
WO 03/014359 PCT/GB02/03581  1 A Fusion Protein The present invention
relates to a fusion protein comprising a functional IL-6 molecule  and a
functional DS-sIL-6R molecule. The present invention also relates to a
nucleic  acid encoding the fusion protein, methods for producing the fusion
protein and the use  of the fusion protein in the treatment of infectious
diseases and inflammatory and  immunological disorders. Interleukin-6
(IL-6) is a major inflammatory cytokine, which is responsible for
regulating a variety of cellular events including
proliferation/differentiation,  hematopoiesis and regulation of immune
responses. Activation of these processes is  regulated by the binding of
IL-6 to a specific receptor (IL-6R) which is found on the  surface of
certain cells. Since the presence of IL-6R is confined to only a small
number  of cell types the activity of IL-6 itself is limited. Binding to a
soluble form of the IL-6R  (sIL6R) can however modulate the biological
activities of IL-6. The sIL-6R has been  identified in a variety of bodily
fluids and is elevated in numerous diseases. The sIL-6R  is able to bind
IL-6 and facilitate activation of cell types that would not normally
respond to IL-6 alone. Consequently, control of sIL-6R release is an
important process  in the regulation of IL-6 activities. Soluble cytokine
receptors are typically generated through either proteolytic cleavage  (PC)
or differential mRNA splicing (DS). In the case of sIL-6R, both mechanisms
are  utilised and result in the generation of two isoforms, which are
herein termed  PC-sIL-6R and DS-sIL-6R. Although both forms are
structurally related, DS-sIL-6R is  distinguished from that of PC-sIL-6R by
the addition of 10 unique amino acids at its  proximal COOH-terminal tail.
Consequently, two distinct forms of sIL-6R control the  overall properties
of this soluble receptor. As indicated above, many of the biological
activities assigned to interleukin-6 (IL-6) are  mediated through its
ability to bind sIL-6R (Jones et al., FASEB. J. 15, 43-58, 2001).  Indeed,
formation of a sIL-6R/IL-6 complex has been shown to stimulate a variety of



WO 03/014359 PCT/GB02/03581  2 cellular responses that include cellular
proliferation, differentiation and regulation of  inflammatory events.
Activation of these processes is achieved by interaction of the
stimulatory complex of the ubiquitously expressed membrane-bound gpl30,
which acts  as a universal signal-transducing subunit for all IL-6-related
cytokines (Heinrich et al.,  Eur. J Biochem. 236, 837-842, 1998).
Consequently, the sIL6R-IL-6 complex acts as  an agonist of cell types that
although express gpl30, would not inherently respond to  IL-6 itself. Given
that the cellular expression of the cognate IL-6R is largely confined  to
hepatocytes and leukocyte sub-population, sIL-6R has the capacity to widen
the  range of cell types that are responsive to IL-6. The identification of
elevated sIL-6R levels in numerous clinical conditions has  emphasized the
potential for this soluble receptor to regulate both local and systemic
IL-6-mediated responses (Jones et al., 2001 (supra)). As a result it is
essential that the  cellular events controlled by IL-6 itself be
distinguished from those mediated via the  sIL6R/IL-6 complex. Central to
this issue has been the necessity to ascertain how  sIL-6R release is
regulated in vivo. Understanding the mechanisms which control  sIL-6R
levels is however confounded by the presence of the two isoform, PC-sIL-6R
or  DS-sIL-6R. Although both forms are structurally related, the
differentially spliced  variant can be distinguished from the shed isoform
by a novel proximal  COOH-terminal sequence (GSRRRGSCGL) which is
introduced as a consequence of  the splicing process (Horiuchi et al.,
Immunology 95, 360-369, 1998). To date, it is  unclear why there are two
isoforms to control the activities of sIL-6R. Since PC- and DS-sIL-6R might
individually coordinate the overall properties of  sIL-6R in vivo, it is
essential to consider their temporal relationship during the  progression
of an inflammatory event, whilst also assessing their ability to elicit
individual cellular events. Examination of clinical samples from various
disease states  have previously confirmed that release of each isoform is
differentially regulated and  depends upon the age of the individual, the
disease state studied and the stage of the  



disease progression (Jones et al., 2001 (supra), Horiuchi et al., 1998
(supra) and  Muller-Newen et al., Eur. J. Biochem. 236,837-842,1996). WO
03/014359 PCT/GB02/03581  3 Within the last 4-5 years it has been shown
that HIV enters cells through utilizing the  cell surface protein CD4, and
one of two distinct co-receptors that have been identified  as CXCR4 (for
T-trophic strains of HIV) and CCR5 (for M-trophic strains of HIV).  The
natural function of these co-receptors is to act as chemokine receptors and
MIP-1 a,  MIP-p and RANTES all bind to CCR5. Indeed, HIV patients who
possess significantly  elevated circulating levels of these chemokines are
less likely to develop full blown  AIDS than those individuals who have
lower levels of MIP-la, MIP-1(3 and RANTES.  Since all 3 chemokines as well
as M-trophic strains of HIV bind CCR5, high levels of  MIP-la, MIP-113 and
RANTES compete with the virus for CCR5 binding and  effectively suppress
HIV entry. Consequently, any factor capable of redressing the  balance of
this competition in the favour of the chemokine can be useful as an HIV
therapy. In Fischer et al., (Nat. Biotechnol., 15, 142-5, 1997) a fusion
protein comprising IL-6  linked by a linker to PC-sIL-6R is shown to be a
potent stimulator of early  haematopoietic precursors. The fusion protein
is termed hyper-IL-6 (H-IL-6) by those  skilled in the art. The use of
H-IL-6 is also described in Jostock et al., (J. Immunol.  Methods, 223,
171-183, 1999), Kollet et al., (Blood, 94, 923-931, 1999) and Chebath et
al., (Eur. Cytokine. Netw., 8 359-65, 1997). In WO 00/01731 and WO 99/02552
a  fusion protein comprising IL-6 linked to PC-s-IL-6R is disclosed. In US
patent US-A-5,919,763, H-IL-6 is said to have been used in the treatment of
liver  injury by promoting regeneration of the liver and its functions.
None of the prior art documents disclose or suggest a protein comprising
IL-6 and  DS-s-IL-6R. The present invention provides a fusion protein
comprising a functional IL-6 molecule  and a functional DS-sIL-6R molecule,
wherein the protein increases the expression of  



one or more of MIP-la, MIP-1(3, RANTES and IP-10. WO 03/014359
PCT/GB02/03581  4 MIP-la is also referred to as CCL3; MIP1(3 is also
referred to as CCL4, RANTES is  also referred to as CCLS; and IP-l0 is also
referred to as CXCL10. The present invention is based on the unexpected
finding that a fusion protein  comprising a functional IL-6 molecule and a
functional DS-sIL-6R molecule results in  the increased expression of one
or more MIP-la, MIP-1(3, RANTES and IP-10. A  fusion protein comprising a
function IL-6 molecule and a PC-sIL-6R function molecule  (i.e. H-IL-6)
does not result in the increased expression of MIP-la, MIP-1P, RANTES  or
IP-10. The fusion protein of the present invention therefore differs
substantially in  its function from H-IL-6. Both the fusion protein of the
present invention and H-IL-6  have been found to increase the expression of
MCP- 1, but only the fusion protein of the  present invention increases the
expression of one or more of MIP-la, MIP-1(3,  RANTES and IP-10. The fusion
protein of the present invention may also increase the  expression of other
chemokines such as MIG (CXCL9) or ITAC (CXCL11). The term "a functional
IL-6 molecule" refers to any IL-6 molecule which functions in  combination
with DS-sIL-6R to increase the expression of MIP-la, MIP-10, RANTES  or
IP-10. In order to determine whether a candidate molecule is a functional
IL-6  molecule, the candidate molecule can be tested in combination with
DS-sIL-6R in order  to determine whether there is an increase in expression
of MIP-la, MIP-1(3, RANTES  or IP-10. A suitable method for determining
such function is described in Example 1  herein. Preferably, the functional
IL-6 molecule comprises residues 29 to 212 of figure  3 or a functional
homologue thereof. It is further preferred that the functional IL-6
molecule comprises the sequence given in figure 3 or a functional homologue
thereof.  The term "functional homologue" refers to a protein which retains
the activity of the  functional IL-6 molecule and preferably has a sequence
homology of at least 60%. The  homology is preferably determined using
BLAST analysis. It is further preferred that  the homologue has at least
80%, more preferably at least 90% and most preferably 95%  



sequence homology to residues 29 to 212 of figure 3. Preferably such
functional  homologues differ by about one to ten amino acids from residues
29 to 212 of figure 3. WO 03/014359 PCT/GB02/03581  5 It is further
preferred that any amino acid changes are conservative. Conservative
changes are those that replace one amino acid with one from a family of
amino acids  which are related in their side chains. For example, it is
reasonable to expect that an  isolated replacement of a leucine with a
isoleucine or valine, and aspartate for the  glutamate, a threonine with a
serine, or a similar conservative replacement of an amino  acid with a
structurally related amino acid will not have a major effect on the
biological  activity of the protein. Mutations which increase the number of
amino acids which are  capable of forming disulfide bonds with other amino
acids in the protein are particularly  preferred in order to increase the
stability of a protein. Other mutations which increase  the function of the
protein can also be made. The term "a functional DS-sIL-6R molecule" refers
to any DS-sIL-6R molecule which  functions in combination with IL-6 to
increase the expression of MIP-1 a, MIP-113,  RANTES or IP-10. In order to
determine whether a candidate molecule is a functional  DS-sIL-6R molecule,
the candidate molecule can be tested in combination with IL-6 in  order to
determine whether there is an increase in MIP-1 a, MIP-1(3, RANTES or
IP-10.  A suitable method for determining such function is described in
Example 1 herein.  Preferably, the functional DS-sIL-6R molecule comprises
residues 113 to 364 of figure  4 or a function homologue thereof. It is
further preferred that the functional DS-sIL-6R  molecule comprises the
sequence in given in figure 4 or a function homologue thereof.  The term "a
function homologue thereof' is as defined above except that homologue  must
retain the activity of the functional DS-sIL-6R and that the homology of
the  sequence is to be judged against residues 113 to 364 of the sequence
given in figure 4.  As the C-terminal 10 amino acids of the DS-sIL-6R
molecule in Figure 4 are the main  difference between DS-sIL-6R and
PC-sIL-6R, it is essential that the C-terminal 10  amino acids, or a
functionally equivalent sequence, be present in the functional  



DS-sIL-6R molecule. Functionally equivalent sequences include sequences
which still  allow the DS-sIL-6R molecule to increase the level of
expression of MIP-1 a, MIP-1(3,  RANTES or IP-10 when in combination with
IL-6. For example, the C-terminal 10  amino acids may be modified by
conservative amino acids changes as defined above. WO 03/014359
PCT/GB02/03581  6 Furthermore, modifications can be made which increase the
function of the DS-sIL-6R  functional molecule (i.e. increase the level of
expression of MIP-la, MIP-1(3, RANTES  or IP- 10) above that achieved when
using the DS-sIL-6R molecule having the sequence  given in Figure 4.
Suitable modifications may include increasing the length of the arginine
run in the C-terminal 10 amino acids. Other suitable modifications may be
random amino acid substitutions especially alanine substitutions, and
truncation of the  C-terminal 10 amino acids. Such modifications can be
tested using the methods  described herein. In particular RT-PCR has
generated cDNA encoding for DS-sIL-6R.  This cDNA molecule can be used as a
template to modify the GSRRRGSCGL sequence  or any other sequence of
DS-sIL-6R. Olignucleotide primers based on this sequence  can be used in
PCR approaches to introduce novel codons within the proximal  DS-sIL-6R
sequence. This will allow generation of cDNA fragments that when  expressed
will result in serial truncation of the DS-sIL-6R COOH termini and the
stepwise conversion of the DS-sIL-6R sequence to PC-sIL-6R. A QuikChangeTM
site  directed to mutagenesis kit (Stratagene) can also be used to modify
individual residues  within the GSRRRGSCGL sequence to pinpoint amino acids
responsible for mediating  DS-sIL-6R activity. All variants will be
sequenced and cloned into a suitable vector,  such as pVL1393 for
baculovirus expression in SF9 cells (Horiuchi, 1998 (supra)) and  pcDNA-3
for transient/stable expression in COS-7 cells (Elson et al., 2000, Nature
Neuroscience, 3: 867-872). Other mutations which increase the function of
DS-sIL-6R  can also be made. To ensure receptor functionality and to
evaluate the binding kinetics of each DS-sIL-6R  mutant, surface plasmon
resonance technology can be used with IL-6 or soluble gp130  



(sgp130) (for example in a 10 mg/ml coating stock) immobilised to a matrix
such as  CM5 carboxymethyl dextran. To identify residues important for
eliciting the  differential DS-sIL-6R activities, chemokine expression
(MIP-la, MIP-113, RANTES  and IP- 10) by human peritoneal mesothelia cells
(HPMC) will be monitored using  ELISA (Hurst et al., Immunity, 14. 705-714,
2001). Luciferase reporter assays can also  be used to determine whether
the modification disrupts activation of RANTES  promoter by DS-sIL-6R as
described in the Materials and Methods below. WO 03/014359 PCT/GB02/03581
7 The functional IL-6 molecule and functional DS-sIL-6R molecule can be
joined  together via a linker or can be directly bound to each other by
covalent linkages.  Suitable flexible linkers are well known to those
skilled in the art. Preferably, the  flexible linker has the sequence
GGGGSGGGGSLE. Alternatively, the linker can be in  the form of a leucine
zipper. Methods for directly binding the functional IL-6 molecule to the
functional DS-sIL-6R  molecule can be easily determined from following the
teaching in International Patent  Application WO 00/01731, wherein a fusion
protein comprising IL6 directly fused to  PC-sIL-6R is disclosed. The
fusion protein of the present invention can comprise more than one
functional IL-6  molecule and more than one functional DS-sIL-6R molecule.
The ratio of IL-6  molecules to DS-sIL-6R molecules does not have to be 1:1
but is preferably 1:1.  Preferably, the fusion protein according to the
present invention comprises one  functional IL-6 molecule and one
functional DS-sIL-6R molecule. It is particularly preferred that the fusion
protein according to the present invention  increases the expression of
MIP-1a, MIP-1(3, RANTES or IP-10 by at least 5 fold,  preferably at least
10 fold, more preferably at least 15 fold and most preferably at least  25
fold. The increase in the expression of MIP-la, MIP-1i, RANTES or IP-10 can
be  measured in vivo or in vitro. Preferably the increase is measured in a
suitable cell  system such as a human peritoneal mesothelial cells (HPMC)
grown in vitro. Suitable  



methods for measuring the increase in MIP-l a, MIP-1(3, RANTES or IP-10 are
disclosed herein. In a particularly preferred embodiment of the present
invention, the fusion protein of  the present invention has the sequence
given in figure 5. The fusion protein given in  figure 5 encodes a
functional IL-6 molecule and a functional DS-sIL-6R molecule  linked
together by a flexible linker, with a C-terminal c-myc tag, which has been
underlined. The c-myc tag is used to help with purification of the fusion
protein and is WO 03/014359 PCT/GB02/03581  8 preferably not part of the
fusion protein of the present invention, especially when the  fusion
protein is used in a screening or medical context. The present invention
also provides a nucleic acid molecule encoding the fusion protein  of the
present invention. The nucleic acid of the present invention can be
obtained by methods well known in the  art. For example, naturally
occurring sequences may be obtained by genomic cloning  or cDNA cloning
from suitable cell lines or from DNA or cDNA derived directly from  the
tissues of an organism such as a human or mouse. Alternatively, the
sequences can  be synthesized using standard synthesis methods such as the
phosphoramidite method.  Numerous techniques may be used to alter the
nucleic acid sequence obtained by the  synthesis or cloning procedures.
Such techniques are well known to those skilled in the  art. For example,
site directed mutagenesis, or oligonucleotide directed mutagenesis  and PCR
techniques may be used to alter the DNA sequence. Such techniques are well
known to those skilled in the art and are described in a vast body of
literature known to  those skilled in the art. The present invention also
provides an expression vector comprising the nucleic acid of  the present
invention. Expression vectors are well known for expressing nucleic acids
in a variety of different organisms, including mammalian cells, insect
cells, bacteria and  eukaryotic microorganisms such as yeasts. All such
expression vectors are well known  to those skilled in the art and the use
of expression vectors in order to express the  



nucleic acid sequence is a standard technique well known to those skilled
in the art.  Preferably the expression vector is a baculovirus expression
vector. Preferably the expression vector of the present invention comprises
a promoter and the  nucleic acid molecule of the present invention. The
vector leads to the production of  the fusion protein of the present
invention. It is further preferred that the vector  comprises any other
regulatory sequences required to obtain expression of the nucleic  acid
molecule. WO 03/014359 PCT/GB02/03581  9 The nucleic acid molecule of the
present invention may be expressed intracellularly in a  suitable host
cell. The promoter sequence may be directly linked to the nucleic acid
molecule of the present invention in which case the amino acid at the N
terminus of the  encoded protein would be methionine encoded by the start
ATG codon. Alternatively, the fusion protein encoded by the nucleic acid
molecule of the present  invention can be secreted from a suitable host
cell by linking a nucleotide sequence  encoding a leader sequence to the
nucleic acid molecule of the present invention. The  encoded protein will
comprise a leader sequence fragment and the fusion protein  encoded by the
nucleic acid molecule of the present invention. The leader sequence  will
lead to the secretion of the fusion protein out of the cell. Preferably
there are  processing sites between the lead sequence and the fusion
protein encoded by the  nucleic acid molecule of the present invention
allowing the leader sequence to be  cleaved off enzymatically or
chemically. An example of such a leader sequence is the  adenovirus
triparite leader. Preferably, the vector of the present invention comprises
a promoter and other  regulatory sequences required in order to obtain the
desired expression of the nucleic  acid molecule of the present invention.
The present invention also provides a host cell transformed with the vector
of the  present invention. The term "transformation" refers to the
insertion of an exogenous nucleic acid molecule  



into a host cell, irrespective of the method used for insertion, for
example direct uptake,  transduction, f-mating or electroporation. The
exogenous nucleic acid may be obtained  as a non-integrating vector
(episome), or maybe integrated into the hosts genome. Preferably the host
cell is a eukaryotic cell, more preferably a mammalian cell, such as
Chinese hamster ovary (CHO) cells, HPMCs, HeLa cells, baby hamster kidney
(BKH) WO 03/014359 PCT/GB02/03581  10 cells, cells of hepatic origin such
as HepG2 cells, and myloma or hybridoma cell lines.  Alternatively, the
host cell is a prokaryotic cell such as E.coli. The present invention
further provides a method for producing the fusion protein of the  present
invention comprising transfecting a host cell with the vector of the
present  invention, culturing the transfected host cell under suitable
conditions in order to lead  to the expression of the nucleic acid molecule
and production of the fusion protein of  the present invention. The fusion
protein may then by harvested from the transfected  cells or from the cell
growth media, depending on whether the fusion protein is  secreted, using
standard techniques. The present invention also provides a screening method
for identifying antagonists or  agonists of the fusion protein of the
present invention. The screening method  preferably comprises testing a
candidate molecule to determining if the presence of the  candidate
molecule affects the function of the fusion protein of the present
invention.  For example, the candidate molecule may increase or decrease
the production of  chemokines such as MCP-la, MCP-1(3, RANTES or IP-10, or
alter the range of  chemokines affected by the fusion protein. Candidate
molecules may be isolated from cells, cell-free preparations, chemical
libraries, or natural product mixes. The candidate molecule may be a
natural or  modified substrate, ligand, enzyme, receptor, antibody molecule
or structural or  functional mimetic. For a review of suitable screening
techniques, see Coligan et al.,  Current Protocols in Immunology, 1(2):
Chapter 5, (1991). The present invention also relates to an inhibitory form
of the fusion protein of the  



present invention, wherein the inhibitory form binds to gpl30 and inhibits
the effects of  both the fusion protein according to the present invention
and H-IL-6. Preferably the  inhibitory form of the fusion protein of the
present invention inhibits the expression of  MIP-la, MIP-1(3, RANTES or
IP-10 caused by the fusion protein of the present  invention and inhibits
the expression of MCP-l caused by H-IL-6. Such inhibitory  forms can be
generated by mutating the fusion protein of the present invention as WO
03/014359 PCT/GB02/03581  11 discussed above with respect to generating
functional homologues. Furthermore, the  function of the inhibitory forms
can be determined using the same methods as described  above with respect
to testing functional homologues. The inhibitory form of the fusion
protein preferably prevents or substantially reduces (i.e. by at least 50%,
preferably at  least 75%) the effects the fusion protein according to the
present invention and H-IL-6.  Preferably the inhibitory form of the fusion
protein of the present invention only  inhibits the effects of the fusion
protein according to the present invention, wherein the  inhibitory form of
the fusion protein is not H-IL-6. The present invention also provides the
use of the fusion protein of the present  invention or the inhibitory form
of the fusion protein in a method of modulating a  signaling pathway in a
cellular system. By modulating a signaling in a cellular system,
information concerning the signaling pathway can be obtained, which may
lead to the  identification of other parts of the pathway that can be
targeted in order to achieve a  desired result. The cellular system may be
an in vitro cell system such a cell culture, or  an in vivo cell system
such as an organism. The present invention also provides a pharmaceutical
composition comprising the  fusion protein of the present invention, the
nucleic acid of the present invention or the  expression vector according
to the present invention, in combination with a  pharmaceutically
acceptable carrier, adjuvant or vehicle. Suitable, pharmaceutically
acceptable carriers, adjuvants or vehicles are discussed  below. 



The present invention also provides the fusion protein according to the
present  invention, the nucleic acid according to the present invention or
the expression vector  according to the present invention, for use in
therapy. The present invention also provides the use of the fusion protein
according to the  present invention, the nucleic acid according to the
present invention or the expression  vector according to the present
invention in the manufacture of a medicament for the WO 03/014359
PCT/GB02/03581  12 treatment or prophylaxis of an infectious disease, an
inflammatory disorder or an  immunological disorder. The present invention
also provides the use of the fusion protein according to the  present
invention, the nucleic acid of the present invention or the expression
vector of  the present invention in the treatment or prophylaxis of an
infectious disease, an  inflammatory disorder or an immunological disorder,
when it is desirable to increase or  resolve an immune response. The
present invention also provides a method of treating or preventing an
infectious  disease, an inflammatory disorder . or an immunological
disorder comprising  administering to an individual in need of such
treatment an effective dose of the fusion  protein according to the present
invention, the nucleic acid according to the present  invention or the
expression vector according to the present invention,when it is  desirable
to increase or resolve an immune response. The infectious disease can be
any disease wherein the infections agent binds using the  CCR5 receptor. It
is particularly preferred that the infectious disease is AIDS caused by  a
M-trophic strain of HIV. As the fusion protein increases the level of
chemokines MIP-la, MIP-1(3, RANTES or  IP-10, as well as other chemokines,
the fusion protein can be seen to have a use in the  treatment or
prophylaxis of inflammatory disorders when it is desirable to increase or
resolve an immune response, as the fusion protein can increase or resolve
the  inflammatory response. Suitable inflammatory disorders include
bacterial peritonitis  



and Crohn's disease. The fusion protein of the present invention is
particularly useful in  the treatment of bacterial peritonitis (see Example
7). The fusion protein of the present  invention can also be used in the
treatment or prophylaxis of immunological disorders  such as autoimmune
diseases. WO 03/014359 PCT/GB02/03581  13 The present invention also
provides the use of the inhibitory form of the fusion protein  according to
the present invention in the treatment or prophylaxis or immunological
disorders associated with high levels of IL-6, such as rheumatoid
arthritis. The pharmaceutical composition of the present invention
comprises any one of the  compounds of the present invention (i.e. the
fusion protein of the present invention, the  nucleic acid molecule of the
present invention or the expression vector of the present  invention), with
any pharmaceutically acceptable carrier, adjuvant or vehicle.
Pharmaceutically acceptable carriers, adjuvants and vehicles that may be
used in the  pharmaceutical composition of this invention include, but are
not limited to, ion  exchangers, alumina, aluminum stearate, lecithin,
serum proteins, such as human serum  albumin, buffer substances such as
phosphates, glycine, sorbic acid, potassium sorbate,  partial glyceride
mixtures of saturated vegetable fatty acids, water, salts or electrolytes,
such as protamine sulfate, disodium hydrogen phosphate, potassium hydrogen
phosphate, sodium chloride, zinc salts, colloidal silica, magnesium
trisilicate, polyvinyl  pyrrolidone, cellulose-based substances,
polyethylene glycol, sodium  carboxymethylcellulose, polyacrylates, waxes,
polyethylene- polyoxypropylene-block  polymers, polyethylene glycol and
wool fat. The pharmaceutical composition of this invention may be
administered orally,  parenterally, by inhalation spray, or via an
implanted reservoir. Preferably the  pharmaceutical composition is
administered orally or by injection. The pharmaceutical  composition of
this invention may contain any conventional non-toxic
pharmaceutically-acceptable carriers, adjuvants or vehicles. The term
parenteral as  used herein includes subcutaneous, intracutaneous,
intravenous, intramuscular,  



intra-articular, intrasynovial, intrasternal, intrathecal, intralesional
and intracranial  injection or infusion techniques. The pharmaceutical
composition may be in the form of a sterile injectable preparation,  for
example, as a sterile injectable aqueous or oleaginous suspension. This
suspension  may be formulated according to techniques known in the art
using suitable dispersing or  wetting agents (such as, for example, Tween
80) and suspending agents. The sterile  injectable preparation may also be
a sterile injectable solution or suspension in a WO 03/014359
PCT/GB02/03581  14 non-toxic parenterally-acceptable diluent or solvent,
for example, as a solution in  1,3-butanediol. Among the acceptable
vehicles and solvents that may be employed are  mannitol, water, Ringer's
solution and isotonic sodium chloride solution. In addition,  sterile,
fixed oils are conventionally employed as a solvent or suspending medium.
For  this purpose, any bland fixed oil may be employed including synthetic
mono- or  diglycerides. Fatty acids, such as oleic acid and its glyceride
derivatives are useful in  the preparation of injectables, as are natural
pharmaceutically-acceptable oils, such as  olive oil or castor oil,
especially in their polyoxyethylated versions. These oil solutions  or
suspensions may also contain a long-chain alcohol diluent or dispersant
such as Ph.  Helv or a similar alcohol. The pharmaceutical composition of
this invention may be orally administered in any  orally acceptable dosage
form including, but not limited to, capsules, tablets, and  aqueous
suspensions and solutions. In the case of tablets for oral use, carriers
which are  commonly used include lactose and corn starch. Lubricating
agents, such as  magnesium stearate, are also typically added. For oral
administration in a capsule form,  useful diluents include lactose and
dried corn starch. When aqueous suspensions are  administered orally, the
active ingredient is combined with emulsifying and suspending  agents. If
desired, certain sweetening and/or flavouring and/or colouring agents may
be  added. The pharmaceutical composition of this invention may be
administered by nasal aerosol  



or inhalation. Such compositions are prepared according to techniques
well-known in  the art of pharmaceutical formulation and may be prepared as
solutions in saline,  employing benzyl alcohol or other suitable
preservatives, absorption promoters to  enhance bioavailability,
fluorocarbons, and/or other solubilizing or dispersing agents  known in the
art. The present invention is now illustrated in the following examples
with reference to the  following figures. Figure 1 shows a schematic
representation of H-IL-6. WO 03/014359 PCT/GB02/03581  15 Figure 2 shows
the complete IL-6R protein sequences including the membrane board  form,
DS-sIL-6R and PC-sIL-6R. The putative transmembrane domain is underlined.
Figure 3 shows the sequence IL-6. Figure 4 shows the sequence DS-sIL-6R.
Figure 5 shows the sequence of IL-6 linked via a flexible linker to
DS-sIL-6R (Hyper  DS-sIL-6R) wherein the linker and COOH-terminal c-myc tag
sequences are  underlined. Figure 6 shows the differential induction of
CCR5 ligands by either DS-sIL-6R () or  PC-sIL-6R (o) in combination with
human IL-6. Figure 7 shows the inhibition of DS-sIL-6R mediated chemokine
release using (A)  various monoclonal antibodies and (B) PC-sIL-6R. Figure
8 shows the time course for chemokine induction by DS-sIL-6R () and
PC-sIL-6R (o). Figure 9 shows the results of the luciferase reporter
assays.  Figure 10 shows the results of the EMSA analysis. Figure 11 shows
the expression and functional characterisation of Hyper DS-sIL-6R.  (A)
shows the level of mediator (see top left hand corner of graphs) produced
and (B)  shows the level of MCP-1 and RANTES produced. Figure 12 shows the
inflammatory potential of PC-sIL-6R, DS-sIL-6R, SES, SES plus  



PC-sIL-6R and SES plus DS-sIL-6R. Figure 13 shows the expression of CCL5
and CXCL10 in IL-6' and IL-6' mice,  wherein in (A) Wild type C57BL/6J
(IL-6') and IL-6-1 mice were intraperitoneally  administered with SES or
PBS and at the designated intervals the peritoneal cavity  lavaged; (B)
IL-6" mice were administered with PBS, 150 ng/mouse sgp130 alone,  SES, or
SES in combination with 150-ng/mouse sgp130. At the designated time
intervals the peritoneal cavity was lavaged. In both cases, CCL5 and CXCL10
levels WO 03/014359 PCT/GB02/03581  16 were quantified in lavage fluid
using ELISA. Values are expressed as the mean  SEM  (n = 6 mice/condition).
Figure 14 shows the recruitment of cells expressing CCR5 and CXCR3 in
IL-6+/+ and  IL-6-' mice, wherein IL-6' and IL-6' mice were administered
with either PBS  (control) or SES. After 12 hours the peritoneal cavity was
lavaged and the recovered  cells dual-labeled with antibodies for CCR5 and
CXCR3 and analyzed by FACS.  Quadrants were set according to
autofluorescence by control antibodies and the  percentage of cells lying
in the upper-right segment is presented (mean  SEM from 4-6
mice/experimental condition) along with representative scatter plots for
each condition.  Values represent the mean (%) t SEM from 4-6 mice for each
condition. Figure 15 shows Recruitment of cells expressing CCR5 and CXCR3
in IL-6+i+ and  IL-6' mice. IL-6'- mice were treated with a combination of
DS-sIL-6R (25 ng/mouse)  and IL-6 (20 ng/mouse) (DS/IL-6) in the presence
or absence of SES. Soluble gp130  (150 ng/mouse) was also included as
indicated. Quadrants were set according to  autofluorescence by control
antibodies and the percentage of cells lying in the  upper-right segment is
presented (mean  SEM from 4-6 mice/experimental condition)  along with
representative scatter plots for each condition (see A). (B) Percentage of
recovered cells dual-labeled with antibodies for CCR5 and CD3 (upper
graph). Values  represent the mean (%)  SEM from 4-6 mice for each
condition. Total leukocyte influx  for each experimental condition (lower
graph). Values represent the mean  SEM from  



4-6 mice for each condition. Examples  Materials and Methods  Reagents
Baculovirus expressed sIL-6R isoforms were obtained as previously described
(Horicuhi et al., Immunology 95, 360-369, 1994). Monoclonal anti-IL-6 and
anti-sIL-6R (mAb-226 and mAb-227 respectively) were purchased from R & D WO
03/014359 PCT/GB02/03581  17 systems. Anti-DS-sIL-6R (mAb-2F3) was raised
against the unique COOH-terminal  sequence of DS-sIL-6R (Horiuchi et al.,
(supra)). Isolation and culture of human peritoneal mesothelial cells Human
peritoneal mesothelial cells (HPMC) were isolated by serial tryptic (0.1 %
w/v  trypsin: 0.02% w/v EDTA) digestion of omental tissue from consenting
patients  undergoing elective abdominal surgery (Topley et al., American.
J. Pathology, 142,  1876-1886, 1993). Cells were cultured in Earle's
buffered 199 medium containing 10%  (v/v) fetal calf serum, 2 mM
L-glutamine, 100 U/ml penicillin, 100 .ig/ml streptomycin,  5pg/ml
transferrin, 5g/ml insulin and 0.4g/ml hydrocortisone (Life Technologies or
Sigma) at 37C in a humidified 5% C62 atmosphere. Prior to experimentation,
HPMC  monolayers were growth arrested in the absence of serum. Under these
conditions  HPMC remain in a viable and quiescent state for up to 96 hours
(Topley et al., 1993  (supra)). Stimulations were performed in the absence
of serum and on cells no older  than the second passage. Determinator of
inflammatory mediator concentrations Inflammatory mediator concentrations
were quantified using sandwich ELISA  techniques. Human MCP-1 levels were
determined using a matched antibody pair  OptEIA kit from Pharmingen,
Becton-Dickinson. Human RANTES was quantified with  appropriate matched
antibody pairs from R & D Systems (mAb678/NAF278) while  human MIP- l a,
MIP- l R and eotaxin were analyzed using Amersham BIOTRAK  



ELISA kits. Luciferase reporter assays Luciferase-linked RANTES promoter
constructs bearing either the complete promoter  sequence or mutations
within known transcription factor binding motifs were obtained  from
Professor H. Moriuchi, University of Nagasaki (Moriuchi et al., J. Immunol.
159,  5441-5449, 1997). Briefly, HPMC (1 x 104 cells/6 well microtite
plate) were cultured  in M199 medium containing 10% FCS until they had
reached a confluency of 60-70%.  The monolayer was washed and cells
transfected overnight with individual  luciferase-linked promoter
constructs (0.5-1.0g). Transient transfection was WO 03/014359
PCT/GB02/03581  18 performed using a standard calcium phosphate
precipitation technique (Graham and van  de Eb, Virology, 52, 456-458,
1973). Once the HPMC had recovered, cells were  stimulated for 24 hours as
indicated in example 4. Cell lysates were prepared and  luciferase activity
determined by luminometry using a commercial luciferase assay kit
(Promega). Preparation of nuclear extracts Nuclear extracts were prepared
from HPMC using a rapid technique for the extraction  of DNA binding
proteins. Briefly, cells were harvested in ice cold PBS (pH7.4) and
pelleted by centrifugation. Cells were resuspended in cold buffer A (10 mM
HEPES-KOH (pH 7.9), 1.5 mM MgC12, 0.2 mM EDTA, 0.3mM DTT, 0.2mM PMSF)  and
incubated on ice for a further 20 minutes. Cellular debris was pelleted by
centrifugation and the supernatant stored at -80C until required.
Electrophoretic mobility shift assay (EMSA) and supershift EMSA were
performed as described previously (Zhang et al., J. Biol. Chem. 272,
30607-30609, 1997). Oligonucleotides containing consensus motifs for NF-kB
(5'-GATCCATGGGGAATTCCCC-3' & 5'-CATGGGGAATTCCCCATGGA-3'),  STAT-3 (SIE-m67
5'CGACATTTCCCGTAAATCG-3' &  5'-CGACGATTTACGGGAAATG-3') and C/EBP  



(5' GACGTCACATTGCACAATCTTAA-3' &  5'-TATTAAGATTGTGCAATGTGACG-3') binding
were annealed for use in EMSA.  These double-stranded fragments were
radiolabelled with [a32P]-dTTP using the  Klenow fragment of DNA polymerase
I. Nuclear extracts were incubated with the  labeled consensus sequence and
DNA-protein interactions resolved by electrophoresis  on a 6%
polyacrylamide gel. Example 1 Differential induction of CCRS-ligands Human
peritoneal mesothelial cells were growth arrested for 48 hours prior to
stimulation with various concentrations (0-50 ng/ml) of either DS-sIL-6R()
or WO 03/014359 PCT/GB02/03581  19 PC-sIL-6R (o) in combination with 10
ng/ml human IL-6. Following an overnight  incubation, cell-free
supernatants were collected and chemokine production determined  using
specific ELISA. Values represent the mean + SEM from 4 independent
experiments. Data shows that DS-sIL-6R, in the presence of IL-6 induces
expression of  CCL3 (MIP-la), CCL4 (MIP-1(3), CCL5 (RANTES) and CXCL10
(IP-10) while  PC-sIL-6R has no effect (see figure 6). The induction of
CCL2 (MCP-1) and CCL11  (Eotaxin) are presented as positive and negative
controls respectively. Example 2 Inhibition of DS-sIL-6R mediated chemokine
release Growth-arrested human peritoneal mesothelial cells were stimulated
(24 hours) with 30  ng/ml DS-sIL-6R in combination with 10 ng/ml IL-6.
Release of CCL2 and CCL5  were quantified using ELISA. Figure 7A shows that
human peritoneal mesothelial cells  were growth-arrested for 48 hours prior
to treatment. Cells treated with the various  monoclonal antibodies
(0-5g/ml) in the presence (filled symbols) or absence (open  symbols) of 10
ng/ml IL-6 + 20 ng/ml DS-sIL-6R. Cells treated with MAb 206 (anti  IL-6)
are shown as filled squares. Cells treated with MAb 227 (anti soluble IL-6)
are  shown as filled circles. Cells treated with MAb 2F3 (against the
carboxy terminus of  



DS-sIL-6R) are shown as filled diamonds. Conditioned medium was harvested
24  hours later and CCL2/MCP-1 and CCL5/RANTES levels quantified using
ELISA.  Values represent the mean + SEM from 4 independent experiments.
Figure 7B shows specific blockade of RANTES production by PC-sIL-6R.
DS-sIL-6R  mediated RANTES release was monitored in the presence of
increasing concentrations  of PC-sIL-6R (0-50 ng/ml) (). Secretion of
RANTES in response to PC-sIL-6R and 10  ng/ml IL-6 is shown as a control
(o). Values represent the mean + SEM from 4  independent experiments. In
other experiments RANTES release was blocked by the  inclusion of soluble
gp130, Hyper-IL-6. WO 03/014359 PCT/GB02/03581  20  Example 3 Time course
for chemokine induction Growth-arrested HPMC were stimulated with 50 ng/ml
DS-sIL-6R () or PC-sIL-6R (o)  in the presence of 10 ng/ml IL-6.
Unstimulated cells are shown for comparison (open  square box). At set time
intervals cell-free supernatants were collected and the release  of CCL2
(MCP-1) and CCL5 (RANTES) determined. Values represent the mean   SEM from
4 independent experiments. Data shows that although CCL2 production is
detectable after 3-4 hours stimulation by sIL-6R, the DS-sIL-6R mediated
release of  CCL5 is not observed until 15 hours after the initial
stimulation (see Figure 8). These  findings suggest that the regulation of
expression of CCL5 is distinct from that of  CCL2. Example 4 Luciferase
reporter assays Luciferase reporter constructs containing a 1.4 kb RANTES
promoter fragment  (RANTES-1.4) or various mutations within known
transcription factor consensus  sequences (ANF-kB, ASTAT and ANF-IL-6)
(Moriuchi et al., 1997 (supra)). were  transiently transfected into human
peritoneal mesothelial cells. After recovery, cells  were stimulated with
either 100 pg/ml IL-1 (3, 10 ng/ml IL-6 alone or in combination  



with 50 ng/ml PC-sIL-6R (PC) or DS-sIL-6R (DS). Following a 24 hour
stimulation  luciferase activity was monitored. Activity of the ANF-IL-6
construct was confirmed  using ionomycin as a control, which induced a
-40-fold increase in luciferase activity  (data not shown). Values
represent the fold induction obtained from experiments  performed using
individual primary mesothelial cell isolates and the mean  SEM (n=4)  is
shown (see Figure 9). These data show that disruption of NF-IL-6
significantly  blocked the DS-sIL-6R mediated induction of luciferase
activity, while PC-sIL-6R and  IL-6 alone showed no increase with any of
the constructs above control level. WO 03/014359 PCT/GB02/03581  21
Example 5 EMSA Analysis Nuclear extracts were isolated from HPMC that had
been stimulated for 30 minutes  with 10 pg/ml IL-1(3, or 10 ng/ml IL-6 in
combination with 50ng/ml PC-sIL-6R (PC) or  DS-sIL-6R (DS). Consensus
sequences for NF-KB, STAT-3 (SIE m67) and C/EBP  (NF-IL-6) were
radiolabelled and incubated with the nuclear extracts. Protein-DNA
interactions were analysed by separation on a 6% polyacrylamide gel by
electrophoresis  and bands visualised by autoradiography (see Figure 10).
Activation of NF-xB and  STAT-3 were used as controls. These initial
experiments emphasise that DS-sIL-6R  induces enhanced binding to a C/EBP
consensus sequence. Since this consensus  oligonucleotide does not enable
the individual C/EBP family members to be  distinguished, competition EMSA
and supershift approaches using specific antibody are  currently being used
to confirm the involvement of either NF-IL-6a (C/EBP(3) or  NF-IL-6(3
(C/EBPS). Example 6 Expression and functional characterisation of Hyper
DS-sIL-6R COS-7 cells were transiently transfected with either pcDNA-3
(Mock) or  pcDNA-3/HYPER-DS-sIL-6R (HYPER-DS-sIL-6R) under serum-free
conditions.  Following a 24-hour incubation at 37C, conditioned medium was
harvested and the  



concentration of human IL-6 and sIL-6R quantified using specific ELISA (see
Figure  11 A). This conditioned medium was also added to serum-starved
human synovial  fibroblasts. Following a 24-hour incubation at 37C,
conditioned medium was  harvested and the concentration of human CCL2/MCP-1
and CCL5/RANTES  quantified using specific ELISA (see Figure 9B). Values
represent the mean + SD from  a single experiment. WO 03/014359
PCT/GB02/03581  22  Example 7 Inflammatory Potential We have previously
reported the characterisation of a peritoneal inflammation model in  both
wild type and IL-6 deficient (IL-6-/-) mice using a cell-free supernatant
prepared  from Staphyloccous epidermidis (termed SES) (Hurst et al.,
Immunity, 14, 705-714,  2001). Using this model, we have examined the
inflammatory potential of DS- and  PC-sIL-6R in IL-6 -/- mice. Mice were
intraperitoneally administered with sterile PBS  (control), 100 ng/mouse
DS-sIL-6R and 25 ng/mouse human IL-6 (DS-sIL-6R), 100  ng/mouse PC-sIL-6R
and 25 ng/mouse human IL-6 (PC-sIL-6R), SES alone (SES) or in  combination
with DS-sIL-6R and IL-6 or PC-sIL-6R and IL-6 (SES + DS-sIL-6R or  SES +
PC-sIL-6R respectively). Following a 3 hour stimulation, the peritoneal
cavity  was lavaged and inflammatory parameters determined. As previously
reported for  PC-sIL-6R (Hurst et al., Immunity, 14, 705-714, 2001) both
isoforms inhibited the  infiltration of neutrophilis following exposure to
SES (see Figure 12 A). Levels of  CCLS/RANTES were also determined in the
lavage fluid and consistent with our in  vitro data was found to be
preferentially induced by the action of DS-sIL-6R + IL-6 (see  Figure 12B).
Values represent the mean + SEM (n=3-4 animals/condition * = p<0.05;  * * =
p<0.001). Example 8 Expression of CCL5 and CXCL10 in wild type (IL-6') and
IL-6-deficient (IL-6-x-) mice  The selective induction of chemokines
specific for the receptors CCR5 (CCL3, CCL4,  



CCL5) and CXCR3 (CXCL10) by DS-sIL-6R suggests that this isoform might be
important in attracting T-lymphocytes and monocytes to sites of
inflammation. To test  this, a recently characterized model of peritoneal
inflammation was used to determine  the temporal expression of CCL5 and
CXCL10 (CRG-2, the murine homologue of  IP-10) in IL-6" and IL-6'- mice.
This model closely resembles a bacterial-peritonitis  episode typically
encountered in peritoneal dialysis patients and is based on the
intraperitoneal administration of a bacterial-cell free supernatant derived
from  Staphylococcus epidermidis (termed SES) (Hurst et al., 2001). As
illustrated in Figure  13A, the profiles for CCL5 and CXCL10 expression
seen in SES challenged IL-6' WO 03/014359 PCT/GB02/03581  23 mice were
considerably altered from those encountered in IL-6+~+ mice. These modified
patterns of expression were the result of sIL-6R signaling since blockade
of sIL-6R  activity in IL-6' mice with soluble gpl30 (sgpl30) converted the
profile of CCL5 and  CXCL10 release seen in SES-treated IL-6+1 mice to that
observed in IL-6-' mice  (Figure 13B). Example 9 Functional
characterization of DS-sIL-6R activity in IL-6-'mice To test whether the
modified pattern of CCL5 and CXCL10 release in IL-6-' mice has a  direct
affect on leukocyte recruitment, IL-6' and IL-6' mice were challenged with
SES  and FACS staining performed on cells lavaged from the peritoneal
cavity using  antibodies against murine CCR5 and CXCR3 (Figure 14).
Treatment of IL-6+i+ mice  with SES induced an increase in the cell types
bearing CCR5 and CXCR3, however this  infiltration was impaired in SES
treated IL-6-'- mice (Figure 14). Infiltration of  CCR5+/CXCR3+ cells were
also assessed in IL-61 mice that had been challenged with  SES in the
presence of DS-sIL-6R and IL-6 (Figure 15A). As predicted by the  chemokine
data, reconstitution of IL-6 signaling with DS-sIL-6R restored the influx
of  CCR5+/CXCR3+ positive cells to levels encountered in IL-6+i+ mice.
Increased  recruitment of these leukocytes was specific to DS-sIL-6R and
was blocked by sgpl30  



(Figure 15A). Similar data was obtained for cell populations dual labeled
with anti-CD3  and anti-CCR5 (Figure 15B). These responses were specific
for DS-sIL-6R and were  not induced via PC-sIL-6R (Figure 15A & B). In all
cases, administration of IL-6' mice  with SES induced significant increases
in the total number of leukocytes recruited to the  peritoneal cavity
(Figure 15B). Consequently, IL-6 appears to influence the attraction of
leukocytes expressing CXCR3 and CCR5 through binding DS-sIL-6R and
emphasizes  that the biological properties of DS-sIL-6R are clearly
distinct from those of  PC-sIL-6R. Interleukin-6 (IL-6) has been described
as having both pro- and anti-inflammatory  effects. In terms of its
protective properties, IL-6 appears to moderate the extent of an
inflammatory response through its ability to block pro-inflammatory
cytokine WO 03/014359 PCT/GB02/03581  24 expression and by promoting
release of IL-1 receptor antagonist and the soluble p55  TNFct-receptor
(Schindler et al., Blood 75, 40-44, 1990; Tilg et al., Blood, 83, 113-118,
1994 and Xing et al., J Clin. Invest. 101, 311-320, 1998). Interleukin-6
may also  influence leukocyte recruitment, since accumulation of
neutrophils at sites of infection  or inflammation is suppressed by its
action (Ulich et al., Am. Pathol.138,  1097-1102,1991; Barton et al.,
Infect. Immunol. 61, 1496-1500, 1993 and Xing et al., I  Clin. Invest. 101,
311-320, 1998). Indeed, exposure of IL6-deficient (IL6') mice to an
endotoxin aerosol results in a significantly greater number of neutrophils
in  broncho-alveolar lavage fluid than wild-type (IL-6+i+) animals (Xing et
al., J. Clin.  Invest. 101, 311-320, 1998). Central to the regulation of
IL-6-mediated responses is the presence of a soluble IL6  receptor
(sIL-6R), which forms a ligand-receptor complex that allows IL-6
responsiveness in cell types lacking expression of the cognate IL-6
receptor (IL-6R)  (Jones et al., FASEB. J. 15, 43-58, 2001). This
[sIL6R/IL6] complex has the capacity to  activate cells that do not
normally respond to IL-6 through interaction with the  ubiquitously
expressed signal-transducing element for the IL-6-family of cytokines,  



gpl30 (Jones et al., FASEB. J. 15, 43-58, 2001). It is through this
mechanism that the  sIL-6R can induce expression of certain chemokines
(IL-8, MCP-1, MCP-3) and  adhesion molecules (ICAM-1 and VCAM-1) (Romano et
al., Immunity 6 315-325,  1997; Modur et al., J. Clin. Invest. 100,
2752-2756,1997 and Klouche et al., J.  Immunol. 163, 4583-4589, 2000).
Recently, we have proposed that sIL-6R release acts  as an important
intermediary in the resolution of inflammation and supports the  transition
between the acute predominantly neutrophilic stage of an infection, and the
more sustained mononuclear cell influx. Consequently, sIL6R mediated
signaling might  contribute to the previously described effects of IL-6 on
leukocyte recruitment. This present application indicates that PC-sIL-6R
and DS-sIL-6R regulate the  expression of certain CC-chemokines. Although
both forms were found to activate  MCP-1 expression, only DS-sIL-6R could
elicit release of the CCR5 ligands RANTES,  MIP-1 a and MIP-10. This means
that DS-sIL-6R may serve a prominent role in WO 03/014359 PCT/GB02/03581
25 mononuclear leukocyte (T-lymphocytes and monocytes) recruitment and
activation  (Moser & Loetscher, 2001). Indeed, CCR5 is a marker for Thl
cellular responses which  are typically associated with certain
inflammatory diseases (Qin et al., J. Clin. Invest.  101: 746-754, 1998;
Sallusto et al., J. Exp. Med. 187: 875-883, 1998;). The specific
up-regulation of RANTES, MIP-la and MIP-1(3 by DS-sIL-6R suggests that this
sIL-6R isoform might be involved in controlling the homing of this T-cell
subset to  these sites. Recently, however it has been reported that IL-6
acts on T-cells to inhibit  their differentiation to Thl cells (Diehl et
al., Immunity 13, 805-815, 2000). In this  respect, the release of
DS-sIL-6R from T cells (Horiuchi et al., Immunology 95,  360-369,1994) may
also serve another role in the control of Thl polarization, since  sIL-6R
has been suggested to act as an antagonistic molecule that enhances the
inhibitory capacity of soluble gpl30 (Muller-Newen et al., Eur. J Biochem.
236,  837-842, 1998). Thus, by mopping up any free IL-6, DS-sIL-6R may
prevent IL-6  acting directly on the T-cell subset to influence their
phenotype. 



To date very little is known about the inflammatory events controlled by
the  IL-6-mediated activation of NF-IL-6. In general, IL-6 is thought to
active two set of  genes through activation of STAT-3 and NF-IL-6 family of
transcription factors. Thus  in the case of the acute phase response,
NF-IL-6 has been reported to regulate  expression of class 1 acute phase
proteins (e.g., C-reactive protein and serum amyloid),  while Class 2 acute
phase genes such as fibrinogen are controlled via STAT-3 (Zhang et  al., J.
Biol. Chem. 272, 30607-30609, 1997). Evidence presented here clearly shows
that although both isoforms of sIL-6R are capable of activating STAT-3;
DS-sIL-6R  possesses the unique ability to regulate NF-IL-6
transactivation. It is this differential  activation of NFIL-6 which
appears to coordinate expression of RANTES, and  presumably that of MIP-la
and MIP-1(3. In this respect, time dependent analysis of  MCP-1, RANTES,
MIP-la and MIP-113 expression revealed that MCP-1 was induced  considerably
earlier than that of RANTES, MIP-la and MIP-1(3. This apparent
differential control of CC-chemokine expression may be attributed to the
individual  regulation of STAT-3 and NF-IL-6 transactivation by the sIL-6R
isoforms. WO 03/014359 PCT/GB02/03581  26 Analysis of clinical samples have
previously shown that sIL-6R levels are  independently controlled during
disease progression by both differential mRNA  splicing and proteolytic
(shedding) cleavage (Horiuchi et al., Immunology, 95, 360-369,  1998 and
Jones et al., FASEB. J. 15, 43-58, 2001). Consequently, DSsIL-6R and
PC-sIL-6R may individually contribute to the overall properties of this
soluble cytokine  receptor. Recently, we have analyzed the expression
profile for sIL-6R in peritoneal  effluents obtained from patients on
continuous ambulatory peritoneal dialysis (CAPD)  with overt clinical
peritonitis. Through analysis of these samples, it was shown that  although
total sIL-6R levels were raised within the first 24-48 hours following
infection, DS-sIL-6R concentrations were only significantly increased on
day 3 of the  inflammation. This implies a role for DS-sIL-6R during the
latter stages of disease.  Through analysis of clinical peritonitis
samples, we have seen that expression of  



RANTES, MIP-1 a and MIP 13 occurs much later (day 4) in the course of
infection than  that of MCP- 1, which peaks on day 1 and returns to
baseline by day 3 (data not shown).  Indeed, the specific induction of
RANTES, MIP-la and MIP-1(3 by DS-sIL-6R not only  infers that these
chemokines are expressed later in the inflammatory process, but that  their
action is distinct from that of other CCchemokines such as MCP-1. In this
respect,  it has been shown that all of the CCR5-ligands are capable of
activating IL-12  production by dendritic cells, whilst MCP-1-4 has been
reported to suppress IL-12  production by gamma-IFN activated mononuclear
leukocytes (Aliberti et al., Nature  Immunol. 1 83-87, 2000; Braun et al.,
I Immunol, 164, 3009-3017, 2000).  Consequently, differential expression of
CCchemokines by the sIL-6R isoforms can  contribute not only to the
recruitment of distinct mononuclear leukocyte  sub-populations, but can
also influence the expression profiles of other mediators that  participate
in resolution of inflammation. As all 3 chemokines as well as M-trophic
strains of HIV bind CCR5, high levels of  MIP- l a, MIP-1(3 and RANTES
compete with the virus for CCR5 binding and  effectively suppress HIV
entry. Consequently, any factor capable of redressing the  balance of this
competition in the favour of the chemokine can be useful as an HIV
therapy. The use of the fusion protein of the present invention is
therefore useful in the WO 03/014359 PCT/GB02/03581  27 treatment of any
disease wherein the infectious agent binds to CCR5, especially  M-trophic
strains of HIV. All scientific documents, patents and patent applications
referred to herein are hereby  incorporated herein by reference. It will be
understood that the present invention has been described purely by way of
example, and that modifications of detail can be made within the scope of
the  inventions as defined in the appended claims. WO 03/014359
PCT/GB02/03581  28  



Claims 1. A fusion protein comprising a functional IL-6 molecule and a
functional  5 DS-sIL-6R molecule, wherein the protein increases the
expression of one or more of  MIP-la, MIP-1(3, RANTES and IP-10. 2. The
fusion protein of claim 1, wherein the functional IL-6 molecule and the
functional DS-sIL-6R molecule are linked together by a linker. 10 3. The
fusion protein according to claim 2 wherein the linker comprises the
sequence RGGGGSGGGGSVE. 4. The fusion protein according to any one of the
preceding claims, wherein the  15 functional IL-6 molecule comprises
residues 29 to 212 of figure 3, or a functionally  equivalent homologue
thereof. 5. The fusion protein according to any one of the preceding claims
wherein the  functional IL-6 molecule comprises the sequence given in
figure 3, or a functionally  20 equivalent thereof. 6. The fusion protein
according to any one of the preceding claims, wherein the  functional
DS-sIL-6R molecule comprises residues 113 to 364 of figure 4, or a
functionally equivalent homologue thereof. 25 7. The fusion protein
according to any one of the preceding claims, wherein the  functional
DS-sIL-6R molecule comprises the sequence of figure 4, or a functional
equivalent thereof. 30 8. The fusion protein according to any one of the
preceding claims, comprising  one or more functional IL-6 molecules and one
or more functional DS-sIL-6R  molecules. WO 03/014359 PCT/GB02/03581  29 9.
The fusion protein according to any one of claims 1 to 7, which comprises
one  functional IL-6 molecule and one functional DS-s1L-6R molecule. 



5 10. The fusion protein according to any one of the preceding claims,
wherein the  fusion protein increases the expression of MIP-la, MIP-1(3 and
RANTES. 11. The fusion protein according to any one of claims 1 to 9,
wherein the fusion  protein increases the expression of MIP-1 a, MIP-1(3,
RANTES and IP-10. 10 12. The fusion protein according to any one of the
preceding claims, wherein the  fusion protein increases the expression of
MIP-a, MIP-(3 or RANTES by at least 5 fold.  13. A nucleic acid molecule
encoding the fusion protein of any one of the  15 preceding claims. 14. An
expression vector comprising the nucleic acid molecule of claim 13. 15. The
vector of claim 14, which comprises a promoter and other regulatory  20
sequences in order to obtain expression of the nucleic acid molecule. 16. A
host cell transformed with the vector of claim 14 or claim 15. 17. A method
for producing the fusion protein according to any one of claims 1 to  25 11
comprising expressing the nucleic acid molecule of claim 13 in a suitable
host cell  and isolating the protein. 18. The method of claim 17,
comprising transforming a host cell with the vector  according to claim 14
or claim 15, culturing the host cell under suitable conditions for  30 the
production of the fusion protein according to any one of claims 1 to 12,
and  isolating the fusion protein. WO 03/014359 PCT/GB02/03581  30 19. A
screening method for identifying agonists or antagonists of the fusion
protein  according to any one of claims 1 to 12, comprising testing a
candidate molecule in  order to determine if it affects the function of the
fusion protein. 5 20. An inhibitory form of the fusion protein according to
any one of claims 1 to 12,  which binds to gp130 and inhibits the effects
of both the fusion protein according to  any one of claims 1 to 12 and
H-IL-6. 21. The inhibitory form of the fusion protein according to claim
20, which inhibits  



10 the expression of MIP-la, MIP-lei, RANTES or IP-10 caused by the fusion
protein of  any one of claims Ito 12, and inhibits the expression of MCP-1
caused by H-IL-6. 22. An inhibitory form of the fusion protein according to
any one of claims 1 to 12,  which binds to gp130 and inhibits the effects
of the fusion protein according to any one  15 of claims 1 to 12, wherein
the inhibitory form of the fusion protein is not H-IL-6. 23. Use of the
fusion protein according to any one of claims 1 to 12 or the  inhibitory
form according to claim 20 or claim 21 in a method of modulating a
signalling pathway in a cellular system. 20 24. A pharmaceutical
composition comprising the fusion protein according to any  one of claims 1
to 12 and a pharmaceutically acceptable carrier, diluent or vehicle. 25. A
pharmaceutical composition comprising the nucleic acid of claim 13 of the
25 expression vector of claim 14 or claim 15, and a pharmaceutically
acceptable carrier,  diluent or vehicle. 26. The fusion protein according
to any one of claims 1 to 12, the nucleic acid  according to claim 12 or
the expression vector according to claim 14 or claim 15, for  30 use in
therapy. WO 03/014359 PCT/GB02/03581  31 27. Use of the fusion protein
according to any one of claims 1 to 12, the nucleic  acid according to
claim 13, or the expression vector according to claim 14 or claim 15,  in
the manufacture of a medicament for the prophylaxis or treatment of an
infectious  disease, an inflammatory disorder or an immunological disorder,
when it is desirable to  5 increase or resolve an immune response. 28. The
use of the fusion protein according to any one of claims 1 to 12, the
nucleic acid of claim 13, or the expression vector of claim 14 or claim 15,
in the  treatment or prophylaxis of an infectious disease when it is
desirable to increase or  10 resolve an immune response. 29. A method of
treating or preventing an infectious disease comprising  



administering to an individual in need of such treatment an effective dose
of the fusion  protein according to any one of claims 1 to 12, the nucleic
acid according to claim 13, 15 or the expression vector according to claim
14 or claim 15, when it is desirable to  increase or resolve an immune
response. 30. The use of claim 27 or claim 28 or the method of claim 29,
wherein the  infectious disease is AIDS caused by a M-trophic strain of
HIV. 20 31. The use of claim 27 or claim 28 or the method of claim 29,
wherein the  infectious disease is bacterial peritonitis. 32. Use of the
inhibitory form of fusion protein according to any one of claims 20  25 to
22, in the manufacture of a medicament for the prophylaxis or treatment of
an  immunological disorder associated with a high level of IL-6. 33. The
use according to claim 28, wherein the immunological disorder is
rheumatoid arthritis. 30 


