (genomic)
(iii) HYPOTHETICAL: NO .
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 5:
CTAGCGCCTC TTCGCTGCTT TCACAC : 26
{2) INFORMATION FOR SEQ ID NO: 6:
(i) SEQUENCE CHARACTERISTICS:
{A) LENGTH: 27 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
{D) TOPOLOGY: linear
(ii) MOLECULE TYPE: DNA {(genomic)
(iii) HYPOTHETICAL: NO

{xi) SEQUENCE DESCRIPTION: SEQ ID NO: 6:

AACATGTGTG AAAGCAGCTT TGAGGCG 27



WD 97/ 38104 12

PCT/ EP97/ 01736 - hypot hesi zed that K54 makes contact to a negatively
charged resi due 'of human gpl130 and that the introduction of a )
negative CR?bQ?:?mﬁi“ no acid at position 54 in human IL-6 PCT/ERAf037360 @
reducti on of recognition between gpl 30 apd the IL-6/1L-6Ra conplex. The -
mut ati on of the cysteins 44 or 50 result inIL-6 muteins with only
slightly resuasdorMaTION FERCBEQIiXDyNoofd rming the recent results by Rock et
al. (34) who could show that the substitution of the cysteins 44 and
50 did not resulil $BQUENGE (CHARACTERGSTIASSI nsS. Li gand receptor

i nteraction (A) LENGMHe 26 maseupairsf the human growt h hornone/ gr owt h
hor none receptor co@) EXPE: nuckediy & err]) has been solved (22). The
interaction sites b&we EBWRSIS:h8tM®e and its 10 receptor have been
ext ensi vel y nut at ed'}’3%° thd-4R8% contri buti on of single anino acid

residues to the binding eneragy s ,been .evaluated (41). Since the growh

hor none rldé Mrb&‘scﬁ{jwﬂzgg.irg&ség?rﬁmgxe only receptor-ligand pair of

t he hemat opoi (eltiiip xﬁfo‘}hﬁf&ecm: %pfam'ly whi ch is understood at the atom c
ved as [

| evel, it has Séer a paradi gm for other menbers of this famly.
For the growt N horeRueGRRERIP130RP! éB b RAssbeen shoun 15 that the

interacting epitope on both, Ii1gand and receptor side consists of about 30
am no CcBLdcd ks I RBsTdcdF) Teadae contri bution of these amino acid 26
resi dues, however, is unequal. Most of the binding energy is provided
by two hydrpphabormarron’ #oX s80sIp Kbk s8 Hi ndi ng core is surrounded by

| ess inportant contact residues that are generally hydrophilic and

partial | y hydr datedsEQUENGE | MARBCIBRISMECS:hi rd contri bute to the binding
energy. It has been(R0LENGUist T &tasd p&ixts such a set-up of the binding site
is also applicabl e tBd BYPRer npflgifdacid receptor interactions (41).

K54, however, is bel§eSERANDEDNESSNELRFLIA he surrounding residues of a
central |IL- (D} TOPOLOGY: linear _

(ii) MOLECULE TYPE: DNA (genomic)
(iii) HYPOTHETICAL: NO
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: B:
AACATGTGTG AAAGCAGCAA TGAGGCG . . 27
{2) INFORMATION FOR SEQ ID NO: 9:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 26 base pairs
(B} TYPE: nucleic acid
{C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: DNA (genomic)
{(iii) HYPOTHETICAL: NO -
{xi) SEQUENCE DESCRIPTION: SEQ ID NO: 3:
CTAGCGCCTC ATTGCTGCTT TCACAC 26
{2) INFORMATION FOR SEQ ID NO: 10:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 27 base pairs
(B) TYPE: nucleic acid

(C) STRANDEDNESS: single
(D) TOPOLOGY: linear



6/ gpl30 interaction area which therefore contributes to a snmall extent to

t he bi ndi ng energy. The relatively strong effect of the K54P
substitution in the antagonistic IL-6 25 mutein is attributed to
structural chwogzssioa t he AB-| oop. | L-6 receptor antagoni SCI/EP97/01736

So far two major regions of IL-6 have beﬁg identified which are believed to
contact gpl30, (i) the 2a2 region (residugés 50-55) and |eucine 57 which are
conpl ement ed by tié VRFTLE: FPERePYA (BeBP*49-6 and (ii) an epitope which is
formed by 30 arts of helix A and helix C (9, 18-21, 23, 24). Binding of
IL-6 to the IL- Eﬁ&)rgﬁ{ﬁwglm’ N?he end of the A-B | oop (residue 78) as

well as the Ctefmn 0 ( -16) .. WO 97/ 38104
13 G EéQﬂNC&%?%fog%? ﬁ@ 10+ It is clear that two gp
130 nol ecul egA FoTRE CocXad & chgrd initiation and it is very likely,

that the role of the two gpl30 interaction sites within IL-6 is to engage
the two gpl3Qz; rNFORMAPIGN BEr shbt €6 do.00s. Wi thin both gpl30 interacting
regi ons have |l ed to nol ecul es which retained their receptor binding

capacity but fail@|d seouencki @imastgridirzog: |t has been shown 5  that such
nol ecul es can be used(ms LEleTi:r e6 epdser paidsagoni sts (19, 21, 23, 24). The

fact t hat sinult ésleauBEy nuepeinviaeddt he | L- 6Ra bi nding characteristics
of IL-6 nuteins has | é& STRANDEDNESSc@ihelk superantagonists (19, 21, 24)
suggesting that it is{(PoFOPORAEY:olireange bi ndi ng properties to various

receptor subunits in a sonehow i ndependent fashi on.
(ii) MOLECULE TYPE: DNA (genomic)

(iii} HYPOTHETICAL: NO
(xi} SEQUENCE DESCRIPTION: SEQ ID NO: 11:
CTAGCGCCTC GGGGCTGCTT TCACAC 26
(2) INFORMATION FOR SEQ ID NO: 12:
(i) SEQUENCE CHARACTERISTICS: -
(A) LENGTH: 23 base pairs
{B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
{(ii) MOLECULE TYPE: DNA (genomic)
(iXi} HYPOTHETICAL: NO
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 12:
GAAAGGAGAC ATGTAACAAG AGT 23
(2) INFORMATION FOR SEQ ID NO: 13:
(i) SEQUENCE CHARACTERISTICS:
{A) LENGTH: 27 base pairs
{B) TYPE: nucleic acid
{C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: DNA (genomic)
(iii) HYPOTHETICAL: NO
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 13:

ATGTTACTCT TGTTACATGT CTCCTTT 27



The new I L-6 recept fch is presented in this patent
application 10 Jﬂlﬂﬂﬂlﬂim“ﬂﬂl 54P substitution within the 2a2 region
and is still as effettivetas"the * recently established IL-6 nutein
with 5 am xchanges in the 2a2 region (19).

M RPo 35/3810F 9 9 /01736
Interestingly, I?ﬂe K54P nmutant protein ﬁbOWEd hi gher |L-6Ra ECT I ng than-
human | L-6 whereas the conbination nutamt” with EP and LR exhi bi ted nor el

| L- 6Ra bi ndi ng. 15 CogAMS'g the therapeutic potential of
cyt oki ne receptor antagonists it is clear that the fewer am no acids
are exchanged the smaller is the chance that the ant agoni st w il be
antigenic. Intlsrspect the |L-6.nutei,n |L-6- - S .an

i npr overment- A Polyp Ifoﬁlpf'é’BG&k‘Srmﬁm a&é}nﬁe&‘%’“&f’eﬂ %&b §3bf dp as well as

Ref erences 2§, éntst.h%é fa, Set al., Adv. Immunol. 54:1, 1993. 2.
Yamasaki K et %m Sci ence 241: 825, 1988. 3. Taga T. et al., Cell

58:573,5 1939A DNA molecule bmprising the DNA sequenicegading for theqmylpeptide of gaim
Zohl nhof er,

FEBS L 0 1992. 25
al ., Sci ence 18658“ fQ@?‘S’e’t";‘ﬂm g ml—@?élﬁ% cretacy of %geﬂ%‘l ?ﬁd’%
1986 . mmnéﬁu ﬁ%;% fljln ’ for d g’ﬂHB%udengP tht: shafd aéﬁﬁ? of the poly%epmfé‘bﬁr s,

M, 199 enni ca, D. et Proc.
Acad. Sci. Uelainf\l. 92: 1142, 1995. 30 11. Pennica, D. et aI J. Bi oI )
Chem 270: 1995. Br akenh P.J. et al. o | .
143: 1175 gg/ector comprising the I?)%IA sequence of ¢ Jz al., ‘] fmuno

10 4. A host cell transformed with the DNA sequence of claim 2 or the vector of claim 3.
5. A process for producing the polypeptide of claim 1, comprising:
(a) culturing the host cells of claim 4 in a suitable culture medium; and
(b) isolating said polypeptide from the culture medium.
6. Use of a polypeptide in accordance with claim 1 as a medicament.
15 7. A method for the treatment of diseases in which IL-6 has a pathogenetic action
comprising administering an effective amount of a polypeptide in accordance with
claim 1.
8. A pharmaceutical composition comprising a polypeptide in accordance with claim 1,
together with one or more pharmaceutically acceptable carriers and/or excipients.
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SEQUENCE LI STI NG (1) GENERAL | NFORMATI ON: (1) APPLI CANT:
(A) NAME: APPLI ED RESEARCH SYSTEI\/B ARS HOLDI NG N. V. (B) STREET:
14 JOHN GORSI RAVEEG
B

43 50 55

TCNKSNMCESSKE human

MCEKYEKCENSKE pig

ICEKNDECENSKE she?p

TCEKNDECESSKE bovine

MCDNYNKCEDSKE cat

MCDKFNKCEDSKE gog

TCNRSNMCDSTKE cercocebus

TCNRSNMCESSKE macaque

LCNGNSDCMNNDD mouse

LCNGNSDCMNSDD rat

FIGURE 1B
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(C) CITY: CURACAO (E) COUNTRY: NETHERLANDS ANTI LLES . (F)

POSTAL CODE (ZI P): NONE (ii) TITLE OF INVENTION: IL-6 o736
(iii1) NUMBER OF SEQUENCES: 13 (iv) COVWUTER READABLEF

(A), MEDI UM TYPE: Fl oppy di sk ' (B) COWUTER | BM PC conpati ble
(© OPERAT 9_@5 1g'STEM  PC- DOS/ M5- DOS (D) SOFTWARE: Patentln

Rel easeWQ Version #1. 30 (EPO (2) I NFORMATI ON FOR SEQ 1D NO 1:
(i-) SEQUENCE CHARACTERI STI CS: (A) LENGTH: 212.eM no acitk

(B) TYPE: am.no acid (C) STRANDEDNESS: (D TOPOLSQY

| i near (ii1) MOLECULE TYPE: peptide (iii) JAYPOTHETI CAL: NO




(iv) ANTI-SENSE: NO (v) FRAGVENT TYPE: N-terni nal (i x) FEATURE:

(A) NAME/ KEY: Protein (B) LOCATION: 1..184 (xi) SEQUENCE ,
DESCRI PTION: SEQ I D NO 1: Met Asn Ser Phe Ser Thr Ser Ala Phe Ay Pro .
Val Al a Phe ®© 9738104 -25 -20  pCT/EP97/01736

-15 Gy Leu Leu Leu Val Leu Pro Ala Ala Phe Pro Ala Pro Val Pro Pro-
-10 -5 1 Ay Qu Asp Ser Lys Asp

Val Ala Ala Pro Hs Arg G n Pro Leu Thr 10

15 20 Ser Ser n.lle Arg Tyr
ile Leu Asp Ay Ile AMOAcmSEQUﬁqCEOFAﬁ.-GLr%El%m g

Met Asn Ser Phe Ser Thr Ser Ala Phe Gly Pro Val Ala Phe Ser Leu
Gly Leu Leu Leu Val Leu Pro Ala Ala Phe Pro Ala Pro Val Pro Pro

Gly Glu Asp Ser Lys Asp Val Ala Ala Pro His Arg Gln Pro Leu Thr
5 10 15 20
Ser Ser Glu Arg Ile Asp Lys Gln Ile Arg Tyr Ile Leu Asp Gly Ile
25 30 35
Ser Ala Leu Arg Lys Glu Thr Cys Asn Lys Ser Asn Met Cys Glu Ser
40 45 . 50
Ser Pro Glu Ala Leu Ala Glu Asn Asn Leu Asn Leu Pro Lys Met Ala
55 60 65
Glu Lys Asp Gly Cys Phe Gln Ser Gly Phe Asn Glu Glu Thr Cys Leu
70 75 80
Val Lys Ile Ile Thr Gly Leu Leu Glu Phe Glu Val Tyr Leu Glu Tyr
85 90 95 - 100
Leu Gln Asn Arg Phe Glu Ser Ser Glu Glu Gln Ala Arg Ala Val Gln
105 110 . 115
Met Ser Thr Lys Val Leu Ile Gln Phe Leu Gln Lys Lys Ala Lys Asn
120 : 125 130
Leu Asp Ala Ile Thr Thr Pro Asp Pro Thr Thr Asn Ala Ser Leu Leu
. 135 140 . 145 '
Thr Lys Leu Gln Ala Gln Asn Gln Trp Leu Glu Asp Met Prxro Thr His
150 £ -1 160
Leu Ile Leu Arg Ser Leu Lys Glu Phe Leu Gln Arg Ser Leu Arg Ala
165 170 ' 178 180
Leu Arg Gln Met '
184

FIGURE 2
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16
Al a
40
Asn
65
70
Leu
95
Al a
115
120
Pro
140

25 30 35 Ser
Leu Arg Lys Qu Thr Cys Asn Lys Ser Asn Met Cys A u Ser :
WO 97/3810445 50 Ser Pro G u Al BCTERITRIIE u
Asn Leu Asn Leu Pro Lys Met Ala 55 60
G u Lys Asp Gly Cys Phe A n Ser Ay Phe Asn Qu Gu Thr Cys Leu
_ 80 Val Lys Ile Ile Thr Ay Leu
Gu Phe du VﬁT Leu Qu Tyr 85 90
100 LeuGInAsnArgPheGIuSer SerGIuGIuGIn
Arg Ala Val dn 110 ‘
Met Ser Thr Lys V%o [Asn
5 Thr
Asp Pro Thr Thr n Al a8
85 0
3 70
é— 60‘:
¥ 0]
E 40 -
o-
E 3
S ZOt
R 10

OB e m

PCT/ EP97/ 01736

.1 1 10 100 1 000 10000

fold excess of competitor

huil-6 A K54P

K54D A CA44F/K54E

K54E O C50F/K54N

KS54F A S52R/K54N
FIGURE 3 A
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Thr Lys Leu Gn Ala G n Asn An Trp Leu Qu Asp Met Pro Thr H's

150 155 160 Leu Ile Leu Arg Ser Ley
Lys Gu Phe Leu A n Arg Ser Leu Arg Al a 165 170

175 woO 97/38104 180 Leu Arg @ n Met (2) | NFORVATI @uthiss7oEls! D
NO 2: (i) SEQUENCE CHARACTERI STI CS: (A) LENGTH: 27 base *
pairs (B) TYPE: nucleic acid (C) STRANDEDNESS: single-
(D) TOPOLOGY: |i near (ii) MOLECULE TYPE: DNA (genonic) (rii)
HYPOTHETI CAL: NO (xi) SEQUENCE DESCRI PTION: SEQ ID NO 2: AACATGIGIG

27 (2)

AAAGCAGCCGA TGAI
| NFORVATI ON FOR SEQ | D NO 1.6 Hemmietaitobtdblemebomteiots

1.5 -
1.4 -
1.3
1.2 -
1.1 4
1.0 4
0.9 4
0.8
0.7 4
0.6 -
0.5
0.4 .
0.3

murine
B9

Absorbance

0 | D 1 10 100 1000

variant (pg/ml)

m hull-6 A K54P

e K5aD = = A CA4F/KS4E
KS54E O C50F/K54N
O K54F . A S52R/K54N

FIGURE3 B
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(i) SEQUENCE CHARACTERI STI CS:
(B) TYPE: nucleic acid
TOPOLOGY: |inear

PCT/ EP97/ 017360 97/38104
TYPE: DNA (genom c)
DESCRI PTION: SEQ I D NO 3:
26 (2) | NFORMATI FOR SEQ I D NO 4:
(A) LENGTH: 27 ba%g pairs

WD 97/ 38104

0.4 -

Absorbance

034 2

0.2 1
0 01
B
L
(m]

(C) STRANDEDNESS:

(iii) HYPOTHETI CAL: NO
CTAGCGCCTC ATCGCTGCTT TCACAC

human | -
XG-1 el . e S

(A) LENGTH: 26 base pairs
singl e (D)

(i 1) POTIERSUNE36
(xi) SEQUENCE

17

(1) SEQUENCE CHARACTERI STI CS:

.1 1 10 100 1000
~ variant (ng/mi)
hull-6 A K54P
K54D A C44F/K54E
K54E O C50F/K54N
K54F A S52R/K54N
FIGURE 3 C
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(B) TYPE: nucleic acid (C) STRANDEDNESS: single (D)

TOPOLOGY: |inear (ii) MOLECULE TYPE: DNA (genonic) (rii) .
HYPOTHETI CAL: NO (xi) SEQUENCE DESCRI PTION: SEQ I D NO 4: AACATGIGT
AAAGCAGCGA ASAGOI58104 - 27 PEREPYTI01736

| NFORMVATI ON FOR SEQ I D NO 5: (i) SEQUENCE CHARACTERI STI CS: y
(A) LENGTH. 26 base pairs (B) TYPE: nucleic acid (O -
STRANDEDNESS: si ngl e (D TOPOLOGY: Iinear (1i) MOLECULE
TYPE: DNA (genom (iii) HYPOTHETI CAL: NO (xi) SEQUENCE

DESCRI PTI ON: SEQ I'D NGO ?o oooCT AGCGCCTC TTCGCTGCTT TCACAC

26

1000

100

% of bioactivity

10

FIGURE 3 D
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(2) | NFORMATI ON FOR SEQ I D NO. 6: (i) SEQUENCE CHARACTERI STI CS:

(A) LENGTH. 27 base pairs (B) TYPE: nucleic acid (O
STRANDEDNESS; si ngl e (D) TOPOLOGY: |i near (1i) MOLECULE
TYPE: DNA (g ’%‘ (iii) HYPOTHETI CAL: NO (xi) SEQUBMIHEP97/01736

DESCRI PTION: SEQ ID NO 6: AACATGTGTG AAAGCAGCTT TGAGGCG

27 WO 97/ 38104 -

PCT/ EP97/ 01736 18 (2) | NFORMATI ON FOR
SEQ ID NO 7: A

% of maximal "“*I-L-6 binding
3

0 01 .1 1 10 100 1000 10000

- fold excess of competitor

M hull-6 O IL-6-EP-K54F-LR
B IL-6-EP-LR A IL-6-EP-K54P-LR
A IL6-EP2a2-lR . A IL-6-EP-C44F/K54E-LR
® |L-6-EP-KS54D-LR O IL-6-EP-C50F/K54N-LR
IL-6-EP-K54E-LR A IL-6-EP-S52R/K54N-LR

FIGURE 4 A
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(1) SEQUENCE CHARACTERI STI CS: (A) LENGTH 26 base pairs

(B) TYPE: nucleic acid (C) STRANDEDNESS: single (D) .
TOPOLOGY: | i near (ii) MOLECULE TYPE: DNA (genomi c) (i) :
HYPOTHET| CAL WOgr/38104 (xi ) SEQUENCE DESCRI PTION: SEQ I D NO 7: PCER®ABRISS C
AAAGCTGCTT TCACAC 26 (2) ’
| NFORVATI ON FOR SEQ I D NO  8: (i) SEQUENCE CHARACTERI STI Cs:
(A) LENGTH 27 ba pairs (B) TYPE: nucleic acid (O
STRANDEDNESS:  si n?e (D) TOPOLOGY: |inear (ii) MOLECULE
TYPE: DNA (genonic) (i1 HtPOEHE -Gt MOttt sttt it otitts -
1.04 murine
0.9 - B9
o 0.8 + -
Q 1 .
& 0.7 - N
.g . :
-] 0.6 -
a 1 s
< 0.5 - u
0.4
0.3
0.2 -+
0 | 1 10 100 1000 10000
variant (pg/ml)
B hull-6 o IL-6-EP-K54F-LR
B IL-6-EP-LR A IL-6-EP-K54P-LR
A [IL-6-EP-2a2-LR A IL-6-EP-C44F/K54E-LR
® |L-6-EP-K54D-LR © IL-6-EP-C50F/K54N-LR
B IL-6-EP-K54E-LR A " - JL-6-EP-S52R/K54N-LR
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(xi) SEQUENCE DESCRI PTION: SEQ ID NO 8: AACATGTIGIG AAAGCAGCAA TGAGCCG
D

27 (2) I NFORVATION FOR SEQ ID NGO 9: (i) SEQUENCE CHARACTERI STI CS:
(A) LENGTH 26 base pairs (B) TYPE: nucleic acid (O
STRANDEDNESSw0s97a81 64 (D) TOPOLOGY: i near (ii) POrEPIND1736
TYPE: DNA (genomi c) (iii) HYPOTHETI CAL: NO (xi) SEQUENCE
DESCRI PTION: SEQ ID NO 9: CTAGCGCCTC ATTGCTGCTT TCACAC
26 (2) I NFORVATION FOR SEQ I D NGO 10: (i) SEQUENCE CHARACTERI STI CS:
(A) LENGTH 27 ba pairs (B) TYPE: nucleic acid (O
STRANDEDNESS: sinsgé (D) TOPOLOGY: |i near

0,6 -

human
XG-1 -

0,5 -

0,4 -~

Absorbance

0,2 -

0o .01 % . 10 - 100 1000 10000 100000
{Iariant (nglr_nl)

'm hulL6 O IL-6-EP-K54F-LR

B [IL-6-EP-LR A IL-6-EP-K54P-LR _

A IL-6-EP-2a2-LR A [IL-6-EP-C44F/KS54E-LR

® |L-6-EP-K54D-LR° ©O IL-6-EP-C50F/K54N-LR

IL-6-EP-K54E-LR © A IL-6-EP-S52R/K54N-LR

FIGURE 4 C

11/13
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19 (ii) MOLECULE TYPE: DNA (genoni c) (iii) HYPOTHETICAL: NO .
(xi) "SEQUENCE DESCRI PTION: SEQ ID NO 10: AACATGIGIG AAAGCAGCCC CGAGGCG
27 (2) | NFORWRPIBMNOFOR SEQ | D NO 11: (i) SEQUENCE CHARACTIZEPISIMITS:
(A) LENGTH. 26 base pairs (B) TYPE: nucleic acid (9
STRANDEDNESS: si ngl e (D) TOPOLOGY: i near )
22.5
20.5 human |
. 1854 Hep3B N
E  165- -
S . !
£  145- B
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(ii) MOLECULE TYPE: DNA (genonic) (iii) HYPOTHETI CAL: NO (xi)
SEQUENCE "DESCRI PTION: SEQ I D NO. 11: CTAGCGCCTC GGGGCTGCTT TCACAC

26 (2) 1 NF%‘&@ FOR SEQ ID NO 12: (i) SEQUENCE CHARACTERI STI CS:
(A) LENGTH: 2 %airs (B) TYPE: nucleic acid PCI/EPS7/0156)
STRANDEDNESS: si ngl e (D TOPOLOGY: |inear (i) MOLECULE
TYPE: DNA (genoni c) (iii) HYPOTHETI CAL: NO (xi) SEQUENCE

DESCRI PTION: SEQ I D NO. 12: GAAAGGAGAC ATGTAACAAG AGT

23 (2) | NFORVATI ON. FOR SEQ I D NO 13: (i) SEQUENCE CHARACTERI STI CS:

120 4
d

100

80
1
60

% of maximale response

o 10 100 1000 10000 100000

variant (ng/mi)

A IL6EP2a2LR | A IL-6-EP-K54P-LR
® IL6-EP-K54D-LR : A IL-6-EP-CA4F/K54E-LR
IL-6-EP-KS4E-LR ' o IL-6-EP-C50F/K54N-LR

FIGURE 5
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TYPE:

(AF LENGTH: TH. 27 base pairs a| rs (B) TYPE: nucleic acid (O
STF?ANDE

Dl?mllm Iwﬂ ll " |II | i:i) E—IE{)?DOTTSE'CI']I_OGY | | near ‘(xi )(iSiEEJJI\E/II\J]_CECU:LE

DESCRI PTI &N

27
CLAI M5

AL

in

. ATGTTACTCT '%éTTACATGT CTCCTTT
15
CLAIMS

. A polypeptide comprising the amino acid sequence of SEQ ID NO: 1, as well as

fragments thereof comprising at least the following mutations with respect to the’
amino acids sequence of the naturally-occurring human XL-6: Pro at position 54, Glu

at position 159, Pro at position 162, Leu at position 170 and Arg at position 176,

. A DNA molecule comprising the DNA sequence coding for the polypeptide of claim

1, as well as its variants, resultmg from the degeneracy of the genetic code or point
mutatxons coding for a polypeptide havmg the same IL-6 antagonist activity of the
polypeptide of claim 1.

A vector comprising the DNA sequetlbe:of claim 2. _ _

A host cell transfdnned with the DNA sequence of claim 2 or the vector of claim 3.

. A process for producing the poiypeptide of claim 1, comprising:

(2) culturing the host cells of claim 4 in a suitable cuiture medium,; and
(b) isolating said polypeptide from the culture medium.

Use of a polypeptide in accordance with clair 1 as a medicament.

7. A method for the treatment of dissases in which IL-6 has 2 pa:thogcneti_c action

comprising administering an effective amount of a polypeptide in accordance with

claim 1.

. A pharmaceutical composition éor_nptising a polypeptide iri accordance with claim 1,

together with one or more pharmaceutically acceptable carriers and/or excipients.
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i'\ A pol ypeptide conprising the amno acid sequence of SEQ ID NO 1,

as-’ mell as fragnean—LheLeQL_conprlS|ng at | east the foll ow ng
ns espect to am no ds sequence of the

mut at i

naturally occ Eﬂl ﬂ“n "l&ﬂl Pro at position 54, Gu at position
159, Pro at p at position 170 and Arg at position 176.
2.

A DNA nol ecul e conpr|5|ng t he DNA seggence coding for the
pol ypeptide of claim1l1, as well as its variants, resulting fromthe
degeneracy of the genetic code or [ nmut ati ons, coding for a
pol ypepti de having the sane IL-6 a 1 st activity of the pol ypeptide
of claim1. 3. A vector conprising the DNA sequence of claim 2. 4. A
host cell transforned with the DNA sequence of claim2 - or the vector of

claim3. 15 A fSDASSStidd FUmpskicd it e RAMMREPEAY Medfledidd b sEQ
conmprising: ID NO:'l, as well as fragments thereof comprising at least
the following mutations with respect to the amino acids
sequence of the naturally-occurring human IL-6: Pro at
position 54, Glu at position 159, Pro at position 162, Leu

at position 170 and Arg at position 176.

2. A DNA molecule comprising the DNA sequence coding for the
polypéptide of claim 1, as well as its variants,
resulting from the degeneracy of the genetic code or
point mutations, coding for a polypeptide having the same
IL-6 antagonist activity of the polypeptide of claim 1.

3. A vector comprising the DNA sequence of claim 2.

4. A host cell transformed with the DNA sequence of claim 2
or the vector of claim 3.

5. A process for producing the polypeptide of claim 1,
comprising:

(a) culturing the host cells of claim 4 in a suitable
culture medium; and

(b) isolating said polypeptide from the culture medium.

6. .The use of a polypeptide in accordance to Claim 1 in
the manufacture of a pharmaceutical composition for use
as a medicament.
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(a) culturing the host cells.of claim4 in a suitable cul ture
rredi um  and ' | aid polypeptide fromthe culture nmedi um

6. The use of | [ in accordance to daim1lin t he
manufacture of m,m”mm" imm conposi tion for use as a
- e ]

medi canent . * 16 7. The use of a
pol ypeptide in accordance to Caim1l.in a pharnmaceutical conposition
for use as a nedi cament for treatment of diseases in which IL-6 has a
pat hogenetic

7. The use of a polypeptide in accordance to Claim 1 in
a pharmaceutical composition for use as a medicament for
treatment of diseases in which IL-6 has a pathogenetic
action such as plasmocytoma/myeloma, osteoporosis and
neoplastic and autoimmune diseases.

8. A pharmaceutical composition comprising a polypeptide in
accordance with claim 1, together with one or more
pharmaceutically acceptable carriers and/or excipients.
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action such as plasnocytona/ nyel oma, osteoporosis and neopl asti c and iree+ ke

- aut oi nmyne di seases. 8. A pharnaceutical conposition conpri S i/MeS + eepuacem
pol ypeptide in accordance with claim1, together with one of§ SHEETS
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