07 APR 2096 1 CHIMERIC INTERLEUKIN-6 SOLUBLE RECEPTOR/LIGAND PROTEIN, ANALOGS
THEREOF AND USES THEREOF 5 Field of the invention The present invention is generally in the
field of interleukin-6 (IL-6) biological activities which are dependent on the agonistic action of soluble
IL-6 receptor (sIL-6R). More specifically, the present invention concerns novel chirePR ZUBR/IL-6
proteins constructed from the fusion of essentially thq naturally 10 occurring form of sIL-6R and IL-6,
and biologically active analogs thereof, which are particularly useful for treating cancer, via inhibition
of cancerous cell growth, for enhancing bone marrow transplantation, for treating liver disorders and
other IL-6 related conditions. 15 Background of the Invention and Prior Art Interleukin-6 (IL-6) is a well
known cyte,'l Wf lﬂe Elﬁeﬂ activ !7 7'-_‘3391 -,-, :ﬁ,n- -‘ b ,‘- BBk iemcomprlsmg
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Hirano et ANAS9A)G SO ERTOEF AiNDORSER--BBERE©®FPonding to the extracellular 20 domain of
gp80, are natural products of the human body found as glycoproteins in blood and in urine (Novick et
al, 1990, 1992). An exceptional property of sIL-6R molecules is that they act as potent agonists of IL-6
on many (ﬁlé oK 'nec}uq,inlgt.hllljman cells (Taga et al, 1989; Novick et al, 1992). This is due to the fact
that even lasmic domain of gp80, sIL-6R is still capable of triggering 25 the
dimerization of gwh30 pgRsRoNsE i bn6isvhisieallyrimeHiatgr ieosuhsedverinls6{speg)fic signal
transduction and biological effects (Murakami et al, 1993). The active IL-6 receptor complex is in fact
a hexamebio Raiealradovitiss Byhicty e dersndeanined dpa 3@enistis, agion eRsahiPifd 06 ligands

(Ward et %lécle%%f Eﬁ?ﬂﬁ%ﬁal\%re specifically, the present invention concerns novel chimeric

sIL-6R/IL-6 proteins constructed from the fusion of essentially the naturally
10 occurring form of sIL-6R and IL-6, and biologically active analogs thereof, which
are particularly useful for treating cancer, via inhibition of cancerous cell growth,
for enhancing bone marrow transplantation, for treating liver disorders and other

IL-6 related conditions.

15 Backeround of the Invention and Prior Art

Interleukin-6 (IL-6) is a well known cytokine whose biological activitities
are mediated by a membranal receptor system comprising two different proteins one
named IL-6 Receptor (IL-6R or gp80) and the other gp130 (reviewed by Hirano et
al, 1994). Soluble forms. of IL-6R (sIL-6R), corresponding to the extracellular

20 domain of gp80, are natural products of the human body found as glycoproteins in
blood and in urine (Novick et al, 1990, 1992). An exceptional property of sIL-6R
molecules is that they act as potent agonists of IL-6 on many cell types including
human cells (Taga et al, 1989; Novick et al, 1992). This is due to the fact that even
without the intracytoplasmic domain of gp80, sIL-6R is still capable of triggering

25 the dimerization of gpl30 in response to IL-6, which in turn mediates the
subsequent IL-6-specific signal transduction and biological effects (Murakami et al,

1993). The active [L-6 receptor complex is in fact a hexameric structure formed by



al, 1995), in which sIL-6R has two types of interaction with gp130 both of which are essential for the
IL-6-specific biological activities (Halimi et al, 1995). Treatment with sIL-6R results in an enhancement
of the biological activities 5 of IL-6 in many cell types. An example is tumor cells Wﬂj € hok%% is
inhibited to a greater extent by IL-6 when sIL-6R is added, such as murine myeloléukemic cells
(Taga et al, 1989), human breast carcinoma T47D cells (Novick et al, 1992) or human Non-small cell
lung carcinoma cells (Ganapathi et al, 1996). IL-6 haS anti-metastatic activities in vivo (Katz et al,
1995), sIL-6R and can also enhance 10 such in vivo anti-tumor effects of IL-6 (Mackiewicz et a] 1995).
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1994). This finding indicates that IL-6, when combined with sIL-6R, can mimic the activity of other
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10 such in vivo anti-tumor effects of IL-6 (Mackiewicz et al 1995). Another activity of

IL-6 which is enhanced by sIL-6R addition, is the stimulation of hematopoietic
stem cells to produce multilineage colonies (Sui et al, 1995). The present inventors
have also observed that the survival of primary cultures of brain oligodendrocytes is
supported by the sIL-6R and IL-6 combination (Oh, 1997), while IL-6 alone is

15  poorly active in such cultures (Kahn and De Vellis, 1994). This finding indicates
that IL-6, when combined with sIL-6R, can mimic the activity of other neurotropic
cytokines such as Ciliary Neurotropic Factor (CNTF) or Leukemia Inhibitory Factor
(LIF) which also act through gp130, as is also the case for IL-11 and Oncostatin M
(Hirano et al, 1994).

20 In an attempt to provide a molecule which may combine the above noted
functions of IL-6 and sIL-6R, there has recently been reported the production in
recombinant yeast cells of a fusion protein between a truncated segment of the
human IL-6R sequence and IL-6, linked by a glycine-rich linker (Fischer et al.,
1997). This fusion protein includes essentially only the IL-6R cytokine receptor

25  N-domain and the cytokine receptor C-domain, and thus lacks essentially all of the
IL-6R immunoglobulin (Ig)-like domain, and the receptor pre-membrane region

(the region between the C-domain and the transmembranal domain). As such it



protein being linked via the above noted glycine-rich linker to essentially the whole mature form of
IL-6. Besides lacking parts of the natural sIL-6R, this fusion protein by being produced in yeast cells,
does not have the glycosylation pattern that such a 5 fusion protein would have if it were produced in
mammalian cells, in particular, e.g. in human cells. In fact, this yeast-produced fusiorﬂr?ro%’fﬁ P8 a
molecular weight of only about 57 kDa in contrast to @ fusion product containing essentially all of the
natural sIL-6R and IL-6 amino acid residues and being fully glycosylated in mammalian (e.g. human)

cells, which has the expected molecular W%g?ht of about 10 85 kDa (see Example 2 herein below).
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heavily modified postranslationally by N- and 0- glycosylation as well as by phosphorylation (Revel,
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10 85 kDa (see Example 2 herein below).
The common experience in developing recombinant proteins which can be
used for treating human patients has shown that it is important to remain as close as
possible to the natural forms of the proteins, as they are found in the human body, in
order to avoid triggering of antibodies and other side effects observed with
15 non-natural recombinant products. For this reason, it has been advantageous to use
recombinant mammalian cell systems to produce glycosylated proteins such as
Interferon-B or Granulocyte-colony stimulating factor (Chernajovsky et al, 1984,
Holloway, 1994) in a chemical form as similar as possible to the natural human
product. Bacteria or microorganisms such as, for example, yeasts, which do not
20  glycosylate properly, also cause the wrong folding of the protein chains, leading to
immunogenic reactions. This is particularly important in respect of IL-6 which is
heavily modified postranslationally by N- and O- glycosylation as well as by
phosphorylation (Revel, 1989 for review), and in respect of the natural sIL-6R from
human blood and urine which is a glycoprotein whose N-terminus and C-terminal
25 amino-acids are constant and have been determined (Novick et al, 1990 and

co-owned patents by the present inventors Nos. US 5,216,128 and its corresponding

EP 413908 B1).



between part of the sIL-6R and IL-6 has a number of possible drawbacks especially as regards its use
for treating humans and this, due to the fact that it lacks part of the sIL-6R, as well as its production in
yeasts which may provide for incorrect 5 glycosylation of the protein. Heretofore, a fusion molecule
comprising the natural slL-6R found in human body fluids and the natural IL-6, and §fficAARB @B&luced
in human or other mammalian cells, has not been dggcribed. It is therefore an aim of the present
invention to provide such a fusion 10 molecule comprising the natural sIL-6R and the natural IL-6 (in
any order) which is produced in mammalian cells. It is another aim of the present invention to use

such a fusion profstRordingiyit-8vomiheesmo thtidhenabegv P Bich sy st L8808 AEINSa cells at
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e suoh SR e e R bt Bl Sl
hematopoigtie:gteds ¢allasn faeneaaigdwnianspiandalio duy atogeigalt ithatyeldukihpamiot dighe
present invention to use such a fusion protein in other IL-6 related disorders eé%.}liv_er conditions or
neurologicHlcRditRin Vol ASuitheP AN the IRVEREYS i3 Hroligy ﬂPféWHé% TcaNeorsdsitions
which conteiin the apove %ntio%? I{1atural sIL-6R-natural IL-6 fusion protein (sIL-6R/IL-6 chimera) for
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disorders, e.qg. livElegeiodiiiens fapidnenstioglealsiapeiiapshématinel simsRbagpestaahithe present
invention will be set forth or will arise from the following disclosure of the present invention. D 7 APR
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a number . .
mammalian cells, has not been described.

It is therefore an aim of the present invention to provide such a fusion

10 molecule comprising the natural sIL-6R and the natural IL-6 (in any order) which is
produced in mammalian cells.

It is another aim of the present invention to use such a fusion protein
(sIL-6R/IL-6 chimera) to inhibit the growth of highly metastatic melanoma cells at
very low concentrations, these cells being resistant to IL-6 or sIL-6R alone.

15 Yet another aim is to use such a fusion protein (the sIL-6R/IL-6 chimera) for
the in vivo engraftment of human hematopoietic stem cells in bone marrow
transplantation protocols.

It is a yet further aim of the present invention to use such a fusion protein in
other IL-6 related disorders, e.g. liver conditions or neurological conditions.

20 A further aim of the invention is to provide pharmaceutical compositions
which contain the above mentioned natural sIL-6R-natural IL-6 fusion protein
(sIL-6R/IL-6 chimera) for the treatment of cancer, for use in bone marrow
transplantation procedures, and for other IL-6 related disorders, e.g. liver conditions
and neurological conditions.

25 Other aims and aspects of the present invention will be set forth or will arise

from the following disclosure of the present invention.



of fusion proteins (chimeras) each comprising essentially all of the naturally occurring sIL-6R from
human body fluids and essentially all of the mature form of 5 the naturally occurring human IL-6, and
each joined by short linker peptides which can be as short as 3 amino acid residues in length or
longer, for example, 13 amino acid residues in length (see below and Examples 1 aﬂ‘#@x‘Pﬁ ?‘Ldﬁg.lld be
noted, however, that in these fusion proteins the linkgr peptides may be ommitted and the s[L-6R
moiety may be directly linked to the IL-6 moiety. Since linkers representing 10 non-natural amino acid
sequences may be immunogenic epitopes eliciting antibodies in patients, it is preferable to have a
directly fustiiRInps pf thenlyeRtiont has the desired biological activity, while at the same time there
s minimized the fiskofindueog sicheaiealalyAeifiRiqs AnRaddormaianoahen fihe chimera
is administered. Re conservation of the entire SIL- sequence including the 1g-like domain as

found in thefnflgially praeting chateetds) aasteltamprishigpesseiniosylasionacheothaturally
post-translational modifications introduced by human or mammalian cells. when the above chimera is
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10 non-natural amino acid sequences may be immunogenic epitopes eliciting

antibodies in patients, it is preferable to have a directly fused sIL-6R/IL-6 chimera
that has the desired biological activity, while at the same time there is minimized
the risk of inducing such potentially deleterious antibody formation when such a
chimera is administered.

15 The conservation of the entire sIL-6R sequence including the Ig-like domain
as found in the naturally occurring molecule, as well as the proper glycosylation and
other post-translational modifications introduced by human or mammalian cells
when the above chimera is produced in such cells, are also important to reduce the
potential immunogenicity of the chimeric protein product.

20 However, it is possible to use a very short linker of about three amino acids
at the junction point between the sIL-6R and IL-6 moieties of the chimeric protein.
Such a short linker would not be an immunogenic epitope. It is of course also
possible to use longer linkers of up to about 30 amino acids to provide for
separation between the two moieites but here care must be taken and biological

25 efficacy and safety experiments must be performed to ensure that chimeric

molecules with such linkers are not immunogenic.



especially when essentially all of the naturally-occurring sequences of the sIL-6R 5 and IL-6 moieties
are incorporated into the chimeric molecule (see Example 3 and Fig. 5 which relate also to a
comparison between a slL-6R/IL-6 chimera having a very short (3 amino acids) Iinkeﬂgr;ﬁ:& imilar
chimera having a longer linker of 30 amino acids). These fusion proteins or sIL-6R/IC- [ have
been efficiently 10 produced, in accordance with the gresent invention, in mammalian cell expression
systems to yield glycosylated products having potent activity on tumor cells which are usually
non-responsive to IL-6 or sIL-6R alone, and which were highly effective in ensuring the success of

engraftment of hdthdA%orik H%réﬁ?ﬂaﬂé‘@ﬁﬁﬁ&lﬁeﬁgot’%’éeil%eWﬁ@l@?aﬁﬁﬁl@;ﬂi@@?rﬁﬁ%g in such
bone marrﬁWf}ﬂéﬁolﬂQfsﬁgﬁ ilo%gt?rp?ﬁﬁérses aﬁg'ﬂ?{ BWRIRERSE %'@g&ﬁgﬂ%l%lfrﬁ%al:ﬂ dygliferation

of the transp non-committ uripotential hematopoietic stem ce oreover, from the
experimenjebteislitsl v sentbdthaw@iorfeoloinas vkl abifrem dbey nenatyfdsciddsgerthatkearious
analogs of the sIL-6R/IL-6 chimeric protein of the invention can be prepared, which have essentially

the same BRBIREIRAY athomysreREally sl o Abconaiidiy; pese ingatsgudiny ALUBRML-Ehimeras in
whichsone, gy 'i‘(ﬂ:%%er% '&?eg%fjer@ﬁégkﬁérﬁ%}ﬁei&%%g%'ﬁf{%%r?cd%%qﬁ%hfyg%&%%%@aeé gthe only

limitation on such analogs being that they retain most of the naturally occurring siL IL-6
sequenceFor £xahigherdminal seith addiiapariodheb ateeally SCLRNG stlebitrrng Hatisgquences
are preferably limited to up to 25 between about 20 amino acids, and preferably these additions are at
the site of VRINcHRATHSABERAIRE 1) birken dndg, Similae ghikes i B 2L ReSREANGSRAbAY from the
sIL-6R ang &Hh%}%g%inces are preferably limited to up to between about LI 7 APR 2006 7 20-30
amino acids; and substitutions of amino acid residues in the sIL-6R and IL-6 sequences by other

amino acid residqggare frgterabboalhs livitesi 1o 6R/10. Bt WRBAe R0 Uia@- 3P mindacieist Al of the
aforesaid deletions, additions and substitutions
10 produced, in accordance with the present invention, in mammalian cell expression
systems to yield glycosylated products having potent activity on tumor cells which
are usually non-responsive to IL-6 or sIL-6R alone, and which were highly effective
in ensuring the success of engraftment of human bone marrow transplanted cells
(see below and Examples 1-4). In fact, in such bone marrow transplants, the
15 SIL-6R/IL-6 chimeras were essential for the survival and proliferation of the
transplanted non-committed pluripotential hematopoietic stem cells. Moreover,
from the experimental results presented herein below, as well as from other
analyses it arises that various analogs of the sIL-6R/IL-6 chimeric protein of the
invention can be prepared, which have essentially the same biological activity of the
20  sIL-6R/IL-6 chimera, these analogs being sIL-6R/IL-6 chimeras in which one or
more amino acid residues have been deleted, added or substituted by others, the
only limitation on such analogs being that they retain most of the naturally
occurring sIL-6R and IL-6 sequence. For example, amino acid additions to the
naturally occurring sIL-6R and IL-6 sequences are preferably limited to up to
25  between about 20 amino acids, and preferably these additions are at the site of

junction between the sIL-6R and IL-6, i.e. the linker molecule. Likewise, deletions

from the sIL-6R and IL-6 sequences are preferably limited to up to between about



are acceptable in accordance with the present invention when the so-modified 5 analogs that are
obtained retain essentially the biological activity of the sIL-6R/IL-6 chimera composed of essentially
the naturally-occurring sequences, and retain essentially the same glycosylation pattern of the
chimera composed of essentially the naturally-occurring sequences when expresBdd APk @¥fmalian
cells. Accordingly, the present invention provides a clglmerlc glycosylated soluble 10 interleukin-6
receptor (slL-6R)-interleukin-6 (IL-6) protein (sIL-6R/IL-6) and biologically active analogs thereof,
comprising a fusion protein product between essentially all of the naturally occurring form of sIL-6R

and essertdBPArvnmacitisuramsubstitatigromh @mmagedorwemlm@@nﬂlar@o@@dcﬂbréof being
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and biologigglly agtiye aRaiRoaRIeRfl Jrhirecioraid il 8RS {yseddeidmP aia aupidedinker

molecule. (ii) A chimeric sIL-6R/IL-6 protein and biologically active analogs thereof, 20 as in (i) above,
wherein sai¢ listespiebleery steoardmmedniindbenicdisndr mivaboon 3xhemitis axgdmesitir. (i) A

imeric sIL-6R/1L-6 proteipn and |0Io |caII active analogs thereof, as.in (| ejn said
Ilnkereslrs a?ﬁﬁioﬁ?d Yrdpe t&Hé cEe f&Yb’h%‘ ? '? ,g\ %%8? }1 Org?(;?g?@“pér"rcltem and
biologicallyjagtive aé@wg%&laer@pfes%maq alﬂ@é/enézm@m rdSqadiRRtdeat 12.amino acid
residues of 0 7 APR 2096 8 sequence E-F-G-A-G-L-V-L- GQF

(Glu-Phe-cisentitythe savs- ebie GylatignqiatRhe-Meth ¢ SEO NN s A ehissantislly6R/IL-6
protein. bejng e heln designated st SRAVAIIL having a tipepile INKRY of sequence E-F-W
Accordingly, the present invention provides a chimeric glycosylated soluble
10  interleukin-6 receptor (sIL-6R)-interleukin-6 (IL-6) protein (sIL-6R/IL-6) and
biologically active analogs thereof, comprising a fusion protein product between
essentially all of the naturally occurring form of sIL-6R and essentially all of the
naturally occurring form of IL-6, said sIL-6R/IL-6 and analogs thereof being
glycosylated in a similar fashion to the glycosylation of naturally occurring sIL-6R
15 and IL-6.
Embodiments of the above chimeric protein of the invention include :
(i) A chimeric sIL-6R/IL-6 protein and biologically active analogs thereof,
wherein said sIL-6R is fused to IL-6 via a peptide linker molecule.
(ii) A chimeric sIL-6R/IL-6 protein and biologically active analogs thereof,
20  asin (i) above, wherein said linker is a very short, non-immunogenic linker of about
3-4 amino acid residues.
(iii) A chimeric sIL-6R/IL-6 protein and biologically active analogs thereof,
as in (ii) above, wherein said linker is a tripeptide of the sequence E-F-M
(Glu-Phe-Met).
25 (iv) A chimeric sIL-6R/IL-6 protein and biologically active analogs thereof,

as in (i) above, wherein said linker is a peptide of 13 amino acid residues of



5 C-terminal Val-356 of sIL-6R and the N-terminal Pro-29 of IL-6, said chimeric protein having the
sequence set forth in Fig. 3. (vi) A chimeric sIL-6R/IL-6 protein, being the herein designated
sIL-6R6Val/L/IL-6 having a 13 amino acid peptide linker of sequence E-F-G-A-G-L-V-LR-*%;T@Q-F-M
between the C-terminal Val-356 of sIL-6R and the 10 N-terminal Pro-29 of IL-6R, lea?d ¢ % protein
having the sequence set forth in Fig. 3 wherein the tgpeptide of sequence E-F-M between positions
357-359 of Fig. 3is replaced by said 13 amino acid peptide sequence. (vii) A chimeric sIL-6R/IL-6
protein, wherein said protein is produced in mammalian cells in a fully processed form. 15 (viii) A

chimeric S$E06!Qm_36%r%t@ir(§v@rére\/ﬁ]sa@§r&e]fn% produced in human cells. (ix) A chimeric

s1L-6R/IL-6.pratein, wherein said protein ks hrodyced.in~CHS cal HAId -6R/1L-6 protein
and biolog@ﬂﬁghﬁgr{g&)g&ﬁé%gfgﬁ %ﬁ%ﬁ,@%ﬁ@;ﬁlgﬁ g?wﬁ%r@cwgg'i@nﬁ nd analogs are
characterized by ging\ caprblert indTibisRYhas grewstenf, highin maligearticancerdeslon{éiA
chimeric sIL-6R/IL-6 protein and biologically active analogs thereof, as above, wherein said chimeric

protein andlarffctéadrd chahotonzctl ixinsaHge caivdisie of irtsipiengeh& drobdthstwiegy Halignant
| lls. 25 (xii ' ic.sIL-6R/IL- [ d hi icall i | h f,
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of elicitingghsdh \HYQiaBarRIBgNE s dsrirematppaietic cells in bone marrow transplantations. (xiii)
A chimeric sIL-6R/IL-6 protein and biologically active analogs thereof, as above, wherein said

chimeric protein frid adaloglsimerichasHcteRZHd-by Ipeinigits chpitge cherdisetiiy lideyianaiedt
hepatOtOXis([\I?-%?{%%al/L/ILé having a 13 amino acid peptide linker of sequence
E-F-G-A-G-L-V-L-G-G-Q-F-M between the C-terminal Val-356 of sIL-6R and the
10 N-terminal Pro-29 of IL-6R, said chimeric protein having the sequence set forth in
Fig. 3 wherein the tripeptide of sequence E-F-M between positions 357-359 of Fig.
3 is replaced by said 13 amino acid peptide sequence.
(vii) A chimeric sIL-6R/IL-6 protein, wherein said protein is produced in
mammalian cells in a fully processed form.
15 (viii) A chimeric sIL-6R/IL-6 protein, wherein said protein is produced in
human cells.
(ix) A chimeric sIL-6R/IL-6 protein, wherein said protein is produced in
CHO cells.
(x) A chimeric sIL-6R/IL-6 protein and biologically active analogs thereof,
20  as above, wherein said chimeric protein and analogs are characterized by being
capable of inhibiting the growth of highly malignant cancer cells.
(x1) A chimeric sIL-6R/IL-6 protein and biologically active analogs thereof,
as above, wherein said chimeric protein and analogs are characterized by being
capable of inhibiting the growth of highly malignant melanoma cells.

25 (xi1) A chimeric sIL-6R/IL-6 protein and biologically active analogs thereof,

as above, wherein said chimeric protein and analogs are characterized by being



The present invention also provides a DNA sequence encoding a chimeric sIL-6R/IL-6 protein and
biologically active analogs thereof as noted above according to the invention. In addition, the present
invention also provides a DNA vector comprising a 10 DNA sequence encoding a C(Ei‘ eric sIL-6R/IL-6
protein and biologically active analogs thereof of the invention, as noted above, sai \?;@tpol? l?@ﬂﬂg
suitable for expression of said chimeric protein in mgmmalian cells. Embodiments of the DNA vector
of the invention include (i) A DNA vector wherein said vector is suitable for expression of said 15
chimeric protein in human cells. (i) A DNA vector wherein when said vector is expressed in
mammaligidRib Husfapl icatis gibeestp e cenertiBra b AftdiAmar heagiepsdetinfchsriniteaun

processing of the ?himeﬁic Protein by the mammalian or human cell and secretion of the fully
ehrrow Iransplan t10n§ . . . . .
processed chimeric protein from the cells into the culture medium in which 20 said cells are grown. (iii)

A DNA vector, as:afigve chiigeeio SaicRetiobisibe nerginlerignatry saseis aopNhsHe&R/IL-6

comprising a pcDNAS3 vector containing the DNA sequence encoding the chimeric sIL-6R/IL-6 protein
under the&oahoves avigreoimegidoehimmgampobedmanst. 2B Ogs AN el aedabyvBeBerein said

vector is the herein designated , plasmid NA slL-6RfL/IL-6 comprising a pcDNA3 vector containing
the D%\IA g%%%%eiﬁcoefd@ﬁ%o&?\%g(ﬁ@%ﬁwﬁ%@ﬁé%gfﬂj@kﬂz%cp%@ ‘under the control of a C 7 APR 20D6 10

cytomegalovirus TGM¥deREaM A eEndion WRer bl &&dth OIS etdanreccBr06HIHg Seidhthisraic
SIL-6R/IL-6 protein there is inserted a linker sequence encoding a linker peptide at the EcoRl site

placed beshledRthb-Sequettia eneddiviglogicatl orctpegt analags stprenteasnduiiiity #eONE6 part of

the protein. 5 Lg<ewise the IPresent invention also provides transformed mammalian cells
according to the invention.

In addition, the present invention also provides a DNA vector comprising a

10 DNA sequence encoding a chimeric sIL-6R/IL-6 protein and biologically active

analogs thereof of the invention, as noted above, said vector being suitable for
expression of said chimeric protein in mammalian cells.

Embodiments of the DNA vector of the invention include :

(i) A DNA vector wherein said vector is suitable for expression of said

15  chimeric protein in human cells.

(ii) A DNA vector wherein when said vector is expressed in mammalian or
human cells, the expressed chimeric protein has a sequence that permits full
processing of the chimeric protein by the mammalian or human cell and secretion of
the fully processed chimeric protein from the cells into the culture medium in which

20 said cells are grown.

(iif) A DNA vector, as above, wherein said vector is the herein designated
plasmid pcDNASIL-6R/IL-6 comprising a pcDNA3 vector containing the DNA
sequence encoding the chimeric sIL-6R/IL-6 protein under the control of a
cytomegalovirus (CMV) promoter.

25 (iv) A DNA vector, as above, wherein said vector is the herein designated
plasmid pcDNA sIL-6R/L/IL-6 comprising a pcDNA3 vector containing the DNA

sequence encoding the chimeric sIL-6R/IL-6 protein under the control of a



containing a DNA vector as above, that is capable of expressing the sIL-6R/IL-6 chimeric protein
sequence carried by said vector and of fully processing the expressed protein and secreting it into the
culture medium in which said cells are grown. 10 An embodiment of these transforwdA@ﬁl%%e the
herein described human embryonal kidney cells 293 (HEK293) transfected by the pcDNA sIL-6R/11-6
vector, said cells being capable of expressing the sILtgR/IL-6 chimeric protein, fully processing said
protein and secreting said protein into the culture medium in which said cells are grown in the form of
an about 85 kDa glycoprotein. 15 Another embodiment of transformed cells are the herein described

CHO (ChESEFRHED (&Y Lo raniTech by i A I8/ SYeRSE, €aFPURES being
capable ol expeiRRti{harp etk Broimelitpiole hlLaPioRBREIndeRpiERIkERdAidne cullure

medium in which said cells are grown'in the form of an about 85 kDa glycoprotein. 20 The present
invention &iskeprpejsttdeaatmidii bt éRIpsndydingd bbimetic theatequendictagudityg abtive breRogs
thereof, as above, comprising growing the aforesaid transformed cells under conditions suitable for
expressioRaprapddbingegngnse ateries hed brb it atdhaBESHo the culture medium in which said

cells are grown; Jrifyi i {in.or: S [ jum By 29 oaffinity
chroratography LR e L M e SIS presen
invention bagtaininpbeDNNAsescioeludingove] THAPR 22pablé 6F espreksigpitherkd BHORORIL66 protein
or analogs, salts of any one thereof, and mixtures thereof, as an inhibitor of cancer cells. (ii) use, as in

(i) above, SRBSHIIBHOICHT HEARPRTAIIGABREd Eanttith 28R40T (iAPdseloflbhiPRIFESABRNE-6 protein
or a“a'og%x%?gs?s%a;{%t%ﬂ? ANIER AP TVERS AR AR ANACHYSRRIediRRt fengliging

engraftment’o
grown.

10 An embodiment of these transformed cells are the herein described human
embryonal kidney cells 293 (HEK293) transfected by the pcDNA sIL-6R/Il-6
vector, said cells being capable of expressing the sIL-6R/IL-6 chimeric protein,
fully processing said protein and secreting said protein into the culture medium in
which said cells are grown in the form of an about 85 kDa glycoprotein.

15 Another embodiment of transformed cells are the herein described CHO
(Chinese Hamster Ovary) cells transfected by the pcDNA sIL-6R/IL-6 vector, said
cells being capable of expressing the sIL-6-R/IL-6 chimeric protein, fully
processing said protein into the culture medium in which said cells are grown in the
form of an about 85 kDa glycoprotein.

20 The present invention also provides a method for producing a chimeric
protein or biologically active analogs thereof, as above, comprising growing the
aforesaid transformed cells under conditions suitable for expression, processing and
secretion of said protein or analogs into the culture medium in which said cells are
grown; and purifying said protein or analogs from said culture medium by

25  immunoaffinity chromatography using monoclonal antibodies specific for sIL-6R.

The chimeric protein of the present invention has a number of uses

including:



human hematopoietic cells in bone marrow transplantation. (iv) use of a chimeric sIL-6R/IL-6 protein or
analogs, salts of any one thereof, and mixtures thereof, as an active ingredient for increasing
hematopoiesis, for treating hepatic and neurological conditions, or for other applications in which 10
IL-6 or sIL-6R are used. Similarly, the chimeric protein of the present invention mayﬁ)@ Wi 4606
prepare medicaments for a number of medical indicatipns, namely, a chimeric sIL-6R/IL-6 protein or
analogs, salts of any one thereof and mixtures thereof, for use in the preparation of a medicament for
treating cancers by way of inhibition of 15 cancer cells, or in the preparation of a medicament for

enhancement of Gpnee wharehimarispiHntaBoH by prajeot elicitatpepgsaltinehtny bomtereshatopoietic
cells in bone marrow transplaptation,.or in.the preparation of a medicament for increasing
hematopo@?&@&tm?ﬁzﬂﬁ%ﬂgﬁﬁgﬂ &%BHQH@éﬁg@ﬁﬁo%\%aﬂng neurological disorders, or in the
preparation of a pigdisarenh Q) AueARPUFALONEI13P 47 MBiCl thrfighsh: BRI AieHaedIMoreover, the
present invention also provides a pharmaceutical composition comprising as active ingredient a
chimeric sIL-6R/IliiH pretenf or ahaboer it erBoftdd [ bboverceint sophanaiageutedily elcaaptabie carrier,

diluent or excipient. Embodiments of this pharmaceutical composition of the inventian include : 25 (i)
A pharmalSGHEL S8R ToPSE o AtniBh ALK Hial AL b RECRLC e SR

compositig,for{iie AARARGEMERLR RPPEIDAIOHS W AARRIATALA0C 7 APR 2006 12 (iil) A

pharmaceutical composition for the treatment of liver and ™ neurological disorders, or for increasing
hematopoeisis ofifor otiteoépplidatioersdns NukédtyIL-6 grsieifRoareneds,Thelisraseaninvartion also
provides for a m (tj?-f?fg for tre_atinﬁ%can ersin 5 mammalsaci)err:‘{)lgoernﬂlacr;g;rggnb%eemrgfaorrco)\{\ésis’
transplan 6?\%3 ,nﬂ]é% ggﬁ , @S an active ingre g P
for treating hepatic and neurological conditions, or for other applications in which
10 IL-6 or sIL-6R are used.

Similarly, the chimeric protein of the present invention may be used to
prepare medicaments for a number of medical indications, namely, a chimeric
sIL-6R/IL-6 protein or analogs, salts of any one thereof and mixtures thereof, for
use in the preparation of a medicament for treating cancers by way of inhibition of

15 cancer cells, or in the preparation of a medicament for enhancement of bone
marrow transplantation by way of eliciting engraftment of human hematopoietic
cells in bone marrow transplantation, or in the preparation of a medicament for
increasing hematopoeisis, or in the preparation of a medicament for treating
neurological disorders, or-in the preparation of a medicament for other applications

20 in which IL-6 or sIL-6R are used.

Moreover, the present invention also provides a pharmaceutical composition
comprising as active ingredient a chimeric sIL-6R/IL-6 protein or analog thereof as
above, and a pharmaceutically acceptable carrier, diluent or excipient.

Embodiments of this pharmaceutical composition of the invention include :

25 (1) A pharmaceutical composition for the treatment of mammalian cancers.

(i) A pharmaceutical composition for the enhancement of bone marrow

transplantation.



and neurological disorders, or for increasing hematopoiesis, or for other applications in which IL-6 or
sIL-6R are used, comprising administering to a patient a pharmaceutical composition, as above, in a
suitable dosage form and by a suitable route of administration. 10 In order to avoid doubt, the present
invention relates to a chimera between IL-6 and sIL-6R in any order, i.e. the N-terrfifatiiifd @erminal
portions may be reversed and the chimera is then ap-L-6-sIL-6R protein, although it is referred to
herein as slIL-6R/IL-6 protein throughout. 15 Other aspects and embodiments of the present invention
are set forth or arise directly from the following detailed disclosure of the invention. Brief Description of
the Drawings Fidiire 14A, Byaesregticathepianeydjsresdnatitit oftisatingisusofedives,  20deagents
and procensesu%?gsig%[saiis% t grconstfucgio(r:]r é’f tkrlle %réimgtric DeNA rr(1)(r)lc?(():ruloet epcodiﬁg %grrl}simeric protein
in which i8 Ronser/&d the Structure of the natararorm of SR en Ing aPFhe e rEsidue
followed hyHha JpqgencgaidRefatideal, mature, processed form of IL-6, as detailed in Example 1;
Figure 2 (A,B) shows the results obtained from the analysis performed to 25 identify the

sIL-6R8Val/lL-6 P86 ghiehens by polierrglaenipre yislesideroproeskisl (R dieabysicastony profile (B),
wherein in Fi&.gﬁ%ere is s?ﬁ?awn a reproduction of :ﬁ_Coomafsie staine(%#_e{ on whicﬁl were

elect ophB‘?g 4 (lfngcgu? PO BAPR O L 3&83?8 At rofh A |n|{§%tﬁr}§m§%ag}%phy
columns lgagledwith 1B searetar opagigin sample obfaiesd:fomepihepbieassirapsfersed witbra vector
encoding the chimeric protein; and in Fig. 2B there is shown a graphic representation of the biological

activity (gapwticatisibiionvoich U otheelaHom aetisisof comnprisirgaashvmbicsteg featpotis@luted from

the afinty civomatograpy.columns, 2 as fetaler 1 SXamPles A 3 RR SR e amine

route of administration.

10 In order to avoid doubt, the present invention relates to a chimera between
IL-6 and sIL-6R in any order, i.e. the N-terminal and C-terminal portions may be
reversed and the chimera is then an IL-6-sIL-6R protein, although it is referred to

herein as sIL-6R/IL-6 protein throughout.

15 Other aspects and embodiments of the present invention are set forth or arise

directly from the following detailed disclosure of the invention.

Brief Description of the Drawings

Figure 1 (A, B) depicts a schematic representation of the various vectors,

20  reagents and process steps used in the construction of the chimeric DNA molecule

encoding a chimeric protein in which is conserved the structure of the natural form

of sIL-6R ending at the Val 356 residue followed by the sequence of the natural,
mature, processed form of IL-6, as detailed in Example 1;

Figure 2 (A,B) shows the results obtained from the analysis performed to

25  1identify the sIL-6RdVal/IL-6 p86 chimera by polyacrylamide gel electrophoresis

(A) and by bioactivity profile (B), wherein in Fig. 2A there is shown a reproduction

of a Coomassie stained gel on which were electrophoresed immunopurified



sIL-6R6Val/IL-6 chimera in which is shown the different domains of the molecule, including the
N-terminal signal peptide (line on top of sequence), the 10 immunoglobulin-like (Ig-like) domain, the
cytokine receptor N-domain (underlined), the cytokine C-domain (line on top of Se@f?&%?ﬂé the
receptor pre-membrane region (the region between the C-domain and the transmemb main),
all of the sIL-6R part of the chimera; as well as the mgjure IL-6 moiety (underlined below) of the
chimera, as described in Examples 1 and 2; 15 Figure 4 (A, B) shows photographs of F 10.9

melanoma, cells in culture without (A).and with (B) treatment with the slIL-6R/Il_-6 chimeric protein for 4

days, whefafiiengig uisdn i appaien e mSASEBRIcSPEHERGe YR dudsrritdstatic
meanoma (S e el spinent I IES IR LR LURER AR esaillifldp Brample 3
20 Figure’5 is a graphic representation of the results depicting the growth inhibition of F10.9
melanomaglaetierivy tiretelh: 6L i6 dign@R hieteinsathveavnus goplentrapoeseafatierchifndra ranging
from about 0.12 ng/ml to about 150 ng/ml, where the chimera with only 3 amino acid linker IL-6RIL-6

as describedl RBIEXARIE T (ERMRARDAR ancAfid R Wi oA 1S Hihinb SAGR RRKRF BDYR -6RLIL-6);
Figure 6 i ic: repr TolaWo) S icti f growth-inhihitory effects on
100 mel e g e e e B e 1 oyt with open
squares) ExeomskestPagiohs yanging from 0-40 ng/ml of IL-6 and sIL-6R alone (point of convergence of
all curves on vertical axis where IL-6 concentration is zero); as well as the observed growth inhibitory

effects when LG8 518 -ete R saddied %@%e@QM/aFi‘%ﬂEeESﬁcéﬁﬂﬁﬂSH%rof‘&g@a V\%rgﬁﬁ the 5 IL-6
concentraliongages for U aimklo 40,104l and sh SR added Al ise spncehlfalons of 100

ng/ml, 200 ng/mtan ng/mi for each 1L-6 concéntration, as illustrate three Towet curves
(two dottgg@uiiag WitheOpSneHaneAes sigdal peptide (line on top of sequence), the

10 immunoglobulin-like (Ig-like) domain, the cytokine receptor N-domain
(underlined), the cytokine C-domain (line on top of sequence) and the receptor
pre-membrane region (the region between the C-domain and the transmembranal
domain), all of the sIL-6R part of the chimera; as well as the mature IL-6 moiety
(underlined below) of the chimera, as described in Examples 1 and 2;

15 Figure 4 (A, B) shows photographs of F10.9 melanoma cells in culture
without (A) and with (B) treatment with the sIL-6R/IL-6 chimeric protein for 4
days, wherein in Fig. 4B there is apparent the morphological changes induced in
such metastatic melanoma cells (F10.9 cells) by treatment with the sIL-6R/IL-6
chimera, as described in Example 3;

20 Figure 5 is a graphic representation of the results depicting the growth
inhibition of F10.9 melanoma cells by the sIL-6R/IL-6 chimeric protein at various
concentrations of the chimera ranging from about 0.12 ng/ml to about 150 ng/ml,
where the chimera with only 3 amino acid linker IL-6RIL-6 as described in
Example 3 is compared to a chimera with a long 13 amino acid linker

25  (IL-6RLIL-6);

Figure 6 is a graphic representation of the results depicting the absence of

growth-inhibitory effects on F10.9 melanoma cells of either isolated IL-6 alone



circles and full curve with closed squares), as described in Example 3; Figure 7 is a reproduction of an
autoradiogram of a Southern blot showing 10 the requirement of the sIL-6R/IL-6 chimeric protein for
successful engraftment of human hematopoietic stem cells during bone marrow transplantation in
SCID-NOD mice (two right hand lanes representing the mice which received the sILéRMReBRimeric
protein in addition to the other necessary factors, SCI4 FLT-3, and this in contrast to the three left
hand lanes which represent mice having received only SCF 15 and FLT-3 and SCF, FLT-3 as well as

isolated, i. n-fused, IL-6 and.sIL-6R), as descriped in Example 4: Figure.8 is atchard plot of
the aftinity LA S5 B 1L R S BB ST ALHES P44 B e D10 BRIL 6, the
values of igerehingfa StErsres dheliiRdm B Resaaig Qiche Mmiteievey Bllededinmpads, Wifatio of the
20 slopes being 4 tol; Figure 9 shows the higher activity of the sIL-6R/IL-6 chimera on F10.9

melanomdkefisagasmitpacadi soztite ore victhasrixeuobssisid @Rowth-Bilubiwtiiec fberssopdien6R
(without 1L-6); Figyre 10 shows the s]L-6R/]L-6 chimera protection against liver toxicity,. 25 the values
Rty 1 i v T e A R e
representing §-&sfcBHES B REMINgE - TR AN ifillerhsiars 4@RIesrN Al s HE-6RMieRISECRMIRG she

chimera; V 7 APR 2006 15 Figure 11 depicts the amino acid sequence (one letter code) of the
IL-6-sIL-6RS\ghttitimera &) tenigikdr Bethgaimiertidet)ting/Fifdoe dxbHdwe doadsological, activity on

Cquares) Sal BRI HRE A0 YDy S AR ANENRAN WP TGPUAIRS ABRe) o
described if} Gxaapiend Petallad dPesiRIY @48, IRVeREeAbed in Example 3;
Figure 7 is a reproduction of an autoradiogram of a Southern blot showing
10 the requirement of the sIL-6R/IL-6 chimeric protein for successful engraftment of
human hematopoietic stem cells during bone marrow transplantation in SCID-NOD
mice (two right hand lanes representing the mice which received the sIL-6R/IL-6
chimeric protein in addition to the other necessary factors, SCF, FLT-3, and this in
contrast to the three left hand lanes which represent mice having received only SCF
15 and FLT-3 and SCF, FLT-3 as well as isolated, i.e. non-fused, IL-6 and sIL-6R), as
described in Example 4; ‘

Figure 8 is a Scatchard plot of the affinity characteristics of the sIL-6R/IL-6
chimera as compared to a mixture of IL-6 and sIL-6R, the values of the chimera
depicted by filled squares and of the mixture by filled diamonds, the ratio of the

20  slopes being 4 tol;

Figure 9 shows the higher activity of the sIL-6R/IL-6 chimera on F10.9
melanoma cells as compared to the one of the mixture of sIL-6R -+ IL-6, or to the
one of sIL-6R (without IL-6);

Figure 10 shows the sIL-6R/IL-6 chimera protection against liver toxicity,

25  the values representing a mean of 4 experiments, filled squares representing IL-6-/-
mice, filled diamonds representing IL-6-/- mice receiving IL-6, and filled stars

representing IL-6-/- mice receiving the chimera;



The present invention concerns a chimeric sIL-6R/IL-6 protein and 10 biologically active analogs
thereof which have essentially all of the naturally occurring forms of sIL-6R and essentially all of the
naturally occurring forms of IL-6 fused together, the site of fusion of which may be by way of a linker
peptide, as short as 3 amino acids, and which chimeric sIL-6R/IL-6 protein or analogg haRR 280§imilar
amount and pattern of glycosylation as that of naturally occurring sIL-6R 15 and IL-6. Such a chimeric
sIL-6R/IL-6 protein produced in accordance with the pgesent invention in mammalian cells, in
particular, in human cells (see Examples 1-4 below) or CHO cells (see Example 6 below) was found
to be efficiently expressed in such cells, to be highly glycosylated, and to have potent activity on

tumor cells whichf$BBF nd reS5BHIE dN5I1 (NG Gl -BRAERAIGE. 26N90tE!|ArticRfsy ah dBEordance
with the pr. s%qgfﬂ\_/gwmit m;h_lg%ag e?@x%elﬁ%?(%x(%%? %ﬁ:ﬁ] d:,)’ Qledow) that the aforesaid chimeric

sIL-6R/IL-6 protein of the invention catses growth arrést of highly malignant mammalian cells such as

the 1710.9 melarfoipareell? ahooncehtrdfiohsiowieatharitheederiolenmeetanduie ek itomfugrd sIL-6R
and IL-6 is used. This is a particularly significant result in view 25 of the fact that such F10.9

melanomaCBEMSEoAG{da e GHsH pvinaagmpisadriatds shaO8HN-10-6umsas H shsqupeaately, and
d i hi inagi -fused
L6 ana ST L SREE SR, SRS o A S S R A AT B e e

invention igtasyypggsmma)mbmmmlmmbitor of these highly malignant melanoma cells than a
mixture of its separate parts, i.e. a mixture of non-fused IL-6 and sIL-6R. The chimeric protein of the

present invention is thus particularly useful as an active 5 ingredient for treating various kinds of
cancers. Tﬁgtgiipfﬁa(:twt¥tﬁfnt% ghérrlng‘r,icnﬂL-GR/IL-G protein is accounted for by its higher affinity
for gp130 = -6 and sIL-6R (Example 7).

The present invention concerns a chimeric sIL-6R/IL-6 protein and

10  biologically active analogs thereof which have essentially all of the naturally
occurring forms of sIL-6R and essentially all of the naturally occurring forms of
IL-6 fused together, the site of fusion of which may be by way of a linker peptide,
as short as 3 amino acids, and which chimeric sIL-6R/IL-6 protein or analogs have
a similar amount and pattern of glycosylation as that of naturally occurring sIL-6R

15 and IL-6. Such a chimeric sIL-6R/IL-6 protein produced in accordance with the
present invention in mammalian cells, in particular, in human cells (see Examples
1-4 below) or CHO cells (see Example 6 below) was found to be efﬁcien'tly
expressed in such cells, to be highly glycosylated, and to have potéht activity on
tumor cells which show no response at all to IL-6 or sIL-6R alone.

20 More particularly, in accordance with the present invention it has been
observed (see Examples 1-3 below) that the aforesaid chimeric sIL-6R/IL-6 protein
of the invention causes growth arrest of highly malignant mammalian cells such as
the F10.9 melanoma cells at concentrations lower than needed when a mixture of
non-fused sIL-6R and IL-6 is used. This is a particularly significant result in view

25  of the fact that such F10.9 melanoma cells continue to grow normally when treated
with only IL-6 or only sIL-6R separately, and undergo growth arrest only when

exposed to relatively high dosages of a combination of non-fused IL-6 and sIL-6R.



Furthermore, it has also been found in accordance with the present invention 10 (see Example 4
below) that a chimeric sIL-6RJIL-6 molecule of the present invention is particularly useful for
enhancing bone marrow transplantation. In fact, using a known protocol for engraftment of human
bone marrow cells into severe combined immunodeficient (SCID) mice, in which stef&AHPR 96
(SCF) and Flt3-ligand are used for enabling survival 1a(,)nd proliferation of the most primitive 15
pluripotential hematopoietic stem cells capable of long-term engraftment into recipient bone marrow, it
was found that these two factors, SCF and Flt3-ligand, were insufficient to promote the engraftment of
human celscrtioding Ingcealptethimeunise st Ralrew, @mdeinat ohlyhehgrasethimesit isih-6R/IL-6
protein was alsp , added was engraftment successful. This finding.indicates that the chimeric protein
20 may be WEEHHAI NS %HB%%’&%%‘&%‘%&US%??H n’i‘éai%ﬁéﬂﬁw@r‘f@?ﬂ&}ﬂfﬁ@kgﬂt 215 and
sIL-6R whenadded Senaraieburiverpdnsutficientippromeiensyeeassdul ang matowransglantation
and when added together were much less active than the chimeric sIL-6R/IL-6 protein, i.e. at an

effective atincestiatproteil @ tgénprtsens!inéetlon chithesigpraitapromstd siscasessfiilvione

marrow transplantatign, 25 while the two _se%)%ar te non-fused sIL-6R and IL-6 when added together at
even “higHBRESHERh iIHERE YRR VBROPS A% B eIFnl, 1L-6 from 50-200 ng/ml), were much less

active in promolting,sysbianRRIoNElo0 ZARR 0GP KRTHehRYR FIEEshBRibe dprotein o

the invention is preferably a recombinant glycosylated sIL-6R/IL-b6 chimera produced in hurnan cells
or in any nthiergheitafnitarfonalpds3 ¢ehaxiessidthsysterustich asirdnsstbIGH@QrueREIwbRh is
capable of glycosylating proteins as do human cells and which introduces the 5 same
post-transﬁgﬁéﬁgi’ ddiifications as do human cells. An important characteristic is that the chimeric

oheommch so WS RTIEE AR R R Srahm L SR g
polypeptideee Example 4 below) that a chimeric sIL-6R/IL-6 molecule of the present
invention is particularly useful for enhancing bone marrow transplantation. In fact,
using a known protocol for engraftment of human bone marrow cells into severe
combined immunodeficient (SCID) mice, in which stem-cell factor (SCF) and
Flt3-ligand are used for enabling survival and proliferation of the most primitive
15 pluripotential hematopoietic stem cells capable of long-term engraftment into
recipient bone marrow, it was found that these two factors, SCF and FIt3-ligand,
were insufficient to promote the engrafiment of human cells into the receipient
mouse bone marrow, and that only when the chimeric sIL-6R/IL-6 protein was also
added was engraftment successful. This finding indicates that the chimeric protein
20  may be essential in such engraftment protocols. In the same experiments, non-fused
IL-6 and sIL-6R when added separately, were insufficient to promote successful
bone marrow transplantation and when added together were much less active than
the chimeric sIL-6R/IL-6 protein, i.e. at an effective concentration of 100 ng/ml the
sIL-6R/IL-6 chimeric protein promoted successful bone marrow transplantation.
25  while the two separate non-fused sIL-6R and IL-6 when added together at even
higher concentrations (sIL-6R from 125-1250 ng/ml, IL-6 from 50-200 ng/ml),

were much less active in promoting such transplantation.



sequences, with the exception of the very short tripeptide or when a longer linker 10 peptide is
incorporated between the sIL-6R and IL-6 moieties of the chimeric protein. To prepare the above
preferred chimeric protein of the invention, the following features of the naturally-oc&yrir}%%ifIL-GR and
IL-6 were considered : It is known that the IL-6R present in human cell membranes ¥s'p by a
cDNA 15 encoding 468 aminoacids comprising a sigrﬁl peptide, an Immunoglobulin (Ig) like domain,
a cytokine binding domain, a transmembrane region and a cytoplasmic domain (Yamasaki et al,
1988). A soluble form of sIL-6R is found in body fluids which has, like the mature IL-6R from
membranes, an fiheratiave ehirasponslihgt/lle6-ZoqbBVIEK dhel 1090) ehdsa ey sa

corresponding to.Val-356 just before 20 apsmembrane region of |L-6R (see,co-owned U.S. Pat.
No. 5,216'1 %18@5 Xéo%%tgcgfﬁrh%'t% ?@é@?ﬁ?s%ﬁ?@%egeglub}%&a% (fE?-](‘aS, Fh'BBRI restriction
site was intreyaad iRl aviRegnY BhaRR1 TR RAIUADSPsRETNSUTIRHY @ dkn6r sFaTiNO 2kIRroRR T the IL-6
cDNA and ending at Met-212 (Zilberstein et al, 1986; Hirano et al, 1986) was introduced after this

EcoRI sités Aarible coRgbicossrang piteiing, 25 dot monasceslaripdbwinefodntedeckpkdepeptide of
desired Iengléh to distance the sIL-6R and.IL-6 moietiesgom each other.in the chimeric Etro ein. As set

forth it BRSNS AU RN difRPHH ERHIRBSIc BRotéiRs MBI ottty a8 BxaliBIgE St 7 APR
2006 18 sychpassifie CRiMBEC PERtSIRfHeRe f@gi%@gm@@pg@%}m@qghs@mwm a

13-amino acid residue linker at this EcoRl site, eing essentially equally “active biologically. The
present immediifindaso areriberngtana sfs-6Rmdddvé ghirastim@silleRiitusdrotéie dlumennvention,

which analogs retajn essentially the same _biologjcal activity of the chimeric protein having.essentially
only the r?é?gﬁ’allvl rFFﬁﬁ%@%ﬁB&s‘W%ﬂP—%?ggﬁboﬁ%% X EAEREPO YR atfep(%é%emg%ich up to

about 30 grainchaeid (esifes My daletRlt J0dedBYRpEpiad By Qhesandhger linker
10 peptide is incorporated between the sIL-6R and IL-6 moieties of the chimeric
protein.

To prepare the above preferred chimeric protein of the invention, the
following features of the naturally-occurring sIL-6R and IL-6 were considered : It is
known that the IL-6R present in human cell membranes is produced by a cDNA

15  encoding 468 aminoacids comprising a signal peptide, an Immunoglobulin (Ig) like
domain, a cytokine binding domain, a transmembrane region and a cytoplasmic
domain (Yamasaki et al, 1988). A soluble form of sIL-6R is found in body fluids
which has, like the mature IL-6R from membranes, an N-terminus corresponding to
Leu-20 (Novick et al, 1990) and a C-terminus corresponding to Val-356 just before

20  the transmembrane region of IL-6R (see co-owned U.S. Pat. No. 5,216,128 and EP
413.908 B1). In order to fuse this sIL-6R sequence to IL-6, an EcoRI restriction site
was introduced following Val-356. The sequence of the mature [L-6 starting at
Pro-29 of the IL-6 ¢cDNA and ending at Met-212 (Zilberstein et al, 1986; Hirano et
al, 1986) was introduced after this EcoRI site. At this EcoRI site there could also,

25  but not necessarily, be introduced a linker peptide of desired length to distance the
sIL-6R and IL-6 moieties from each other in the chimeric protein. As set forth in

the Examples below, two different chimeric proteins were produced as examples of



sIL-6R and/or IL-6 moieties of the chimeric protein, such that modifications of this 10 kind do not
substantially change the biological activity of the chimeric protein analog with respect to the chimeric
protein itself and in which the sIL-6R moiety of such analogs essentially retains the naturally occurring
structure (before processing - see Fig. 3) of a signal peptide, Ig-like domain, cytokirg #e8Bpt&il6
N-domain, cytokine receptor C-domain, and receptor jgre-membrane domain. Likewise, such 15
chimeric protein analogs should retain essentially the naturally-occurring mature form of the IL-6
moiety. The various analogs may differ most from each other and from the basic chimeric protein

molecule (FHEVRESERR RHEMPHRIPTPiSInFAIRNS SRS ReRt il inksisard dhe cdher hseiige of the
linker peptideg which joins th -6R. IL-6.moieties,i chimeric. protej UGh a i may 20
be up to aligclft}ljg S%ﬁgn#ngiiigggjrﬁgﬁd%%n% stg;\glee%{&tgﬁggéggétg %he S%@é%%&(ﬁ}i@g&rﬁ }}écﬁu[ays from
each otherdgtihie ishilvgidalpyotein. As regards such a linker, care should be taken to choose its
sequence (and hence also to test biologically in appropriate standard assays each such analog) such

that it will, for exafiifie Ri6tCREsURYRNHEB @890l 8RTF S e BHIABSIC Protbm WRRYEmSaYirasder it

inactive, or it 25will not result in rendering the chimeric protein an an, i J ic in which
will eligt ar#ﬁb%%itéga%rsttﬁuﬂn %ﬁ)?ﬁ?ei\ ?8 ht%aoneéYeép o sw%ﬁ%ﬁe%égwgggg %)égrjiegsult that
such an arsiisle gidhbediefigctoe tledshrgia PaI‘IMN-HNVieRgctesntialedicaneticAsaegsliss the

above analogs of the chimeric protein of the invention, these analogs are those in which one or more
and up to S86UTBRLseABERsHRE 5 HeiRetiduls-6f thich asizleBmiaric beorars antHeiRlamién are

replaced by esent AN, a9 e, & relbotad, rons or M ANIG agLesides are

added to the origina rsnelauence of chimeric Invention edsentrally on fthe
naturally-ogguisRch &l R [ HoR AU E fite ShMibay ey gctomsideiedif ¢ad alivityigs the

resulting products as compared with the
10 kind do not substantially change the biological activity of the chimeric protein
analog with respect to the chimeric protein itself and in which the sIL-6R moiety of
such analogs essentially retains the naturally occurring structure (before processing
- see Fig. 3) of a signal peptide, Ig-like domain, cytokine receptor N-domain,
cytokine receptor C-domain, and receptor pre-membrane domain. Likewise, such
15  chimeric protein analogs should retain essentially the naturally-occurring mature
form of the IL-6 moiety. The various analogs may differ most from each other and
from the basic chimeric protein molecule (that with essentially only
naturally-occurring sIL-6R and IL-6 sequences) at the site of the linker peptide
which joins the sIL-6R and IL-6 moieties in the chimeric protein. Such a linker may
20  be up to about 30 amino acids in length, and serves to separate the sIL-6R and IL-6
moieties from each other in the chimeric protein. As regards such a linker, care
should be taken to choose its sequence (and hence also to test biologically in
appropriate standard assays each such analog) such that it will, for example, not
result in incorrect folding of the chimeric protein which may render it inactive, or it
25  will not result in rendering the chimeric protein analog an immunogenic protein

which will elicit antibodies against it in a patient to be treated therewith with the



10 basic chimeric protein of the invention. These analogs are prepared by known synthesis and/or by
site-directed mutagenesis techniques, or any other known technique suitable therefor. Any such
analog preferably has a sequence of amino acids sufficiently duplicative of that of the basic
sIL-6R/IL-6 chimera such as to have substantially 15 similar activity thereto. Thus,ﬂtchxppezuuﬁ
determined whether any given analog has substantiaﬁl}é the same activity as the basic chimeric protein
of the invention by means of routine experimentation comprising subjecting such an analog to the
biological activity tests set forth in Examples 2-4 below. Analogs of the chimeric protein which can be
used in actesrdaribatviigiehhen 209 assevillirhee e el v dleicastias eoaipdimereforldngtutiema finite set
of substantia(l# corref,ponding sequences as substitution peptides or polynucleotides which can be
routinely OBt rr(‘éadjbe)pcme of ordinary skill in the art, without undue experimentation, based on the

teachings and gujglanegpaesaiamh ekt odatnileth HRsEUPHRIGH PEOteiR Ghessky,and
structure, see .Schulz, G.E. et al., 25 Principles of Protein Structure, Springer-Verlag, New York, 1978;

and Creighiese, InElo £y wsinbostrietiel ehdntoieomercPaogeariets, whout B@arhdhegandiog San

Francjsco, 1983, which by i ted by ref _For a F.7 APR 2006 20 tation of
e e e St S T

A.1.1-A.1.afkrana SAmMRECAK @ rédi fues et EoRgelsdinMaiRcstan BielamininiRiecteskrmdl Y. 6.3 and
6.4 (1987, 1992), at Appendices C and D. 5 Preferred changes for analogs in accordance with the

present ineehtiddedrio Whraptginal cequasceafsdnimtivie’ puatetitfohs. ioweréomtihataiito acid
cectuence B E IS ALy e SrH SRS ST SRR RS S SR imer
physicochgmicalfy @BREISrably the activity of the resulting products as compared with the
10  basic chimeric protein of the invention. These analogs are prepared by known
synthesis and/or by site-directed mutagenesis techniques, or any other known
technique suitable therefor.
Any such analog preferably has a sequence of amino acids sufficiently
duplicative of that of the basic sIL-6R/IL-6 chimera such as to have substantially
15  similar activity thereto. Thus, it can be determined whether any given analog has
substantially the same activity as the basic chimeric protein of the invention by
means of routine experimentation comprising subjecting such an analog to the
biological activity tests set forth in Examples 2-4 below.
Analogs of the chimeric protein which can be used in accordance with the
20 present invention, or nucleic acids coding therefor, include a finite set of
substantially corresponding sequences as substitution peptides or polynucleotides
which can be routinely obtained by one of ordinary skill in the art, without undue
experimentation, based on the teachings and guidance presented herein. For a
detailed description of protein chemistry and structure, see Schulz, G.E. et al.,
25  Principles of Protein Structure, Springer-Verlag, New York, 1978; and
Creighton, T.E., Proteins: Structure and Molecular Properties, W.H. Freeman &

Co., San Francisco, 1983, which are hereby incorporated by reference. For a



10 that substitution between members of the group will preserve the biological function of the
molecule, Grantham, Science, Vol. 185, pp. 862-864 (1974). It is clear that insertions and deletions of
amino acids may also be made in the above-defined sequences without altering ﬂFif pﬁ:ﬁ{@
particularly if the insertions or deletions only involve a few amino acids, e.g., undeft ir?y, f§L5
preferably under ten, and do not remove or displace aino acids which are critical to a functional
conformation, e.g., cysteine residues, Anfinsen, - "Principles That Govern The Folding of Protein

Chains", Science, Vol. 181, pp. 223-230 (1973). Analogs produced by such deletions and/or
insertions BEAENAHAM Qﬁ@‘&fﬁﬂ@ﬂﬁ&%@ﬁ%ﬁ%ﬁﬁﬂ%ﬁﬁ%.SQ‘GIP?éf%?QBR/RWéC%?HS?&rﬁ%s amino

acid group efj i ley, 3. More pyef ' id groups are

thoss demma EL T Bl e L B B e

in Table llin283/®ARR 2ROy T ABlelstieneteriddyGra@psiofanynadnymogs AmirgHAxidat Amino Acid

Synonymous Group Ser Ser, Thr, Gly, Asn Arg Arg, Gin, Lys, Glu, His 5 Leu lle, Phe, Tyr, Met, Val,

Leu Pro Ghpnendiess, Gandik)-Pro, Ser, Ala, Gly, His, Gin, Thr Ala Gly, Thr, Pro, Ala Val Met, Tyr,

\F;gleL'éeu o Valp LG MRrahidles™rSr BEISEY HE MEL-AXRENGi Mnd Plel&P RV ErRiMEL Tyr lle,
are what are known as "conservative" substitutions. Conservative amino acid

substitutions of those in the chimeric protein having essentially the
naturally-occurring sIL-6R and IL-6 sequences, may include synonymous amino
acids within a group which have sufficiently similar physicochemical properties

10 that substitution between members of the group will preserve the biological
function of the molecule, Grantham, Science, Vol. 185, pp. 862-864 (1974). It is
clear that insertions and deletions of amino acids may also be made in the
above-defined sequences without altering their function, particularly if the
insertions or deletions only involve a few amino acids, e.g., under thirty, and

15  preferably under ten, and do not remove or displace amino acids which are
critical to a functional conformation, e.g., cysteine residues, Anfinsen,
"Principles That Govern The Folding of Protein Chains", Science, Vol. 181, pp.
223-230 (1973). Analogs produced by such deletions and/or insertions come
within the purview of the present invention.

20 Preferably, the synonymous amino acid groups are those defined in Table
I. More preferably, the synonymous amino acid groups are those defined in Table
IT; and most preferably the synonymous amino acid groups are those defined in

Table III.

25



Tyr Trp, Met, Phe, lle, Val, Leu, Tyr Cys Ser, Thr, Cys 15 His Glu, Lys, Gin, Thr, Arg, His GIn Glu, Lys,
Asn, His, Thr, Arg, Gin Asn Gin, Asp, Set, Asn Lys Glu, Gin, His, Arg, Lys Asp Glu, Asn, Asp 20 Glu
Asp, Lys, Asn, GIn, His, Arg, Glu Met Phe, lle, Val, Leu, Met Trp Trp 0 7 APR 200§ri2 ?@[ﬂ]é 20
TABLE Il More Preferred Groups of Synonymous Amino Acids Amino Acid Synon oup Ser
Ser Arg His, Lys, Arg Leu Leu, lle, Phe, Met Pro AI% Pro Thr Thr Ala Pro, Ala Val Val, Met, lle Gly
Gly lle lle, Met, Phe, Val, Leu Phe Met, Tyr, lle, Leu, ll“he Tyr Phe, Tyr

TABLE I Preferred Groups of Synonymous Amino Acids

Amino Acid Synonymous Group
Ser Ser, Thr, Gly, Asn
Arg Arg, Gln, Lys, Glu, His
5 Leu Ile, Phe, Tyr, Met, Val, Leu

Pro Gly, Ala, Thr, Pro
Thr Pro, Ser, Ala, Gly, His, Gln, Thr
Ala Gly, Thr, Pro, Ala
Val Met, Tyr, Phe, Ile, Leu, Val

10 Gly Ala, Thr, Pro, Ser, Gly
Ile Met, Tyr, Phe, Val, Leu, Ile
Phe Trp, Met, Tyr, Ile, Val, Leu, Phe
Tyr Trp, Met, Phe, Ile, Val, Leu, Tyr
Cys Ser, Thr, Cys

15 His Glu, Lys, Gln, Thr, Arg, His
Gln ‘ Glu, Lys, Asn, His, Thr, Arg, Gln
Asn Gln, Asp, Ser, Asn
Lys Glu, GlIn, His, Arg, Lys
Asp : Glu, Asn, Asp

20 Glu Asp, Lys, Asn, Gln, His, Arg, Glu
Met Phe, Ile, Val, Leu, Met

Trp Trp



Cys Cys, Ser His His, GIn, Arg GIn Glu, GIn, His Asn Asp, Asn Lys Lys, Arg Asp Asp, Asn Glu Glu,

Gin Met Met, Phe, lle, Val, Leu Trp Trp V 7 APR 2006 23 TABLE Il Most Preferred Groups of

Synonymous Amino Acids Amino Acid Synonymous Group Ser Ser Arg Arg 5 Lgl.# L@}h I 6Met 10 15
ys Lys,

20 Pro Pro Thr Thr Ala Ala Val Val Gly Gly lie lle, Met, Leu Phe Phe Tyr Tyr

er His His
22

TABLE II More Preferred Groups of Synonymous Amino Acids

Amino Acid
Ser
Arg
5 Leu
Pro
Thr
Ala
Val
10 Gly
Ile
Phe
Tyr
Cys
15 His
Gln
Asn
Lys
Asp
20 Glu
Met

Synonymous Group
Ser

His, Lys, Arg

Leu, Ile, Phe, Met
Ala, Pro

Thr

Pro, Ala

Val, Met, Ile

Gly

lle, Met, Phe, Val, Leu
Met, Tyr, lle, Leu, Phe
Phe, Tyr

Cys, Ser

His, Gln, Arg

Glu, Gln, His

Asp, Asn

Lys, Arg

Asp, Asn

Glu, GIn

Met, Phe, Ile, Val, Leu
Trp



Gin Gin Asn Asn Lys Lys Asp Asp Glu Glu Met Met, lle, Leu Tip Trp 25 Examples of production of
amino acid substitutions in proteins which can be used for obtaining analogs of the chimeric protein
for use in the present invention include any known method steps, such as preser‘??i igp}#%@gltents RE
D 7 APR 2006 24 33,653, 4,959,314, 4,588,585 and 4,737,462, to Mark et al; 5,116,943 to Koths et
al., 4,965,195 to Namen et al; 4,879,111 to Chong et al; and 5,017,691 to Lee et al; and lysine
substituted proteins presented in US patent No. 4,9042384 (Shaw et al). 5 In another preferred
embodiment of the present invention, any analog of the chimeric protein for use in the present
invention has.an gmi cid. seguence e tially corresponding ta that.of the above noted basic
chimeric prot 14 kl(E]ciﬁvlelgr% |%g1?ﬁ%rt5?r§ﬁs&‘e}sosue%§iglfy &ﬁ%‘%’ﬁ%%ﬂfné?{%”‘.g ?rs?tcéf%ed to comprehend
analogs with minoraghangescid the sequence of the bggigsiymeyiss [Ge@irpwhich 10 do not affect the
basic characteristics thereof, particularly insofar as its ability to inhibit cancer cell proliferation or
promote bone marrow tra§splantations, for example S§iconcerned. The type of changes which are
generally considered to /ff?rll within the "essentially corfesponding to" language are those which would
result from conventional m@tagenesis techniques of the®DNA encoding the 15 chimeric protein of the
invention, resulting in a few,minor modifications, and [sgiegeingéer the desired activity in the manner
discussed above. Analogs in accordance with the present invention include those encoded

Pro Pro
Thr Thr
Ala Ala
Val Val
10 Gly Gly
lle Ile, Met, Leu
Phe Phe
Tyr Tyr
Cys Cys, Ser
15 His His
Gin Gln
Asn ‘ Asn
Lys Lys
Asp . Asp
20 Glu Glu
Met Met, lle, Leu
Trp Trp
25 Examples of production of amino acid substitutions in proteins which can

be used for obtaining analogs of the chimeric protein for use in the present

invention include any known method steps, such as presented in US patents RE



by a nucleic acid, such as DNA or RNA, which hybridizes to DNA or RNA under stringent conditions
and which encodes a chimeric protein in accordance 20 with the present invention, comprising
essentially all of the naturally-occurring sequences encoding sIL-6R and IL-6. For e;é/a{?ﬁ% %h a
hybridizing DNA or RNA may be one encoding the same protein of the invention havind, ample,
the sequence set forth in Fig. 3, but which differs in itﬂwcleotide sequence from the naturally-derived
nucleotide sequence by virtue of the 25 degeneracy of the genetic code, i.e., a somewhat different
nucleic acid sequence may still code for the same amino acid sequence, due to this degeneracy.

Further, a33afstdndtBa%abblet hddamioumdt ddinttdeitd dary st dbelelith843d@itepisoey APR 2096
25 substitutjons), js.limited to up to about i cids, such that even wi maximym amount of
changes, gti]_ar%séés? n @éc%?ﬁ%‘gg %ﬁﬁatﬁ e%gr@@rmrﬁ%ﬁﬁ%gﬁl |%éa(ﬁé5%(yv\1/2’f]§§ Eé(s)e nff'%l‘#/ retain the
leader secylenqd (gﬁﬁ%%%%ﬁﬁé'tw}ot@ﬂﬂ@r@%ﬁ%&iﬁymiﬁﬁtéﬁ%%?’ﬂwoamsﬂ?(was and

receptor pre-membrane 5 region (the region between the C-domain and the transmembranal domain)
in the sIL®R moiety and essentially all of the IL-6 moiety. Such nucleic acid would be a prime

candidate to defermine whether it encqdes a pol tide which retains the functional activity of the-
chimetic protei LRSI FTFV AT PR EuREgRsit CBRERIGH YOteTEt Ryt fiSation anc
subsequerhpashn@RBLItRRS LR Whighthoseal erdeirissihindheatirraeentiaatysefer to as
"stringent”. See Ausubel et al., Current Protocols in Molecular Biology, supra, Interscience, para. 6.3

and 6.4 (leszntiadiy)candssantingotodhal.o St abomhootdidietiorshéxemplprottisuimdbat conditions

include washing.condjtions 12-20C belaw the calculated Tm,of the h Bri nder study in,.e.g. 2 x SSC
&) b S fHelols case gl

and 0.5% REERA o B HRiRMe sSSP G- SATSRAEHE 45 15 il 09 Y EBMLAES.5% SDS at

37C for 3000 GER AN A KHE AAREHPRR B8R IR BrIHIG Those o

ordinary skill in this art understand that stringency »
10 do not affect the basic characteristics thereof, particularly insofar as its ability to

inhibit cancer cell proliferation or promote bone marrow transplantations, for
example, is concerned. The type of changes which are generally considered to
fall within the "essentially corresponding to" language are those which would
result from conventional mutagenesis techniques of the DNA encoding the
15  chimeric protein of the invention, resulting in a few minor modifications, and

screening for the desired activity in the manner discussed above.

Analogs in accordance with the present invention include those encoded
by a nucleic acid, such as DNA or RNA, which hybridizes to DNA or RNA
under stringent conditions and which encodes a chimeric protein in accordance

20  with the present invention, comprising essentially all of the naturally-occurring
sequences encoding sIL-6R and IL-6. For example, such a hybridizing DNA or
RNA may be one encoding the same protein of the invention having, for
example, the sequence set forth in Fig. 3, but which differs in its nucleotide
sequence from the naturally-derived nucleotide sequence by virtue of the

25  degeneracy of the genetic code, i.e., a somewhat different nucleic acid sequence
may still code for the same amino acid sequence, due to this degeneracy. Further,

as also noted above, the amount of amino acid changes (deletions, additions,



conditions also depend on the length of the DNA sequences, oligonucleotide probes (such as 10-40
bases) or mixed oligonucleotide probes. If mixed probes 20 are used, it is preferable to use
tetramethyl ammonium chloride (TMAC) instead of SSC. See Ausubel, supra. Theﬁwgﬁﬁbherein
refers to both salts of carboxyl groups and to acid addition salts of amino groups of the chimeric
protein of the invention or analogs thereof. Salts of a2c~5arboxyl group may be formed by means known
in the art and 25 include inorganic salts, for example, Sodium, calcium, ammonium, ferric or zinc salts,
and the like, and salts with organic bases as those formed, for example, with amines, such as
triethanolasnivedi tatgini)e olilysind, toipgriting) qub Sdirerand 8cidaPRAD NS 26 thevikk. theid addition

salts include, for example, salts with mineral acids such as, for example, hydrochloric acid or sulfuric
acid, and TS AHRORENHE DR aREFs dn AP &5 O ERAR G A ORISRl VS RtRse, any such

salts must igvesubstanfialivisivalanatly it iahmeningrr niatrincef thertheepionlifts) 5 analogs.

The present invention also concerns DNA sequences encoding the above chimeric protein of the

invention dgelike alvatags, e oketlasbipfovettarsicarrding asuchndXécspmuenecas éontegpeession in -

suitable mammali(zg, preferably human, cells. An embodiment of a vector of the invention is a plasmid
. &ﬂﬁ@a!ﬁ;é-tﬂi

PCDNA sILIHHIM (ENET S RSIE et b SrOOIAR ARG RSSO REm £-6 fused
sequences yneer theeQniied ef & aUtaR) %@ﬁ&ﬁvéﬁ@m@éﬂ}ﬂb%mgwh Theipresent Wyandipr also

concerns transformed mammalian, preferably human, cells Capable of expressing the above proteins
of the preseprimentindidate eonbedimmént ofisetblertransiomies] xitd yrephidn anhéchbrytamas kidney cells
293 (HEK 15 293, ATCC CRL, 1573) transfected by pcDNA sIL-6R/IL-6 which secrete the fused

sIL-6R/IL-@@hf%@&%lé%vﬂﬂaoélé&ﬁ%@%!cmmr‘é@ﬁ%cﬂ?ﬁﬁ%‘?ﬂtiérﬁiﬁ%ﬁﬂa'pjébﬁ\Fﬂ@TL-6R/L/IL-6

which diﬁerﬁlfﬁ?gént conditions" refers to hybridization and subsequent washing conditions
10 which those of ordinary skill in the art conventionally refer to as “stringent”. See
Ausubel et al., Current Protocols in Molecular Biology, supra, Interscience,

N.Y., para. 6.3 and 6.4 (1987, 1992), and Sambrook et al., supra. Without

limitation, examples of stringent conditions include washing conditions 12-20°C
below the calculated Tm of the hybrid under study in, e.g. 2 x SSC and 0.5%
15  SDS for 5 minutes, 2 x SSC and 0.1% SDS for 15 minutes; 0.1 x SSC and 0.5%
SDS at 37°C for 30-60 minutes and then a 0.1 x SSC and 0.5% SDS at 68°C for
30-60 minutes. Those of ordinary skill in this art understand that stringency
conditions also depend on the length of the DNA sequences, oligonucleotide
probes (such as 10-40 bases) or mixed oligonucleotide probes. If mixed probes
20  are used, it is preferable to use tetramethyl ammonium chloride (TMAC) instead

of SSC. See Ausubel, supra.

The term "salts" herein refers to both salts of carboxyl groups and to acid
addition salts of amino groups of the chimeric protein of the invention or analogs
thereof. Salts of a carboxyl group may be formed by means known in the art and

25  include inorganic salts, for example, sodium, calcium, ammonium, ferric or zinc
salts, and the like, and salts with organic bases as those formed, for example,

with amines, such as triethanolamine, arginine or lysine, piperidine, procaine and



the above pcDNA sIL-6R/IL-6 by insertion in the EcoRI site of short linkers encoding 10 additional
aminoacids. A number of different sequences, of various 20 lengths, can be introduced to optimize the
distance between sIL-6R and IL-6. The invention also includes a chimeric protein ingﬂg&%hfmﬁhﬁ
moiety precedes the sIL-6R (as in Fig. 11). The present invention further concerns

producing and purifying the chimeric protein of the inyention or its analogs which comprises growing
the 25 above transformed cells under conditions suit&Ble for expression and secretion of the chimeric
protein product into the culture medium and then purifying the V 7 APR 2008 27 secreted protein by
immunoafiihéyikiroAtb gtriitivrusiig dntitste,cRmonachaabatistivddianidérdlascidietish Example 2
and 5 below. The invention also concerns a pharmaceutical composition comprising as active
ingredient&h §9r-exampdeehiirsblosisatsid tierebdibe msidireadraésmuthsosgraihardds and a

pharmace%ﬁ&i‘” SO6FR r'r‘?p?é“ggéti%”é!@@t & 8%&1?&%‘{1&%”&889&@‘% %&QE Bgﬁllé gutical

composition of thé invention'includes a pharmaceutical composition for €nhance type action, for

the treatmiavofsmnsenal fprshatiamtiomtiansplaniatior cfpronciieaselod heveatopoiesiasin particular
thrombopoiesis, for treatment of neurological conditions, for the 10 treatment of liver disorders, and -

other éppli@éﬁl@gg-of IL-6 or related cytokines. The pharmaceutical compositions of the invention are
prepared for administration by mixing the chimeric protein, or its analogs with physiologically
acceptable carricidicand¢eesttaivilientoandser eroiptentsDINA mepecEn eloxajpgiche, abgveoy

lyophilizatign in d ials. The.method of agdministrati be, 15 vi f th ted mod
of acminisSHATET Yo S S THRVIIR G ARCRBRIBES B GO oo b el STt venously,

intramuscyarly pIACYRARALEY 1BY 106G QhipRital ARRNGAIRR, b caBHimpUShitan,infusion,
etc. The amount of active compound to be administered will depend on
cells. An embodiment of a vector of the invention is a plasmid pcDNA sIL-6R/IL-6
10 comprising the pcDNA3 vector (Invitrogen) containing the sIL-6R/IL-6 fused
sequences under the control of a cytomegalovirus (CMV) promoter.

The present invention also concerns transformed mammalian, preferably
human, cells capable of expressing the above proteins of the present invention. An
embodiment of such transformed cells are human embryonal kidney cells 293 (HEK

15 293, ATCC CRL 1573) transfected by pcDNA sIL-6R/IL-6 which secrete the fused
sIL-6R/IL-6 chimeric as a 85 kDa glycoprotein.

A further embodiment is plasmid pcDNA sIL-6R/L/IL-6 which differs from
the above pcDNA sIL-6R/IL-6 by insertion in the EcoRI site of short linkers
encoding 10 additional aminoacids. A number of different sequences, of various

20  lengths, can be introduced to optimize the distance between sIL-6R and IL-6.

The invention also includes a chimeric protein in which the IL-6 moiety
precedes the sIL-6R (as in Fig. 11).

The present invention further concerns a method for producing and purifying
the chimeric protein of the invention or its analogs which comprises growing the

25 above transformed cells under conditions suitable for expression and secretion of

the chimeric protein product into the culture medium and then purifying the



the route of administration, the disease to be treated and the condition of the 20 patient. Local
injection, for instance, will require a lower amount of the protein on a body weight basis than will
intravenous infusion. The present invention also concerns uses of the chimeric protein of the invention
or its analogs or mixtures thereof for the treatment of cancers, for bone marrow trahZpkPRaziBhs. for
increasing hematopoiesis, especially 25 thrombopoei |§ for treatment of neurological conditions, for
protection of liver tissues in patients with necrotic diseases due to chemicals (e.g. carbon
tetrachloride, alcohol, paracetamol) or other causes (e.g. viral, surgical) and for 0 7 APR 2006 28 use
in other apgizatiohpoftéincbyr immedoayfokiryeshtokeatigeatiy presgninims htioR afsmoolwsrhs the
chimeric protejn qr analogs thereof or_mixtures_ thereof for use in the preparation of medicaments for
treating th@“gb&g eﬁ?&‘}ﬁg&?e‘&oéﬂ BPRIC 481 %éei?)‘é’ve noted indications. 5 In addition to the

above mentionedpethoos @i e AtRe bR &4 IR RIRSEANES I ARG IR ampHiih hgchimera

and or DNA encoding it are contemplated. The present invention will now be described in more detall
in the followdtigenagstchitimpaR xdinfB<IaRa thénaecompamlings diendoorifiEkarepibdeCbnstruction
of the sIL-6R6Val/lL-6 chimera expression vector In Figure 1, there is shown a schematic

flow-ciagraf§f ey <ol pnd e ia TRk SHEER He H5n SASEIRH CHIRRRY (e SdBisHe @8ding for
the sIL-6RGVAR ghimerig, pr ﬁ&}ﬂge&ﬁixslofo%&h{g&ﬁ%wusﬁtﬂ{gn%@ﬂ&&ﬂntﬁemmvectors,

various reagents and reaction steps. This construction procedure was essentially using techniques
well knowphatheestfarat astipotitgretpressiomvedtdis ®ftgheicetisae, fiur exarnplnBambiook et al.,
1989). The procedure was, briefly, as follows : ) ) L.
cancers, for bone marrow transplantation, for increase of hematopoiesis, in
particular thrombopoiesis, for treatment of neurological conditions, for the
10 treatment of liver disorders, and other applications of IL-6 or related cytokines.

The pharmaceutical compositions of the invention are prepared for
administration by mixing the chimeric protein, or its analogs with physiologically
acceptable carriers, and/or stabilizers and/or excipients, and prepared in dosage
form, e.g., by lyophilization in dosage vials. The method of administration can be

15 via any of the accepted modes of administration for similar agents and will
depend on the condition to be treated, e.g., intravenously, intramuscularly,
subcutaneously, by local injection or topical application, or continuously by
infusion, etc. The amount of active compound to be administered will depend on
the route of administration, the disease to be treated and the condition of the

20  patient. Local injection, for instance, will require a lower amount of the protein
on a body weight basis than will intravenous infusion.

The present invention also concerns uses of the chimeric protein of the
invention or its analogs or mixtures thereof for the treatment of cancers, for bone
marrow  transplantations, for increasing  hematopoiesis,  especially

25 thrombopoeisis, for treatment of neurological conditions, for protection of liver

tissues in patients with necrotic diseases due to chemicals (e.g. carbon

tetrachloride, alcohol, paracetamol) or other causes (e.g. viral, surgical) and for



A library of cDIVAs from human breast carcinoma T47D cells was cloned in 20 the lamda (2,) gill
bacteriophage and screened with oligonucleotide probes derived from the IL-6R sequence of
Yamasaki et al (1988). One Xgtl 1 cDNA clone was isolated which had the entire human IL-6R coding
sequence. The insert was excised from 2,gtl | by EcoRI and cloned in the Multipleodoﬁm)g (MCS)
of the E.coli phagemid Blue Script pBS/SK (Stratagepge Cloning Systems, LaJolla, California). 25 This
plasmid pBS/SK-IL-6R ( Figure 1) was cut by EcoRI Which was then blunt-ended and recut with
EcoRV to isolate the 5' fragment of IL-6R of 959 base pairs (bp) ending at the EcoRYV site of IL-6R
(coordinates& 2(3)othbis dpadiverio s 7oAFR -5006 28l scdlactedifines. abikgariese el glasieaphoresis was
cloned in a new pBS/SK vector opened at the EcCORV of the MCS (pBS/SK-sTL-6R-RV in Figure 1).
The abovd Y50 rabRUSRPetInE pHEMRKIA BRIBIRAOhva8alag HRer 6! PYlyMEr¥ESChain
Reaction (REEYC APPITA 348 RRJragragt peitees? MO PrIDE” TAfiddSqiand the
reverse primer 1505-1488. The reverse primer was synthesized with an EcoRI site immediately
following titsoeedasrfionédlmnidrdahsadittier lisé Rn(dee dbigueend)e diiati dhisoNaline residue was
previously determined to be the carboxy-terminal amino acid of the natural form of the sojuble sIL-6R

excreted in humah GddtRbRKIBE Aabpysomsatiangd 1 owshedsofhdieeimen BLO NEKE1¥96,128 and
EP Pat. ro%gdﬁ}éioa%gl%e%etﬁquy\yr%?ﬁt Hhas &H&Pg’riﬁﬁgvo?nﬂﬂ%'z%ﬂ&&ﬂ ligatgd into

pBS/SK-sIL-6R-RV between the EcoRYV site of IL-6R and the EcoRlI site of the MCS (Figure 1). The
resulting pleasramp JaBsksIL-6R-8Val-RI was then shortened to remove 5' untranslated sequences by
ligation of the Hindlll site of MCS with the Neel site at base pair 410 of |L-6R 15 (both sites being first

blunt-ended), to YiatdRSESH|IDERIERIVHILNGYY (rigdsectibedria mauedstaihda thasfallavdagrom
plasmid pKK32-7.whic [ descri hen et al, 1988), was constructed by insertion of
the BstNI-}g)é% ﬁﬂ%@ﬁx@c@%&ﬁ%‘&%ﬂ@? %?ﬁ%%@{?&f{éﬁ S?é EcoRl site of the E.coli

10

Example 1: Construction of the sIL-6R3Val/IL-6 chimera expression vector

In Figure 1, there is shown a schematic flow-diagram of the steps taken to
construct the expression vector carrying the sequence coding for the
sIL-6R&Val/IL-6 chimeric protein, inclusive of all the various starting and

15 intermediary vectors, various reagents and reaction steps. This construction
procedure was essentially using techniques well known in the art for constructing
expression vectors of choice (see, for example, Sambrook et al., 1989). The
procedure was, briefly, as follows :

A library of cDNAs from human breast carcinoma T47D cells was cloned in

20  the lamda (1) gtl1 bacteriophage and screened with oligonucleotide probes derived
from the IL-6R sequence of Yamasaki et al (1988). One Agtll cDNA clone was
isolated which had the entire human IL-6R coding sequence. The insert was excised
from Agtll by EcoRI and cloned in the Multiple Cloning Site (MCS) of the E.coli
phagemid Blue Script pBS/SK (Stratagene Cloning Systems, LaJolla, California).

25 This plasmid pBS/SK-IL-6R ( Figure 1) was cut by EcoRI which was then
blunt-ended and recut with EcoRV to isolate the 5> fragment of IL-6R of 959 base
pairs (bp) ending at the EcoRV site of IL-6R (coordinate 1203). This fragment



expression vector pKK223-3 (Pharmacia, Uppsala, Sweden) using a synthetic 20 oligonucleotide with
an EcoRI site followed by a Methionine codon and the codon for Proline-29 of IL-6 and ending at a
BstNI (EcoRIll) site. The IL-6 cDNA insert of pKKR2-7 ends 7 base pairs after the t rr%ninsﬂ'lo d"odon in
a NlalV site and is followed 11 bp later by the Hindlll site of the pKK223-3 vector ﬁi Lﬁe )ﬂj Ehe
pKKR2-7 DNA was cut with Hindlll, blunt-ended and# cut with EcoRI and the 25 IL-6 cDNA inserted
into pBS-slL-6R-SVal-RI-Ncol so as to fuse the matufe sequence of IL-6 (starting at Proline-29)
immediately after Valine-356 of the IL-6R and separated by only 3 codons (Glu-Phe-Met). The
resulting ptasraiticd TromRi20Q6 803 /Sikestophivfisi6 (Figurbiddvas dheew g8 khe&abirand Notl
sites of its MCS and th%riqrés}geert was cloned into the EcoRV site of pcDNA3 1(15;1vitrogen Corporation,

San Dieg®REBRALHE XSt DS FEOasls O ISRYY 18 dEiie ) contains the insert
downstream of they3lrang, CYIGINg QWH@%%Y%HE‘&”%@QV@I@IE-@WW% Qﬁ‘%i?@?éﬁ’ ation site

insuring efficient transcription of the sIL-6R6Val/IL-6 chimera. The conservation of the 5'end of the
sIL-6R in thelycharasea €hsinreRB ¢hatiopoPERyessiampl ifyamiéBabrefta ghecnig et peptiderdunction
and processing of the N-terminus_ of the chimeric protein will be as in the natural sIL-6R, 10 As

indicated ABOVAr G AN ol enandcthpidiy oivthasmesRoVa1 3% dhiSstRIETRE (REMMES _
essentiallyhe fusien.of e nefaliorpfsiL-8R aﬂﬂrﬁ%mgtseﬁgt%hé%mgf thed 23 dBRY st in the

human body, and without extraneous polypeptide sequenc owever, tlie conservation of the EcoRI
site in the \&LieREMABH thecdhshiRicfs@reidtirid dljpwinde ekisilialiroo vestdinker o yppeptidelyl 5
segments between the sIL-6R and the IL-6 moieties. One such construct with the 13-amino acid linker

sequence SERITPRESY- Madhs garbonyArrBindpraigoaribabivfehitwsd jesn védhsarNhiease of
sIL-6R angiPrep2@.0f e WaR.Al5R GRRRIES LISl SRPYGH LB & a1, 1996; co-owned U.S.

10 Pat. No. 5,216,128 and EP Pat. No. EP 413908 B1). The PCR product was cut by
EcoRV and by EcoRI and ligated into pBS/SK-sIL-6R-RV between the EcoRV site
of IL-6R and the EcoRI site of the MCS (Figure 1). The resulting plasmid

pBS-sIL-6R-8Val-RI was then shortened to remove 5’ untranslated sequences by
ligation of the HindIlI site of MCS with the Ncol site at base pair 410 of IL-6R

15 (both sites being first blunt-ended), to yield pBS-sIL-6R-6Val-RI-Ncol (Figure 1).
The IL-6 sequence was derived from plasmid pKKp2-7 which, as previously
described (Chen et al, 1988), was constructed by insertion of the BstNI-cut
[FN-B2/IL-6 cDNA (Zilberstein et al, 1986) into the EcoRI site of the E.coli
expression vector pKK223-3 (Pharmacia, Uppsala, Sweden) using a synthetic
20  oligonucleotide with an EcoRI site followed by a Methionine codon and the codon
for Proline-29 of IL-6 and ending at a BstNI (EcoRII) site. The IL-6 cDNA insert of
pKKp2-7 ends 7 base pairs after the termination codon in a NlalV site and is
followed 11 bp later by the HindIII site of the pKK223-3 vector (Figure 1). The
pKKpB2-7 DNA was cut with HindIII, blunt-ended and recut with EcoRI and the
25 IL-6 cDNA inserted into pBS-sIL-6R-8Val-RI-Ncol so as to fuse the mature
sequence of IL-6 (starting at Proline-29) immediately after Valine-356 of the IL-6R
and separated by only 3 codons (Glu-Phe-Met). The resulting plasmid



20 Example 2: Expression of the sIL-6R5Val/1L-6 chimera in human cells. Using essentially standard
techniques of mammalian cell culture, cell transfection and analysis of the transfected cells for
expression of the newly introduced DNA sequence to be expressed (for procedures, see, for example,
Sambrook et al., 1989), the above plasmid construct (Example 1) was used to 25 ﬁr?néﬂ’e%tfq an
cells and its expression therein was assessed. Briefly, the following procedures were employed : 0 7
APR 2006 31 Human HEK 293 cells (ATCC CRL 1573, transformed primary human embryonal kidney
cells) were transfected with the plasmic construct pCDNA3-sIL-6R/IL-6 DNA (set forth in Example 1

above). LoBphekestUHGRISI0H KE K203 Wwese thapstomeach atiet seatieddMNaais Menehiatdg(B.5x106
cells/plate). 5 One day later, transfection was carried out with 10E§fCDNA3-sIL-6R/IL-6 DNA by the
CaPO4 praiihihgigr frovas sonsd ibrobie &icaRMosty s eIAdk i gaB drarperaiiyed to

DMEN-1064 F @eand 3 aulirn caninyedfBhanaddiionslo b ey A shanging fe ecium (o

DMEM-29 e’secreted proteins were C 0 consecutive periods ours. Debris

was removedthind Gheeinistittadswnsiich A0 iR §oohQ oyituirgald ths $UddVptadhiestedhy an
ELISA for sIL-6R using polyclonal rabbit anti-sIL-6R and mouse McAB 17.6 (Novick et al, 1991). A
concentratitosred2 imiasiReladeuiaions sits mshaingdiehiivienst VErpssHipier egiredion of the

chimeric sl{-6R/Ik< tein in.the transfected human cells. 15 Immynopurificati f the secreted
chimeric psrigté%é%@%%@)ﬂ bvr%%raCa[r[El(eed %%r}s\;c\/%aw&n& otr}11a6I %ﬁlrbaod)y%{ % gfp%é#c 6 fﬁhleepitope in
the extracitiardemaireef timaipsh--6kptbiavisk e adalHairebHs athd 99ndingepfide
hybridoma cells were grown in the peritoneal cavity of mice and the immunoglobulin (lg) fraction was
obtained ffenstion agctir dctdyzaninton Nrceosuitaed recipimgor. Pigan 10 (iBs-RatLihss,
Richmond aliff)rrlfta) yas used to
natural sIL-6K.
10 As indicated above, an advantageous characteristic of the sIL-6R&Val/IL-6
construct is that it is essentially the fusion of the natural form of sIL-6R and of the
natural form of IL-6 as they exist in the human body, and without extraneous
polypeptide sequences. However, the conservation of the EcoRI site in the
sIL-6R&Val/IL-6 construct (Figure 1) allows to easily introduce linker polypeptide
15 segments between the sIL-6R and the IL-6 moieties. One such construct with the
13-amino acid linker sequence

Glu-Phe-Gly-Ala-Gly-Leu-Val-Leu-Gly-Gly-Gln-Phe-Met  introduced  between
Val-356 of sIL-6R and Pro-29 of IL-6, was also constructed (sIL-6R&Val/L/IL-6).

20  Example 2: Expression of the sIL-6R3Val/IL-6 chimera in human cells.

Using essentially standard techniques of mammalian cell culture, cell
transfection and analysis of the transfected cells for expression of the newly
introduced DNA sequence to be expressed (for procedures, see, for example,
Sambrook et al., 1989), the above plasmid construct (Example 1) was used to

25  transfect human cells and its expression therein was assessed. Briefly, the following

procedures were employed :



immobilize McAB 34.4 (15 mg Ig coupled to 1 ml Affigel-10). The supernatants containing the
secreted proteins from the HEK 293 cells transfected by pCDNAS3-sIL-6R/IL-6 were adsorbed on
columns of McAB 34.4 (0.3 ml column for 15 ml supernatant). After washing with PBS, the bound
proteins were eluted by 25 25 mM citric acid pH 2.5, then immediately neutralized by gl7MaHR@888buffer
pH 8.5 and dialyzed overnight (about 8-12 hrs) agair‘ﬁnPBS. 0 7 APR 2006 32 Analysis of the
immunopurified protein by polyacrylamide gel electrophoresis in SDS showed a unique protein band
stained by Coomassie blue (Figure 2). The molecular weight of the protein was 85 kilodaltons as
expected from tHéduosionlBERe Y coslintéd T&rmsOREILIGRBY anrsihrkbadap sihoavy ihudkast 5 al,

1996) and glycosylated, IL-6 (23-26 kDa as shown in Zilberstein et al, 1986). The aminoacid sequence
of the sIL-%%ggr}glmgllgﬁﬁ%oa&%&g\)/vh%ﬁrg\fte?aﬁ’ﬁég g?ﬁtﬁ‘ne &Ehal B s WOl BrLdict a
protein of s2hHaMiRoaEIdSIT 2BaHNGS (e fsravre ﬁkaﬁﬁ}ﬂ@P%Bé@%&??i%gepﬁﬁﬁ'%ecﬁhlm@&/ b£6 chimera

produced from the recombinant DNA in human cells indicates that g ycosylatlorg accounts for 10 a
sizable poHibK o2 98ewrote trylpsi izt ped sTeded! ir6 Rétn-Neinionplatesr€3tS:grdwtie Bsig latdlices
differentiation of metastatic melanoma cells. The F 10.9 clone derived from B16 melanoma cells forms

highly met28&6@Y18tETgrasicetoniyar earied okl e et rons Fuffeihrg Miastases

ithin 2-3 i{gﬁz@z - 1.99% It} -0R/IL:6. chimesi tei lIs cult re.
\pl)vrlodluces lgglp?%tg)und m%?p%ﬁé‘lélg?%g%% a%é%wp‘tjh cgﬂérgr% gtnaagrrie@igéizt é{g rqg;?b?t/v{?t%ﬁgt:igéitf%a). Tuheu

F10.9 cellsneatad dhathe dhionBelEBEAr0es El0Sgatnedtheittujmatsuaing rdesd fiic &xtedditioaal
resembling the spindloid 20 differentiation of embryonic melanocﬁes or glial ceIIs.é’h%#rowth of the
t8

cells was fahfitifed ¥igaRhansingdemngrodings deILMENNS"61 BG%- Wl Aseids @35 m| RPMI
1640 medwg?ewé%]l%g%)dlz%§'ta-v%econsecutive periods of 48 hours. Debris was removed by

10  centrifugation at 1,000 rpm for 10 minutes and the supernatant tested by an ELISA
for sIL-6R using polyclonal rabbit anti-sIL-6R and mouse McAB 17.6 (Novick et
al, 1991). A concentration of 1.2 pg/ml sIL-6R -equivalents was found, indicative
of very efficient expression of the chimeric sIL-6R/IL-6 protein in the transfected
human cells.

15 Immunopurification of the secreted chimeric protein (sIL-6R/IL-6) was
carried out with Monoclonal Antibody 34.4 specific to an epitope in the
extracellular domain of human sIL-6R (Novick et al, 1991; Halimi et al, 1995). The
34.4 hybridoma cells were grown in the peritoneal cavity of mice and the
immunoglobulin (Ig) fraction was obtained from the ascitis fluid by ammonium

20  sulfate precipitation. Affigel-10 (Bio-Rad Labs, Richmond, California) was used to
immobilize McAB 34.4 (15 mg Ig coupled to 1 ml Affigel-10). The supernatants
containing the secreted proteins from the HEK 293 cells transfected by
pCDNA3-sIL-6R/IL-6 were adsorbed on columns of McAB 34.4 (0.3 ml column
for 15 ml supernatant). After washing with PBS, the bound proteins were eluted by

25 25 mM citric acid pH 2.5, then immediately neutralized by 1 M Hepes buffer pH
8.5 and dialyzed overnight (about 8-12 hrs) against PBS.



cells were fixed in 12.5% glutaraldehyde for 30 minutes, washed in water and stained with 0.1%
crystal violet for 30 minutes. After thorough washing and drying, 25 the stain was extracted by 10%
acetic acid and the optical density determined at 540 rim. The chimera produced a dose-dependent
inhibition of growth with a complete growth inhibition at concentrations as low as 10 mofmimg thipg
chimeric (p85) protein 07 APR 33 (Figure 5). Both chiperic proteins sIL-6R6Val/IL-6 and
SIL-6RSVal/L/IL-6 (chimera with the longer linker betWween the sIL-6R and IL-6 moieties, see
Example 1) were similarly active. This result also serves to show that the linker peptide between the
sIL-6R and IL-6 rAaiatiessin thé chiraeramimnnopssdiddl forobamctibity Spolyhergtameta agtie above

sIL-6RSVal/IL-6 chimera has only a very short.3 amino acid linker while the above AL-6RSVal/L/ll-6
has a longBeHRARTSARIHUIRKLY Thatied HHDIBIA ﬁé@@@sééﬁﬂa?ﬁ?ws%é%mﬂ% MHbiting the

growth of mgﬁ}étﬁaﬁﬁ&‘?ﬂ%lé%ﬁQPW&Q:%?&BS%ﬁ%%E%QT g Sy Rlng st the

growth of e melanoma cells (Figure e unique activity of 10 the SIL-6R/IL-6

(p85) chimeomptei€inide ebiiadnstysiseilar edi€otns BHSUAR SRR0-AU0K YL $h6vendnl b kg/ml
sIL-6R6Val is required (Figure 6). When calculated in molar concentrations, the maximal inhibition of

F 10.9 cellyd{ Ao rrdsehxgopyértast b riM(3R-2BREVa125es80W B EHbeRNEHT Bleadi L LBROI. -6
chimera. l?h%@fj%ﬁ%@i@%%@?@#ﬁg 4 P%ELL-?R’I{%?S&Q%%?%%?” Wat.olgued during
C e .

the immunopurification on 4 °columns (see Examp he pattern of activity corresponded

to the intepsiyesbing pBIhanibaaepiptirsdifferentjragians oirtheiSE polyasnitamiddsget

electrophoresis in Figure 2. 20 Example 4: The sIL-6R/IL-6 Chimera is essential for eneraftment of

human baRowiardwAHpRRRY TR dugRintias Ieé a6 Poible St bERS APRINASHE bone
marrow g be Riudied after AR IRNIAHAM N0 SRYSHACAMPRGH IR Rsel saL SaiPropice

10  asizable portion of the molecule.

Example 3: The sIL-6R/IL-6 chimera arrests growth and induces

differentiation of metastatic melanoma cells.

The F10.9 clone derived from B16 melanoma cells forms highly metastatic
15 tumors in C57Black/6 mice which kill the animals from pulmonary metastases
within 2-3 months (Katz et al, 1995). Addition of the sIL-6R/IL-6 chimeric protein
to F10.9 cells culture produces a profound morphological change in the cells and an
arrest in their growth (Figure 4). The F10.9 cells treated by the chimera become
elongated, with protruding dendritic extensions, resembling the spindloid

20  differentiation of embryonic melanocytes or glial cells.

The growth of the cells was quantitated 4 days after seeding 3x10° cells in
wells of a 96-well microplate in 0.2 ml RPMI 1640 medium with 10% FCS. The
cells were fixed in 12.5% glutaraldehyde for 30 minutes, washed in water and
stained with 0.1% crystal violet for 30 minutes. After thorough washing and drying,

25  the stain was extracted by 10% acetic acid and the optical density determined at 540
nm. The chimera produced a dose-dependent inhibition of growth with a complete

growth inhibition at concentrations as low as 10 ng/ml of the chimeric (p85) protein



(Vormoor et al, 1994). SCID.NOD mice were subjected to sublethal irradiation and 25 injected in the
tail vein with 3x105 human CD34+ bone marrow cells. Prior to injection, the purified CD34+ cells were
maintained for 3 days in liquid cultures with different combinations of cytokines. After_one month, the
mice were sacrificed 0 7 APR 2006 34 and bones were taken to collect the bone mﬁr?oﬁpc%@?@rhe
engraftment of human cells in the SCID-NOD recipiepf mice was evaluated by Southern blot
hybridization to human repetitive DNA. Stem-cell factor (SCF, steel factor or ckit-ligand) and
F1t3-ligand (flt3/flk2 5 tyrosine kinase receptor ligand) have been found important for survival and
proliferatidiff gfutkee Mpsthoiiticte plerip otmotiainse mdtepRiviel dierd cetid caplakd® &0 ddfigiertn
engrafment jn recipient bone marrow (McKenna et al, 1995). As seen_in Figure 7, these two factors by
themselveld g}srmgufﬁdﬁﬁtlw%% TRETERER e AR BB HHES b2 ARRIFof the

SCI D'NO[?)V%E}'@%RM&?%%M?%@ E’é@uj#r'ﬁﬁtsﬁ/ IL=f ERIMEUGRIO1R Was 'iﬁﬂéﬁfe%efg’;’ic‘?é‘graﬂmem

to be detected at significant levels. At 100 ng/ml, the sIL-6R/IL-6 chimera was much e active than

the isolateblethvefb e QURGRdna1d. shlfeRe k251 #Ochirneba, (lSigoteeyediia foguiremeitityr the
sIL-6R/IL-6 chimera indicates that this protein is essential for the survival and proliferation of the

non-comnithERehHpete Manes AeksattlodiBR S h oS imenhasPRb YRTY Bhertendpife the
cinical o oo he s Ao A L b 4 O A AL the ikt lenc
two newly opndaaiitiast 204 Whaniadgendaastberanih pashinhibRIfASIS SGHANSIIS- ligand to
human hematopoietic primitive progenital cells, it promotes their survival and proliferation; and (ii) It is
active (anthappéatintelsséntiainirash ireitiver Hodebbirehnorathe sIL-6R &Val alone inhibit
the growth of these melanoma cells (Figure 6) demonstrating the unique activity of
10  the sIL-6R/IL-6 (p85) chimeric protein. To obtain a similar effect, a mixture of
200-400 ng/ml IL-6 and 125 ng/ml sIL-6R&Val is required (Figure 6). When
calculated in molar concentrations, the maximal inhibition of F10.9 cells required
7.5 nM IL-6 and 2 nM sIL-6R&Val versus only 0.12 nM of the sIL-6R/IL-6
chimera.
15 The growth inhibitory activity of the p85 sIL-6R/IL-6 chimeric protein was
followed during the immunopurification on McAB 34.4 columns (see Example 2).

The pattern of activity corresponded to the intensity of the p85 band seen in the

different fractions of the SDS polyacrylamide gel electrophoresis in Figure 2.

20 Example 4: The sIL-6R/IL-6 Chimera is essential for engraftment of human

bone marrow transplanted cells

Engraftment of hematopoietic stem cells from human bone marrow can be
studied after transplantation into severe combined immunodeficient (SCID) mice
(Vormoor et al, 1994). SCID-NOD mice were subjected to sublethal irradiation and

25 injected in the tail vein with 3x10° human CD34* bone marrow cells. Prior to
injection, the purified CD34" cells were maintained for 3 days in liquid cultures

with different combinations of cytokines. After one month, the mice were sacrificed



bone marrow transplantation in immuno-deficient mice. 25 0 7 APR 2006 35 Example 5 : The
sIL-6R/IL-6 chimera is active on highly purified primitive hematopoietic stem cells Human cord blood
mononuclear cells were subjected to fractionation of low density mononuclear cells (NMQ on
Ficoll-Paque (Pharmacia Biotech, Uppsala, 5 Sweden) followed by a mini MACS kit Milthey eititec,
Bergisch Gladbach, Germany) to prepare a 80% pure population of CD34+ cells. These cells were
then passed over immobilized anti-CD38 monoclonai3 ntibody or sorted by fluorescence activated
cell sorting and the CD34+CD38- population, corresponding to about 0.1% of the original cells, was
recoveredaiidsmpsinfiad stdrncaells dREc0Rechiar wexer d@ plete dlinesesgertaioencwiliiesim0.5 ml
RPMI medium, 10% fetal calf serum (FCS), 1% bovine serum albumin containing 50 ng/ml stem cell

factor (SCE§!ihin 188 RN garpientnpetireravirivetes] Bl nrUGHA SANOREDRIFELRNT of the

cultures wﬁ{%ﬁﬂ{%‘?%%%&ge@ 00 ng/ml sIL-6R/IL-6 chimera, the others were cultured without.
Incubation was at 37'C in 5% , for 6 days. The number of 15 bone marrow repopulating cells was

evaluated by injeStiem-{¢tsi]) Blcadrti8CE|Istéednathesinckirdigatidiesnidtd1ssiiiiethalliflu3 Atked
NOD-SCID mouse. The mice were maintained in germ-free conditions. After 6 weeks, the mice were

sacrifited BAEYRE nkiRask SEERBIPToAEHINes IakerdsvefammhsawaraBt g oW YB%) Gtk were

plated on isolid 0.9% J I Wi % 50 ~t\ P- nol, 50
ng/ml SCI’—ii?gT #gf r#(iqllgiﬁgﬁ] r?g%%&%@gﬁl86%%?1%%%%%&%@%%ﬁﬁ%}é%lg@é;nsl?e}%{g B%e%ggltu res
contained afsorgHeam sergtaineenditions pybicibprevani-arondvoKausetcaloniss )T he resuits (Table
IV) indicated that the sIL-6R/IL-6 chimera addition to the suspension cultures produces a 30 -50 fold

increase iftHEIBWALEr BIasEnige cateioysoriyindiemsssuyere insufficient to promote the

engraftment of human cells in the bone marrow of the SCID-NOD recipient mice.

10 Addition of the sIL-6R/IL-6 chimeric protein was required for engraftment to be
detected at significant levels. At 100 ng/ml, the sIL-6R/IL-6 chimera was much
more active than the isolated IL-6 (50-200 ng/ml) and sIL-6R (125-1250 ng/ml)
(Figure 7). The requirement for the sIL-6R/IL-6 chimera indicates that this protein
is essential for the survival and proliferation of the non-committed pluripotential

15  hematopoietic stem cells which can home into and repopulate the bone marrow
environment, indicating that this protein may be useful in bone marrow
transplantation clinical protocols.

This is the first demonstration that the sIL-6R/IL-6 chimera has the
following at least two newly found activities :

20 (1) When added together with both of the factors SCF and FIt3- ligand to
human hematopoietic primitive progenital cells, it promotes their survival and
proliferation; and

(i1) It is active (and apparently essential) in an in vivo model of a human
bone marrow transplantation in immuno-deficient mice.

25



25 recovered from the transplanted mice as compared to SCF and FL alone. This represents a large
increase in the number of SCID-repopulating stem cells present in the suspension cultures at day 6
compared to day 0. In the absence of sIL-6R/IL-6 A 7 APR 2006 36 chimera, SCF and FL produced no
increase in the number of stem cells during the 6 days of suspension culture. The RhiAnphitoggM cells
recovered from the transplanted NOD/SCID mice was analyzed by Southern blot as in Example 4.
The amount of human DNA recovered was 10 times}r'?igher when the mice received the 5 cells
cultured with chimera as compared to without chimera. The CFU progenitors from bone marrow of
NOD/SCIE saiigpde B Taiie MLGRATLSE himeaioroirtisvectn alidhBr g el HineRBRS
(macrophage and granulocyte) as well as erythroid and lymphoid lineages (e.g. CD19+, CD56+) only

when the BAMAROROGIIESIETREMBen cultured with SIL-6R/IL-6 chimera prior to 10 transplantation.

TABLE IV Humap,stem cell ahle of repopulating bone marrow. OEE NQD/SCID micegl Additions
during the suspe%léllgnnaf)g%%o%ﬁgm o) uﬁrﬁgﬁ %e(eﬂ%ﬁgﬁ%iselﬁ) eghei qu%}a& +“c‘3Bé) ? Uman

culture colfgiisisyforpadifimeEMfs @IMMNbE It Blopddiendpantes NOBISHEIR) MigpsdSCH+FL
SCF + FL + sIL-6R/IL-6 04 62-3 650-100 25 Additional experiments comeagred the effect of sIL-6R/IL-6

on thé cordwisibe) dbliawed3s poplinitiddAd thoki dMHIRAGHYQesi ash-Cathasiem cells.
The n VITR a9 gf e GWh AT SSUSIES TP PP SHRNIKQE AR 2998 then

passed over immobilized anti-CD38 monoclonal antibody or sorted by fluorescence

activated cell sorting and the CD34"CD38" population, corresponding to about 0.1%
of the original cells, was recovered. These purified stem cells (20,000 cells) were
10  placed in suspension cultures in 0.5 ml RPMI medium, 10% fetal calf serum (FCS),
1% bovine serum albumin containing 50 ng/ml stem cell factor (SCF) and 100
ng/ml flt3-ligang (FL) (both from R&D Systems, Minneapolis, MN). Half of the
cultures were supplemented with 100 ng/ml sIL-6R/IL-6 chimera, the others were
cultured without. Incubation was at 37°C in 5% CO,, for 6 days. The number of
15 bone marrow repopulating cells was evaluated by injection (i.v.) of all the cells
from these in vitro cultures into sub-lethally irradiated NOD-SCID mouse. The
mice were maintained in germ-free conditions. After 6 weeks, the mice were
sacrificed and the marrow of their long bones was recovered. These bone marrow
(BM) cells were plated on semi-solid 0.9% methylcellulose plates with 30% FCS,
20 50 uM B-mercaptoethanol, 50 ng/ml SCF, 5 ng/ml IL-3, 5 ng/ml GM-CSF, 6 u/ml
erythropoietin (all R&D Systems). The cultures contained also human serum,
conditions which prevent growth of mouse colonies. The results (Table IV)
indicated that the sIL-6R/IL-6 chimera addition to the suspension cultures produces
a 30-50 fold increase in the number of human colony forming cells (CFU)
25 recovered from the transplanted mice as compared to SCF and FL alone. This
represents a large increase in the number of SCID-repopulating stem cells present in

the suspension cultures at day 6 compared to day 0. In the absence of sIL-6R/IL-6



37 enhanced by slIL-6R/IL-6 than that of the less purified cells (Table V). This indicates that the most
primitive stem cells are the preferential target of the sIL-6R/IL-6 effect on cell expansion. 5 TABLE V
In vitro Expansion of Hematopoietic Stem Cells Cell population seeded Cell number at day 6 with Cell
number at day 6 with (20,000 cells)SC + FLSC + FL + sIL-6R/IL-6 10 Expt. 1 780,0006 2R M0fx 0.86)
CD34'CD38' CD34+CD38-42,000153,000 (x 3.6) 15Expt. 2 CD34+CD38+330,000507,000 (x 1.5)
CD34'CD38"3,00018,000 (x 6.0) 20 The in vitro maintehance of the Bone Marrow-repopulating activity
was measured by increasing the length of the suspension of cultures of highly purified CD34'CD38'

stem cells digfaeea BCHAMPRDNANETHD ihigeadbinangrafimest ofsterysbiRiet iy haegoportion
of human DNA in the Bone Marrow of the recEent mice 6 weeks after i.v. injection of the cultured

cells. WhedRgiL-6R/AUBensinas adlisceto Ber ahhrotuthsg e carllregcaavigreengiammtit (> 1%
human DNA S sti ﬁk&ﬁ ter two weeks, of & an d th raftm t wa r than in
the non- cutftur ?a d n-contras there?o expen% (? (§1 ures?B Hﬁﬁ%ﬁ%@% IT“ilaumng SCF,
FL, GM- C@ﬂﬁoll-nﬁ M%B@Whaié&&@é@ﬁ@@w%ﬂ[& (Pﬁgﬁer when the mice received the

5 cells cultured with chimera as compared to without chimera.

The CFU progenitors from bone marrow of NOD/SCID mice as in Table IV,
gave rise to hematopoietic cells of different myeloid lineages (macrophage and
granulocyte) as well as erythroid and lymphoid lineages (e.g. CD19", CD56") only
when the human blood cells had been cultured with sIL-6R/IL-6 chimera prior to

10 transplantation.

TABLE IV Human stem cells capable of repopulating bone marrow of
NOD/SCID mice

15  Additions during the suspension ~ Days of =~ Number of human hematopoietic

culture of CD34"CD38 human culture colonies formed from BM of
cells from Cord Blood transplanted NOD/SCID mice
0 4
20 SCF+FL 6 2-3
SCF + FL + sIL-6R/IL-6 6 50-100
25 Additional experiments compared the effect of sIL-6R/IL-6 on the cord

blood CD34"CD38" population to those on the highly purified CD34"CD38" stem

cells. The in vitro expansion of the highly purified cells was much more strongly



remain after one week of culture (Bhata, M. et al., J. Exp. Med. 186, 619-624, 1997). These results
show that sIL-6R/IL-6 allows to expand and maintain, human 5 primitive stem cells capable of
engraftment in recipient bone marrow. The stem cells remain active in a non-differentiated state while
multiplying. The sIL-6R/IL-6 chimera provides a new means to culture engrafting hpihatPRdMc cells.
This may also allow to use retroviral vectors to introduce genes into engrafting stem cells, in

protocols of gene therapy. Until now, this has not beet! possible with human stem 10 cells because
these primitive cells could not be maintained in vitro in a cycling state, as required for retroviral DNA
integratiorenhag &U-Gry/ 1616 -GRITELS Shixestlibis e ofblenedsxpunpited: BetiducTiablof Ny6HMis6 chimera
in CHO cells 15 DNA of plasmid sIL-6R/IL-6 pcDNA3 as in Figure 1, was co-transfected into Chinese
Hamster GRdisaieHtreells arpshearinmi DN AtempleahsicrpD IR RS Tarestite tArgMopy dhal (DNA 5,
181-193, 1?@@ mgggflfé%ttrangg g;l(nts glr(c))gving in 50 nM Methotrexate, clone L12-[IL-6R/IL-6] was
isolated. This clone was found o be Stable over many passages and semi-confluent cultures routinely
secrete into 20 the culture medium amounts of 2.5 g/ml of the 1L-6R/IL-6 chimera. For purification of
the IL-6R/IL-6 chimera, 3.25 liters of medium from clone L12 cultures in 2% bovine serum were
concentrated to 200 ml. This was adsorbed on a 18 ml column of anti human slIL-6R Monoclonal
Antibody p{gd ?1 Aﬂ?f‘? 10 beads apijlelutetd aSidgg»%{%%i ﬁ\‘eﬂ\éiCk et al., Hybridoma, 10,
137-146, g}ﬂé\ 28T Gt SRS 80 e WA TR iE e y heutralized with 1 Hepes buffer pH
8.6. The proteins were concentrated on a 10 kDa cut-off Amicon membrane to a final concentration of
1 mg/ml. Upon SDS-PAGE, a single band of 85 kDa 39 0 7 APR 2006 corresponding to the IL-6R/IL-6
chimera wagslbbeptiatios sesstodationellsn debrimaitidar ® byithzCreld o hesfed dgw &yt with

glycosidags (Baghiings:. SC + FL SC + FL + SIL-6R/IL-6

10
Expt. 1
CD34°CD38" 780,000 675,000 (x 0.86)
CD34°CD38 42,000 153,000 (x 3.6)

15  Expt. 2
CD34°CD38" 330,000 507,000 (x 1.5)
CD34°CD3§ 3,000 18,000 (x 6.0)

20 The in vitro maintenance of the Bone Marrow-repopulating activity was

measured by increasing the length of the suspension of cultures of highly purified
CD34"CD38 stem cells before injection to the NOD/SCID mice. The engraftment
was evaluated by the proportion of human DNA in the Bone Marrow of the
recipient mice 6 weeks after i.v. injection of the cultured cells. When sIL-6R/IL-6
25  was added to SCF and FL during the cultures, a high engraftment (> 1% human
DNA) was still observed after two weeks of culture, and the engraftment was

higher than in the non-cultured cells. In contrast thereto, experiments with cultures



Mannheim). The biological activity of the CHO produced IL-6R/IL-6 chimera was found stable for at
least 5 months at 4C. Routinely, storage is at -70C. 5 Example 7: Affinity of IL-6R/IL-6 chimera to
gp130 CHO-produced IL-6R/IL-6 chimera and a mixture of human IL-6 and sIL-6R yere compared for
their binding to the soluble form of gpl30 (sgp 130), which is the second chain of %ZV%E%Q@ system
for IL-6 (see background). A 10 microtiter 96-well pla & (Nunc) was coated with anti-human gp130
monoclonal antibody and 50 ng/ml of sgp130 (both ffom R&D Systems, Minneapolis) was added.
After washing in phosphate buffered saline, the IL-6R/IL-6 chimera was added in different wells at
different comaenaigp A€ FRANOIngGMdrCS H, til 50 hgiml showephicta oSS DAatdpap (hatsgSeetino, ,
Geneva) was added at 500 ng/ml together 15 with human sIL-6R6Yal at concentrati from 2 to 500
gyl ARG TAEh GUet & A g BBy ond] e & RRON Bt oyl RHEL, 401-405,
1996) was ggeed, followed by goat antirabbit Ig conjugated with horseradish peroxidase which was
detected by colored reaction (Sigma, St. Louis). Figure 8 shows a Scatchard plot of the results. The
affinity of the IL-GRwketrehite shoov2hapdB0-0R4 Fovnal ovioe tovexphfol chhity herittiam Hatoéthe two
parts of the mqlecule add%g separately %6.3 x 1Q -11M versus 2.6 x.10-10M). This result is in line and
explains tRETAEHGT SIS R RReRS S5%: ifh tRE/ RSB+ POR S RAB iAo N B
melanoma and. e hemaieRoitis felisdiigHm ARIGE WA AR FYHEPIER STSRAGRIL-6
chimera protects from hepatotoxicity Carbon tetrachloride (CC14) injection to mice produces a severe
necrosis athihetverdeadisptaceatieaishe anltnatseiSisaénidgrhehalopeitis.cEtEmsiRs 8wy D 7 APR
2006 40 Biol. Sci. 311, 633-645, 1985). When mice which are genetically deficient in IL-6 (IL-6"1-) are
given relafPON? IRV dSsasediei iy SHATRDH IR EoBES it BHE BB Ge ietMRlity rates

at 24 hou'ﬁr@f&@[g'ﬂ}dgzgg/"tﬁ@%pgphntil now, this has not been possible with human stem

10 cells because these primitive cells could not be maintained in vitro in a cycling

state, as required for retroviral DNA integration. The sIL-6R/IL-6 chimera solves

this problem.

Example 6 : Production of IL-6R/IL-6 chimera in CHO cells

15 DNA of plasmid sIL-6R/IL-6 pcDNA3 as in Figure 1, was co-transfected
into Chinese Hamster Ovary (CHO) cells, together with DNA of plasmid pDHFR as
described in Mory et al (DNA 5, 181-193, 1986). Among the transfectants growing
in 50 nM Methotrexate, clone L12-[IL-6R/IL-6] was isolated. This clone was found

to be stable over many passages and semi-confluent cultures routinely secrete into

20  the culture medium amounts of 2.5 pg/ml of the IL-6R/IL-6 chimera.
For purification of the IL-6R/IL-6 chimera, 3.25 liters of medium from clone -

L12 cultures in 2% bovine serum were concentrated to 200 ml. This was adsorbed

on a 18 ml column of anti human sIL-6R Monoclonal Antibody 34.4 coupled to

Affigel 10 beads and eluted as described (Novick et al., Hybridoma, 10, 137-146,
25 1991). A 25 mM citric acid eluate was immediately neutralized with 1 Hepes buffer

pH 8.6. The proteins were concentrated on a 10 kDa cut-off Amicon membrane to a

final concentration of 1 mg/ml. Upon SDS-PAGE, a single band of 85 kDa



Injection of the CHO-produced IL-6R/IL-6 chimera one hour before CC14 and again 5 4 hours after
CCl4, protects the animals and no deaths are seen at 24 hours. In contrast, free rhulL-6 injected
similarly has no effect (Fig. 10). The IL-6R/IL-6 chimera was effective at doses of 2-3 g per injection,
which in molar ratio are 10 times lower than the dose of IL-6, which was not effecth/§. ﬁ.,g%l g doses
of CC14 (e.g. 3.5 ml/kg in Fig. 10), the chimera was %so protective, the mortality being 10 [ower than
with IL-6 or without cytokine. The difference in mortality between mice treated with chimera and
untreated mice, both receiving the same CC14 challenge, was significant at p<0.01. Histological
observaticiPBEiPOnddttios stamdd viith Thetnbitnaiae odis copbanad that lgomylptsducedsiver tissue

necrosis, %régn E)hasttrlll,éngglL-GS C%imfgﬁrf (E)Hotect tr}e tﬁee%%%oc?’/te\glsi{flomlthi(s)c g}sngic to>f1i(;1 r?ﬁect (not 15
shown). An appﬁllcaﬁon ofthe 6 R 6 Cfinfers may 258 protec AOPIVEF tisSOE p%fflrénts with

necrotic disRasgRIHE PHEBIvI6 i%a(?&t@ﬁ?*@mﬁ@r@%%du@é@thHME% (hEnvalhgpatitis).
20 Example 9 : Construction and activity of IL-6/sIL-6RSVal chimera A chimeric molecule in which the

IL-6 moietipigng trablq-ferrair ahsiienerththat 41C6 R ontiee)yisssnage Cstetmifdwas constructed.
Plasmid pBS-sIL-6RSVal was cut at Sau3a (bp 1086) and at the Hindlll following the stop codon after
Val-356 (see Example 1). A linker containing three restriction sites : Spel, Smal 25 and BamHI was

synthesizqgkgﬁlfg]pwg : @fﬁ,ﬁ@%@@%@ﬁg@ MIﬁg[%Ig'ng AGT GGG CCC GGG GTG GCG
GG ACC : This Sau3a site of sIL-6R was

ligated to the BafHbtesliakér HndBidhed inhinectmuitisle xlonintsitecdt ABNassdptpBBISK
plasmi. The |16 Seduence s arunified By PCR o1 PRK(32:7ONA YSig e Ry it
which is the second chain of the receptor system for IL-6 (see background). A
10 microtiter 96-well plate (Nunc) was coated with anti-human gp130 monoclonal
antibody and 50 ng/ml of sgp130 (both from R&D Systems, Minneapolis) was
added. After washing in phosphate buffered saline, the IL-6R/IL-6 chimera was
added in different wells at different concentrations ranging from 0.1 to 50 ng/ml. In
separate wells, rthulL-6 (Ares-Serono, Geneva) was added at 500 ng/ml together
15 with human sIL-6RoVal at concentrations from 2 to 500 ng/ml. After incubation
overnight at 4°C, a rabbit polyclonal anti-IL-6R (Oh et al., Cytokine, 8, 401-409,
1996) was added, followed by goat antirabbit Ig conjugated with horseradish
peroxidase which was detected by colored reaction (Sigma, St. Louis). Figure 8
shows a Scatchard plot of the results. The affinity of the IL-6R/IL-6 chimera to
20 gpl30 was found to be over 4 fold higher than that of the two parts of the molecule
added separately (6.3 x 10 ''M versus 2.6 x 10"°M). This result is in line and
explains the higher activity of the chimera as compared to the [L-6 + sIL-6R

combination on melanoma and on hematopoietic cells (Figure 9 and Example 4).

25 Example 8 : The IL-6R/IL-6 chimera protects from hepatotoxicity

Carbon tetrachloride (CCly) injection to mice produces a severe necrosis of

the liver leading to death of the animals (Slater T.F. et al., Philos. Trans. R. Soc.



underlined) : 10 Spel Forward 5' GA CTA GTA GCT ATG AAC TCC TTC TC (SEQ ID NO:3) Haelll
Backward 5' AG GGC CAT TTG CCG AAG AGC C (SEQ ID NO:4) 15 The PCR product cut with Spel
and Haelll was introduced between the Spel and Smal site of the above linker. Another linker
BamHI-Ncol with an internal Smal was synthesized as follows : Smal 20 5' GAT Cf% R GrigeGC
GGG GGA GGG GGG CCC GGG C[Ncol] [BamHI] GC CCG CCG CCC CCT CCT CCC GGG ccC
GGT AC5' (SEQ ID NO: 5) This was cloned betweeftthe BamHI of the previous linker and the Ncol
1464 of the IL-6R sequence. A fragment of IL-6R from Smal 867 to Ncol 1464 was then 25

introducediietwsen tel So38l-6f8)1el 98sonB/iidtehaoe Wi et ndiRalifedesseiéingiaimeric DNA

was sequenced /and recloned in pCDNAS for expression in human IIEK 293 cells. The amino acid

sequence diifis ILBaLBrevhivativelyid vy Aers2@f 243G6howdrin mlkige bedyinketighidehined).

Chimera 3e was purified by affinity chromatography o anti-IL-6 monocl Jantipody in Novick
ctal, FyTHORE LA S8 o) U UB S RCE. 2 P R0 bR AT bt fhe Kbiogica
activity of fiagel+ibrl leBR CUIMEepRRIIR JANPIFRADIEWHIAER iR R Bdnsiammadhellagaishown in

Figure 12. It is clearly active as compared to the IL-6R/IL-6 chimera (preparation 1-3) in the same

experimert, ARHBUGteRdré ik, rerpiield fbresirbwandnhibidesthFwsenfigemisto? 4L erms.-dnvere
made In e aming aci s, 280 end, A, of e LG8 O, o S e 7 ere
chimera was effective at doses of 2-3 ug per injection, which in molar ratio are 10
times lower than the dose of IL-6, which was not effective. At higher doses of CCl4
(e.g. 3.5 ml/kg in Fig. 10), the chimera was also protective, the mortality being
10 lower than with IL-6 or without cytokine. The difference in mortality between mice
treated with chimera and untreated mice, both receiving the same CCl, challenge,
was significant at p<0.01. Histological observation of liver sections stained with
hematoxillin-eosin confirmed that CCl; produced liver tissue necrosis, and that
IL-6R/IL-6 chimera protects the hepatocytes from this chemical toxic effect (not
15  shown).
An application of the IL-6R/IL-6 chimera may be for protection of liver

tissue in patients with necrotic diseases due to chemicals (e.g. alcohol, paracetamol)

or other causes (e.g. viral hepatitis).

20  Example 9 : Construction and activity of IL-6/sIL-6R3Val chimera

A chimeric molecule in which the IL-6 moiety is at the N-terminal whereas
the sIL-6R moiety is at the C-terminal was constructed. Plasmid pBS-sIL-6R&Val
was cut at Sau3a (bp 1086) and at the HindIII following the stop codon after
Val-356 (see Example 1). A linker containing three restriction sites : Spel, Smal

25  and BamH1 was synthesized as follows :



10 respectively by PCR mutagenesis (Mutant 39 or HD), or where Asn-230 was in addition changed to
Asp (Mutant NHD). As can be seen from Figure 12, these two mutants had almost no activity as
compared to the IL-6R/IL-6 and IL-6-IL-6R chimeras. Since in IL-6R, these amino a iﬂeigéeract with
gpl30, as shown by molecular modeling (Halimi et al., 1995), this demonstrates thaﬁt - -6
15 chimera conserves this essential interaction site. The IL-6-IL-6R chimera 3e is missing the
immunoglobulin-like domain of IL-6R which is present in IL-6R/IL-6. However, just removing this
Ig-domain from IL-6R/IL-6 did not reduce its biological activity on F10.9 cells. The binding of
IL-6-1L-6R chimera $@tb gp130 was amalt 30% of that of anobwmnH.LI6R/IL-6 20 chimera (not shown).

This lower bipding,is in li ith-th ivj oma cell growth. These results
demonstrategzhat%r‘:lcsa ‘élé'gfn%%l Iﬁéo(g;%g%te%ﬁu?m&?gn through a linker to sIL-6R, conserves
2 good biological activity J gsl NOURS AT E5 @EARRADIENS Befaipoekien by Mory Y.

u

Zilberstein A and Revel M. Growth inhibition of human breast carcinoma and leukemia/lymphoma cell
lines by recombinant interferon-beta 5 2/IL-6. Proc. Natl. Acad.Sci. USA, 85: 8037-8041, 1988.

Chernajovsky. Y, Mary Y, Chen L, Marks Z, Novick D, Rubi in M and Revel M. _Efficient constitutive
orougtion ST RSRAABSASTIAEHATER DB AN LTV Go el SHR T8 FARLELTGATE fused to
an SVAO ety ol NS0 PY7 SR 986 PSSR YIRS Renehel GuByakenholt
JPG, Kallen K-J, Wollmer A, Grotzinger J and Rose-John S. A bioactive designer cytokine for human
hematopoiatigp ifogsenitor BEIReXpamsipi KB2u7e BiNtdchsaiggyttis: grid<r45(1983tion codon

underlined) :

10 Spel
Forward 5° GA CTA GTA GCT ATG AAC TCC TTC TC (SEQ ID NO:3)
Haelll
Backward 5 AG GGC CAT TTG CCG AAG AGC C (SEQID NO:4)

15 The PCR product cut with Spel and Haelll was introduced between the Spel and
Smal site of the above linker. Another linker BamH1-Ncol with an internal Smal

was synthesized as follows :

Smal

20 57 GAT CCG GGC GGC GGG GGA GGG GGG CCC GGG C[Ncol]

[BamHI1] GC CCG CCG CCC CCT CCT CCC GGG CCC GGT AC 5’
(SEQID NO:5)

This was cloned between the BamH]1 of the previous linker and the Ncol 1464 of
the IL-6R sequence. A fragment of IL-6R from Smal 867 to Ncol 1464 was then
25 introduced between the Smal of the second linker and the Ncol of IL-6R. The
resulting chimeric DNA was sequenced and recloned in pCDNA3 for expression in

human HEK 293 cells. The amino acid sequence of this IL-6-IL-6R chimera 3e is



Ganapathi MK, Weizer AK, Borsellino S, Bukowski RM, Ganapathi S, Rice T, Casey G and
Kawamura K. Resistance to Interleukin-6 in human Non-small cell 15 lung carcinoma cell lines: Role of
receptor components. Cell Growth and Differentiation, 7: 923-929, 1996. Halimi H, Eisenstein M, Oh
J, Revel M and Chebath J. Epitope peptides from interleukin-6 receptor which inﬂiﬁit}@ﬁ th of
human myeloma cells. Eur. Cytokine Netw., 6: 135-143, 1995. 20 Hirano T, Yasukawa K, Harada H,
Taga T, Watanabe Y, Matsuda T, Kashimura S,-Naké%ma K, Koyama K, lwamatsu K, Tsunasawa S,
Sakiyama F, Matsui H, Takahara Y, Taniguchi T and Kishimoto T. Complementary DNA for a novel

interleukins (B 2hthRidDAUCED BiiRMhagvasiHe Py odtenern BRosNaRuUnS: fiblatke, AF#iiK3-76,
1986. 25 Hirano T, Matsuda T and Nakajima K. Signal transduction through gp130 that is shared
among theheeaytogriphthedntetieuidriic kefateaongokinel sabfapaidy. SasmiceNovigloest 2at7, 1994. 0
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1994. Kahn MA argkReovstisal Reoipien el Bnaligodrneinakia Beogsnikibaelhing by b e
interleukin-6 family of cytokines. Glia, 12: 87-98, 1994. Katz A, Shulman LM, Porgador A, Revel M,

Feldndan Nhedd Ei8enblacioma splsgatsbnshnBnd igetenbindt risecherslsesdbly fong cempisod dose
1993. Mackiewicz A, Wizniﬁ%owic M, Roeb E,

wgfwn@%vm@%%?%%%% e{eﬁas;ﬁ?é%ﬂﬁ%%l&n ??%@B%Sﬁﬂeél.rﬁlﬁfgﬂél B OS] rceyfé)kines and
their recqu?i@if@a £ N AR meakema. Ann. New York Acad. Sci., 762: 361-374, 1995.
McKenna HJ, de Vries P, Brasel K, Lyman SD and Williams DE. Effect of fIt3
Two mutants of IL-6R/IL-6 were made in which amino acids His-280 and
Asp-281 of the IL-6R moiety of IL-6R/IL-6 (Fig. 3) were changed to Ser and Val
10  respectively by PCR mutagenesis (Mutant 39 or HD), or where Asn-230 was in
addition changed to Asp (Mutant NHD). As can be seen from Figure 12, these two
mutants had almost no activity as compared to the IL-6R/IL-6 and IL-6-IL-6R
chimeras. Since in IL-6R, these amino acid interact with gp130, as shown by
molecular modeling (Halimi et al., 1995), this demonstrates that the sIL-6R/IL-6
15  chimera conserves this essential interaction site.
The IL-6-IL-6R chimera 3e is missing the immunoglobulin-like domain of
IL-6R which is present in IL-6R/IL-6. However, just removing this Ig-domain from
IL-6R/IL-6 did not reduce its biological activity on F10.9 cells. The binding of
IL-6-IL-6R chimera 3e to gpl30 was about 30% of that of another IL-6R/IL-6
20 chimera (not shown). This lower binding is in line with the lower activity on the
melanoma cell growth.
These results demonstrate that the blocking of IL-6 carboxyterminus by
fusion through a linker to sIL-6R, conserves a good biological activity in such novel

chimeras.

25



ligand on the ex vivo expansion of human CD34+ hematopoietic progenitor cells. Blood 86:
3413-3420, 1995. 15 Murakami M, Hibi M, Nakagawa N, Nagakawa T, Yasukawa K, Yamanishi K,
Taga T and Kishimoto T. 1L-6 induced homodimerization of gp130 and associated activation of a
tyrosine kinase. Science, 260: 1808-1810, 1993. Novick D, Englemann H, WallactF, BBRn&P®, Revel
M and Rubinstein M. Purification of soluble cytokine ggceptors from normal urine by ligand-affinity and
20 immunoaffinity chromatography. J. Chromatogr., 510: 331-337, 1990. Novick D, Engelmann H,
Revel M, Leitner 0 and Rubinstein M. Monoclonal antibodies to the soluble IL-6 receptor: affinity
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APPLICATION DATA: (A) APPLICATION NUMBER: 11, 121284 (B) FILING DATE: 10-JUL-1997 (vi)

PRIOR APPLICATION DATA: (A) APPLICATION NUMBER: IL 122818 (B) FILING OWTEPR 2006

30-DEC-1997 (2) INFORMATION FOR SEQ ID NO: 1: V 7 APR 2006 (i) SEQUENCE

CHARACTERISTFICHE(RAPLENGTH: 13 amino acids (B) TYPE: amino acid (C) STRANDEDNESS:

single (D) TOPOPIP% XN: linear (i) MOLECULE TYPE: peptide 48 (xi) SEQUENCE DESCRIPTION:
H)

SEQ ID NO''1: %g @;ly@g Gly.Leuyal bey Gly Gly GinPhe Met 15 10 (2) INFORMATION FOR
SEQ ID NO: 2: () SEQUENCRLHARAGEERISEIGCS s (A IENGH K. 44 base pairs (B) TYPE: nucleic
acid (C) STRANREDNESS:singte (D) TOPOLOGY: linear (i) MOLECULE TYPE: cDNA

(E) COUNTRY: Israel

{(F) POSTAL CODE (ZIP): 76100

(G) TELEPHONE: 972-8-9344093

(H) TELEFAX: 972-8-9470739

(A) NAME: REVEL, Michel
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NAME: KOLLET, Orit

STREET: Rehov Ramat Chen 14
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COUNTRY: Israel
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(ii) TITLE OF INVENTION: Chimeric Interleukin-6 Soluble
Receptor/Ligand Protein, Analogs thereof and Uses thereof

(iii) NUMBER OF SEQUENCES: 8

(iv) COMPUTER READABLE FORM:
(A) MEDIUM TYPE: Floppy disk
(B) COMPUTER: IBM PC compatible
(C) OPERATING SYSTEM: PC-DOS/MS-DOS
(D) SOFTWARE: PatentIn Release #1.0, Version #1.30 (EPQ)

(vi) PRIOR APPLICATION DATA:
(A) APPLICATION NUMBER: IL 121284
(B) FILING DATE: 10-JUL-1997
(vi) PRIOR APPLICATION DATA:
(A) APPLICATION NUMBER: IL 122818
(B) FILING DATE: 30-DEC-1597
(2) INFORMATION FOR SEQ ID NO: 1:

(1) SEQUENCE CHARACTERISTICS:



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2: CTAGTGGGCC CGGGGTGGCG GGACCCGGGC
CCCACCGCCC CTAG (2) INFORMATION FOR,GEQ ID NO: 3: (i) SEQUENCE
CHARACTERISTICS: (A) LENGTH: 25 base pairs (B) TYPE: nucleic acid (C) ST@@%%\PESS:
single (D) TOPGLD .GﬁHéaJrﬁﬁ“M@LE‘éEﬁ_E TYPE: cDNA (xi) SEQUENCE DESCERIPTION: SEQ ID
NO: 3: GACTAGIAGLAATEAACTEC TTCTC (2) INFORMATION FOR SEQ ID NO: 4: ()
SEQUENCE CHARAGHIERESTIGS:aA) LENGTH: 21 base pairs (B) TYPE: nucleic acid (C)
STRANDEDNESS: single (D) TOPOLOGY: linear 0 7 APR 2006 44 25 (ii) MOLECULE TYPE: cDNA
49 (xi) SEOUBGEEBESERIPPRONESBEQ ID NO: 4: AGGGCCATTT GCCGAAGAGC C (2)
INFORMATION FOR SEQ ID NO: 5: () SEQUENCE CHARACTERISTICS: (A) LENGTH: 62 base
pairs (B) TYPE: nucleic acid (C) STRANDEDNESS: single

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 1:

Glu Phe Gly Ala Gly Leu Val Leu Gly Gly Gln Phe Met
1 5 10

(2) INFORMATION FOR SEQ ID NO: 2:
(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 44 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: cDNA

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2:
CTAGTGGGCC CGGGGTGGCG GGACCCGGGC CCCACCGCCC CTAG 44
(2) INFORMATION FOR SEQ ID NO: 3:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 25 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(1i) MOLECULE TYPE: cDNA

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 3:
GACTAGTAGC TATGAACTCC TTCTC 25
(2) INFORMATION FOR SEQ ID NO: 4:
(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 21 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: cDNA



(D) TOPOLOGY: linear (ii) MOLECULE TYPE: cDNA (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 5:
GATCCGGGCG GCGGGGGAGG GGGGCCCGGG CGCCCGLCGCL cececTecTeCe
CGGGCCCGGT AC (2) INFORMATION FOR SI'—_‘IQ ID NO: 6: (i) SEQUENCE CHARAEAIEBIBTICS:
(A) LENG 1 TYP (C) STRANDEDNESS: single (D) TOPOLOGY:
linear (ii) M&Lé&%@%\?@ﬁgpeptﬁe %%Eg% NCE DESCRIPTION: SEQ ID NO: 6: Gly Gly Gly Gly
Asp Pia:6ly:@hy SycGlydaty Gly Pro Gly 15 10 (2) INFORMATION FOR SEQ ID NO: 7: (i)
SEQUENCE CHARACTERISTICS: (A) LENGTH: 543 amino acids (B) TYPE: amino acid (C)
STRA@DEW@@@I%%E% B9 TAPOLOGY: linear (i) MOLECULE TYPE: peptide (xi) SEQUENCE
DESCRIPTI %&149 NQ: L MetlollAla Val Gly Cys Ala Leu Lou Ala Ala Leu Leu Ala Ala Pro 15

1015F7 AP PQE—@G@Q 682 base pairs

(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: cDNA

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 5:
GATCCGGGCG GCGGGGGAGG GGGGCCCGGG CGCCCGCCGC CCCCTCCTCC CGGGCCCGGT 60
AC 62
(2) INFORMATION FOR SEQ ID NO: 6:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 14 amino acids
(B) TYPE: amino acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: peptide

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

Gly Gly Gly Gly Asp Pro Gly Gly Gly Gly Gly Gly Pro Gly
1 5 10

(2) INFORMATION FOR SEQ ID NO: 7:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 543 amino acids
(B) TYPE: amino acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: peptide

(x1) SEQUENCE DESCRIPTION: SEQ ID NO: 7:

Met Leu Ala Val Gly Cys Ala Leu Leu Ala Ala Leu Leu Ala Ala Pro
1 5 10 15

Gly Ala Ala Leu Ala Pro Arg Arg Cys Pro Ala Gln Glu Val Ala Arg



Gly Ala Ala Leu Ala Pro Arg Arg Cys Pro Ala GIn Glu Val Ala Arg 20 25 50 30 Gly Val Lou Thr Ser Leu
Pro Gly Asp Ser Val Thr Lou Thr Cys Pro 35 40 4§yGly Val Glu Pro Glu Asp Asn Ala Thr Val His Trp
Val Lou Arg Lys 50 55 6Q Pro Ala Ala Gly Ser, |5-|is Pro Ser Arg Trp %a Gly Met Gly Arg ArﬁP@% 75
80 Leu Leu Leu Arg Ser Val Gin Leu His Asp Ser Gly Asn Tyr Ser Cys 85 90 95 Tyr Arq Ala Gly Arg
Pro Ala GlysThriMal tis ken kev Val Asp Ya) 100 3056 110 Hre Pso &lu Gl Rse Gin Leu Ser Cys Phe
Arg Lys Ser Pro LowSer 115 120 125 As#pVal Val Cys Gin Trpi&ly Pro Arg Ser Thr Pro Ser Lou Thr
Thr 130 135 140 Lys Ala Val Lou Lou Val ArgTLys Phe GIn Asn Ser Pro Ala Glu Asp 145 150 155 160
Phe Gin Glﬂlférégéy%léiﬁrfyﬁglef*@n?@u%%r A s %‘ﬁe%@r%ﬁsLi%Sqig/d‘ﬁS GIn Leu Ala Val Pro
Glu Gly Asp Ser Ser Phe Tyr lle Val Ser Met 180 185 190 Cys Val Ala Ser Ser Val Gly Ser Lys Phe
Ser Lys The&imThmRhes1195:200:208rGinb lyfGysGinile tep win Bro Asp Rrg Pro Ala Asn lle Thr
Val 210 21% 220 Thr Ala Val Ala’Arg Asn Pro Arg Trp Leu Ser Val Thr Trp Gifi Asp

Leu Leu Leu Arg Ser Val Gln Leu His Asp Ser Gly Asn Tyr Ser Cys
85 90 95

Tyr Arg Ala Gly Arg Pro Ala Gly Thr Val His Leu Leu Val Asp Val
100 105 110

Pro Pro Glu Glu Pro Gln Leu Ser Cys Phe Arg Lys Ser Pro Leu Ser
115 120 125

Asn Val Val Cys Glu Trp Gly Pro Arg Ser Thr Pro Ser Leu Thr Thr
130 135 140

Lys Ala Val Leu Leu Val Arg Lys Phe Gln Asn Ser Pro Ala Glu Asp
145 150 155 160

Phe Gln Glu Pro Cys Gln Tyr Ser Gln Glu Ser Gln Lys Phe Ser Cys
165 170 175

Gln Leu Ala Val Pro Glu Gly Asp Ser Ser Phe Tyr Ile Val Ser Met
180 185 130

Cys Val Ala Ser Ser Val Gly Ser Lys Phe Ser Lys Thr Gln Thr Phe
195 200 205

Gln Gly Cys Gly Ile Leu Gln Pro Asp Pro Pro Ala Asn Ile Thr Val
210 215 220

Thr Ala Val Ala Arg Asn Pro Arg Trp Leu Ser Val Thr Trp Gln Asp
225 230 235 240

Pro His Ser Trp Asn Ser Ser Phe Tyr Arg Leu Arg Phe Glu Leu Arg
245 : 250 255

Tyr Arg Ala Glu Arg Ser Lys Thr Phe Thr Thr Trp Met Val Lys Asp
260 265 270

Leu Gln His His Cys Val Ile His Asp Ala Trp Ser Gly Leu Arg His
275 280 285

Val Val Gln Leu Arg Ala Gln Glu Glu Phe Gly Gln Gly Glu Trp Ser
290 295 300

Glu Trp Ser Pro Glu Ala Met Gly Thr Pro Trp Thr Glu Ser Arg Ser
305 310 315 320

Pro Pro Ala Glu Asn Glu Val Ser Thr Pro Met Gln Ala Leu Thr Thr
325 330 335

Asn Lys Asp Asp Asp Asn Ile Leu Phe Arg Asp Ser Ala Asn Ala Thr
340 345 350



225 230 235 240 Pro His Ser Trp Asn Ser Ser Phe Tyr Arg Lou Arg Phe Glu Leu Arg 245 - 250 255
Tyr Arg Ala Gin Arg Ser Lys Thr Phe Thr Thr Tgp Met Val Lys Asp 260 265 270 Leu Gin His His Cys
Val lle His Asp Ala Trp Ser Gly Leu Arg His 275 280 285 Val Val Gin Leu Arg Ala Gin0GIuABR (2IBke
Gly GIn Glys11k I rpraera 29 295,300 Ght-J p-Pes Bre.Gin AlacMenGlysthr Rro Trp Thr Gin Ser Arg
Ser 305 310 315 3265Pro Pro Ala Glu AsteGlu Val Ser Thr Prazstet Gin Ala Leu Thr Thr 325 330 335
D 7 APR 2006 Asn Lys Asp Asp Asp Asn lle Leu Phe Arg Asp Ser Ala Asn Ala Thr 340 345 350 51
Ser Lou Pr%s?/aga%lﬁ\lﬁhélﬁle‘%rlgral\?aﬁ%&ﬁiop &y Ghu W§p5§§r 15s ©3557380'385 Asp Val Ala Ala Pro
His Arg GIn Pro ]_ou Thr Ser Ser Glu'Arg lle 370 375 380 Asp Lys GIn lle Arg Tyr He Lou Asp G1y He
Ser Ala Lensprgylsys 1385 390 395,400 Slik T hsEysiAsn byseSenAsneMet-€ys/Slu Ser Ser Lys Glu Ala
Leu 405 4385415 Ala Glu Asn AsaoLeu Asn Leu Pro Ly$sMet Ala Glu Lys AspGly Cys 420 425 430

The Gin Ser Gly Phe Asn Glu Glu Thr Cys Leu Val Lys lle lle Thr 435 440 445
Glu Thr Cys Asn Lys Ser Asn Met Cys Glu Ser Ser Lys Glu Ala Leu

405 410 415

Ala Glu Asn Asn Leu Asn Leu Pro Lys Met Ala Glu Lys Asp Gly Cys
420 425 430

Phe Gln Ser Gly Phe Asn Glu Glu Thr Cys Leu Val Lys Ile Ile Thr
435 440 445

Gly Leu Leu Glu Phe Glu Val Tyr Leu Glu Tyr Leu Gln Asn Arg Phe
450 455 460

Glu Ser Ser Glu Glu Gln Ala Arg Ala Val Gln Met Ser Thr Lys Val
465 470 475 480

Leu Ile Gln Phe Leu Gln Lys Lys Ala Lys Asn Leu Asp Ala Ile Thr
485 490 495

Thr Pro Asp Pro Thr Thr Asn Ala Ser Leu Leu Thr Lys Leu Gln Ala
500 505 510

Gln Asn Gln Trp Leu Gln Asp Met Thr Thr His Leu Ile Leu Arg Ser
515 520 525

Phe Lys Glu Phe Leu Gln Ser Ser Leu Arg Ala Leu Arg Gln Met
530 535 540

(2) INFORMATION FOR SEQ ID NO: 8:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 471 amino acids
(B) TYPE: amino acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: peptide

(x1) SEQUENCE DESCRIPTION: SEQ ID NO: 8:

Met Asn Ser Phe Ser Thr Ser Ala Phe Gly Pro Val Ala Phe Ser Leu
1 5 10 15

Gly Leu Leu Leu Val Leu Pro Ala Ala Phe Pro Ala Pro Val Pro Pro
20 25 30

Gly Glu Asp Ser Lys Asp Val Ala Ala Pro His Arg Gln Pro Leu Thr
35 40 45



Gly Lou Lou Glu Phe Glu Val Tyr Lou Glu Tyr Lou Gin Asn Arg Phe 450 455 460 Glu Ser Ser Glu Glu
Gin Ala Arg Ala Val Gin Met Ser Thr Lys Val 4655470 475 480 Leu lle Gin Phe Leu GIn Lys Lys Ala
Lys Asn Leu Asp Ala lle Thr 485 490 495 Thr Pro Asp Pro Thr Thr Asn Ala Ser Leu Le7TiApRygigeu
Gin Ala 50?)950%51%“@3i]hr%\s]nl?3ﬁf?r@%’foﬁ%iﬁlﬁsﬁrﬁ/l&yThiéthWsAEBUGﬂé o6 Arg Ser 515 520 525
Phe Lys G1u Phe Leu Gin Ser Ser Leu Arg Ala Leu Arg Gin Met 530 535 540 (2) INFORMATION
FOR SEQ H2:NQ281.4) SEQUENCE GHARAGIERISTICS AdAMENGETHL &L amino acids (B) TYPE:
amino acidoC) STRANDEDNES®? single (D) TOPOLQ@GY: linear (i) MOLEGULE TYPE: peptide (xi)
SEQUENCE DESCRIPTION: SE% ID NO: 8: Met Asn Ser Phe Ser Thr Ser Ala Phe Gly Pro Val Ala
Phe Ser LélT"1'816' 15 iy L6 Lot Eot VA 8D BF8 AR A1 PRECPYE°AlE PfoVal Pro Pro 20 2530 D
7 APR 2006 Gly Glu Asp Ser Lys Asp Val Ala Ala Pro His Arg Gin Pro Lou Thr 35 40 45 52 Ser Ser

Glu Arg lleAspilyysAsin die, Args Tyd e e g Aspi@lyHdersn Glu Glu Thr Cys Leu
100 105 110

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

Leu Gln Asn Arg Phe Glu Ser Ser Glu Glu Gln Ala Arg Ala Val Gln
130 135 140

Met Ser Thr Lys Val Leu Ile Gln Phe Leu Gln Lys Lys Ala Lys Asn
145 150 155 160

Leu Asp Ala Ile Thr Thr Pro Asp Pro Thr Thr Asn Ala Ser Leu Leu
165 170 175

Thr Lys Leu Gln Ala Gln Asn Gln Trp Leu Gln Asp Met Thr Thr His
180 185 190

Leu Ile Leu Arg Ser Phe Lys Glu Phe Leu Gln Ser Ser Leu Arg Ala
195 200 205

Leu Arg Gln Met Gly Gly Gly Gly Asp Pro Gly Gly Gly Gly Gly Gly
210 215 220

Pro Gly Val Pro Pro Glu Glu Pro Gln Leu Ser Cys Phe Arg Lys Ser
225 230 235 240

Pro Leu Ser Asn Val Val Cys Glu Trp Gly Pro Arg Ser Thr Pro Ser
245 250 255

Leu Thr Thr Lys Ala Val Leu Leu Val Arg Lys Phe Gln Asn Ser Pro
260 265 270

Ala Glu Asp Phe Gln Glu Pro Cys Gln Tyr Ser Gln Glu Ser Gln Lys
275 280 285

Phe Ser Cys Gln Leu Ala Val Pro Glu Gly Asp Ser Ser Phe Tyr Ile
290 295 300

Val Ser Met Cys Val Ala Ser Ser Val Gly Ser Lys Phe Ser Lys Thr
305 310 315 320

Gln Thr Phe Gln Gly Cys Gly Ile Leu Gln Pro Asp Pro Pro Ala Asn
325 330 335

Ile Thr vVal Thr Ala Val Ala Arg Asn Pro Arg Trp Leu Ser Val Thr
340 345 350

Trp Gln Asp Pro His Ser Trp Asn Ser Ser Phe Tyr Arg Leu Arg Phe
355 360 365

Glu Leu Arg Tyr Arg Ala Glu Arg Ser Lys Thr Phe Thr Thr Trp Met



50 55 60 Ser Ala Lou Arg Lys Glu Thr Cys Asn Lys Ser Asn Met Cys Glu Ser 65 70 75 80 Ser Lys Glu
Ala Leu Ala Glu Asn Asn Leu Asn Leu Pro Lys Met Ala 85 90 95 Glu Lys Asp Gly Cys Phe Gin Ser
Gly Phe Asn Gly.Glu Thr Cys Lou 100,105 110 %l Lys Tie,Jie Thr Gly Leu Leu Glu §ize AP Spb Tyr
Leu Glu Tyr 115 120 125 Leu Gin Asn Arg Phe Giu Ser Ser Giu Giu Gin Ala Arg Ala Val Gin 130 135
140 Met SersThryyaMalieeuclie Gin Phe teuGin 1ys bys Ada loys Asp 445 d50 155 160 Leu Asp Ala
lle Thr Thr P§86 Asp Pro Thr Thr As¥? Ala Ser Lou Lou TS 170 175 Thr Lys LEWGin Ala Gin Asn Gin
Trp Leu GirIlAsp MetiThr ThrVH'sG%8OL185 19%%e%TieGLeuGArgPSer Phe Xsélu Phe Leu Gin Ser Ser
Leu Arg AIaGEQ%rEOE) iogaﬁoygé\rg BinMet ély 1y, ﬁy 1fy ,&gp IB?oGéYy ggy R// Gly Gly Gly 210 215
220 Pro Gly Val Pro Pro Glu Glu Pro Gin Leu Ser Cys Phe Arg Lys Ser 225 230 235 240 Pro Leu Ser
Asn Val VatCys £l dxpaGly Reo g Ser Thr Rie Ser 24p 250 P65 tau Ty Thw Lys Ala Val Lou Leu
Val Arg Lys Phe Gin Asrf&er Pro 260 265 2762Ala G1u Asp Phe G##Giu Pro Cys Gin Tyr Ser Gin Glu

Ser Gin Ly%e%75258§£%8§§o Pro Ala Glu Asn Glu Val Ser Thr Pro Met Gln Ala
435 440 445

Leu Thr Thr Asn Lys Asp Asp Asp Asn Ile Leu Phe Arg Asp Ser Ala
450 455 460

Asn Ala Thr Ser Leu Pro Val
465 470



Phe Ser Cys Gin Leu Ala Val Pro Glu G1y Asp Ser Ser Phe Tyr lle 290 295 300 Val Ser Met Cys Val
Ala Ser Ser Val Giy Ser Lys Phe Ser Lys Thr 305 310 315 320 Gin Thr Phe Gin Gly Cys Gly lle Leu
Gin Pro Asp Pro Pro Ala Asn 325 330 335 lle Thr Val Thr Ala Val Ala Arg Asn Pro 3{3 ‘I;é{ng er
Val Thr 340 345 350 Trp Gin Asp Pro His Ser Trp Asn Ser Ser Phe Tyr Arg Leu Arg’Phe” 355360 365
0 7 APR 2006 Glu Leu Arg Tyr Arg Ala Glu Arg Segqlys Thr Phe Thr Thr Trp Met 370 375 53 380 Val
Lys Asp Leu Gin His His Cys Val lle His Asp Ala Trp Ser Giy 385 390 395 400 Leu Arg His Val Vval
GIn Leu Arg Ala Gin Giu Giu Phe Gly GIn Gly 405 410 415 Glu Trp Ser Glu Trp Ser Pro Glu Ala Met
Gly Thr Pro Trp Thr Glu 420 425 430 Ser Arg Ser Pro Pro Ala Giu Asn Glu Val Ser Thr Pro Met Gin
Ala 435 440 445 Leu Thr Thr Asn Lys Asp Asp Asp Asn lle Leu Phe Arg Asp Ser Ala 450 455 460 0 7
APR 2006 Asn Ala Thr Ser Leu Pro Val 465 470 D 7 APR 2006

CLAIMS
5

1. A chimeric glycosylated soluble interleukin-6 receptor (sIL-6R)-interleukin-6
(IL- 8) protein (sIL-6R/IL-6) comprising a fusion protein product between the naturally
occurring form of sIL-6R and the naturally occurring form of IL-6.

10
2. A chimeric sIL-6R/IL-6 protein according to claim 1, wherein said sIL-6R is fused
to IL-6 via a peptide linker molecule.

15
3. A chimeric sIL-6R/IL-6 protein according to claim 2, wherein said linker is a non-
immunogenic linker of about 3 amino acid residues.

20 4. A chimeric sIL-6R/IL-6 protein according to claim 3, wherein said linker is a

tripeptide of the sequence E-F-M (Glu-Phe-Met).

5. A chimeric sIL-6R/IL-6 protein according to claim 2, wherein said linker is a
25  peptide of 13 amino acid residues of sequence E-F-G-A-G-L-V-L-G-G-Q-F-M
(Glu-Phe-Gly-Ala-Gly-Leu-Val-Leu-Gly-Gly-GIn-Phe-Met).

6. A chimeric sIL-6R/IL-6 protein according to any one of claims 1-4, being the
30  herein designated sIL-6R3Val/IL-6 having a tripeptide linker of sequence E-F-M between
the C-terminal Val-356 of sIL-6R and the N-terminal Pro-29 of IL-6, said chimeric protein

having the sequence set forth in Fig. 3.
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54 CLAIMS 5 10 15 1. A chimeric glycosylated soluble interleukin-6 receptor (sIL-6R)-interleukin-6
(TL- 6) protein (sIL-6R/IL-6) comprising a fusion protein product between the naturally occurring form
of sIL-6R and the naturally occurring form of IL-6. 2. A chimeric sIL-6R/IL-6 protein@cgg%g%o claim
1, wherein said sIL-6R is fused to IL-6 via a peptide linker molecule. 3. A chimeric SIL- -6 protein
according to claim 2, wherein said linker is a non- #munogenic linker of about 3 amino acid residues.
20 4. A chimeric sIL-6R/IL-6 protein according to claim 3, wherein said linker is a tripeptide of the
sequence E-F-M (Glu-Phe-Met). 5. A chimeric sTL-6R/IL-6 protein according to claim 2, wherein said
linker is a 25 peptide of 13 amino acid residues of sequence E-F-G-A-G-L-V-L-G-G-Q-F-M (G |
u-Phe-G ly7Ala-G }ydhimeMasit 5R/E-Bypfateir Gebordhg ivaby 6nddfhulziaricisiR-aRdb; bgirgtein
according tQ any one of claims 1-4. being the, 30 herein designated sIL-6RSVal/lL-6 having a
tripeptide lin eer})(g %gqggﬂgga%é-ﬁﬁge%\%eaéﬁ 'r%e E:ai}/énrﬂﬂ%a?@a?-@gg o) gslﬂ_% gjned ﬁqléel{l-?erminal
Pro-29 of lissglusaice dhimerit-prot¥ih-Gdvwilg i betweendb s él-ferntinal Mig-BBsfGILARRIMRDO6 55 7. A

ChimerﬁcS'kh-éﬁ/.uafﬁa,mmeéa@gs?ﬁqi@ggada@amﬂe&coérsl@imﬁa%r% B RAIE9 s R A" RIRgesignated
sIL-6RSVal/IL-6 having a 13 amino acid peptide linker of sequence E-F-G-A-G-L-V-L-G-G-Q-F-M

between the ¥IRERNAEVERSBIBIISeRENE Shd'NORIWARLPEFEIVY of -8 % & fdhindelfc protein
having the sgipeeadsy selidordhamifogcid pdptitsehaenqeeptide of sequence E-F-M between positions
357-359 of Fig. 3 is

10 8. A chimeric sIL-6R/IL-6 protein according to claim 1 being the herein designated
sIL-6R/IL-6R having the entire sequence of IL-6 preceeding the sIL-6R sequence with a
14 amino acid peptide linker of sequence G-G-G-G-D-P-G-G-G-G-G-G-P-G (SEQ ID
NO: 6) between the C-terminal MET-212 of IL-6 and the VAL-112 of sIL-6R, said

chimeric protein having the sequence set forth in Fig. 11.

15
9. A chimeric sIL-6R/IL-6 protein according to any one of claims 1-8, wherein said
protein is produced in mammalian cells in a fully processed form.

20
10. A chimeric sIL-6R/IL-6 protein according to claim 9, wherein said protein is
produced in human cells.

25 11, A chimeric sIL-6R/IL-6 protein according to claim 9, wherein said protein is

produced in CHO cells.

12. A DNA sequence encoding a chimeric sIL-6R/IL-6 protein according to any one
30 of claims 1-11.

13. A DNA vector comprising a DNA sequence encoding a chimeric sIL-6R/IL-6
protein according to any one of claims 1-11, said vector being suitable for expression of

35  said chimeric protein in mammalian celis.



replaced by said 13 amino acid peptide sequence. 10 8. A chimeric sIL-6R/IL-6 protein according to
claim 1 being the herein designated sIL-6R/IL-6R having the entire sequence of IL-6 preceeding the
sIL-6R sequence with a 14 amino acid peptide linker of sequence G-G-G-G-D-P-G-G-G-G-G-G-P-G
(SEQ ID NO: 6) between the C-terminal NIET-212 of IL-6 and the VAL-112 of sTL-6R? sAi& éMbneric
protein having the sequence set forth in Fig. 11. 1540 9. A chimeric sIL-6R/[L-6 protein according to
any one of claims 1-8, wherein said protein is produced in mammalian cells in a fully processed form.
10. A chimeric slL-6R/[L-6 protein according to claim 9, wherein said protein is produced in human
cells. 25 11. A chimeric sTL-6R/IL-6 protein according to claim 9, wherein said protein is produced in
CHO cells. 12. A DNA sequence encoding a chimeric sTL-6R/IL-6 protein according to any one 30 of
claims 1-111413. AADRBANAectotaroayshsiing atd aisedienebeeeioodaid) aestiomasicssitaBR/[lor6 protein
according tg,any9BR of SIRIMSIMekt RaIgY REHRMREIREIRuItable for expression of 35 said chimeric
protein in mammalian cells. fl 7 APR 2006 56 5 10 15 14. A DNA vector according to claim 13, wherein
said vettor is suitable for expression of said chimeric protein in human cells. 15. A DNA vector
according tg.claim,1 herej ' IS S ';?rlp'le r sign.,of said chimeric, protein in CHO
colls. 16 A NA vbor sots i re ] o g e LB el e
expression of said chimeric profein in CHO cells.

1 16. A DNA vector according to any one of claims 13 - 15, wherein said vector is the
herein designated plasmid pcDNASIL-6R/IL-6 comprising a pcDNA3 vector containing
the DNA sequence encoding the chimeric sIL-6R/IL-6 protein under the control of a
cytomegalovirus (CMV) promoter.

15

17. Transformed mammalian cells containing a DNA vector according to any one of
claims 13 - 16 which are capable of expressing the sIL-6R/IL-6 chimeric protein
sequence carried by said vector and of fully processing the expressed protein and

20  secreting it into the culture medium in which said cells are grown.

18. Tranformed cells according to claim 17 wherein in said cells are the herein
described human embryonal kidney cells 293 (HEK293) transfected by the pcDNA sIL-
25 6R/11-6 vector, said cells being capable of expressing the sIL-6R/IL-6 chimeric protein,
fully processing said protein and secreting said protein into the culture medium in which

said cells are grown in the form of an about 85 kDa glycoprotein.

30 19 A method for producing a chimeric protein according to any one of claims 1 - 11,
comprising growing transformed cells according to claim 17 or 18 under conditions
suitable for expression, processing and secretion of said protein into the culture medium

in which said cells are grown; and purifying said protein from said culture medium.

35
20. A method according to claim 19, wherein the purification is carried out by

immunoaffinity chromatography using monoclonal antibodies specific for sIL-6R.



herein designated plasmid pcDNAsIL-6R/IL-6 comprising a pcDNA3 vector containing the DNA
sequence encoding the chimeric sIL-6R/IL-6 protein under the control of a cytomegalovirus (CMV)
promoter. 17. Transformed mammalian cells containing a DNA vector according to any one of claims
13 - 16 which are capable of expressing the sIL-6R/IL-6 chimeric protein sequence’ﬂ(?ar‘ﬁ%% féaid
vector and of fully processing the expressed protegyand 20 secreting it into the culture medium in
which said cells are grown. 18. Tranformed cells according to claim 17 wherein in said cells are the
herein described human embryonal kidney cells 293 (HEK293) transfected by the pcDNA sIL 25
6R/11-6 vector, said cells being capable of expressing the sIL-6R/IL-6 chimeric protein, fully
processing aid prokeinsiner seeratiegessid-gRAeR prdeihectdtdiegreediynoie whighingaid cells are
grown in the formy of a0, abRut 85 KPR AIVERRIaei. 949 Amiethiogt forprodyping & chimeric protein
according to any on of claims 1 24 , comprising growing franstormed cells according to claim 17 or
18 under conditions suitable for expression, processing and secretion of said protein into the culture
mediurs in which said cells are grown; and purifying said protein from said culture medium. 35 20. A
method acczrding Acuskaohti® chitneri piidteip akbicatiantts argrted ofutl&iynd mitd nexsstiniiyibitor
chromatogrgm%wmgliah%pmgg%ﬁmipagi_es specific for s1L-6R. D7 APR 2006 57 5 21. The use of a
chimeric sIL-6RI1IL-6 protein according to any one of claims 1-11, salts of any one thereof, and
mixtures thereof, as an inhibitor of cancer cells. 22. A use of the chimeric protein according to any one
of claims 1-11 as an inhibitor of highly malignant melanoma cells. 10 23. The use of a chimeric
s[L-6RALL-&proteiftecosediig tchamgriorslo8BIHiFfpiotbln saitedidaivy anediedalaans talttures

Ihereolf’ atS ?&t@%@%ﬂ&’lﬂ(&ﬁi@%ﬁ%ﬁ@%&r@@%&%@?&é ghmRNgRERgPoietic cells in bone marrow
ranspian aflc?rnéliciting engraftment of human hematopoietic cells in bone marrow transplantation.

15 24 The use of a chimeric sIL-6R/AL-6 protein according to any one of claims 1-11,
salts of any one thereof, and mixtures thereof, as an active ingredient for protecting liver

against hepatotoxic agents.

20 25. A use of the chimeric sIL-6R/IL-6 protein according to any one of claims 1-11,
salts and mixtures thereof, in the preparation of a medicament for treating mammalian

cancers by way of inhibition of cancer cells.

25  26. A use of the chimeric sIL-6R/IL-6 protein according to any one of claims 1-11,
salts and mixtures thereof, in the preparation of a medicament for enhancement of bone
marrow transplantation by way of eliciting engraftment of human hematopoietic cells in

bone marrow transplantation.
30 27. A use of the chimeric sIL-6R/IL-6 protein according to any one of claims 1-11,

salts and mixtures thereof, in the preparation of a medicament for increasing

hematopoeisis.

35



15 24. The use of a chimeric sIL-6R/IL-6 protein according to any one of claims 1-11, salts of any one
thereof, and mixtures thereof, as an active ingredient for protecting liver against hepatotoxic agents.
20 25. A use of the chimeric sIL-6R/IL-6 protein according to any one of claims 1-11, _salts a ﬁﬁ
mixtures thereof, in the preparation of a medicament for treating mammalian cance gb@%a?%
inhibition of cancer cells. 25 26. A use of the chimggc sTL-6R/IL-6 protein according to any one of
claims 1-11, salts and mixtures thereof, in the preparation of a medicament for enhancement of bone
marrow transplantation by way of eliciting engraftment of human hematopoietic cells in bone marrow
transplantation. 30 27. A use of the chimeric sIL-6R/IL-6 protein according to any one of claims 1-11,

salts and mixtures thereot, in the. preparati f 2 medicament for increasing hematopopeisis. 35D 7
APR 2006 28 25, A VB8 OF e CHE OB e B Ao ctrai s Snp Y T BB 11, salt
and mixtureithepadf, irixioeeprépeiesfonotkenrseicaationt ébr arenddigdivent disordesting #9eA use of the
chimeric sllgigrib6 protein according to any one of claims 1-11, salts and mixtures thereof, in the
prepargtion of a medicament for treating neurological disorders. 10 30. A pharmaceutical composition
comprising as active ingredient a chimeric slL- 6R/IIL-6 protein according to any one of claims 1-11,

and a phari?@ceuticaisg adcbptaiifeetaisibrSdilLehpmteirchommdinkbt8lank phamwhatawschlidomposition
according t(aim 0L he HEREREALAL GROF&Rion of a medicament for treating neurological

disorders.

10 30. A pharmaceutical composition comprising as active ingredient a chimeric sIL-
BR/IIL-6 protein according to any one of claims 1-11, and a pharmaceutically acceptable

carrier, diluent or excipient.

15 3. A pharmaceutical composition according to claim 30 for the treatment of cancers.



