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effector function of an Fc region containing protein are known in the art and/or
described herein.

In one example, the Fc region is an IgG4 Fc region (i.e., from an IgG4 constant

region), e.g., a human IgG4 Fc region. Sequences of suitable IgG4 Fc regions will be

apparent to the skilled person and/or available in publically available databases (e.g.,

available from National Center for Biotechnology Information).

In one example, the constant region is a stabilized IgG4 constant region. The

term “stabilized IgG4 constant region" will be understood to mean an IgG4 constant

region that has been modified to reduce Fab arm exchange or the propensity to undergo

Fab arm exchange or formation of a half—antibody or a propensity to form a half

antibody. “Fab arm exchange" refers to a type of protein modification for human IgG4,

in which an IgG4 heavy chain and attached light chain (half-molecule) is swapped for a

heavy—light chain pair from another IgG4 molecule. Thus, IgG4 molecules may acquire

two distinct Fab arms recognizing two distinct antigens (resulting in bispecific

molecules). Fab arm exchange occurs naturally in vivo and can be induced in vitm by

purified blood cells or reducing agents such as reduced glutathione. A “half antibody”

forms when an IgG4 antibody dissociates to form two molecules each containing a

single heavy chain and a single light chain.

In one example, a stabilized IgG4 constant region comprises a proline at

position 241 of the hinge region according to the system of Kabat (Kabat at (1].,

Sequences of Proteins of Immunological Interest Washington DC United States

Department of Health and Human Seivices, 1987 and/or 1991). This position

corresponds to position 228 of the hinge region according to the EU numbering system

(Kabat er al., Sequences of Proteins of Immunological Interest Washington DC United

States Department of Health and Human Services, 2001 and Edelman et al., Proc. Natl.

Acad. USA, 63, 78—85, 1969). In human IgG4. this residue is generally a serine.

Following substitution of the serine for proline, the IgG4 hinge region comprises a

sequence CPPC. In this regard, the skilled person will be aware that the “hinge region”

is a proline—rich portion of an antibody heavy chain constant region that links the Fe

and Fab regions that confers mobility on the two Fab arms of an antibody. The hinge

region includes cysteine residues which are involved in inter—heavy chain disulfide

bonds. It is generally defined as stretching from Glu226 to Pr0243 of human IgG1

according to the numbering system of Kabat. Hinge regions of other IgG isotypes may

be aligned with the IgGl sequence by placing the first and last cysteine residues

forming inter—heavy chain disulphide (S—S) bonds in the same positions (see for

example WO20lO/080538).
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Additional examples of stabilized lgG4 antibodies are antibodies in which

arginine at position 409 in a heavy chain constant region of human IgG4 (according to

the EU numbering system) is substituted with lysine, threonine, methionine, or leueine

(e.g., as described in WO2006/O33386). The Fc region of the constant region may

additionally or alternatively comprise a residue selected from the group consisting of:

alanine, valine, glycine, isoleucine and leucine at the position corresponding to 405

(according to the EU numbering system). Optionally, the hinge region comprises a

proline at position 241 (i.e., a CPPC sequence) (as described above).

In another example, the Fc region is a region modified to have reduced effector

function, i.e., a "non—immunostimulatory Fc region”. For example, the Fc region is an

IgGl Fc region comprising a substitution at one or more positions selected from the

group consisting of 268, 309, 330 and 331. In another example, the Fc region is an

IgGl Fc region comprising one or more of the following changes E233P, L234V,

L235A and deletion of G236 and/or one or more of the following changes A327G,

A3305 and P3315 (Armour et al., Eur J Immunol. 29:2613-2624, 1999; Shields et al., J

Biol Chem. 276(9):659l—604, 2001). Additional examples of non—immunostimulatory

Fc regions are described, for example, in Dall'Acqua et (11., J lmmzmol. 177 : 1129-1138

2006; and/or I-Iezareh J Vim] ;75: 12161-12168, 2001).

In another example, the Fc region is a chimeric Fc region, e.g., comprising at

least one CH2 domain from an IgG4 antibody and at least one CH3 domain from an

IgGl antibody, wherein the Fc region comprises a substitution at one or more amino

acid positions selected from the group consisting of 240, 262, 264, 266, 297, 299, 307,

309, 323, 399, 409 and 427 (EU numbering) (e.g., as described in WO20lO/O85682).

Exemplary substitutions include 240F, 262L, 264T, 266F, 297Q, 299A, 299K, 3071’,

309K, 309M, 309P, 323F, 3993, and 427F.

Enhancing Effector Function

In one example, an lL-llRa-binding protein of the present disclosure may
induce effector function or enhanced effector function.

In the context of the present disclosure, “effector functions” refer to those

biological activities mediated by cells or proteins that bind to the Fc region (a native

sequence Fc region or amino acid sequence variant Fc region) of an antibody that result

in killing of a cell. Examples of effector functions induced by antibodies include:

complement dependent cytotoxicity; antibody-dependent-cell—mediated cytotoxieity

(ADCC); antibody-dependent—cell-phagocytosis (ADCP); and B-cell activation.
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In one example, an IL-l lRa-binding protein of the present disclosure binds to

IL-11R0t on the surface of a cell in such a manner that it is capable of inducing an

effector function, such as, ADCC or CDC.

For example, the IL-1 1Rot-binding protein remains bound to the IL-1 1R0t on the

surface of the cell for a time sufficient to induce an effector function, such as ADCC

and/or CDC.

In one example, an IL-l 1Ra-binding protein of the present disclosure is capable

of inducing enhanced effector function, e.g., by virtue of a modified Fc region or by

virtue of comprising a region capable of binding to an immune effector cell. For

example, the level of effector function is increased compared to the level induced by a

human IgG1 or IgG3 Fc region. Enhancing effector function induced by a IL-l lRa-

binding protein of the disclosure may result in enhanced therapeutic or prophylactic

effects, e. g., by not only blocking the action of IL-1 lRot but also by killing or depleting

cells causing a condition, e.g., by killing auto-reactive T cells.

In one example, the Fc region of an IL-l 1R0t-binding protein of the disclosure is

modified to increase the level of effector function it is capable of inducing compared to

the Fc region without the modification. Such modifications can be at the amino acid

level and/or the secondary structural level and/or the tertiary structural level and/or to

the glycosylation of the Fc region.

The skilled addressee will appreciate that greater effector function may be

manifested in any of a number of ways, for example as a greater level of effect, a more
sustained effect or a faster rate of effect.

In one example, the Fc region comprises one or more amino acid modifications

that increase its ability to induce enhanced effector function. In one example, the Fc

region binds With greater affinity to one or more FcyRs, such as FcyRIII. In one

example, the Fc region comprise at least one amino acid substitution at a position

selected from the group consisting of: 230, 233, 234, 235, 239, 240, 243, 264, 266, 272,

274, 275, 276, 278, 302, 318, 324, 325, 326, 328, 330, 332. and 335, numbered

according to the EU index of Kabat. In one example, the Fc region comprises the

following amino acid substitutions S239D/I332E, numbered according to the EU index

of Kabat. This Fc region has about 14 fold increase in affinity for FevRIIIa compared

to a wild-type Fc region and about 3.3 increased ability to induce ADCC compared to a

wild—type Fc region. In one example, the Ec region comprises the following amino acid

substitutions $239D/A330L/I332E, numbered according to the EU index of Kabat.

This Fc region has about 138 fold increase in affinity for FcyRIIIa compared to a Wild-

type Fc region and about 323 fold increased ability to induce ADCC compared to a

wild—type Fc region.
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Additional amino acid substitutions that increase ability of a Fc region to induce

effector function are known in the art and/or described, for example, in US6737056 or
US73 17091.

In one example, the glycosylation of the Fc region is altered to increase its

ability to induce enhanced effector function. In this regard, native antibodies produced

by mammalian cells typically comprise a branched, biantennary oligosaccharide that is

generally attached by an N—linkage to Asn297 of the CH2 domain of the Fc region. The

oligosaccharide may include various carbohydrates, e.g., mannose, N —acetyl

glucosamine (GlcNAc), galactose, and sialic acid, as well as a fucose attached to a

GlcNAc in the “stem” of the biantennary oligosaccharide structure. In some examples,

Fc regions according to the present disclosure comprise a carbohydrate structure that

lacks fucose attached (directly or indirectly) to an Fc region, i.e., the Fc region is

“afucosylated”. Such variants may have an improved ability to induce ADCC. Methods

for producing afucosylated antibodies include, expressing the antibody or antigen

binding fragment thereof in a cell line incapable of expressing u-1,6-fucosyltransferase

(FUTS) (e.g., as described in Yumane—Ohnuki et 61]., Biotechnol. Bioengineer. 87: 614-

622, 2004), expressing the antibody or antigen binding fragment thereof in cells

expressing a small interfering RNA against FUTS (e.g., as described in Mori et (11.,

Biotechnol. Bioengineer., 88: 901—908, 2004), expressing the antibody or antigen

binding fragment thereof in cells incapable of expressing guanosine diphosphate

(GDP)—mannose 4,6—dehydratase (GMD) (e.g., as described in Kanda et al., J.

Biotechnol., 130: 300—3 10, 2007). The present disclosure also contemplates the use of

proteins having a reduced level of fucosylation, e.g., produced using a cell line

modified to express B—(1,4)—N—acetylglucosaminyltransferase III (GnT-III) (e.g., as

described in Umana et al., Nat. Biotechnol. 77: l76-180, l999).

Other methods include the use of cell lines which inherently produce antibodies

capable of inducing enhanced Fc-mediated effector function (e.g. duck embryonic

derived stem cells for the production of viral vaccines, W02008/129058; Recombinant

protein production in avian EBX® cells, WC 2008/142124).

IL-llRa-binding proteins of the present disclosure also include those with

bisected oligosaccharides, e.g., in which a biantennary oligosaccharide attached to the

Fc region is bisected by GlcNAc. Such proteins may have reduced fucosylation and/or

improved ADCC function. Examples of such proteins are described, e.g., in

US6602684 and US20050123546.

IL-l lRu-binding proteins with at least one galactose residue in the

oligosaccharide attached to the Fc region are also contemplated. Such proteins may

have improved CDC function. Such proteins are described, e.g., in WOl997/30087 and
WOl999/22764.
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lL-l lRtx-binding proteins can also comprise a Fc region capable of inducing

enhanced levels of CDC. For example, hybrids of IgG1 and IgG3 produce antibodies

having enhanced CDC activity (Natsume er al., Cancer Res. 68: 3863-3872, 2008).

IL-l 1R0t-binding proteins can also or alternatively be fiised to or conjugated to

proteins (e.g., antibody variable regions) that bind to immune effector cells, e.g., by

virtue of binding to CD3 or CD16.

Methods for determining effector function are known in the art. In one example,

the level of ADCC activity is assessed using a 51Cr release assay, an europium release

assay or a 358 release assay. In each of these assays, cells expressing IL-llROt are

cultured with one or more of the recited compounds for a time and under conditions

sufficient for the compound to be taken up by the cell. In the case of a 353 release

assay, the cells can be cultured with 35S-labeled methionine and/or cysteine for a time

sufficient for the labeled amino acids to be incorporated into newly synthesized

proteins. Cells are then cultured in the presence or absence of the lL-l lRa-binding

protein and in the presence of immune effector cells, e.g., PBMCs and/or NK cells.

The amount of 51Cr, europium and/or 353 in cell culture medium is then detected, and

an increase in the presence of the protein compared to in the absence of protein

indicates that the binding molecule/agent has effector function. Exemplary

publications disclosing assays for assessing the level of ADCC induced by a protein

include Hellstrom et al. Proc. Natl Acad. Sci. USA 83: 7059—7063, 1986 and

Bruggemann et al., J. Exp. Med. 166: 1351—1361, 1987.

Other assays for assessing the level of ADCC induced by a protein include

ACTITM nonradioactive cytotoxicity assay for flow cytometry (CellTechnology, Inc.

CA, USA) or CytoTox 96® non-radioactive cytotoxicity assay (Promega, WI, USA).

Alternatively, or additionally, effector function of an lL-l lRa-binding protein is

assessed by determining its affinity for one or more FcyRs, e.g., as described in
US73l7091.

Clq binding assays may also be carried out to confirm that the IL-1 lRa-binding

protein is able to bind Clq and may induce CDC. To assess complement activation, a

CDC assay may be performed (see, for example, Gazzano-Santoro et (11., J. Immzmol.

Methods 202: 163, 1996).

Additional Modifications

The present disclosure also contemplates additional modifications to an antibody

or lL-l lRot-binding protein comprising an Fc region or constant region.

For example, the antibody comprises one or more amino acid substitutions that

increase the half-life of the protein. For example, the antibody comprises a Fc region

comprising one or more amino acid substitutions that increase the affinity of the Fc
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region for the neonatal Fc region (FcRn). For example, the Fc region has increased

affinity for FcRn at lower pH, e.g., about pH 6.0, to facilitate Ec/EcRn binding in an

endosome. In one example, the Fc region has increased affinity for FcRn at about pH 6

compared to its affinity at about pH 7.4, which facilitates the re—release of PC into blood

following cellular recycling. These amino acid substitutions are useful for extending

the half life of a protein, by reducing clearance from the blood.

Exemplary amino acid substitutions include T250Q and/or M428L or T252A,

T2545 and T266F or M252Y, S254T and T256E or H433K and N434F according to

the EU numbering system. Additional or alternative amino acid substitutions are

described, for example, in U520070l35620 or US7083784.

Exemplary IL-I 1Ra-Binding Proteins

Exemplary variable region containing lL-l lRa-binding proteins produced by
the inventors are described in Table 1.

Table 1: Sequences of exemplary lL-l lRa-binding proteins

Antibody Name VL amino acid VH amino acid

SEQ ID NO SEQ ID NO
 

l 8E2 . 37

37to 

37

37

37 

37

37 

37

37

37

somuom-hw
 

37

37

37 

37

37 
 

37

37

TS—l7 22 37

  C7J\]O\'Jl-I>UJNt—O   
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19 T320 23 37

20 mm 24 37

21 T522 25 37

22 18-29 26 37

33 37

24 TS-49 28 37

25 TS-51 29 37

26 TS—55 30 37

27 TS-57 31 37

33 37

29 TS—63 33 37

30 TS-64 34 37

31 33

32 TS-69 5 39

33 TS-71 5 4o

34 TS—76 5 41

35 TS-79 5 42

36 43

37 TS—88 5 44

38 TS-89 5 45

 U1 4;C\ 

 

  
 

 

 

  
 

 

  40 5 47

41 5 48

43 TS-103 5 50

44 TS-1()4 5 51

45 TS—107 5 52

46 TS-108 5 53

47 5

48 5

49 5

50 TS—134 5 57

51 TS-135 5 58

33 39

53 TS—l40 5 6O

54 TS-143 5 61

55 TS—151 5 62
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Protein Production

In one example, an IL-l lRa-binding protein described herein according to any

example is produced by culturing a hybridoma under conditions sufficient to produce

the protein, e.g., as described herein and/or as is known in the art.

Recombinant Expression

In another example, an IL-l lRot-binding protein described herein according to

any example is recombinant.

In the case of a recombinant protein, nucleic acid encoding same can be cloned

into expression constructs or vectors, which are then transfected into host cells, such as

E. coli cells, yeast cells, insect cells, or mammalian cells, such as simian COS cells,

Chinese Hamster Ovary (CHO) cells, human embryonic kidney (HEK) cells, or

myeloma cells that do not otherwise produce the protein. Exemplary cells used for

expressing a protein are CHO cells, myeloma cells or HEK cells. Molecular cloning

techniques to achieve these ends are known in the art and described, for example in

Ausubel el al., (editors), Current Protocols in Molecular Biology, Greene Pub.

Associates and Wiley—lnterscience (1988, including all updates until present) or

Sambrook et (11., Molecular Cloning: A Laboratory Manual, Cold Spring Harbor

Laboratory Press (1989). A Wide variety of cloning and in vitro amplification methods

are suitable for the construction of recombinant nucleic acids. Methods of producing

recombinant antibodies are also known in the art, see, e.g., US4816567 or USSS30lOl.

Following isolation, the nucleic acid is inserted operably linked to a promoter in

an expression construct or expression vector for further cloning (amplification of the

DNA) or for expression in a cell-free system or in cells.
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As used herein, the term “promoter” is to be taken in its broadest context and

includes the transcriptional regulatory sequences of a genomic gene, including the

TATA box or initiator element, which is required for accurate transcription initiation,

with or without additional regulatory elements (e.g., upstream activating sequences,

transcription factor binding sites, enhancers and silencers) that alter expression of a

nucleic acid, e.g., in response to a developmental and/or external stimulus, or in a tissue

specific manner. In the present context, the term “promoter” is also used to describe a

recombinant, synthetic or fusion nucleic acid, or derivative which confers, activates or

enhances the expression of a nucleic acid to which it is operably linked. Exemplary

promoters can contain additional copies of one or more specific regulatory elements to

further enhance expression and/or alter the spatial expression and/or temporal

expression of said nucleic acid.

As used herein, the term “operably linked to” means positioning a promoter

relative to a nucleic acid such that expression of the nucleic acid is controlled by the

promoter.

Many vectors for expression in cells are available. The vector components

generally include, but are not limited to, one or more of the following: a signal

sequence, a sequence encoding a protein (c.g., derived from the information provided

herein), an enhancer element, a promoter. and a transcription termination sequence. The

skilled artisan will be aware of suitable sequences for expression of a protein.

Exemplary signal sequences include prokaryotic secretion signals (c.g., pelB, alkaline

phosphatase, penicillinase, Ipp, or heat—stable enterotoxin II), yeast secretion signals

(e.g., invertase leader, a factor leader, or acid phosphatase leader) or mammalian

secretion signals (c.g., herpes simplex gD signal).

Exemplary promoters active in mammalian cells include cytomegalovinis

immediate early promoter (CMV—IE), human elongation factor l—oc promoter (EFl),

small nuclear RNA promoters (Ula and Ulb), oc—myosin heavy chain promoter, Simian

virus 40 promoter (SV40), Rous sarcoma virus promoter (RSV), Adenovirus major late

promoter, B-actin promoter; hybrid regulatory element comprising a CMV enhancer/ [3-

actin promoter or an immunoglobulin promoter or active fragment thereof. Examples of

useful mammalian host cell lines are monkey kidney CV1 line transformed by SV40

(COS—7, ATCC CRL 1651); human embryonic kidney line (293 or 293 cells subcloned

for growth in suspension culture; baby hamster kidney cells (BHK, ATCC CCL 10); or

Chinese hamster ovary cells (CHO).

Typical promoters suitable for expression in yeast cells such as for example a

yeast cell selected from the group comprising Pichia pastoris, Saccharomyces
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cerevisiae and S. pombe, include, but are not limited to, the ADHI promoter, the GAL]

promoter, the GAL4 promoter, the CUP] promoter, the PH05 promoter, the nmt

promoter, the RPR] promoter, or the TEF1 promoter.

Means for introducing the isolated nucleic acid or expression construct

comprising same into a cell for expression are known to those skilled in the art. The

technique used for a given cell depends on the known successful techniques. Means for

introducing recombinant DNA into cells include microinjection, transfection mediated

by DEAE-dextran, transfection mediated by liposomes such as by using lipofectamine

(Gibco, MD, USA) and/or cellfectin (Gibeo, MD, USA), PEG-mediated DNA uptake,

electroporation and microparticle bombardment such as by using DNA—coated tungsten

or gold particles (Agracetus Inc., WI, USA) amongst others.

The host cells used to produce the protein may be cultured in a variety of media,

depending on the cell type used. Commercially available media such as Ham's F10

(Sigma), Minimal Essential Medium ((MEM), (Sigma), RPMl-1640 (Sigma), and

Dulbecco's Modified Eagle's Medium ((DMEM), Sigma) are suitable for culturing

mammalian cells. Media for culturing other cell types discussed herein are known in

the art.

Isolation QfProteins

Methods for isolating a protein are known in the art and/or described herein.

Where an lL-l lRa-binding protein is secreted into culture medium, supernatants

from such expression systems can be first concentrated using a commercially available

protein concentration filter, for example, an Amicon or Millipore Pellicon ultrafiltration

unit. A protease inhibitor such as PMSF may be included in any of the foregoing steps

to inhibit proteolysis and antibiotics may be included to prevent the growth of

adventitious contaminants. Alternatively, or additionally, supernatants can be filtered

and/or separated from cells expressing the protein, e.g., using continuous

centrifugation.

The lL-l lRa-binding protein prepared from the cells can be purified using, for

example, ion exchange, hydroxyapatite chromatography, hydrophobic interaction

chromatography, gel electrophoresis, dialysis, affinity chromatography (e.g., protein A

affinity chromatography or protein G chromatography), or any combination of the

foregoing. These methods are known in the art and described, for example in

WO99/57l34 or Ed Harlow and David Lane (editors) Antibodies: A Laboratory

Manual, Cold Spring Harbor Laboratory, (1988).
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The skilled artisan will also be aware that a protein can be modified to include a

tag to facilitate purification or detection, e.g., a poly—histidine tag, e.g., a hexa-histidine

tag, or a influenza virus hemagglutinin (HA) tag, or a Simian Virus 5 (V5) tag, or a

FLAG tag, or a glutathione S—transferase (GST) tag. The resulting protein is then

purified using methods known in the art, such as, affinity purification. For example, a

protein comprising a hexa-his tag is purified by contacting a sample comprising the

protein with nickel—nitrilotriacetic acid (Ni—NTA) that specifically binds a hexa—his tag

immobilized on a solid or semi-solid support, washing the sample to remove unbound

protein, and subsequently eluting the bound protein. Alternatively, or in addition a

ligand or antibody that binds to a tag is used in an affinity purification method.

Conjugates

In one example, an IL-l lRa-binding protein of the present disclosure is

conjugated to a compound. For example, the compound is selected from the group

consisting of a radioisotope, a detectable label, a therapeutic compound, a colloid, a

toxin, a nucleic acid, a peptide, 3 protein, a compound that increases the half life of the

lL- 1 lRo-binding protein in a subject and mixtures thereof.

The other compound can be directly or indirectly bound to the lL-l lRa-binding

protein (e.g., can comprise a linker in the case of indirect binding). Examples of

compounds include, a radioisotope (e.g., iodine—131, yttrium—9O or indium—lll), a

detectable label (c.g., a fluorophorc or a fluorescent nanocrystal or quantum dot), a

therapeutic compound (c.g., a chemotherapeutic or an anti—inflammatmy), a colloid

(e.g., gold), a toxin (e.g., ricin or tetanus toxoid), a nucleic acid, a peptide (e.g., a

serum albumin binding pcptidc), a protein (c.g., a protein comprising an antigen

binding domain of an antibody or serum albumin), a compound that increases the half

life of the lL- l lRa-binding protein in a subject (c.g., polyethylene glycol or other water

soluble polymer having this activity) and mixtures thereof. Exemplary compounds that

can be conjugated to a IL-l lRa-binding protein of the disclosure and methods for such

conjugation are known in the art and described, for example, in WOZOlO/OS9821.

The lL-l lRu-binding protein may be conjugated to nanoparticles (for example

as reviewed in Kogan et al., Nanomedicine (Land). 2: 287—306, 2007). The

nanoparticles may be metallic nanoparticles.

The lL-llRu-binding protein may be comprised in antibody-targeted bacterial

minicells (for example as described in PCT/IB2005/000204).

Some exemplary compounds that can be conjugated to a lL-l lRa-binding

protein of the present disclosure are listed in Table 2.
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Table 2. Corn ounds useful in con‘uation.

Radioisotopes (either 123I, 125I, 1301, 133I, 1351, 4780, 72As , 7280, 90Y, 88Y,

directly or indirectly) 97Ru, 100Pd, IOImRh, 101mRh, 1195b, 12Ee’Ba, 197l-lg, 211At,

ZlZBi, lSism’ 169E119 iisz, UNPd’ '“In 5 67611, “Gu,

6701. 75Br, 76Br 9 77313 991nTC’ ”C, lSN’ 150’ 18L 188RC’

203Pb, 64cm IOSRh’ 198Au’ 199A or 177Lu

Half life extenders Polyethylene glycol

Glycerol

Glucose

Fluorescent probes Phycoerythrin (PE)

Allophyeoeyanin (APC)

Alexa Fluor 488

C 5.5

Biologics fluorescent proteins such as Renilla luciferase, GFP

immune modulators or proteins, such as cytokines,

e.g., an interferon
toxins

an immunoglobulin or antibody or antibody variable

region

half life extenders such as albumin or antibody

variable re ions or ne ntides that bind to albumin

Chemotherapeutics Taxol

5 -FU

Doxorubiein

ldarubicin

 
Assaying Activity of an IL-llRa—Binding Protein

Binding [0 IL—11Ra and iMuz‘anz‘s Thereof

It will be apparent to the skilled artisan from the disclosure herein that some IL-

llRa-binding proteins of the present disclosure bind to the extracellular region (e.g., a

region as described herein) of hlL-l lRa and to specific mutant forms of extracellular

region of hlL-l lRa (e.g., SEQ ID NO: 3 or SEQ ID NO: 85 without or With certain

point mutations) and/or bind to both human and cynomolgus monkey lL-l lRa.
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Methods for assessing binding to a protein are known in the alt, e.g., as described in

Scopes (In: Protein purification: principles and practice, Third Edition, Springer

Verlag, 1994). Such a method generally involves immobilizing the IL-1 lRot-binding

protein and contacting it with labeled antigen. Following washing to remove non—

specific bound protein, the amount of label and, as a consequence, bound antigen is

detected. Of course, the IL-llRot-binding protein can be labeled and the antigen

immobilized. Panning—type assays can also be used. Alternatively, or additionally,

surface plasmon resonance assays can be used.

The assays described above can also be used to detect the level of binding of a

protein to hIL-llRa or an extracellular region thereof (e.g., as contained Within SEQ

ID NO: 3) or to a polypeptide of SEQ ID NO: 3 or SEQ ID NO: 85 or mutant form
thereof.

In one example, an IL-l 1Ra-binding protein of the present disclosure binds to a

polypeptide of SEQ ID NO: 95 at a level at least about 1.5 fold or 2 fold or 5 fold or 10

fold or 50 fold or lOO fold or 150 fold or 160 fold or 200 fold lower than it binds to a

polypeptide of SEQ ID NO: 85.

In one example, a protein of the present disclosure binds to a polypeptide of

SEQ ID NO: 96 at a level at least about 1.5 fold or 2 fold or 5 fold or l0 fold or 50 fold

or 100 fold or 150 fold or 160 fold or 200 fold lower than it binds to a polypeptide of

SEQ ID NO: 85.

In one example, a protein of the present disclosure binds to a polypeptide of

SEQ ID NO: 86 at a level at least about 1.5 fold or 2 fold or 5 fold or 10 fold or 50 fold

or 100 fold or 150 fold or 160 fold or 200 fold lower than it binds to a polypeptide of

SEQ ID NO: 85.

In one example, a protein of the present disclosure binds to a polypeptide of

SEQ ID NO: 89 at a level at least about 1.5 fold or 2 fold or 5 fold or 10 fold or 50 fold

or 100 fold or 150 fold or 160 fold or 200 fold lower than it binds to a polypeptide of

SEQ ID NO: 85.

The level of binding is conveniently determined using a biosensor.

The present disclosure contemplates any combination of the foregoing

characteristics. In one example, a protein described herein has all of the binding

characteristics set forth in the preceding five paragraphs.

Epitope Mapping

In another example, the epitope bound by a protein described herein is mapped.

Epitope mapping methods will be apparent to the skilled artisan. For example, a series
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of overlapping peptides spanning the lL-l lRa sequence or a region thereof comprising

an epitope of interest, e.g., peptides comprising 10-15 amino acids are produced. The

IL- 1 lRot-binding protein is then contacted to each peptide and the peptide(s) to which it

binds determined. This permits determination of peptide(s) comprising the epitope to

which the protein binds. If multiple non-contiguous peptides are bound by the protein,

the protein may bind a conformational epitope.

Alternatively, or in addition, amino acid residues within IL-l lRa are mutated,

e.g., by alanine scanning mutagenesis or substitution of evolutionarily conserved amino

acids, and mutations that reduce or prevent binding of the lL-l l Rot-binding protein are

determined. Any mutation that reduces or prevents binding of the IL-1 lRa-binding

protein is likely to be within the epitope bound by the IL-1 lRa-binding protein.

in this regard, as shown herein, mutation of the valine at position 1 17 of lL-l lR

relative to SEQ ID NO: 1 reduced or prevented binding of 8E2 and 8D10. Further

testing of affinity matured variants of 8E2 confirmed that the V117 residue of IL-llR

was more important for binding relative to the other residues that were analyzed by
mutation.

Another method for determining a region comprising an epitope bound by an

lL-l l Rot-binding protein involved substituting a region of hlL-l lRot with the

corresponding region of a form of IL-1 lRa to which the IL-1 lRa-binding protein does

not bind (e.g., mIL-l lRa). If the lL-llRa-binding protein does not bind to the mutant

form of IL-1 lRa, then residues forming a part of the epitope of the protein may be

within the substituted region.

A further method for determining a region comprising an epitope involves

binding lL-l lRot or a region thereof to an immobilized lL-l lRu-binding protein of the

present disclosure and digesting the resulting complex with proteases. Peptide that

remains bound to the immobilized lL-l lRa-binding protein are then isolated and

analyzed, e.g., using mass spectrometry, to determine their sequence.

A further method involves converting hydrogens in IL-1 le or a region thereof

to deutrons and binding the resulting protein to an immobilized lL-l lRa-binding

protein of the present disclosure. The deutrons are then converted back to hydrogen,

the IL-1 lRu or region thereof isolated, digested with enzymes and analyzed, e.g., using

mass spectrometry to identify those regions comprising deutrons, which would have

been protected fiom conversion to hydrogen by the binding of an IL-llRu-binding

protein described herein.

Optionally, the dissociation constant (Kd), association constant (Ka) and/0r

affinity constant (Kn) of an immobilized IL-l lRot-binding protein for IL-1 lRot or an
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epitope thereof is determined. The ”Kd" or "Ka" or “KD” for an IL-llRa-binding

protein is in one example measured by a radiolabeled or fluorescently-labeled IL-l lRa

binding assay. In the case of a “Kd”, this assay equilibrates the IL-llRot-binding

protein with a minimal concentration of labeled IL-l 1R0. in the presence of a titration

series of unlabeled IL-llRa. Following washing to remove unbound IL-llRa, the

amount of label is determined, which is indicative of the Kd of the protein.

According to another example the Kd, Ka or KD is measured by using surface

plasmon resonance assays. e.g., using BIAcore surface plasmon resonance (BIAcore,

lne., Piscataway, NJ) with immobilized IL-l lRot or a region thereof or immobilized IL-

11Ra-binding protein.

In some examples, the IL-1 lRa-binding protein has a similar KD or an improved

K.) (i.e., a K.) value lower than) than antibody 8E2, because they are likely to compete

for binding to IL-1 lRa.

Determining Competitive Binding

Assays for determining a protein that competitively inhibits binding of antibody

8132 and/or 8D10 and/or 8134 will be apparent to the skilled artisan. One such method

is exemplified herein.

For example, the antibody is conjugated to a detectable label, e.g., a fluorescent

label or a radioactive label. The labeled antibody and the test IL-l 1R0t-binding protein

are then mixed and contacted with lL-l lRu or a region thereof (e.g., as contained

within a polypeptide comprising SEQ ID NO: 3) or a cell expressing same. The level

of labeled antibody is then determined and compared to the level determined when the

labeled antibody is contacted with the lL-l lRu, region or cells in the absence ofthe IL-

11Ra-binding protein. If the level of labeled antibody is reduced in the presence of the

test IL-l 1Ra-binding protein compared to the absence of the IL-1 lRa-binding protein,

the IL-l lRa-binding protein is considered to competitively inhibit binding of the

antibody to IL-1 lRa.

Optionally, the test IL-l lRa-binding protein is conjugated to different label to

the antibody. This alternate labeling permits detection of the level of binding of the test

IL- 1 lRot-binding protein to IL-1 lRot or the region thereof or the cell.

In another example, the IL-llRa-binding protein is permitted to bind to IL-

llRtx or a region thereof (e.g., as contained within a polypeptide comprising SEQ ID

NO: 3) or a cell expressing same prior to contacting the IL-1 1R0t, region or cell with

the antibody. A reduction in the amount of bound antibody in the presence of the IL—

llRa-binding protein compared to in the absence of the IL-llRa-binding protein
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indicates that the protein competitively inhibits binding of the antibody to lL-l lRa. A

reciprocal assay can also be performed using labeled lL-l lRa-binding protein and first

allowing the antibody to bind to IL-1 lRot. In this case, a reduced amount of labeled IL-

lle-binding protein bound to lL-l lRa in the presence of the antibody compared to in

the absence of the antibody indicates that the IL-l le-binding protein competitively

inhibits binding of the antibody to IL- 1 lRot.

Any of the foregoing assays can be perfonned with a mutant form of IL-1 lRa

and/or SEQ ID NO: 3 and/or SEQ ID NO: 85 and/or an extracellular region of IL-1 lRa

to which 8E2 and/or 8DlO and/or 8E4 binds, e.g., as described herein.

Determining Neutralization

In some examples of the present disclosure, a protein is capable of neutralizing

IL—ll signaling.

Various assays are known in the art for assessing the ability of a protein to

neutralize signaling of a ligand through a receptor.

In one example, the protein reduces or prevents IL-ll binding to IL-llRot.

These assays can be performed as a competitive binding assay as described herein

using labeled IL-l 1 and/or labeled IL-l lRa-binding protein.

In a further example, the IL-1 le-binding protein reduces proliferation of cells

(e.g., BaF3 cells) expressing IL-llRa and gpl30 (e.g., cells modified to express the

both proteins) which are cultured in the presence of IL-1 1. Cells (e.g., about lxlO4

cell) are cultured in the presence of IL—11 (e.g., between about 0.3ng/mL to about

5ng/mL (such as 0.3ng/mL or 0.5ng/mL or 5ng/mL for hIL—ll or 0.5ng/mL or 5ng/mL

for cynoIL—l l) or between about lng/mL to about Slig/mL (such as lng/mL or 3 ng/mL

or 5ng/mL) for mIL-l l) and the presence or absence of a test IL-l le-binding protein.

Methods for assessing cell proliferation are known in the art and include, for example,

MTT reduction and/or thymidine incorporation. An lL-llRu-binding protein that

reduces the level of proliferation compared to the level observed in the absence of the

IL-lle-binding protein is considered to neutralize IL-llR signaling. By testing

multiple concentrations of the IL-l lRot-binding protein an ICSO is determined, i.e., a

concentration at which 50% of the maximum inhibition of cell proliferation occurs.

IC50 of lOttg/ml or less. In one example, the IC5O is 9ttg/ml or less. For example, the

1C5” is Bug/ml or less. For example, the 1C5.) is 7pg/ml or less. For example, the ICSU

is (Sag/ml or less. For example, the ICSO is 5 ug/ml or less. For example, the IC50 is

4ug/ml or less. For example, the IC50 is 3 pg/ml or less. In one example, relating to

each of the foregoing examples, the IC50 can be lOpg/ml or more or lOng/ml or more.
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A similar assay to that described in the foregoing paragraph can be performed

with B9 cells or T10 cells (Dams-Kozlowska er (1]., BMC Biotechnol, 12: 8, 2012: and

Yokote et al., JAOAC, 83: 1053-1057, 2000). In the case of an assay making use of

T10 cells, proliferation can be measured by colorimetrically detecting reduction of the

tetrazolium compound. 4-[3-(4-iodopheny1)-2-(4-nitropheny1)-2H—5-tetrazolio]-1,3-

bcnzcnc disulfonatc (WST-l).

In a further example, the ability of the IL-1 lRa-binding protein to suppress IL-

11-mediated erythropoiesis is assessed. For example, Lin'CD34+ cells (e.g., from cord

blood) are contacted with lL-ll in the presence or absence of the lL-l lRot-binding

protein. The amount of erythropoiesis is determined by detecting the number of

CD235a expressing cells, e. g., using FACS. An IL-l lRa-binding protein that reduces

the number of CD235a expressing cells compared to the number in the absence of the

lL- l le-binding protein is considered to neutralize IL-ll signaling.

In a still further example, the ability of the IL-1 lRa-binding protein to suppress

lL—ll-mediated STAT3 phosporylation is assessed. For example, cells expressing lL-

llRa and gpl30 are cultured in the presence of IL-11 in the presence or absence of the

IL-lle-binding protein. The level of STAT3 phosphorylation is then assessed by

Western blotting or FACS using an antibody specific for phosphorylated STAT3. An

exemplary assay making use of FACS is described in Dams—Kozlowska et al., BMC

Biotechnol, 12: 8, 2012.

In another example. the ability of the lL-l lRa-binding protein to suppress IL-

11—mediated proliferation of cancer cells, e.g., gastric cancer cells or acute

myelogenous leukemia (AML) cells is assessed. In these assays cancer cells (e.g.,

AGN or MKN45 gastric cancer cells) are cultured in the presence of lL-ll in the

presence or absence of the IL-llRa-binding protein. In the case of AML cells, the

cells may also be cultured in the presence of G—CSF. Proliferation of the cells is then

measured using standard techniques, e.g., as discussed above and/or by assessing

formation of L—CFU in the case of AML cells. Exemplary assays adaptable to the

present disclosure are included in Zhang et (11., Int J Biol Sci, 8: 383—393, 2012 and

Kimura 2101., Leukemia, 73: 1018-1027, I999.

Other methods for assessing neutralization of IL—11 signaling are contemplated

by the present disclosure.
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Determining Efi‘ector Function

As discussed herein, some lL-l le-binding proteins of the present disclosure

have reduced effector function or have effector function (or enhanced effector

function). Methods for assessing ADCC activity are known in the art.

In one example, the level of ADCC activity is assessed using a “Cr release

assay, an europium release assay or a 358 release assay. In each of these assays, cells

expressing IL—l 1R are cultured with one or more of the recited compounds for a time

and under conditions sufficient for the compound to be taken up by the cell. In the case

of a 358 release assay, cells expressing lL-lle can be cultured with 35S-labclcd

methionine and/or cysteine for a time sufficient for the labeled amino acids to be

incorporated into newly synthesized proteins. Cells are then cultured in the presence or

absence of the lL-l lRa-binding protein and in the presence of immune effector cells,

e.g., peripheral blood mononuclear cells (PBMC) and/or NK cells. The amount of 51Cr,

europium and/or 35S in cell culture medium is then detected, and little or no change in

the presence of the lL-l le-binding protein compared to in the absence of lL-l le-

binding protein indicates that the protein has reduced effector function and an increased

amount compared to in the absence of the IL-llRa-binding protein (or increased

compared to in the presence oflL-l lRa-binding protein comprising an lgGl Fc region)

indicating effector function or enhanced effector function. Exemplary publications

disclosing assays for assessing the level of ADCC induced by a protein include

Hellstrom, et al. Proc. Natl Acad. Sci. USA 83:7059-7063, 1986 and Bruggemann, et

al., J. Exp. Med. 166:1351—1361, 1987.

Other assays for assessing the level of ADCC induced by a protein include

ACTITM nonradioactive cytotoxicity assay for flow eytometry (CellTechnology, Inc.

CA, USA) or CytoTox 96® non—radioactive cytotoxicity assay (Promega, WI, USA).

Clq binding assays may also be carried out to confirm that the IL-1 lRa-binding

protein is able to bind Clq and may induce CDC. To assess complement activation, a

CDC assay may be performed (see, for example, Gazzano—Santoro et al, J. Immunol.

Methods 202: 163, 1996).

Determining Halthfe

Some IL-l lRa-binding proteins encompassed by the present disclosure have an

improved half-life, e.g., are modified to extend their half-life compared to IL-1 lRu-

binding proteins that are unmodified. Methods for determining an IL-l lRot—binding

protein with an improved half—life will be apparent to the skilled person. For example,

the ability of an IL-l lRu-binding protein to bind to a neonatal Fe receptor (FcRn) is
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assessed. In this regard, increased binding affinity for FcRn increases the serum half—

life of the lL-l lRot-binding protein (see for example, Kim et (11., Eur J Immunol,

24:2429, 1994).

The half-life of an lL-llRa-binding protein of the disclosure can also be

5 measured by pharmacokinetic studies, e.g., according to the method described by Kim

et al, Eur J ofImmmzol 242542, 1994. According to this method radiolabeled IL-l lRot-

binding protein is injected intravenously into mice and its plasma concentration is

periodically measured as a function of time, for example at 3 minutes to 72 hours after

the injection. The clearance curve thus obtained should be biphasic, that is, an alpha

10 phase and beta phase. For the determination of the in viva half—life of the protein, the

clearance rate in beta-phase is calculated and compared with that of the Wild type or

unmodified protein.

Assessing Therapeutic Efi‘icacy

15 Assays for assessing therapeutic efficacy are described hercinabove in relation

to determining neutralization by an IL-l lRa-binding protein.

In another example, the efficacy of a protein to treat a condition is assessed

using an in viva assay.

For example, the lL-llRa-binding protein is tested in an animal model of

20 arthritis. Exemplary models include a SKG strain of mouse (Sakaguchi et al., Nature,

426: 454-460), rat type II collagen arthritis model, mouse type II collagen arthritis

model or antigen induced arthritis models in several species (Bendele J Musculoskel

Neuron Interact; 1(4):377—385, 2001). In these assays, arthritis is induced and the

ability of the lL-l lRot-binding protein to reduce one or more symptoms of arthritis,

25 e.g., joint inflammation and/or markers of inflammation in synovial fluid is assessed.

An IL-l lRa-binding protein that reduces a symptom of arthritis is considered useful for

treating this condition or an lL—l l—mediated condition (e.g., an IL—l l—mediated

inflammatory condition).

The lL-llRa-binding protein can also or alternatively be tested in a model of

30 COPD, e.g., in which a non-human mammal (e.g., a rodent, such as, a mouse) is

exposed to cigarette smoke. Following exposure, the mammal is administered an IL—

llRa-binding protein and the level of lung inflammation and/or the number of

neutrophils in the lung is assessed or estimated using standard techniques. An IL-

llRot-binding protein that reduces lung inflammation and/or the number of neutrophils

35 is considered useful for treating lung inflammation or COPD or an lL—ll—mediated
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condition (e.g., an IL—l 1—mediated inflammatory condition, such as an IL—I 1—mediated

inflammatory lung condition).

The IL-llRot-binding protein can also or alternatively be tested in a Th2-

inflammatory condition, such as asthma or airway hyperreactivity. An exemplary

model of allergic asthma is the mouse OVA—model, e.g., as described in Wang et al, J.

Immunol. 165: 2222, 2000. Following induction of inflammation, an IL-l lRot-binding

protein is administered to the mice and symptoms of asthma, such as numbers of

eosinophils in bronchoalveolar lavage fluid (EAL), mucus secretion and/or goblet cell

hyperplasia are assessed. Other models of asthma are known in the art and include an

ovine model of inflammatory asthma as described in VVO2002/098216, a mouse model

of allergic asthma, e.g., induced by host dust mite protein (Fattouh et al, Am J Respir

Crit Care Med I72: 3l4—32l, 2005), a mouse model of severe asthma in which IL-5

and eotaxin are overexpressed, or mice receiving intratracheal instillation of poly—l—

lysine which are hypersensitive to methacholine when delivered as an aerosol (Homma

et al., Am J Physiol Lung Cell Mal Physiol 289: L4l3—L418, 2005).

The IL-llRa-binding protein can additionally or alternatively be tested in a

model of cancer, e.g., gastric cancer. For example, mice homologous for the Y757F

mutant of gpl30 (gpl30Y757F/Y757F) develop gastric tumors Jenkins et al, Blood 109:

2380-2388, 2007). Mice (e.g., eight week old mice) are treated with an IL-llRa-

binding protein and the number and/or weight of gastric polyps assessed. An IL-l 1Ra-

binding protein that reduces polyp size and/or weight is considered useful for treating

cancer. A similar assay can be used to test for an effect on colon cancer, in whichY7f7F/Y757F

gp130 ‘

sodium sulfate (DSS) essentially as described in Greten (et al, Cell, ”8: 285-296,

2004) to induce colon cancer prior to treatment with the IL-1 lRa-binding protein.

mice are treated with azoxymethane (AOM) followed by dextran

The IL-llRa-binding protein can additionally or alternatively be tested in a

model of cancer metastasis or cancer—related bone disease, e.g., as described in Li et al.,

Oncol. Lett. 3: 802—806, 2012.

Conditions to be Treated

The present disclosure contemplates treatment or prevention of any condition

that is caused by or exacerbated by IL—11 in a subject.

In one example, the condition is an autoimmune or inflammatory condition.

In one example, the autoimmune condition is an autoimmune joint condition,

such as, inflammatory arthritis, rheumatoid arthritis or idiopathic arthritis, e.g., juvenile

idiopathic arthritis. In one example, the condition is rheumatoid arthritis.

Ex. 2001 - Page1001



Ex. 2001 - Page1002

10

15

25

3O

35

WO 2014/121325 PCT/AU2014/000083

93

In one example, the autoimmune condition is an autoimmune bowel condition,

such as inflammatory bowel disease, such as ulcerative colitis or Crohn's disease.

In one example, the autoimmune condition is an autoimmune skin condition,

such as psoriasis.

In one example, the inflammatory condition is an inflammatory lung condition,

such as, a pulmonary disease associated with neutrophil infiltration. For example, the

condition is asthma, chronic obstructive pulmonary disease (COPD), rhinitis or allergy.

In one example, the condition is asthma.

Other exemplary inflammatory conditions include infection-induced

inflammation (e.g., inflammation induced by M. tuberculosis), gastric inflammation

(e.g., associated with gastric cancer), or inflammatory dermatis (e.g., atopic dermatitis).

In one example, the condition is a wasting condition, such as cachexia or

sarcopenia. In one example, wasting condition is cachexia. For example, the cachexia

is associated with or caused by a condition selected from rheumatoid arthritis, diabetes,

cardiac disease, chronic kidney disease, chronic pulmonary inflammation, intestinal

inflammation, inflammatmy bowel disease, age, sepsis or AIDS. In one example, the

cachexia is associated with or caused by cancer.

In one example, the condition is a bone condition, e.g., caused by insufficient

bone formation and/or excessive bone catabolism. Exemplary bone conditions include

osteoporosis (including post—menopausal osteoporosis), bone fracture, bone

resorption/damage caused by cancer (e.g., metastastic bone cancer, mycloma or Paget’s

disease of bone) and bone resorption/damage caused by treatment of cancer (e.g.,

chemotherapy, hormone ablation or hormone inhibition).

In one example, the condition is cancer. Exemplary cancers include

hematologic cancers, cancers of epithelial origin, gastric cancer, pancreatic cancer, liver

cancer, osteosarcoma, endometrial cancer or ovarian cancer.

In one example, the subject is resistant to, does not adequately respond to, or is

unsuitable for treatment with another compound used to treat the condition. For

example, the subject suffering from an autoimmune or inflammatory condition is

resistant to, does not adequately respond to, or is unsuitable for treatment with a

corticosteroid and/or an innnunosuppressant and/or cyclophosphamide and and/or

methotrexate and/or an anti—TNF antibody or soluble TNF receptor and/or an anti—

CDZO antibody and/or an anti—1L6 antibody and/or an anti-CD22 antibody.
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Compositions

In some examples, an lL-l lRa-binding protein as described herein can be

administered orally, parenterally, by inhalation spray, adsorption, absorption, topically,

rectally, nasally, bucally, vaginally, intraventricularly, via an implanted reservoir in

dosage formulations containing conventional non-toxic pharmaceutically-acceptable

carriers, or by any other convenient dosage form. The term “parenteral” as used herein

includes subcutaneous, intravenous, intramuscular, intraperitoneal, intrathecal,

intraventricular, intrasternal, and intracranial injection or infusion techniques.

Methods for preparing an lL-llRa-binding protein into a suitable form for

administration to a subject (e.g. a pharmaceutical composition) are known in the art and

include, for example, methods as described in Remington's Pharmaceutical Sciences

(18th ed., Mack Publishing Co., Easton, Pa., 1990) and US. Pharmacopcia: National

Formulary (Mack Publishing Company, Easton, Pa., 1984).

The pharmaceutical compositions of this disclosure are particularly useful for

parenteral administration, such as intravenous administration or administration into a

body cavity or lumen of an organ or joint. The compositions for administration will

commonly comprise a solution of an IL-l lRa-binding protein dissolved in a

pharmaceutically acceptable carrier, for example an aqueous carrier. A variety of

aqueous carriers can be used, e.g., buffered saline and the like. The compositions may

contain pharmaceutically acceptable auxiliary substances as required to approximate

physiological conditions such as pH adjusting and buffering agents, toxicity adjusting

agents and the like, for example, sodium acetate, sodium chloride, potassium chloride,

calcium chloride, sodium lactate and the like. The concentration of an IL-l lRa-binding

proteins of the present disclosure in these formulations can vary Widely, and will be

selected primarily based on fluid volumes, viscosities, body weight and the like in

accordance with the particular mode of administration selected and the patient's needs.

Exemplary carriers include water, saline, Ringer's solution, dextrose solution, and 5%

human serum albumin. Nonaqueous vehicles such as mixed oils and ethyl oleate may

also be used. Liposomes may also be used as carriers. The vehicles may contain minor

amounts of additives that enhance isotonicity and chemical stability, e.g., buffers and

preservatives.

Upon formulation, an IL-l 1Ra-binding proteins of the present disclosure will be

administered in a manner compatible with the dosage formulation and in such amount

as is therapeutically/prophylactically effective. Formulations are easily administered in

a variety of dosage forms, such as the type of injectable solutions described above, but

other pharmaceutically acceptable forms are also contemplated, e.g., tablets, pills,
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capsules or other solids for oral administration, suppositories, pessaries, nasal solutions

or sprays, aerosols, inhalants, liposomal forms and the like. Pharmaceutica "slow

release" capsules or compositions may also be used. Slow release formulations are

generally designed to give a constant drug level over an extended period and may be

used to deliver an lL-l lRa-binding protein of the present disclosure.

W02002/080967 describes compositions and methods for administering

aerosolized compositions comprising antibodies for the treatment of, e.g., asthma,

Which are also suitable for administration of an IL-l lRa-binding protein of the present
disclosure.

Combination Therapies

In one example, an lL-llRa-binding protein of the present disclosure is

administered in combination with another compound useful for treating a condition

described herein, either as combined or additional treatment steps or as additional

components of a therapeutic formulation.

For example, the other compound is an anti—inflammatory compound.

Alternatively, or additionally, the other compound is an immunosuppressant.

Alternatively, or additionally, the other compound is a corticosteroid, such as

prednisone and/or prednisolone. Alternatively, or additionally, the other compound is

methotrexate. Alternatively, or additionally, the other compound is cyclophosphamide.

Alternatively, or additionally, the other compound is myeophenolate mofetil.

Alternatively, or additionally, the other compound is an anti—CD20 antibody (e.g.,

rituximab or ofatumumab). Alternatively, or additionally, the other compound is an

anti-CD22 antibody (e.g., cpratuzumab). Alternatively, or additionally, the other

compound is an anti—TNF antibody (e.g., infliximab or adalimumab or golimumab) or

soluble TNF receptor (e.g., etanercept). Alternatively, or additionally, the other

compound is a CTLA—4 antagonist (e.g., abatacept, CTLA4—lg). Alternatively, or

additionally, the other compound is an anti—IL—6 antibody. Alternatively, or

additionally, the other compound is a BLys antagonist, such as an anti—BLys antibody

(e.g., belimumab).

In another example, the other compound is a chemotherapy drug or other drug

used for treating cancer.

In another example, the protein described herein is administered before or after

radiotherapy for the treatment of cancer.
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Dosages and Timing of Administration

Suitable dosages of an lL-l lRa-binding proteins of the present disclosure will

vary depending on the specific an IL-l lRot-binding protein, the condition to be treated

and/or the subject being treated. It is within the ability of a skilled physician to

determine a suitable dosage, e.g., by commencing with a sub-optimal dosage and

incrementally modifying the dosage to determine an optimal or useful dosage.

Alternatively, to determine an appropriate dosage for treatment/prophylaxis, data from

the cell culture assays or animal studies are used, wherein a suitable dose is within a

range of circulating concentrations that include the EDSO of the active compound with

little or no toxicity. The dosage may vary within this range depending upon the dosage

form employed and the route of administration utilized. A

therapeutically/prophylactically effective dose can be estimated initially from cell

culture assays. A dose may be formulated in animal models to achieve a circulating

plasma concentration range that includes the IC50 (i.e., the concentration or amount of

the compound which achieves a half-maximal inhibition of symptoms) as determined in

cell culture. Such information can be used to more accurately determine useful doses in

humans. Levels in plasma maybe measured, for example, by high performance liquid

chromatograph y .

In some examples, a method of the present disclosure comprises administering a

prophylactically or therapeutically effective amount of a protein described herein.

The term “therapeutically effective amount” is the quantity which, when

administered to a subject in need of treatment, improves the prognosis and/or state of

the subject and/or that reduces or inhibits one or more symptoms of a clinical condition

described herein to a level that is below that observed and accepted as clinically

diagnostic or clinically characteristic of that condition. The amount to be administered

to a subject will depend on the particular characteristics of the condition to be treated,

the type and stage of condition being treated, the mode of administration, and the

characteristics of the subject, such as general health, other diseases, age, sex, genotype,

and body weight. A person skilled in the art will be able to determine appropriate

dosages depending on these and other factors. Accordingly, this term is not to be

construed to limit the present disclosure to a specific quantity, e.g., weight or amount of

protein(s), rather the present disclosure encompasses any amount of the lL-llRa-

binding protein(s) sufficient to achieve the stated result in a subject.

As used herein, the term “prophylactically effective amount” shall be taken to

mean a sufficient quantity of a protein to prevent or inhibit or delay the onset of one or

more detectable symptoms of a clinical condition. The skilled artisan will be aware
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that such an amount will vary depending on, for example, the specific lL-l lRa-binding

protein(s) administered and/or the particular subject and/or the type or severity or level

of condition and/or predisposition (genetic or otherwise) to the condition. Accordingly,

this term is not to be construed to limit the present disclosure to a specific quantity,

e.g., weight or amount of IL-llRa-binding protein(s), rather the present disclosure

encompasses any amount of the IL-llRot-binding protein(s) sufficient to achieve the

stated result in a subject.

For in viva administration of the IL-llRa-binding protein described herein,

normal dosage amounts may vary from about lOng/kg up to about lOOmg/kg of an

individual's body weight or more per day. For repeated administrations over several

days or longer, depending on the severity of the disease or disorder to be treated, the

treatment can be sustained until a desired suppression of symptoms is achieved.

In some examples, the IL-1 lRot-binding protein is administered at an initial (or

loading) dose of between about 1mg/kg to about 30mg/kg, such as from about 1mg/kg

to about 10mg/kg, or about 1mg/kg or about 2mg/kg or 5mg/kg. The IL-1 1Rot-binding

protein can then be administered at a lower maintenance dose of between about

0.01mg/kg to about 2mg/kg, such as from about 0.05mg/kg to about 1mg/kg, for

example, from about 0.1mg/kg to about lmg/kg, such as about 0.1mg/kg or 0.5mg/kg

or ling/kg. The maintenance doses may be administered every 7—30 days, such as,

every 10—15 days, for example, every 10 or 11 or 12 or 13 or 14 or 15 days.

In some examples, the lL-l lRa-binding protein is administered at a dose of

between about 0.01mg/kg to about 50mg/kg, such as between about 0.05mg/kg to about

30mg/kg, for example, between about 0.1mg/kg to about 20mg/kg, for example,

between about 0.1mg/kg to about 10mg/kg, such as between about 0.1mg/kg to about

Zing/kg. For example, the IL-llRa-binding protein is administered at a dose of

between about 0.01mg/kg to about 5mg/kg, such as from about 0.1mg/kg to about

2mg/kg, such as about 0.2mg/kg or 0.3mg/kg or 0.5mg/kg or 1mg/kg or 1.5mg/kg (e.g.,

without a higher loading dose or a lower maintenance dose). In some examples,

numerous doses are administered, e.g., every 7—30 days, such as, every 10—22 days, for

example, every 10-15 days, for example, every 10 or 1 1 or 12 or 13 or 14 or 15 or 16 or

17 or 18 or 19 or 20 or 21 or 22 days. For example, the IL-1 lRot-binding protein is

administered every 7 days or every 14 days or every 21 days.

In some examples, at the time of commencing therapy, the mammal is

administered the IL-lle-binding protein on no more than 7 consecutive days or 6

consecutive days or 5 consecutive days or 4 consecutive days.
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In the case of a mammal that is not adequately responding to treatment, multiple

doses in a week may be administered. Alternatively, or in addition, increasing doses

may be administered.

In another example, for mammals experiencing an adverse reaction, the initial

(or loading) dose may be split over numerous days in one week or over numerous

consecutive days.

Administration of an IL-l le-binding protein according to the methods of the

present disclosure can be continuous or intermittent, depending, for example, on the

recipient's physiological condition, whether the purpose of the administration is

therapeutic or prophylactic, and other factors known to skilled practitioners. The

administration of an IL-IIRa-binding protein may be essentially continuous over a

preselected period of time or may be in a series of spaced doses, e.g., either during or

after development of a condition.

lL-l lRa Detection Assays

The following assays can be performed with an lL-l lRa-binding protein of the

disclosure, e.g., an lL-l erx-binding protein conjugated to a detectable label as

discussed herein. Detection of lL-l lRot or cells expressing same with an assay

described herein is useful for diagnosing or prognosing a condition.

An immunoassay is an exemplary assay format for diagnosing a condition in a

subject or detecting IL-llRa and cells expressing same in a sample. The present

disclosure contemplates any form of immunoassay, including Western blotting,

enzyme-linked immunosorbent assay (ELISA), fluorescence-linked immunosorbent

assay (FLISA), competition assay, radioimmunoassay, lateral flow immunoassay, flow—

through immunoassay, electrochemiluminescent assay, nephelometric—based assays,

turbidometric—based assay, and fluorescence activated cell sorting (FACS)—based

assays.

One form of a suitable immunoassay is, for example, an ELISA or FLISA.

In one form such an assay involves immobilizing an IL-1 le-binding protein of

the disclosure onto a solid matrix, such as, for example a polystyrene or polycarbonate

microwell or dipstick, a membrane, or a glass support (e.g. a glass slide). A test sample

is then brought into direct contact with the lL-l lRu-binding protein and lL-l lRu or

cells expressing same in the sample is bound or captured. Following washing to

remove any unbound protein in the sample, an IL-l lRa-binding protein that binds to

IL-llRa at a distinct epitope or binds to a different antigen on a cell is brought into

direct contact with the captured IL-llRa or cell. This detector protein is generally

labeled with a detectable reporter molecule, such as for example, an enzyme (e.g.
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horseradish peroxidase (HRP), alkaline phosphatase (AP) or B-galaetosidase) in the

case of an ELISA or a fluorophore in the case of a FLISA. Alternatively, a second

labeled protein can be used that binds to the detector protein. Following washing to

remove any unbound protein the detectable reporter molecule is detected by the

addition of a substrate in the case of an ELISA, such as for example hydrogen peroxide,

TMB, or toluidine, or 5—bromo—4—ehloro—3—indol—beta—D—galaotopyranoside (x—gal). Of

course, the immobilized (capture) protein and the detector protein may be used in the

opposite manner.

The level of the antigen in the sample is then determined using a standard curve

that has been produced using known quantities of the marker or by comparison to a

control sample.

The assays described above are readily modified to use chemiluminescence or
electroehemilumineseence as the basis for detection.

As will be apparent to the skilled artisan, other detection methods based on an

immunosorbent assay are useful in the performance of the present disclosure. For

example, an immunosorbent method based on the description supra using a radiolabel

for detection, or a gold label (e.g. colloidal gold) for detection, or a liposome, for

example, encapsulating NAD+ for detection or an acridinium linked immunosorbent

assay.

in some examples of the disclosure, the level of lL-llRa or cell expressing

same is determined using a surface plasmon resonance detector (e.g., BIAcoreTM, GE

Healthcare, Piscataway, N.J.), a flow through device, for example, as described in

US7205159; a micro— or nano—immunoassay device (e.g., as described in

USZOO30124619); a lateral flow devices (e.g., as described in USZOO40228761 or

USZOO40265926); a Fluorescence polarization immunoassay (FPIA e.g., as described in

US4593089 or US4751190); or an immunoturbidimetric assay (e.g., as described in

U8557l 728 or US6248597).

Samples and Control Samples

As will be apparent to the skilled artisan, some of the examples described herein

require some degree of quantification to determine the level of IL-llRa or cell

expressing same. Such quantification may be determined by the inclusion of a suitable

control sample in an assay of the disclosure.

In one example, a suitable control sample is a sample that is derived from a

healthy subject or a normal subject.

In the present context, the term “healthy subject” shall be taken to mean an

individual who is known not to suffer fiom a condition associated with IL-1 lRu, e. g.,

an inflammatory condition.

Ex. 2001 - Page1008



Ex. 2001 - Page1009

10

15

20

25

30

WO 2014/121325 PCT/AU2014/000083

100

The term “normal subject” shall be taken to mean an individual having a normal

level of IL-1 1Ra or cell expressing same in a sample compared to a population of
individuals.

The present disclosure also contemplates the control sample as being a data set

obtained from a normal and/or healthy subject or a population of normal and/or healthy

subjects.

In one example, a method of the disclosure additionally comprises determining

the level of IL-1 1R0. in a control sample, e.g., using a method described herein.

In one example, a sample from the subject and a control sample are assayed at

approximately or substantially the same time.

In one example, the sample from the subject and the control sample are assayed

using the same method of the disclosure as described herein in any one or more

examples to allow for comparison of results.

Kits

The present disclosure additionally comprises a kit comprising one or more of

the following:

(i) an IL-l 1Ra-binding protein of the disclosure or expression construct(s)

encoding same;

(ii) a cell of the disclosure; or

(iii) a pharmaceutical composition of the disclosure.

In the case of a kit for detecting IL-l 1R0t, the kit can additionally comprise a

detection means, e. g., linked to a IL-I 1R0t-binding protein of the disclosure.

In the case of a kit for therapeutic/prophylactic use, the kit can additionally

comprise a pharmaceutically acceptable carrier.

Optionally a kit of the disclosure is packaged with instructions For use in a

method described herein according to any example.

The present disclosure includes the following non-limiting Examples.
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Non-Limiting Examples
Materials and Methods

Phage display

Human lL-l lRa specific antibodies were isolated fi‘om a human Fab-phagemid

antibody library. Phage that bound to immobilized hlL-l lRa-Fc (R&D Systems Cat.

No. 1977—MR) were eluted in the presence of either wildtype hlL-ll or a hIL-11

mutein. A number of positive clones (as confirmed by phagemid ELISA) were

reformatted to human IgG4 antibodies.

IL—J] responsive cell proliferation assay

hIL—ll, cynolL-ll and mIL-ll responsive BaF3 cell lines were used to test the

ability of antibodies to block lL-ll bioactivity. The mlL-ll responsive BaF3 cell line

is described in W02009/0525 88.

hIL—ll and cynoIL-ll responsive BaF3 cell lines were stably transfected with

constructs encoding wild-type human and cynolL-l lRa, respectively, and human

gpl30 and cynomolgus monkey gpl30, respectively. Cells were selected by growth in

media containing hlL-ll or cynolL—ll and clonal cell lines were derived by limit

dilution cloning. A number of stably transfected clones were analyzed for their dose-

responsive proliferation (using a thymidine incorporation assay) when cultured in the

presence of hlL—ll or cyno lL—ll. One hlL—ll responsive clone and one cynolL—ll

responsive clone were each selected for analysis of antibodies.

lL—ll responsive BaF3 cells were seeded at about 1 x 104 cells/well in 96 well

plates in RPMI/l0%FCS/GlutamaX/PenStrep in the presence of a submaximal

concentration of lL-l l (hlL-l l: 0.3ng/mL or 0.5ng/mL or 5ng/mL; mlL-l l: lng/mL,

3ng/mL or 5ng/mL; cyno lL—ll: 0.5ng/mL or Sng/mL) and increasing concentrations of

purified monoclonal antibodies or a hlL—ll mutein (comprising SEQ ID NO: 110 and

having a N-terrninal hexa l-llS tag) in a total volume of 200uL/well. Cells were initially

cultured in the presence of antibody or hIL—l 1 mutein for 30 minutes prior to addition

of cytokine. Cells were cultured for about 48—50 hours at 370C and pulsed with 3H—

thymidine for the last 6 hours of culture. Cells were harvested onto glass fibre filters

and the level of radioactive thymidine incorporated into DNA determined by liquid

scintillation counting. Assays were performed in duplicate and mean values for each

assay point were then plotted.
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Afiinity maturation of'antibody 8E2

Antibody 8E2 was affinity matured using the following method. The sequences

encoding the VH and VL of 8E2 were inserted into a phagemid construct to encode a

germlined Fab and germline stop templates were created by replacing 18 codons (6

5 amino acid residues) in all CDRs, except CDR-LZ, with TAA stop codons. Libraries

were constructed using methods essentially as described by Sidhu et a]. (Methods in

Enzymology: 238: 333—336, 2000). Each stop template was used as template for the

Kunkel mutagenesis method (Kunkel et (11., Methods in Enzymology: 154: 367-382,

1987) with mutagenic oligonucleotides designed to simultaneously repair the stop

10 codons and introduce mutations at the designed sites. The mutagenesis reactions were

introduced into E. coli by electroporation, and phage production was initiated with

addition of helper phage. After overnight growth at 30°C, the phage were harvested by

precipitation with PEG/NaCl.

Libraries were cycled through several rounds of selection with decreasing

l5 concentration of biotinylated polypeptide comprising SEQ ID NO: 3. The target
concentration was reduced 10—fold with each round.

Antibody binding to domain-swapped IL-I IR mutant polypeptides

Various soluble forms of IL—1 1R comprising regions of hIL—l IR and mIL—l IR

20 were produced and comprise sequences as set forth in SEQ ID NOs: 3 and 86—90 and

the binding of antibodies 8E2, 8D10 and 8E4 to those polypeptides was determined

using Western blotting or Biacore analysis.

For Biacore analysis, anti—human was IgG immobilized on the sensor surface at

~10,000-12,000RU and each antibody was captured at between 0.2u g/ml and 0.5pg/ml

25 every cycle for 120 seconds. IL—ll receptors were injected over captured antibodies at

varying concentrations, ranging from luM down to 2.5nM, including injections of

buffer blanks. Association was monitored for 3—5 minutes, dissociation was monitored

for 3—10 minutes. Approximate affinities were determined by fitting binding curves of

each interaction to a 1:1 Kinetic Model.

30

Antibody binding to point mntants ofsolnble nIL—I ZR

Various point mutants of soluble forms of IL—llR were produced in which

amino acids from mIL-ll were introduced into a soluble form of hIL—ll (SEQ ID NO:

85) (see Table 5 for positions of mutations relative to SEQ ID NO: 1 and for reference

35 to the SEQ D NO: of each polypeptide) and the binding of antibodies to those
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polypeptides or to polypeptides of SEQ ID NO: 3 or SEQ ID NO: 85 was determined

using Biacore analysis or FACS.

Anti—human IgG Fe specific antibody was chemically immobilized on a CM5

chip to ~9000 RU. Antibodies were captured at about 0.3—1 ug/ml for 120 seconds on 2

spots in each flow cell. Adjacent spots consisting of only anti human IgG were used as

a reference. lL-ll receptors were injected over the captured antibodies and reference

spots at 40,10. 5 and 2.5 nM in duplicate. Blank injections of buffer only were also

performed in duplicate. Injection was performed for 3 minutes and dissociation
monitored for a further 5 minutes.

Binding curves were reference subtracted and buffer blanked before fitting to a

1:1 kinetic model.

Antibody—mediated inhibition OfIL—II signaling in cancer cells

DLD-l (colorectal cancer cell line) and MKN-28 (gastric cancer cell line) cells

were stimulated with increasing concentrations of hlL-l l for 15 minutes or incubated

in the presence of increasing concentrations of 8E2 anti—IL—l 1R or BM4 isotype control

antibodies prior to stimulation with huIL-ll (50 ng/ml). Cells were fixed and

permeabilized then stained with PE-conjugated anti-phosphoSTAT-3 antibodies. Cells

were analyzed by flow cytometry. The assays were performed in duplicate.

Example 1: Antibody isolation and characterization

Three antibodies, 8E2, 8DlO and 8E4, were isolated from a Fab—phagemid

antibody library based on their ability to inhibit hIL—ll dependent transfected BaF3 cell

 

proliferation. 8E4 also inhibited mouse lL-l 1 dependent BaF'3 cell proliferation.

8E2, 8DlO and 8E4 bound to cells transfeeted with lilL-l lRa or cynoIL-l lRa.

8E4, but not 8E2 and 8DlO, bound to cells transfected with mIL-l 1Ra.

Of the three antibodies, 8E2 had the best thermal stability as assessed by

differential scanning calorimetry (with a Tm of between 698°C and 766°C compared

to between 632°C and 714°C for 8DlO and 8E4).

8E2 was selected and affinity matured. Heavy and light chain libraries were

used to generate clones with mutated CDRs (Figures 1, 2 and 3). Binding of 62 of these

affinity variants to hIL—llR was assessed by Biacore and relative ability to inhibit hIL—

ll induced proliferation of BaF3 cells was determined. Results are shown in Table 3.
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Table 3: Characteristics of affinit matured antibodies

PCT/AU20 14/000083

   

 

mAbl 1C5.) (pg/m1)2 KD (M)3 Fold increase

in potency

relative to 8E2

11081321502 20513—09 4.3

hu8E2-TS-79

hu8E2-TS-88

hu8E2-TS-71

hu8E2—TS—76

hu8E2—TS—92

hu8E2—TS—69 —_
111181322089

hu8E2-TS—91

hu8E2—TS—66

hu8E2—TS—115

hu8E2-TS—101

hu8E2—TS—104

hu8E2-TS—97

hu8E2—TS—107

hu8E2—TS—108 0.12 1.93E—09

hu8E2—TS-151 0.26 24213-10 2.4

_
—
 

 

 

 

 

 

 

 

 

 

 

  huSEz-TS—136

hu8E2—T5-143 1.6

h118E2—TS—140 0.42 4.71E—10 1.5

h118E2-TS-133 0.23 5.13E-10 4.1

h118E2-TS-134 0.22 5.20E-10 4.3

h118E2-TS-135 0.20 5.25E-10 4.8

hu8E2-TS-129 0.20 6.30E-10 4.7

hu8E2-TS-156 0.13 6.31E-10 4.9

h118E2-TS-221 0.20 6.34E-10 2.6

hu8E2-TS-214 0.31 1.11E-09 1.6

hu8E2-TS-218 0.19 1.39E-09 2.7

hu8E2-TS-215 0.34 1.85E-09 1.5

hu8E2-TS-224 0.39 1.91E-09 1.2

hu8E2-TS-222 0.16 1.91E-09 3.3 
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ICso (Hg/I111)2 Fold increase

in potency

relative to 8E2 

h118E2-TS-213>3<  >

000000000900
1.2

 

 

 

 

 

 

 

 

 

 

 

 

 
hu8E2-TS-306

hu8E2-TS-307

hu8E2-TS-305

hu8E2-TS—311—I_
husEz-TS—312

hu8E2-TS-310

hu8E27T87303

hu8E2-TS—313

11u8E2—TS-322

11u8E2-T5-7

hu8E2-TS—20 —_
hu8E2-TS-6

hu8E2-TS-4 —_
hu8E2—T5—14

hu8E2—TS—21 0.31 2.30E-10

hu8E2—TS—17 0.35 3.90E—10 2.3

hu8E2—TS—103

husEz-TS—zz

h118E2—TS—2 0.26 5.29E—10 7.9

h118E2-TS-29 0.33 1.06E-09 2.5

h118E2-TS-9 0.68 2.29E-09 3.1

h118E2-TS-32 0.41 9.56E-09 2.4

hu8E2-TS-13 NP NP

hu8E2-TS-51 0.28 4.55E-10 3.6

h118E2-TS-55 0.2] 4.83E-10 4.8

hu8E2-TS-64 0.26 6.36E-10 5.4

hu8E2-TS-63 0.27 6.42E-10 5.1

hu8E2-TS-57 0.25 6.58E-10 3.9

hu8E2-TS-58 0.23 9.57E-10 6.0

hu8E2-TS-49 0.19 1.50E-09 5.2
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mAb1 105., (pg/ml)2 KD (M)3 Fold increase

in potency

relative to 8E2 

 

 

huBEZ WT 4.54E-O9

huBEZ WT 2 5.03E-09

Mean hu8E2 WT (n22) N/D 4.78E-O9
   
 

1 Sequence of antibody VH and VL as set out in Table l

2 Potency ((ug/ml) as determined in BaF Human IL—l 1R cell proliferation assay

3 Biacore data generated at pH 8.5 and 37°C

NP means no potency; N/D means not determined

* some heterogeneity observed, an accurate KD difficult to determine

Ten affinity matured antibodies, (TS-306, TS-Z, TS-4, TS-7, TS-l4, TS-Sl, TS-

101, TS-lOS, TS-l34 and TS-l36,) were selected based on their improved ability to

inhibit hlL—l 1 induced proliferation in BaF3 cells in comparison to 8E2, 8D10 and 8E4,

and their improved affinity to human IL-llRoc compared to 8E2. CDR sequence was

also considered in selecting these affinity matured antibodies. Some clones which had

a CDR sequence close to or the same as the relevant consensus sequence were selected.

These antibodies were tested for inhibition of human, cyno and/or mouse IL-ll-

induced proliferation of BaF3 cells transfected with human, cyno or mouse IL—llR.

Binding to human and cyno IL— 1 1R transfected cells and measurement of mean

fluorescence intensity by flow cytometry was also performed. Compared to the parental

8E2 clone, each of the selected clones more potently inhibited hIL-ll and cyno-IL-ll-

induced proliferation and bound with greater affinity to human and cyno IL—l 1R.

Exam le 2: Com arison 0f anta onism b hIL—ll mutein and antibodies
 

The antagonistic activity of several antibodies was compared to that of a hIL—ll

mutein (comprising SEQ ID NO:1 10 and having a N—terminal hexa HIS tag)) using the

assay described above using the BaF3 cell line transfected with nucleic acid encoding

human lL—l IR and human gpl30 and 0.3ng/mL human lL—l 1. Results are presented in

Table 4.
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Table 4: Comparison of lL—ll signaling antagonism between anti—lLllR antibodies
and a hlL-l 1 mutein 

 

 

 

 

 

 

 

 

 

 

 

 

  
average ICSO SD

nM nM

8E2 2.24 0.73

8E4 5.84 5.61

8D10 0.43 0.46

8E2-TS-51 1.14 0.13

8E2-TS-2 0.65 0.24

8E2-TS-134 2.50 0.63

8E2-TS-7 4.00 2.62

8E2-TS-4 1.22 0.32

8E2-TS-136 2.19 1.36

6xHis hlL—11 mutein 19.39 14.51 

The data presented in Table 4 indicate that all antibodies tested inhibit lL—ll

5 signaling more effectively than the hIL-ll mutein. Due to the large difference in

molecular weight between the mutein and the antibodies, leo values are expressed in
nM.

Example 3: Epitope Mapping

10 Competition ELISA and Biacore data indicate that 8E2, 8E4 and 8D10 compete

with each other for binding to hIL-l lRu and may recognize the same region of ML-
1 le.

Domain swapping (murine—human) Biacore data showed that at least amino

acids 111-215 (Fn type 3 domain 1) othL-l lRa (SEQ ID NO: 1) was required for 8E2

15 and SD10 binding and substituting mouse for human sequence in this region reduced

the affinity of 8E4 binding (Table 5).
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Table 5. Binding of IL— ll rece-tors to antibodies.

  
Se I uence E4 8E2 4E5

SEQ ID NO: 86

SEQ in NO: 87

SEQ ID NO: 88

SEQ ID NO 89 ——

SEQ ID NO: 3 _m
SEQ ID NO: 90 N/A strong binding
 

N/A: not assessed

N/B: no or ablated binding

4E5 is a mouse monoclonal antibody with strong binding affinity to mouse IL—l lRoc.

In the results presented in Table 5, reference to “strong binding” indicates

affinities (KD) of about 10nM or lower. Reference to “weak binding” indicates

affinities (KB) of about SOnM or higher.

Twenty eight constructs having a single amino acid substitution in the region

covering both the Ig-like domain and the Fibronectin type 3 domain 1 of hIL-l lRa

were made by replacing the native human amino acid with the corresponding mouse

amino acid residue. Five mutants of a truncated hlL—l lR (SEQ ID NO:85) (P653,

K66R, LlOlS, Vl 17E, A1785) were expressed and purified (numbering relative to the

amino acid position in SEQ ID NO:1). Corresponding constructs were used to transfect

cells, which were subsequently stained with 8E2, 8E4 and SDIO. 8E2 and 8ElO binding

was shown to be reduced in V1 17E transfected cells by flow cytometry.

Flow data were confirmed by Biacore. All Biacore sensorgrams fitted well to a

1:1 binding model and the derived KD values are given in Table 6.

The Vll7E mutant did not bind to 8E2 and 8DlO at the concentrations used in

this assay, and a KD for this interaction could not be determined. This residue

contributes to the binding interaction of these two antibodies.

The K66R mutation led to a decrease in KD of just over twofold when compared

to \VT Dl/Z (SEQ ID NO: 85) for antibodies 8E2 and 8D10, indicating some

involvement of this residue in antibody binding.

The mutants Vl l7E and K66R also bound to antibody 8E4 with a significantly

lower affinity than WT D1/2 (SEQ ID NO: 85). These residues may contribute to the

binding interaction of antibody 8E4 with hIL- l lRot.
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ANOVA and Tukey’s Multiple Comparisons tests indicated that both V95E and

K44R affinities were significantly different (p<0.05) to WT D1/2 (SEQ ID NO: 85) for

all antibodies tested.

All of the mutant forms of lL—llR tested in this example were able to bind to

IL—11, indicating that the mutations did not induce a substantial conformational change

in the receptor.

Table 6: Affmities of antibodies for point mutants of soluble human IL-1 lRa (SEQ ID

NO: 85)

Rece n tor / Mutant KD (nM)

8E

K66R (SEQ ID NO: 96) 2.4 i 0.13

L101S (SEQ ID NO: 98) 1 17 i 0.03

P658 SEQ ID NO: 97) 1.08 i 0.02

A178S (SEQ ID NO: 99) 1.1i 0.05

V117E (SEQ ID NO: 95)

SEQ ID NO: 85

SEQ ID NO: 85 1.0 i 0.04 2.78 i 0.08 0.58 i 0.03

SEQ ID NO: 3 1.8 i 0.06 4.0 i 0.1 1.0 i 0.03

Affinities of antibodies for various receptor mutants. N22 for WT D1/2 (SEQ ID NO:

85), both values are shown. All other values are mean 4; SE. N=3 for WT F/L (SEQ

ID NO: 3), N:4 for all others. Values highlighted in bold have KD values significantly

different to WT D1/2 (p<0.05). Positions of mutations are relative to SEQ ID NO: 1. *

indicates undetectable binding.

[0 SE

5.6 i 0.1

2.98 i 0.06

2.71 i 0.1

2.63 i 0.1

5.54 i 0.1

3.2. 3.7

4; 8D10

1.3 i 0.09

0.7 i 0.03

0.67 i 0.02

0.6 i 0.03

*

1.0, 1.1 0.57. 069

Example 4: Comparative data
 

A non—neutralizing anti-IL-l 1R antibody (4D12; commercially available

antibody fi'om Santa Cruz) was shown to bind to human lL-l lRa by ELISA. 4D12 was

shown to bind to BaF3 cells transfected with human lL-l 1Ra and was shown to bind to

293 cells transfected with human or mouse lL-l lROt.

4D 12 did not neutralize human or mouse IL—1 1 induced cellular proliferation in

BaF3 cells incubated with 0.5ng/mL hIL-ll or 3ng/mL mIL-l 1R.

Competition ELISAs were uses to show that 4D12 does not compete for binding

to lL-l 1Ru with either 8D10 or 8E2.
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Example 5: Anti—lL—l 1R antibodies inhibit lL—ll signaling in cancer cells

As shown in Figure 4, IL-ll induces phosphorylation of STAT-3 in DLD-l

colon cancer cells and MKN—28 stomach cancer cells. Figure 4 also shows that

antibody 8E2 inhibits STAT—3 phosphorylation in these cells, Whereas an isotype

control antibody does not.
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CLAIMS:

I. An IL-l lRot-binding protein comprising an antigen binding domain of an

antibody, wherein the antigen binding domain binds to or specifically binds to IL-1 lROt

and neutralizes IL—11 signaling, and wherein the antigen binding domain is capable of

binding to hIL-l lRa and cynoIL-l IRQ.

2. An IL-11Ra-binding protein comprising an antigen binding domain of an

antibody, wherein the antigen binding domain binds to or specifically binds to IL-1 lRa

and neutralizes IL-1 1 signaling and the protein inhibits IL-l l-mediated proliferation of

BaF3 cells expressing IL-l lRot and gp130 with an IC50 of 10tLg/1n1 or less.

3. An IL-l lRa-binding protein comprising an antigen binding domain of an

antibody, wherein the antigen binding domain binds to or specifically binds to IL-1 lRot

and neutralizes IL-11 signaling and the level of binding of the IL-1 1Ra-binding protein

to a polypeptide of SEQ ID NO: 86 or 89 is lower than the level of binding of the IL-

11Ra-binding to a polypeptide of SEQ ID NO: 3 and/or 85.

4. The IL-l lRa-binding protein of claim 3, wherein the protein does not detectably

bind to a polypeptide of SEQ ID NO: 86 or 89.

5. An IL-llRa-binding protein comprising an antigen binding domain of an

antibody, wherein the antigen binding domain binds to or specifically binds to IL-1 lRa

and neutralizes IL—11 signaling and the antigen binding domain binds to an epitope

comprising residues within the first fibronectin III domain of IL-l lRot.

6. The IL-11Ra-binding protein of claim 5, wherein the epitope comprises residues

within the immunoglobulin-like domain and the first fibroneetin III domain ofIL-l IRQ

7. An IL-l lRa-binding protein comprising an antigen binding domain of an

antibody, wherein the antigen binding domain binds to or specifically binds to IL-1 lRot

and neutralizes IL—11 signaling and wherein the protein competitively inhibits binding

of antibody 8E2 (comprising a heavy chain comprising a sequence set forth in SEQ ID

NO: 83 and a light chain comprising a sequence set forth in SEQ ID NO: 84) and/or

antibody 8E4 (comprising a heavy chain comprising a sequence set forth in SEQ ID

NO: 92 and a light chain comprising a sequence set forth in SEQ ID NO: 91) and/or

antibody 8D10 (comprising a heavy chain comprising a sequence set forth in SEQ ID

Ex. 2001 - Page1020



Ex. 2001 - Page1021

10

15

25

3O

35

WO 2014/121325 PCT/AU2014/000083

112

NO: 94 and a light chain comprising a sequence set forth in SEQ ID NO: 93) to a

polypeptide of SEQ ID NO: 3 and/or 85.

8. An lL-l lRa-binding protein comprising an antigen binding domain of an

antibody, wherein the antigen binding domain binds to or specifically binds to IL-1 lRa

and neutralizes IL-ll signaling and wherein the level of binding of the IL-1 1Rot-

binding protein to a polypeptide of SEQ ID NO: 95 is lower than the level of binding of

the IL-1 lRa-binding protein to a polypeptide of SEQ ID NO: 85.

9. The IL-l lRot-binding protein of claim 8, which competitively inhibits binding

of antibody 8E2 (comprising a heavy chain comprising a sequence set forth in SEQ ID

NO: 83 and a light chain comprising a sequence set forth in SEQ ID NO: 84) and/or

8E4 (comprising a heavy chain comprising a sequence set forth in SEQ ID NO: 92 and

a light chain comprising a sequence set forth in SEQ ID NO: 91) and/or 8D10

((comprising a heavy chain comprising a sequence set forth in SEQ ID NO: 94 and a

light chain comprising a sequence set forth in SEQ ID NO: 93) to a polypeptide of SEQ

ID NO: 3 and/or 85.

10. The IL-l lRa-binding protein of claim 8 or 9, wherein the antigen binding

domain cross—reacts with:

(i) a polypeptide of SEQ ID NO: 97; and/or

(ii) a polypeptide of SEQ ID NO: 98; and/or

(iii) a polypeptide of SEQ ID NO: 99.

11. An IL-l lRu-binding protein comprising an antigen binding domain of an

antibody, wherein the antigen binding domain binds to or specifically binds to IL-1 lRa

and neutralizes IL—ll signaling and wherein the antigen binding domain comprises at

least one of:

(i) a VH comprising a complementarity determining region (CDR) 1 comprising a

sequence at least about 40% identical to a sequence set forth between amino acids 31-

35 of SEQ ID NO; 37, a CDR2 comprising a sequence at least about 76% identical to a

sequence set forth between amino acids 50—66 of SEQ ID NO: 37 and a CDR3

comprising a sequence at least about 55% identical to a sequence set forth between

amino acids 99—107 of SEQ ID NO: 37;

(ii) a VH comprising a sequence at least about 95% or 96% or 97% or 98% or 99%

identical to a sequence set forth in SEQ ID NO: 37;
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(iii) a VL comprising a CDRl comprising a sequence at least about 45% identical to

a sequence set forth between amino acids 24-34 of SEQ ID NO: 5, a CDRZ comprising

a sequence set forth between amino acids 50—56 of SEQ ID NO: 5 and a CDR3

comprising a sequence at least about 44% identical to a sequence set forth between

amino acids 89-97 of SEQ ID NO: 5;

(iv) a VL comprising a sequence at least about 94% identical to a sequence set forth

in SEQ ID NO: 5;

(v) a VH comprising a CDRl comprising a sequence set forth between amino acids

31-35 of SEQ ID NO: 74, a CDR2 comprising a sequence set forth between amino

acids 50—66 of SEQ ID NO: 74 and a CDR3 comprising a sequence set forth between

amino acids 99-115 of SEQ ID NO: 74;

(vi) a VH comprising a sequence set forth in SEQ ID NO: 74;

(vii) a VL comprising a CDRl comprising a sequence set forth between amino acids

23-36 of SEQ ID NO: 73, a CDR2 comprising a sequence set forth between amino

acids 52-58 of SEQ ID NO: 73 and a CDR3 comprising a sequence set forth between

amino acids 91—101 of SEQ ID NO: 73;

(viii) a VL comprising a sequence set forth in SEQ ID NO: 73;

(ix) a VH comprising a CDRl comprising a sequence set forth between amino acids

31—35 of SEQ ID NO: 76, a CDR2 comprising a sequence set forth between amino

acids 50—66 of SEQ ID NO: 76 and a CDR3 comprising a sequence set forth between

amino acids 99-107 of SEQ ID NO: 76;

(x) a VH comprising a sequence set forth in SEQ ID NO: 76;

(xi) 3 VL comprising a CDRl comprising a sequence set forth between amino acids

24-34 of SEQ ID NO: 75, a CDRZ comprising a sequence set forth between amino

acids 50—57 of SEQ ID NO: 75 and a CDR3 comprising a sequence set forth between

amino acids 89—97 of SEQ ID NO: 75;

(xii) a VL comprising a sequence set forth in SEQ ID NO: 75;

(xiii) a V} as set forth l‘l (i) and a VL as set forth in (iii);

(xiv) a V} as set forth ii (i) and a VL as set forth in (iv);

(xv) a VP as set forth i1 (ii) and a VL as set forth in (iii);

(xvi) a V} as set forth i1 (ii) and a VL as set forth in (iv);

(xvii) a V} as set forth ii (v) and a VL as set forth in (vii);

(xviii) a VP as set forth ii (v) and a VI; as set forth in (viii);

(xix) a V; as set forth ii (vi) and a VL as set forth in (vii);

(xx) a V} as set forth ii (vi) and a VL as set forth in (viii);

  
(xxi) a VP as set forth ii (ix) and a VI; as set forth in (xi);
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(xxii) a VH as set forth in (ix) and a VL as set forth in (xii);

(xxiii) a VH as set forth in (X) and a VL as set forth in (Xi); or

(xxiv) a VH as set forth in (x) and a VL as set forth in (xii).

l2. The IL-l lRa-binding protein of claim 112, wherein the antigen binding domain

comprises:

(i) a VH comprising a sequence set forth in SEQ ID NO: 71 and a VL comprising a

sequence set forth in SEQ ID NO: 35; or

(ii) a VH comprising a sequence set forth in SEQ ID NO: 72 and a VL comprising a

sequence set forth in SEQ ID NO: 36.

13. An IL-l lRa-binding protein comprising an antigen binding domain of an

antibody, wherein the antigen binding domain binds to or specifically binds to IL-1 lRot

and neutralizes IL—11 signaling and wherein the antigen binding domain comprises:

(i) a VH comprising CDRs 1, 2 and 3 of a sequence set forth in SEQ ID NO: 37

(optionally, also comprising the amino acid N—terminal to CDR1) and a VL comprising

CDRs 1, 2 and 3 of a sequence set forth in SEQ ID NO: 5;

(ii) a VH comprising a sequence set forth in SEQ ID NO: 37 and a VI, comprising a

sequence set forth in SEQ ID NO: 5;

(iii) a VH comprising CDRs 1, 2 and 3 of a sequence set forth in SEQ ID NO: 38

(optionally, also comprising the amino acid N-tcrminal to CDR1) and a VI, comprising

CDRs 1, 2 and 3 of a sequence set forth in SEQ ID NO: 5;

(iv) a VH comprising a sequence set forth in SEQ ID NO: 38 and a VL comprising a

scqucncc set forth in SEQ ID NO: 5;

(V) a VH comprising CDRs 1, 2 and 3 of a sequence set forth in SEQ ID NO: 39

(optionally, also comprising the amino acid N—terminal to CDR1) and a VL comprising

CDRs l, 2 and 3 of a sequence set forth in SEQ ID NO: 5;

(Vi) a VH comprising a sequence set forth in SEQ ID NO: 39 and a VL comprising a

sequence set forth in SEQ ID NO: 5;

(Vii) a VH comprising CDRs l, 2 and 3 of a sequence set forth in SEQ ID NO: 40

(optionally, also comprising the amino acid N—terminal to CDR1) and a VL comprising

CDRs 1, 2 and 3 of a sequence set forth in SEQ ID NO: 5;

(Viii) a VH comprising a sequence set forth in SEQ ID NO: 40 and a VI, comprising a

sequence set forth in SEQ ID NO: 5;
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(ix) a VH comprising CDRs 1, 2 and 3 of a sequence set forth in SEQ ID N O: 41

(optionally, also comprising the amino acid N-terminal to CDRl) and a VL comprising

CDRs 1, 2 and 3 of a sequence set forth in SEQ ID NO: 5;

(x) a VH comprising a sequence set forth in SEQ ID NO: 41 and a VL comprising a

sequence set forth in SEQ ID NO: 5;

(xi) a VH comprising CDRs 1, 2 and 3 of a sequence set forth in SEQ ID NO: 42

(optionally, also comprising the amino acid N—terminaI to CDRI) and a VL comprising

CDRs 1, 2 and 3 of a sequence set forth in SEQ ID NO: 5;

(xii) a VH comprising a sequence set forth in SEQ ID NO: 42 and a VL comprising a

sequence set forth in SEQ ID NO: 5;

(xiii) a VH comprising CDRs 1, 2 and 3 of a sequence set forth in SEQ ID NO: 43

(optionally, also comprising the amino acid N-terminal to CDRl) and a VI, comprising

CDRs 1, 2 and 3 of a sequence set forth in SEQ ID NO: 5;

(xiv) a VH comprising a sequence set forth in SEQ ID NO: 43 and a VL comprising a

sequence set forth in SEQ ID NO: 5;

(xv) a VH comprising CDRs 1, 2 and 3 of a sequence set forth in SEQ ID NO: 44

(optionally, also comprising the amino acid N-terminal to CDRI) and a VL comprising

CDRs l, 2 and 3 of a sequence set forth in SEQ ID NO: 5;

(xvi) a VH comprising a sequence set forth in SEQ ID NO: 44 and a V1, comprising a

sequence set forth in SEQ ID NO: 5;

(xvii) a VH comprising CDRs l, 2 and 3 of a sequence set forth in SEQ ID NO: 45

(optionally, also comprising the amino acid N—terminal to CDRI) and a VL comprising

CDRs 1, 2 and 3 of a sequence set forth in SEQ ID NO: 5;

(xviii) a VH comprising a sequence set forth in SEQ ID NO: 45 and a VI, comprising a

sequence set forth in SEQ ID NO: 5;

(xix) a VH comprising CDRs 1, 2 and 3 of a sequence set forth in SEQ ID NO: 46

(optionally, also comprising the amino acid N—terminal to CDRl) and a VL comprising

CDRs 1, 2 and 3 of a sequence set forth in SEQ ID NO: 5 ;

(xx) a VH comprising a sequence set forth in SEQ ID NO: 46 and a VL comprising a

sequence set forth in SEQ ID NO: 5;

(xxi) a VH comprising CDRs 1, 2 and 3 of a sequence set forth in SEQ ID NO; 47

(optionally, also comprising the amino acid N—terminaI to CDRI) and a VL comprising

CDRs I, 2 and 3 of a sequence set forth in SEQ ID NO: 5:

(xxii) a VH comprising a sequence set forth in SEQ ID NO: 47 and a VL comprising a

sequence set forth in SEQ ID NO: 5;
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(xxiii) a VH comprising CDRs 1, 2 and 3 of a sequence set forth in SEQ ID N O: 48

(optionally, also comprising the amino acid N-terminal to CDRl) and a VL comprising

CDRs 1, 2 and 3 of a sequence set forth in SEQ ID NO: 5;

(xxiv) a VH comprising a sequence set forth in SEQ ID NO: 48 and a VL comprising a

sequence set forth in SEQ ID NO: 5;

(xxv) a VH comprising CDRs 1, 2 and 3 of a sequence set forth in SEQ ID NO: 49

(optionally, also comprising the amino acid N—terminaI to CDRI) and a VL comprising

CDRs 1, 2 and 3 of a sequence set forth in SEQ ID NO: 5;

(xxvi) a VH comprising a sequence set forth in SEQ ID NO: 49 and a VL comprising a

sequence set forth in SEQ ID NO: 5;

(xxvii)a VH comprising CDRs 1, 2 and 3 of a sequence set forth in SEQ ID NO: 50

(optionally, also comprising the amino acid N-terminal to CDRl) and a VI, comprising

CDRs 1, 2 and 3 of a sequence set forth in SEQ ID NO: 5;

(xxviii) a VH comprising a sequence set forth in SEQ ID NO: 50 and a VL comprising

a sequence set forth in SEQ ID NO: 5;

(xxix) a VH comprising CDRs 1, 2 and 3 of a sequence set forth in SEQ ID NO: 51

(optionally, also comprising the amino acid N-terminal to CDRI) and a VL comprising

CDRs l, 2 and 3 of a sequence set forth in SEQ ID NO: 5;

(xxx) a VH comprising a sequence set forth in SEQ ID NO: 51 and a V1, comprising a

sequence set forth in SEQ ID NO: 5;

(xxxi) a VH comprising CDRs l, 2 and 3 of a sequence set forth in SEQ ID NO: 52

(optionally, also comprising the amino acid N—terminal to CDRI) and a VL comprising

CDRs 1, 2 and 3 of a sequence set forth in SEQ ID NO: 5;

(XXXii)a VH comprising a sequence set forth in SEQ ID NO: 52 and a VI, comprising a

sequence set forth in SEQ ID NO: 5;

(XXXiiI) a VH comprising CDRs 1, 2 and 3 of a sequence set forth in SEQ ID NO: 53

(optionally, also comprising the amino acid N—terminal to CDRl) and a VL comprising

CDRs 1, 2 and 3 of a sequence set forth in SEQ ID NO: 5 ;

(xxxiv) a VH comprising a sequence set forth in SEQ ID NO: 53 and a VL comprising

a sequence set forth in SEQ ID NO: 5;

(xxxv)a VH comprising CDRs 1, 2 and 3 of a sequence set forth in SEQ ID NO; 54

(optionally, also comprising the amino acid N—terminaI to CDRI) and a VL comprising

CDRs I, 2 and 3 of a sequence set forth in SEQ ID NO: 5:

(xxxvi) a VH comprising a sequence set forth in SEQ ID NO: 54 and a VL comprising

a sequence set forth in SEQ ID NO: 5;
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(xxxvii) a VH comprising CDRs 1, 2 and 3 of a sequence set forth in SEQ ID NO: 55

(optionally, also comprising the amino acid N-terminal to CDRl) and a VL comprising

CDRs 1, 2 and 3 of a sequence set forth in SEQ ID NO: 5;

(xxxviii) a VH comprising a sequence set forth in SEQ ID N0: 55 and a VL comprising

a sequence set forth in SEQ ID NO: 5;

(xxxix) a VH comprising CDRs 1, 2 and 3 of a sequence set forth in SEQ ID NO: 56

(optionally, also comprising the amino acid N—terminal to CDRI) and a VL comprising

CDRs 1, 2 and 3 of a sequence set forth in SEQ ID NO: 5;

(xl) a VH comprising a sequence set forth in SEQ ID NO: 56 and a VL comprising a

sequence set forth in SEQ ID NO: 5;

(xli) a VH comprising CDRs 1, 2 and 3 of a sequence set forth in SEQ ID NO: 57

(optionally, also comprising the amino acid N-tcrminal to CDRl) and a VI, comprising

CDRs 1, 2 and 3 of a sequence set forth in SEQ ID NO: 5;

(xiii) a VH comprising a sequence set forth in SEQ ID NO: 57 and a VL comprising a

sequence set forth in SEQ ID NO: 5;

(xliii) a VH comprising CDRs 1, 2 and 3 of a sequence set forth in SEQ ID NO: 58

(optionally, also comprising the amino acid N-terminal to CDRI) and a VL comprising

CDRs l, 2 and 3 of a sequence set forth in SEQ ID NO: 5;

(xliv) a VH comprising a sequence set forth in SEQ ID NO: 58 and a V1, comprising a

sequence set forth in SEQ ID NO: 5;

(xlv) a VH comprising CDRs l, 2 and 3 of a sequence set forth in SEQ ID NO: 59

(optionally, also comprising the amino acid N—terminal to CDRI) and a VL comprising

CDRs 1, 2 and 3 of a sequence set forth in SEQ ID NO: 5;

(XlVi) a VH comprising a sequence set forth in SEQ ID NO: 59 and a VI, comprising a

sequence set forth in SEQ ID NO: 5;

(XiVii) a VH comprising CDRs 1, 2 and 3 of a sequence set forth in SEQ ID NO: 60

(optionally, also comprising the amino acid N—terminal to CDRl) and a VL comprising

CDRs 1, 2 and 3 of a sequence set forth in SEQ ID NO: 5 ;

(Xiviii)a VH comprising a sequence set forth in SEQ ID NO: 60 and a VL comprising a

sequence set forth in SEQ ID NO: 5;

(xlix) a VH comprising CDRs 1, 2 and 3 of a sequence set forth in SEQ ID NO; 61

(optionally, also comprising the amino acid N—terminal to CDRI) and a VL comprising

CDRs 1, 2 and 3 of a sequence set forth in SEQ ID NO: 5:

(I) a VH comprising a sequence set forth in SEQ ID NO: 61 and a VL comprising a

sequence set forth in SEQ ID NO: 5;
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(Ii) a VH comprising CDRs I, 2 and 3 of a sequence set forth in SEQ ID N O: 62

(optionally, also comprising the amino acid N-terminal to CDRl) and a VL comprising

CDRs 1, 2 and 3 of a sequence set forth in SEQ ID NO: 5;

(Iii) a VH comprising a sequence set forth in SEQ ID NO: 62 and a VL comprising a

sequence set forth in SEQ ID NO: 5;

(Iiii) a VH comprising CDRs 1, 2 and 3 of a sequence set forth in SEQ ID NO: 63

(optionally, also comprising the amino acid N—terminaI to CDRI) and a VL comprising

CDRs I, 2 and 3 of a sequence set forth in SEQ ID NO: 5;

(liv) a VH comprising a sequence set forth in SEQ ID NO: 63 and a VL comprising a

sequence set forth in SEQ ID NO: 5;

(IV) a VH comprising CDRs I, 2 and 3 of a sequence set forth in SEQ ID NO: 64

(optionally, also comprising the amino acid N-terminal to CDRl) and a VI, comprising

CDRs I, 2 and 3 of a sequence set forth in SEQ ID NO: 5;

(IVi) a VH comprising a sequence set forth in SEQ ID NO: 64 and a VL comprising a

sequence set forth in SEQ ID NO: 5;

(IVii) a VH comprising CDRs I, 2 and 3 of a sequence set forth in SEQ ID NO: 65

(optionally, also comprising the amino acid N-terminaI to CDRI) and a VL comprising

CDRs l, 2 and 3 of a sequence set forth in SEQ ID NO: 5;

(IViii) a VH comprising a sequence set forth in SEQ ID NO: 65 and a V1, comprising a

sequence set forth in SEQ ID NO: 5;

(lix) a VH comprising CDRs l, 2 and 3 of a sequence set forth in SEQ ID NO: 66

(optionally, also comprising the amino acid N—terminaI to CDRI) and a VL comprising

CDRs I, 2 and 3 of a sequence set forth in SEQ ID NO: 5;

(IX) a VH comprising a sequence set forth in SEQ ID NO: 66 and a VI, comprising a

sequence set forth in SEQ ID NO: 5;

(Ixi) a VH comprising CDRs I, 2 and 3 of a sequence set forth in SEQ ID NO: 67

(optionally, also comprising the amino acid N—terminal to CDRI) and a VL comprising

CDRs 1, 2 and 3 of a sequence set forth in SEQ ID NO: 5 ;

(Ixii) a VH comprising a sequence set forth in SEQ ID NO: 67 and a VL comprising a

sequence set forth in SEQ ID NO: 5;

(Ixiii) a VH comprising CDRs I, 2 and 3 of a sequence set forth in SEQ ID NO; 68

(optionally, also comprising the amino acid N—terminaI to CDRI) and a VL comprising

CDRs I, 2 and 3 of a sequence set forth in SEQ ID NO: 5:

(Ixiv) a VH comprising a sequence set forth in SEQ ID NO: 68 and a VL comprising a

sequence set forth in SEQ ID NO: 5;
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(IXV) a VH comprising CDRs 1, 2 and 3 of a sequence set forth in SEQ ID N O: 69

(optionally, also comprising the amino acid N-terminal to CDRl) and a VL comprising

CDRs 1, 2 and 3 of a sequence set forth in SEQ ID NO: 5;

(vai) a VH comprising a sequence set forth in SEQ ID NO: 69 and a VL comprising a

sequence set forth in SEQ ID NO: 5;

(vaii) a VH comprising CDRs 1, 2 and 3 of a sequence set forth in SEQ ID NO: 70

(optionally, also comprising the amino acid N—terminal to CDRI) and a VL comprising

CDRs 1, 2 and 3 of a sequence set forth in SEQ ID NO: 5;

(lxviii)a VH comprising a sequence set forth in SEQ ID NO: 37 and a VL comprising a

sequence set forth in SEQ ID NO: 5;

(lxix) a VH comprising CDRs 1, 2 and 3 of a sequence set forth in SEQ ID NO: 70

(optionally, also comprising the amino acid N-terminal to CDRl) and a VI, comprising

CDRs 1, 2 and 3 of a sequence set forth in SEQ ID NO: 5;

(lxx) a VH comprising a sequence set forth in SEQ ID NO: 70 and a VL comprising a

sequence set forth in SEQ ID NO: 5;

(Ixx') a VH comprising CDRs 1, 2 and 3 of a sequence set forth in SEQ ID NO: 37

(opt'onally, also comprising the amino acid N-terminal to CDRI) and a VL comprising

CDRs l, 2 and 3 of a sequence set forth in SEQ ID NO: 6;

(Ixx'i) a VH comprising a sequence set forth in SEQ ID NO: 37 and a V1, comprising a

sequence set forth in SEQ ID NO: 6;

(lxx'ii)a VH comprising CDRs l, 2 and 3 of a sequence set forth in SEQ ID NO: 37

(opt'onally, also comprising the amino acid N—terminal to CDRI) and a VL comprising

CDRs 1, 2 and 3 of a sequence set forth in SEQ ID NO: 7;

(lXX'V)a VH comprising a sequence set forth in SEQ ID NO: 37 and a VIA comprising a

sequence set forth in SEQ ID NO: 7;

(IXXV) a VH comprising CDRs 1, 2 and 3 of a sequence set forth in SEQ ID NO: 37

(optionally, also comprising the amino acid N—terminal to CDRl) and a VL comprising

CDRs 1, 2 and 3 of a sequence set forth in SEQ ID NO: 8;

(lxxvi)a VH comprising a sequence set forth in SEQ ID NO: 37 and a VL comprising a

sequence set forth in SEQ ID NO: 8;

(Ixxvii) a VH comprising CDRs 1, 2 and 3 of a sequence set forth in SEQ ID NO: 37

(optionally, also comprising the amino acid N—terminal to CDRI) and a VL comprising

CDRs I, 2 and 3 of a sequence set forth in SEQ ID NO: 9:

(Ixxviii) a VH comprising a sequence set forth in SEQ ID NO: 37 and a VL comprising

a sequence set forth in SEQ ID NO: 9;
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(lxxix)a VH comprising CDRs 1, 2 and 3 of a sequence set forth in SEQ ID N O: 37

(optionally, also comprising the amino acid N-terminal to CDRl) and a VL comprising

CDRs 1, 2 and 3 of a sequence set forth in SEQ ID NO: 10;

(Ixxx) a VH comprising a sequence set forth in SEQ ID NO: 37 and a VL comprising a

sequence set forth in SEQ ID NO: 10;

(Ixxxi)a VH comprising CDRs 1, 2 and 3 of a sequence set forth in SEQ ID NO: 37

(optionally, also comprising the amino acid N—terminaI to CDRI) and a VL comprising

CDRs I, 2 and 3 of a sequence set forth in SEQ ID NO: 11;

(lxxxii) a VH comprising a sequence set forth in SEQ ID NO: 37 and a VL comprising

a sequence set forth in SEQ ID NO: 11;

(lxxxiii) a VH comprising CDRs I, 2 and 3 of a sequence set forth in SEQ ID NO: 37

(optionally, also comprising the amino acid N-terminal to CDRl) and a VI, comprising

CDRs 1, 2 and 3 of a sequence set forth in SEQ ID NO: 12;

(Ixxxiv) a VH comprising a sequence set forth in SEQ ID NO: 37 and a VL comprising

a sequence set forth in SEQ ID NO: l2;

(Ixxxv) a VH comprising CDRs I, 2 and 3 of a sequence set forth in SEQ ID NO: 37

(optionally, also comprising the amino acid N-terminal to CDRI) and a VL comprising

CDRs l, 2 and 3 of a sequence set forth in SEQ ID NO: l3;

(lxxxvi) a VH comprising a sequence set forth in SEQ ID NO: 37 and a V1, comprising

a sequence set forth in SEQ ID NO: 13;

(lxxxvii) a VH comprising CDRs l, 2 and 3 of a sequence set forth in SEQ ID NO: 37

(optionally, also comprising the amino acid N—terminal to CDRI) and a VL comprising

CDRs I, 2 and 3 of a sequence set forth in SEQ ID NO: 14;

(lxxxviii)a VH comprising a sequence set forth in SEQ ID NO: 37 and a VI, comprising

a sequence set forth in SEQ ID NO: 14;

(Ixxxix) a VH comprising CDRs I, 2 and 3 of a sequence set forth in SEQ ID NO: 37

(optionally, also comprising the amino acid N—terminal to CDRl) and a VL comprising

CDRs 1, 2 and 3 of a sequence set forth in SEQ ID NO: 15;

(KC) a VH comprising a sequence set forth in SEQ ID NO: 37 and a VL comprising a

sequence set forth in SEQ ID NO: 15;

(xci) a VH comprising CDRs 1, 2 and 3 of a sequence set forth in SEQ ID NO; 37

(optionally, also comprising the amino acid N—terminaI to CDRI) and a VL comprising

CDRs I, 2 and 3 of a sequence set forth in SEQ ID NO: 16;

(xcii) a VH comprising a sequence set forth in SEQ ID NO: 37 and a VL comprising a

sequence set forth in SEQ ID NO: 16;
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(xciii) a VH comprising CDRs 1, 2 and 3 of a sequence set forth in SEQ ID N O: 37

(optionally, also comprising the amino acid N-terminal to CDRl) and a VL comprising

CDRs 1, 2 and 3 of a sequence set forth in SEQ ID NO: 17;

(xciV) a VH comprising a sequence set forth in SEQ ID NO: 37 and a VL comprising a

sequence set forth in SEQ ID NO: 17;

(xcv) a VH comprising CDRs 1, 2 and 3 of a sequence set forth in SEQ ID NO: 37

(optionally, also comprising the amino acid N—terminaI to CDRI) and a VL comprising

CDRs 1, 2 and 3 of a sequence set forth in SEQ ID NO: 18;

(xcvi) a VH comprising a sequence set forth in SEQ ID NO: 37 and a VL comprising a

sequence set forth in SEQ ID NO: 18;

(xcvii)a VH comprising CDRs 1, 2 and 3 of a sequence set forth in SEQ ID NO: 37

(optionally, also comprising the amino acid N-terminal to CDRl) and a VI; comprising

CDRs 1, 2 and 3 of a sequence set forth in SEQ ID NO: 19;

(xcviii) a VH comprising a sequence set forth in SEQ ID NO: 37 and a VL comprising

a sequence set forth in SEQ ID NO: 19;

(xcix) a VH comprising CDRs 1, 2 and 3 of a sequence set forth in SEQ ID NO: 37

(optionally, also comprising the amino acid N-terminal to CDRI) and a VL comprising

CDRs 1, 2 and 3 of a sequence set forth in SEQ ID NO: 20;

(c) a VH comprising a sequence set forth in SEQ ID NO: 37 and a V1, comprising a

sequence set forth in SEQ ID NO: 20;

(ci) a VH comprising CDRs l, 2 and 3 of a sequence set forth in SEQ ID NO: 37

(optionally, also comprising the amino acid N—terminal to CDRI) and a VL comprising

CDRs 1, 2 and 3 of a sequence set forth in SEQ ID NO: 21;

(cii) a VH comprising a sequence set forth in SEQ ID NO: 37 and a VI; comprising a

sequence set forth in SEQ ID NO: 21;

(ciii) a VH comprising CDRs 1, 2 and 3 of a sequence set forth in SEQ ID NO: 37

(optionally, also comprising the amino acid N—terminal to CDRl) and a VL comprising

CDRs 1, 2 and 3 of a sequence set forth in SEQ ID NO: 22;

(civ) a VH comprising a sequence set forth in SEQ ID NO: 37 and a VL comprising a

sequence set forth in SEQ ID NO: 22;

(CV) a VH comprising CDRs 1, 2 and 3 of a sequence set forth in SEQ ID NO; 37

(optionally, also comprising the amino acid N—terminaI to CDRI) and a VL comprising

CDRs 1, 2 and 3 of a sequence set forth in SEQ ID NO: 23;

(cvi) a VH comprising a sequence set forth in SEQ ID NO: 37 and a VL comprising a

sequence set forth in SEQ ID NO: 23;
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(cvii) a VH comprising CDRs 1, 2 and 3 of a sequence set forth in SEQ ID N O: 37

(optionally, also comprising the amino acid N-terminal to CDRl) and a VL comprising

CDRs 1, 2 and 3 of a sequence set forth in SEQ ID NO: 24;

(cviii) a VH comprising a sequence set forth in SEQ ID NO: 37 and a VL comprising a

sequence set forth in SEQ ID NO: 24;

(cix) a VH comprising CDRs 1, 2 and 3 of a sequence set forth in SEQ ID NO: 37

(optionally, also comprising the amino acid N—terminaI to CDRI) and a VL comprising

CDRs I, 2 and 3 of a sequence set forth in SEQ ID NO: 25;

(ex) a VH comprising a sequence set forth in SEQ ID NO: 37 and a VL comprising a

sequence set forth in SEQ ID NO: 25;

(cxi) a VH comprising CDRs I, 2 and 3 of a sequence set forth in SEQ ID NO: 37

(optionally, also comprising the amino acid N-terminal to CDRl) and a VI, comprising

CDRs 1, 2 and 3 of a sequence set forth in SEQ ID NO: 26;

(cxii) a VH comprising a sequence set forth in SEQ ID NO: 37 and a VL comprising a

sequence set forth in SEQ ID NO: 26;

(cxiii) a VH comprising CDRs I, 2 and 3 of a sequence set forth in SEQ ID NO: 37

(optionally, also comprising the amino acid N-terminal to CDRI) and a VL comprising

CDRs l, 2 and 3 of a sequence set forth in SEQ ID NO: 27;

(cxiV) a VH comprising a sequence set forth in SEQ ID NO: 37 and a V1, comprising a

sequence set forth in SEQ ID NO: 27;

(cxv) a VH comprising CDRs l, 2 and 3 of a sequence set forth in SEQ ID NO: 37

(optionally, also comprising the amino acid N—terminal to CDRI) and a VL comprising

CDRs I, 2 and 3 of a sequence set forth in SEQ ID NO: 28;

(CXVi) a VH comprising a sequence set forth in SEQ ID NO: 37 and a VI; comprising a

sequence set forth in SEQ ID NO: 28;

(cxvii)a VH comprising CDRs 1, 2 and 3 of a sequence set forth in SEQ ID NO: 37

(optionally, also comprising the amino acid N—terminal to CDRl) and a VL comprising

CDRs 1, 2 and 3 of a sequence set forth in SEQ ID NO: 29;

(cxviii) a VH comprising a sequence set forth in SEQ ID NO: 37 and a VL comprising

a sequence set forth in SEQ ID NO: 29;

(cxix) a VH comprising CDRs 1, 2 and 3 of a sequence set forth in SEQ ID NO; 37

(optionally, also comprising the amino acid N—terminaI to CDRI) and a VL comprising

CDRs I, 2 and 3 of a sequence set forth in SEQ ID NO: 30;

(cxx) a VH comprising a sequence set forth in SEQ ID NO: 37 and a VL comprising a

sequence set forth in SEQ ID NO: 30;

Ex. 2001 - Page1031



Ex. 2001 - Page1032

10

15

25

30

WO 2014/121325 PCT/AU2014/000083

123

(cxxi) a VH comprising CDRs 1, 2 and 3 of a sequence set forth in SEQ ID N O: 37

(optionally, also comprising the amino acid N-terminal to CDRl) and a VL comprising

CDRs 1, 2 and 3 of a sequence set forth in SEQ ID NO: 31;

(cxxii) a VH comprising a sequence set forth in SEQ ID NO: 37 and a VL comprising a

sequence set forth in SEQ ID NO: 31;

(cxxiii) a VH comprising CDRs 1, 2 and 3 of a sequence set forth in SEQ ID NO: 37

(optionally, also comprising the amino acid N—terminaI to CDRI) and a VL comprising

CDRs 1, 2 and 3 of a sequence set forth in SEQ ID NO: 32;

(cxxiv) a VH comprising a sequence set forth in SEQ ID NO: 37 and a VL comprising

a sequence set f01th in SEQ ID NO: 32;

(cxxv) a VH comprising CDRs 1, 2 and 3 of a sequence set forth in SEQ ID NO: 37

(optionally, also comprising the amino acid N-terminal to CDRl) and a VI, comprising

CDRs 1, 2 and 3 of a sequence set forth in SEQ ID NO: 33;

(cxxvi) a VH comprising a sequence set forth in SEQ ID NO: 37 and a VL comprising

a sequence set forth in SEQ ID NO: 33;

(cxxvii) a VH comprising CDRs 1, 2 and 3 of a sequence set forth in SEQ ID NO: 37

(optionally, also comprising the amino acid N-terminal to CDRI) and a VL comprising

CDRs l, 2 and 3 of a sequence set forth in SEQ ID NO: 34; or

(cxxviii) a VH comprising a sequence set forth in SEQ ID NO: 37 and a V1, comprising

a sequence set forth in SEQ ID NO: 34.

14. An IL-I IRu-binding protein comprising an antigen binding domain of an

antibody, wherein the antigen binding domain binds to or specifically binds to IL-1 IRa

and neutralizes IL-l l signaling and wherein the antigen binding domain comprises:

(i) a VH comprising CDRs 1, 2 and 3 of a sequence set forth in SEQ ID NO: 49

(optionally, also comprising the amino acid N—terminaI to CDRI) and a VL comprising

CDRs l, 2 and 3 of a sequence set forth in SEQ ID NO: 5;

(ii) a VH comprising a sequence set forth in SEQ ID NO: 49 and a VL comprising a

sequence set forth in SEQ ID NO: 5;

(iii) a VH comprising CDRs l, 2 and 3 of a sequence set forth in SEQ ID NO: 53

(optionally, also comprising the amino acid N—terminal to CDRI) and a VL comprising

CDRs 1, 2 and 3 of a sequence set forth in SEQ ID NO: 5;

(iv) a VH comprising a sequence set forth in SEQ ID NO: 53 and a VI, comprising a

sequence set forth in SEQ ID NO: 5;
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(V) a VH comprising CDRs 1, 2 and 3 of a sequence set forth in SEQ ID N O: 57

(optionally, also comprising the amino acid N-terminal to CDRl) and a VL comprising

CDRs 1, 2 and 3 of a sequence set forth in SEQ ID NO: 5;

(vi) a VH comprising a sequence set forth in SEQ ID NO: 57 and a VL comprising a

sequence set forth in SEQ ID NO: 5;

(vii) a VH comprising CDRs 1, 2 and 3 of a sequence set forth in SEQ ID NO: 58

(optionally, also comprising the amino acid N—terminaI to CDRI) and a VL comprising

CDRs 1, 2 and 3 of a sequence set forth in SEQ ID NO: 5;

(viii) a VH comprising a sequence set forth in SEQ ID NO: 58 and a VL comprising a

sequence set forth in SEQ ID NO: 5;

(ix) a VH comprising CDRs 1, 2 and 3 of a sequence set forth in SEQ ID NO: 37

(optionally, also comprising the amino acid N-terminal to CDRl) and a VI, comprising

CDRs 1, 2 and 3 of a sequence set forth in SEQ ID NO: 8;

(x) a VH comprising a sequence set forth in SEQ ID NO: 37 and a VL comprising a

sequence set forth in SEQ ID NO: 8;

(xi) a VH comprising CDRs 1, 2 and 3 of a sequence set forth in SEQ ID NO: 37

(optionally, also comprising the amino acid N-terminal to CDRI) and a VL comprising

CDRs l, 2 and 3 of a sequence set forth in SEQ ID NO: 15;

(xii) a VH comprising a sequence set forth in SEQ ID NO: 37 and a V1, comprising a

sequence set forth in SEQ ID NO: 15 ;

(xiii) a VH comprising CDRs l, 2 and 3 of a sequence set forth in SEQ ID NO: 37

(optionally, also comprising the amino acid N—terminal to CDRI) and a VL comprising

CDRs 1, 2 and 3 of a sequence set forth in SEQ ID NO: 16;

(xiv) a VH comprising a sequence set forth in SEQ ID NO: 37 and a VI, comprising a

sequence set forth in SEQ ID NO: 16;

(xv) a VH comprising CDRs 1, 2 and 3 of a sequence set forth in SEQ ID NO: 37

(optionally, also comprising the amino acid N—terminal to CDRl) and a VL comprising

CDRs 1, 2 and 3 of a sequence set forth in SEQ ID NO: 18;

(xvi) a VH comprising a sequence set forth in SEQ ID NO: 37 and a VL comprising a

sequence set forth in SEQ ID NO: 18;

(xvii) a VH comprising CDRs 1, 2 and 3 of a sequence set forth in SEQ ID NO; 37

(optionally, also comprising the amino acid N—terminaI to CDRI) and a VL comprising

CDRs 1, 2 and 3 of a sequence set forth in SEQ ID NO: 29; or

(xviii) a VH comprising a sequence set forth in SEQ ID NO: 37 and a VL comprising a

sequence set forth in SEQ ID NO: 29.
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15. The lL-11R0t-binding protein of any one of claims 1 to 14 comprising at least a

heavy chain variable region (VH) and a light chain variable region (VL), wherein the VH

and VL bind to form a Fv comprising an antigen binding domain, wherein the VH and

the VL are in a single polypeptide chain or the VL and VH are in separate polypeptide

chains.

16. The IL-l lRa-binding protein of claim 15, wherein if the VH and VL are in a

single polypeptide chain, the protein is:

(i) a single chain Ev fragment (scFv);

(ii) a dimeric scFv (di—scFv);

(iii) one of (i) or (ii) linked to a constant region of an antibody, Fe or a heavy chain

constant domain (CH) 2 and/or CH3; or

(iv) one of (i) or (ii) linked to a protein that binds to an immune effector cell, or

if the VH and VL are in separate polypeptide chains the protein is:

(i) a diabody;

(ii) a triabody;

(iii) a tetrabody;

(iv) a Fab;

(V) a F(ab’ )2;

(vi) a Fv;

(vii) one of (i) to (vi) linked to a constant region of an antibody, Fe or a heavy chain

constant domain (CH) 2 and/or CH3;

(viii) one of (i) to (vi) linked to a protein that binds to an immune effector cell; or

(ix) an antibody.

17. An antibody that binds to IL-11Ra and neutralizes IL-11 signaling, the antibody

comprising:

(i) a VH comprising CDRs l, 2 and 3 of a sequence set forth in SEQ ID NO: 49

(optionally, also comprising the amino acid N—terminal to CDRl) and a VL comprising

CDRs l, 2 and 3 of a sequence set forth in SEQ ID NO: 5;

(ii) a VH comprising a sequence set forth in SEQ ID NO: 49 and a VL comprising a

sequence set forth in SEQ ID NO: 5;

(iii) a VH comprising CDRs l, 2 and 3 of a sequence set forth in SEQ ID NO: 53

(optionally, also comprising the amino acid N—terminal to CDRl) and a VL comprising

CDRs l, 2 and 3 of a sequence set forth in SEQ ID NO: 5;
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(iv) a VH comprising a sequence set forth in SEQ ID NO: 53 and a VL comprising a

sequence set forth in SEQ ID NO: 5;

(v) a VH comprising CDRs 1, 2 and 3 of a sequence set forth in SEQ ID NO: 57

(optionally, also comprising the amino acid N —terminal to CDR1) and a VL comprising

CDRs 1, 2 and 3 of a sequence set forth in SEQ ID NO: 5;

(vi) a VH comprising a sequence set forth in SEQ ID NO: 57 and a VL comprising a

sequence set forth in SEQ ID NO: 5;

(vii) a VH comprising CDRs 1, 2 and 3 of a sequence set forth in SEQ ID NO: 58

(optionally, also comprising the amino acid N-tcrminal to CDR1) and a VL comprising

CDRs 1, 2 and 3 of a sequence set forth in SEQ ID NO: 5;

(viii) a VH comprising a sequence set forth in SEQ ID NO: 58 and a VL comprising a

sequence set forth in SEQ ID NO: 5;

(ix) a VH comprising CDRs 1, 2 and 3 of a sequence set forth in SEQ ID NO: 37

(optionally, also comprising the amino acid N-terminal to CDR1) and a VL comprising

CDRs 1, 2 and 3 of a sequence set forth in SEQ ID NO: 8;

(x) a VH comprising a sequence set forth in SEQ ID NO: 37 and a VL comprising a

sequence set forth in SEQ ID NO: 8;

(xi) a VH comprising CDRs 1, 2 and 3 of a sequence set forth in SEQ ID NO: 37

(optionally, also comprising the amino acid N—terminal to CDR1) and a V1, comprising

CDRs 1, 2 and 3 of a sequence set forth in SEQ ID NO: 15;

(xii) a VH comprising a sequence set forth in SEQ ID NO: 37 and a V.) comprising a

sequence set forth in SEQ ID NO: 15;

(xiii) a VH comprising CDRs 1, 2 and 3 of a sequence set forth in SEQ ID NO: 37

(optionally, also comprising the amino acid N-tcrminal to CDR1) and a VI, comprising

CDRs 1, 2 and 3 of a sequence set forth in SEQ ID NO: 16;

(xiv) a VH comprising a sequence set forth in SEQ ID NO: 37 and a VL comprising a

sequence set forth in SEQ ID NO: 16;

(xv) a VH comprising CDRs 1, 2 and 3 of a sequence set forth in SEQ ID NO: 37

(optionally, also comprising the amino acid N—terminal to CDR1) and a VL comprising

CDRs l, 2 and 3 of a sequence set forth in SEQ ID NO: 18;

(xvi) a VH comprising a sequence set forth in SEQ ID NO: 37 and a VL comprising a

sequence set forth in SEQ ID NO: 18;

(xvii) a VH comprising CDRs 1, 2 and 3 of a sequence set forth in SEQ ID NO: 37

(optionally, also comprising the amino acid N—terrninal to CDR1) and a VL comprising

CDRs 1, 2 and 3 of a sequence set forth in SEQ ID NO: 29; or
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(xviii) a VH comprising a sequence set forth in SEQ ID NO: 37 and a VL comprising a

sequence set forth in SEQ ID NO: 29.

18. The lL-llRa-binding protein of any one of claims 1 to 16 or the antibody of

claim 17, which is conjugated to another compound.

19. A nucleic acid encoding the IL-1 1R0t-binding protein of any one of claims 1 to

16 or the antibody of claim 17 or a polypeptide thereof.

20. An expression construct comprising the nucleic acid of claim 19.

21. An isolated or recombinant cell expressing the IL-11Ra-binding protein of any

one of claims 1 to 16 or the antibody of claim 17.

22 A composition comprising an 1L-1 1Rot-binding protein of any one of claims 1 to

16 or 18 or the antibody of claim 17 or 18 and a pharmaceutically acceptable carrier.

23. A method for treating or preventing an IL-11—mediated condition in a subject,

the method comprising administering the IL-1 1R0t-binding protein of any one of claims

1 to 16 or 18 or the antibody of claim 17 or 18 or the composition of claim 22.

24. A method for preventing pregnancy in a subject, the method comprising

administering the IL-11Ra-binding protein of any one of claims 1 to 16 or 18 or the

antibody of claim 17 or 18 or the composition of claim 22.

25. Use of the IL-llRa-binding protein of any one of claims 1 to 16 or 18 or the

antibody of claim 17 or 18 or the composition of claim 22 in medicine.

26. Use of the IL-llRa-binding protein of any one of claims 1 to 16 or 18 or the

antibody of claim 17 or 18 in the manufacture of a medicament to treat an lL-11-

mediated condition.

27. The IL-l le-binding protein of any one of claims 1 to 16 or 18 or the antibody

of claim 17 or 18 or the composition of claim 22 for use in the treatment of an IL—11—
mediated condition.
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28. A method for localizing and/or detecting and/or diagnosing and/or prognosing

an lL-l l-mediated condition associated with a cell expressing lL-l lRa, the method

comprising detecting in vivo the lL-l lRtx-binding protein of Claim 18 or the antibody

of claim 18 bound to the lL-llRu expressing cell, if present, wherein the lL-llRa-

binding protein or antibody is conjugated to a detectable tag.

29. The method of claim 28 additionally comprising administering the IL-llRa-

binding protein or antibody to the subject.

30. A method for detecting IL-llRot or a cell expressing same in a sample, the

method comprising contacting the sample with the IL-1 lRa-binding protein of any one

of claims 1 to 16 or 18 or the antibody of claim 17 or 18 such that a complex Forms and

detecting the complex, wherein detection of the complex is indicative of IL-1 lRa or a

cell expressing same in the sample.

31. A method for diagnosing or prognosing a lL-llRa-mediated condition, the

method comprising performing the method of claim 30 to detect IL-llRa or a cell

expressing same, wherein detection of the lL-llRu or cell expressing same is

diagnostic or prognostic of the condition.

32. The method of any one of claims 23, 28 or 31 or the use of claim 26 or the IL-

lle-binding protein or the antibody or the composition for use of claim 27, wherein

the lL—ll—mediated condition is an autoimmune condition, an inflammatory condition,

a wasting condition, a bone condition or a cancer.
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DIQMTQSPSSLSASVGDRVTITC
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DIQMTQSPSSLSASVGDRVTITC
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DLQN‘J‘QSPSSLSASVGQH l‘i‘C
DIQ.TQSPSSLSASVCDRVTITC
DIQNTQSPSSLSASVGDRVfiITC
DLQMTQSPSSLSASVGJR iTC
DIQNTQSPSSLSASVGDRVTITC
DIQMTQSPSSLSASVGDRVTITC
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CDR3

8E2 CVPSRFSCSCSCTDFTETISSLQPEDIATYYC QQYDNL FCPCTKVDIK SEQ ID NO: 5

[3*3'3 GVPS3ESGSGSGTQETETISSLQPEQLATYYC QQYDNL FGPGSKVDIK SEQ ID NO: 6
TS*3C5 GVPSRFSGSGSGTDFTFTISSLQPEDIATYYC QQYDNL FGPGTKVDIK SEQ ID NO: 7
TS 3C6 GVPSRFSGSGSGTDFTFTIESLQPEDIATYYC QQYDNL FGPGTKVDIK SEQ ID NO: 8
TS*3C7 GVPSRFSGSGSGTDFTFTISSLQPEDIATYYC QQYDNL FGPGTKVDIK SEQ ID NO: 9
ISi3lO CVPSRFSCSCSCTDFTFTISSLQPEDIATYYC QQYDNL FCPCTKVDIK SEQ ID NO: I
157311 GVPSRFSGSGSGTDFTFTIESLQPZDIATYYC QQYDNL FGPGTKVDIK SEQ ID NO: I
TSi312 GVPSRFSGSGSGTDFTETISSLQPEDIATYYC QQYDNL FGPGTKVDIK SEQ ID NO: I
TS73IJ CVPSRFSCSCSCTDFTFTISSLQPEDIATYYC QQYDNL FCPCTKVDIK SEQ ID NO: I
IS*322 GVPSRFSGSGSGTDFTFTISSLQPEDIATYYC QQYDNL FGPGTKVDIK SEQ ID NO: I
T872 GVPSRFSGSCSGTDFTFTISSLQPEJIATYYC QQAEDQ FGPGTKVDIK SEQ ID NO: 1
I874 GVPSRFSGSGSGTDFTFTISSLQDEDIATYYC QQHEFQ FGPGTKVDIK SEQ ID NO: 1
IS 6 GVPSRFSGSGSGTDFTE‘TIESLQPEDIATYYC EQFESQ FGPGTKVDIK SEQ ID NO: I
TSi7 GVPSRFSGSGSGTDFTFTISSLQPEDIATYYC QQHENQ FGPGTKVDIK SEQ ID NO: l
1579 CVPSRFSGSGSCTDFTFTISSLQPEDIATYYC QQAEEQ FCPCTKVDIK SEQ ID NO: I
T‘JiIE GVPS‘RFS‘G‘EGSGTDFTE‘TIS‘SLQPEDIATYYC‘ QQNETQ FGPGTKVDIK KEEQ ID NO: 2
T5714 GVPSRFSGSGSGTDFTFTISSLQPEDIATYYC QQHDNQ FGPGTKVDIK SEQ ID NO: 2
ISiI7 [IVPSRJES' VII'JE‘I'E'IIE LQPL'QLAI'YY' SQE'ESQ t'GPCQKVQIK SEQ ID NO: 2
ISi2C GVPSRFSGSGSGTDFTETIESLQPEDIATYYC QQNESQ FGPGTKVDIK SEQ ID NO: 2
T3721 GVPSRFSGSGSGTDFTFTIESLQPEDIATYYC QQSESQ FGPGTKVDIK SEQ ID ND: 2
T8722 CVPSRFSCSCSCTDFTFTISSLQPEDIATYYC QQFETQ FCPCTKVDIK SEQ ID NO: 2
ISi2§ GVPSRFSGSGSGTDFTFTIESLQPEDIATYYC QQSEEQ FGPGTKVDIK SEQ ID NO: 2
TSiSZ GVPSRFSGSGSGTDFTFTISSLQPEDIATYYC TQWETQ FGPGTKVDIK SEQ ID NO: 2
T3749 GVPSRFSGSGSGTDFTFTISSLQPEDIATYYC QQYESQ FGPGTKVDIK SEQ ID NO: 2
ISiSI GVPSRFSGSGSGTDFTFTIESLQPEDIATYYC QQYESQ FGPGTKVDIK SEQ ID NO: 2
IS’5E GVPSRFSGSGSGTDFTFTISSLQPEDIATYYC QQYETQ FGPGTKVDIK SEQ ID NO: 3
T3757 GVPSRFSGSGSGTDFTFTISSLQPEDIATYYC QQYETQ FGPGTKVDIK SEQ ID NO: 3
[5’58 GVESiESGSGSGIJETEII:SLQEfiJiAIXKC QQYEIQ ’ ‘ EGEGCKV)1K SEQ ID NO: 3
ISi63 GVPSRFSGSGSGTDFTFTISSLQPEDIATYYC QQYDTQ FGPGTKVDIK SEQ ID NO: 3
I5i64 GVPSRFSGSGSGIDFIFIIESLQPEDIAIYYC QQYESQ FGPGIRVDIK SEQ ID NO: 3

COHSFH%US GVPSRFSGSGSGTDFTFTISSLQPEDIATYYC XOXXXX
YDNL
AEDQ

F

FGPGTKVDIK SEQ ID NO: LA)

US‘iEFLUX IOZL—D‘AJMHXS
E
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Ex. 2001 - Page1041



Ex. 2001 - Page1042

WO 2014/121325 PCT/AU2014/000083
5/9

CDRI CDR2

832 DIQMIQSPSSLSASVGDRVTITC QASQD INNYLN WYQQKPGKAPKLLIY \ASNLQT

T3’3C6 DIQMIQSPSSLSASVGDRVTITC QASQD VDKYVE WYQQKPGKA?KLLIY \ASNLQT
TSiZ DIQMIQSPSSLSASVGDRVTITC QASQD INNYLN WYQQKPGKA?KLLIY MASNLQT
TSi4 DIQMIQSPSSLEASVGDRVTITC QASQD INNYLN WYQQKPGKAPKLLIY \ASNLQT
T377 DIQMIQSPSSLSASVGDRVTITC QASQD INNYLN WYQQKPGKAPKLLIY \ASNLQT
$5714 DIQMIQSPSSLSASVGDRVIITC QASQD INNYLN WYQQKPGKAPKLLIY \ASNLQT
IdiSi DLQMIQSEBSLbABVGDSVILTU QAJQD LNNELN WfiQQKEGKAffiLLLY ASNLQI

Consensus DIQMIQSPSSLSASVGDRVIITC QASQD XXXYXX WYQQKPGKAPKLLIY \ASNLQT
L DK LN
VNN VE
  

CDR3

8:2 GVESRFSGSGSGIDEIEIISSDQPEDLATXYC QQYDNL " ” FGBGTKVEIK SEQ ID NO: 5

T373C6 GUPSRFSGGGgfiTDFTFTISSLQPEDIATYYC QQYDNL FGPGTKVBIR SEQ ID NO: R
TSiZ GVPSRFSGSGSGTDFTFTISSLQPEDIATYYC QQAEDO FG?GTKVDIK SEQ ID NO: L
TSid GVPSRFSGSGSGTDFIFTISSLQPEDIATYYC QQHEFQ FGPGTKVBIK SEQ ID NO: L
ISi7 GVPSRFSGSGSGIDFIFIISELQPEDIATYYC QQHENQ FG?GTKVEIK SEQ ID NO: L
I3ii4 GVESRFSGSGSGTDEIFIISSAQPEDLATXYC QQHDNQ FGBGTKVDIK SEQ ID NO: 2
T8751 CVPSPFSCSCSCTDFTFTISELQPEDIATYYC QQYESQ FCPCTKVDIK SEQ ID NO: 2

COKSEHSUS GVPSRFSGSGSGTDFIFIISSLQPEDIATYYC QQXKXX FG?GTKVDIK SEQ ID NO: 3
YDNT‘ 

Figure 3B
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CDR3

832 RFTISRDNSKNTLYLQMNSLRAEDTAVYYCAK ‘ WGSFDI WGRGTLVTVSS SEQ ID NO:

RFTISRDNSKNILXLQMNSDRAEDTAVYYCAK ' 9 WGSFDI WG&GTLVIVSS SEQ ID NO:
RFTISRDNSKNTLYLQMNSLRAEDTAVYYCAK ‘ WGSFDI WGRGTLVTVSS SEQ ID NO:
FFTISRDNSKNTLYLQMNSLRAEDTAVYYCAK WGSFDI WGRGTLVTVSS SEQ ID NO:
RFTISRDNSKNTLYLOMNSLRAEDTAVYYCAK ‘ WGSFDI WGRGTLVTVSS SEQ ID NO;
PFTISRDNSKNTLYLQMNSLRAEDTAVYYCAK ‘ WGSFDI WCRCTLVTVSS SEQ ID NO:
RFTISRDNSKNTLYLQMNSLRAEDTAVYYCAK WGSFDI WGRGTLVTVSS SEQ ID NO:
RFTISRDNSKNTLYLQMNSLRAEDTAVYYCAK WGSFDI WGRGTLVTVSS SEQ ID NO:
RFTISRDNSKNTLELQMNSLRAEDTAVYYCAK WGSFDI WGRGTLVTVSS SEQ ID NO:
RFTISRDNSKNTLYLQMNSLRAEDTAVYYCAK WGSFDI WGRGTLVTVSS SEQ ID NO:
RFTISRDNSKNTLYLQMNSLRAEDTAVYYCAK WGSFDI WGRGTLVIVSS SEQ ID NO:
PFTISRDNSKHTLYLQMNSLRAEDTAVYYCAK WCSFDI WGRGTLVTUSS SEQ ID NO:
PFTISRDNSKNTLYLQMNSLRAEDTAVYYCAK WCSFDI WGRGTLVTVSS SEQ ID NO:
RETISRDNSKNILXLQMNSDRAEDWAVEYCAK ' 9 WGSFDI WGfiGTLVIVSS SEQ ID NO;
FFTISRDNSKNTLYLQMNSLRAEDTAVYYCAK x WGSFDI WCRGTLVTVSS SEQ ID NO:
RFTISRDNSKNTLYLQMNSLRAEDTAVYYCAK WGSFDI WGRGTLVTVSS SEQ ID NO:
RFTISRDNSKNTLYLQMNSLRAEDTAVYYCAK WGSFDI WGRGTLVTVSS SEQ ID NO;
RFTISRDNSKNTLYLQMNSLRAEDTAVYYCAK WGSFDI WGRGTLVTVSS SEQ ID NO:
RFTISRDNSKNTLYLQMNSLRAEDTAVYYCAK WGMFDI WGRGTLVTVSS DEQ ID NO:
RFTISRDNSKNTLYLQMNSLRAEDTAVYYCAK WGRFDI WGRGTLVTVSS SEQ ID NO:
RFTISRDNSKNTLYLOMNSLRAEETAVYYCAK WCLFDI WCRCTLVTVSS SEQ ID NO:
RFIISRDNSKNILXLQMNSLRAEDIAVYYCAK WGLFDI WGflGILVIVSS SEQ ID NO:
RFTISRDNSKNTLYLQMNSLRAEDTAVYYCAK WCRFDI WGRGTLVTVSS SEQ ID NO:
PFTISRDNSKNTLYLQMNSLRAEDTAVYYCAK WGLFDI WGRGTLVTVSS SEQ ID NO:
RFTISRDNSKNTLYLQMNSLRAEDTAVYYCAK WGLFDI WGRGTLVTVSS SEQ ID NO;
RFTISRDNSKNTLYLQMNSLRAEDTAVYYCAK WGRFDI WGRGTLVIVSS SEQ ID NO:
RFTISRDNSKNTLYLQMNSLRAEDTAVYYCAK WGRFDI WCRCTLVTVSS SEQ ID NO:
RFTISRDNSKNTLYLQMNSLRAEDTAVYYCAK WGQFAV WGRGTLVTVSS SEQ ID NO;
RFTISRDNSKNTLYLQMNSLRAEDTAVYYCAK WGSFWF WGRGTLVTVSS SEQ ID NO:
FFTISRDNSKNILYLQMNSLRAEDTA'YYCAK WGSFWQ WCRCTLVTVSS SEQ ID NO:
RFIISRDNSKNILYLQMNSLRAEDTAVYYCAK WGSFWE WGRGILVIVSS SEQ ID NO:
RFTISRDNSKNILYLQMNSLRAEUTAVYYCAK WGSFWY WGRGTLVIVSS SEQ ID NO:
PFTISRDNSKNTLYLQMNSLRAEDTAVYYCAK WCTFAY WCRCTLVTVSS SEQ ID NO:
RFIISRDNSKNILXLQMNSDRAED[AVEYCAK ‘ V WGSFWI WGiGILVIVSS SEQ ID NO:

CDKSEDSUS RFTISRDNSKNILYLQMNSLRAEETAVYYCAK WGXFXX WGRGILVIVSS SEQ ID NO:
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CUR; CDRZ

8E2 EVQLLESGGGLVQPGGSLRLSCAASGFTF S WVRQAPGKGLEWVS I VPSGGH TQYADSVK

Tsilol EVQLLESGGGLVQPGGSLRLSCAASGFTF S VYSMT WVRQAPGKGLEWVS I VPWGDL TQYADSVK
TsilOB EVQLLESGGGLVQPGGSLRLSCAASGFTF S VYSMT WVRQAPGKGLEWVS I VPWGTL TQYADSVK
TS 134 EVQLLESGGGLVQPGGSLRLSCAASGFTF S V'SMT WVRQAPGKGLEWVS I VPSGGH TQYADSVK
TS’lES EVQLLESGGGLVQPGGSLRLSCAASGFTF S WVRQAPGKGLEWVS I VPSGGH TQYADSVK

Consensus EVQLLESGGGLVQPGGSLRLSCAASGFTF WVRQAPGKGLEWVS -I VPXGXX TQYADSVK
S GH
W 3L

T

(i)  
 

CDR3

852 RFIISRUNSKNILELQMNSLRAEUIAVXICAK Gib WGSEDL WGHGILVIV jEQ ID NO:

Tsilol RFTISRDNSKNTLYLQMNSLRAEDTAVYYCAK GFG WGSFDL WGRGILVTVFS SEQ ID NO:
TS’lOB RFTISRDNSKNTLYLQMNSLRAEDTAVYYCAK G?G WGSFDL WGRGILVTVE$ SEQ ID NO:
TS’l34 RFTISRDNSKNTLYLOMNSLRAEDTAVYYCAK PED WGLFDL WGRGTLVTVES SEQ ID NO:
T§7I?fi RFTTSPDNSKNTLVEQMNgLRAFDTAVYVFAK FED WGRFDI WGRGTLVTVFS QEQ TD NO!

Consensus RFTISRDNSKNTLYLQMNSLRAEDTAVYYCAK WCXFDL WCRCILVTVES SEQ ID NO:
S
L
R 

Figure 3D
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(57) Abstract: The treatment, prevention or alleviation of fibrosis in a subject through the administration of an agent capable of in-
hibiting the action of Interleukin 11 (IL-11) is disclosed.
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Treatment of Fibrosis

Field of the Invention

The present invention relates to the diagnosis and treatment of fibrosis.

Background to the Invention

Fibrosis is an essential process that is a critical part of wound healing. Excessive fibrosis

is common in many rare and common disease conditions and is important in disease

pathogenesis. Diseases characterized by excessive fibrosis include but are not restricted

to: systemic sclerosis, scleroderma, hypertrophic cardiomyopathy, dilated

cardiomyopathy (DCM), atrial fibrillation, ventricular fibrillation, myocarditis, liver cirrhosis,

kidney diseases, diseases of the eye, asthma, cystic fibrosis, arthritis and idiopathic

pulmonary fibrosis. Despite the large impact on human health, therapeutic and diagnostic

approaches to fibrosis are still an unmet medical need.

The real physiological role of Interleukin 11 (IL—11) remains unclear. lL—11 has been most

strongly linked with activation of haematopoetic cells and with platelet production but also

found to be pro— as well as anti—inflammatory, pro—angiogenic and important for neoplasia.

It is known that TGFB1 or tissue injury can induce lL-1‘l expression (Zhu, M. et al. lL-1‘l

Attenuates Liver lschemia/Reperfusion Injury (IRI) through STATS Signaling Pathway in

Mice. PLOS ONE 10, (2015); Yashiro, R. et al. Transforming growth factor-beta

stimulates interleukin—11 production by human periodontal ligament and gingival

fibroblasts. J. Clin. Periodontol. 33, 165—71 (2006); Obana, M. et al. Therapeutic

activation of signal transducer and activator of transcription 3 by interleukin—11

ameliorates cardiac fibrosis after myocardial infarction. Circulation 121, 684—91 (2010);

Tang, W., Yang, L., Yang, Y. C., Leng, S. X. & Elias, J. A. Transforming growth factor—

beta stimulates interleukin—11 transcription via complex activating protein—1—dependent

pathways. J. Biol. Chem. 273, 5506—13 (1998)).

The role for lL-11 in fibrosis is not clear from the published literature. lL-11 is thought to

be important for fibrosis and inflammation in the lung (Tang, W. et al. Targeted

expression of lL-11 in the murine airway causes lymphocytic inflammation, bronchial

remodeling, and airways obstruction. J. Clin. Invest. 98, 2845—53 (1996)) and its

expression level is correlated with collagen levels in the skin (Toda, M. et al. Polarized in

vivo expression of lL-11 and lL-17 between acute and chronic skin lesions. Journal of

Ex. 2001 - Page1052



Ex. 2001 - Page1053

10

15

20

25

30

WO 2017/103108 PCT/EP2016/081430

Allergy and Clinical Immunology 111, 875—881 (2003)) and the respiratory system (Molet,

8., Hamid, Q. & Hamilos, D. lL—11 and lL—17 expression in nasal polyps: Relationship to

collagen deposition and suppression by intranasal fluticasone propionate. The

Laryngoscope 113, (2003); Minshall et al. lL—11 expression is increased in severe

asthma: association with epithelial cells and eosinophils. The Journal of allergy and

clinical immunology 105, (2000)).

However, the majority of studies suggest that lL—11 is anti—fibrotic: in the heart (Obana, M.

et al. Therapeutic activation of signal transducer and activator of transcription 3 by

interleukin—11 ameliorates cardiac fibrosis after myocardial infarction. Circulation 121,

684—91 (2010); Obana, M. et al. Therapeutic administration of lL-11 exhibits the

postconditioning effects against ischemia—reperfusion injury via STAT3 in the heart.

American Journal of Physiology. Heart and circulatory physiology 303, H569—77 (2012))

and kidney (Stangou, M. et al. Effect of lL-11 on glomerular expression of TGF-beta and

extracellular matrix in nephrotoxic nephritis in Wistar Kyoto rats. Journal of nephrology

24, 106—11 (2011); Ham, A. et al. Critical role of interleukin-11 in isoflurane-mediated

protection against ischemic acute kidney injury in mice. Anesthesiology 119, 1389—401

(2013)) and anti-inflammatory in several tissues and chronic inflammatory diseases

(Trepicchio & Dorner. The therapeutic utility of Interleukin—11 in the treatment of

inflammatory disease. (1998). doi:10.1517/13543784.7.9.1501). The molecular mode of

action of lL—11 in general, is thought to be regulation of RNA expression of mRNA levels

via STAT3—mediated transcription (Zhu, M. et al. lL—11 Attenuates Liver

lschemia/Reperfusion Injury (lRl) through STAT3 Signaling Pathway in Mice. PLOS ONE

10, (2015)).

Summary of the Invention

One aspect of the present invention concerns the treatment, prevention or alleviation of

fibrosis in a subject in need of treatment through the administration of an agent capable of

inhibiting the action of Interleukin 11 (IL—11). The inventors have identified lL—11 to have

a pro-fibrotic action. The present invention is particularly concerned with inhibiting the

pro—fibrotic action of lL—1 1. Embodiments of the invention concern inhibition or prevention

of the lL-11 mediated pro-fibrotic signal, e.g. as mediated by binding of lL-11 to an lL-11

receptor.
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In some embodiments an agent capable of inhibiting the action of |L-11 may prevent or

reduce the binding of |L—11 to an |L—11 receptor.

In some embodiments an agent capable of inhibiting the action of |L-11 may bind |L-11 to

form a complex comprising the agent and |L—1 1. The complex may be a non—covalent or

covalent complex. In some embodiments, the formation of the agent:lL-11 complex may

prevent or reduce the ability of |L—11 to bind to an |L—11 receptor. In some embodiments

such prevention or reduction may be the result of a reduction of the productive binding of

|L—11 to an |L—11 receptor, i.e. reduction in the ability of |L—11 to initiate |L—11 receptor

mediated signalling. In some embodiments formation of the agent:lL-11 complex may

sequester |L—11 away from the |L—11 receptor, thereby preventing or reducing the contact

of |L—11 with an |L—11 receptor and/or preventing or reducing the amount of |L—11

available for binding to an |L-11 receptor. In some embodiments the agent may be a

decoy receptor.

In some embodiments an agent capable of inhibiting the action of |L-11 may bind to an IL-

11 receptor. An agent that binds an |L—11 receptor may prevent or reduce the ability of IL—

11 to bind to an |L-11 receptor (IL-1 1 R).

Another aspect of the present invention concerns the treatment, prevention or alleviation

of fibrosis in a subject in need of treatment through the administration of an agent capable

of preventing or reducing the expression of |L—11 or an |L—11 receptor (IL—1 1 R).

In one aspect of the present invention an agent capable of inhibiting the action of

Interleukin 11 (IL-1 1) for use in a method of treating or preventing fibrosis is provided.

In another aspect of the present invention the use of an agent capable of inhibiting the

action of |L—11 in the manufacture of a medicament for use in a method of treating or

preventing fibrosis is provided.

In another aspect of the present invention a method of treating or preventing fibrosis is

provided, the method comprising administering to a subject in need of treatment a

therapeutically effective amount of an agent capable of inhibiting the action of lL—1 1.
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In some embodiments the agent capable of inhibiting the action of |L-11 is an agent

capable of preventing or reducing the binding of |L—11 to an |L-11 receptor.

In some embodiments the agent capable of inhibiting the action of lL-11 is an lL-11

binding agent. |L-11 binding agents may be selected from the group consisting of: an

antibody, polypeptide, peptide, oligonucleotide, aptamer or small molecule. In some

embodiments the |L-11 binding agent is an antibody. In some embodiments the |L-11

binding agent is a decoy receptor.

In some embodiments the agent capable of inhibiting the action of |L—11 is an |L—11

receptor (IL—1 1 R) binding agent. IL—1 1 R binding agents may be selected from the group

consisting of: an antibody, polypeptide, peptide, oligonucleotide, aptamer or small

molecule. In some embodiments the |L—1 1 R binding agent is an antibody.

In another aspect of the present invention an agent capable of preventing or reducing the

expression of |L-11 or |L-1 1 R for use in a method of treating or preventing fibrosis is

provided.

In another aspect of the present invention the use of an agent capable of preventing or

reducing the expression of |L—11 or |L—1 1 R in the manufacture of a medicament for use in

a method of treating or preventing fibrosis is provided.

In another aspect of the present invention a method of treating or preventing fibrosis is

provided, the method comprising administering to a subject in need of treatment a

therapeutically effective amount of an agent capable of preventing or reducing the

expression of lL—11 or |L—1 1 R.

In some embodiments the agent capable of preventing or reducing the expression of IL-

11 or |L—1 1 R is a small molecule or oligonucleotide.

In some embodiments the fibrosis to be treated or prevented is fibrosis of the heart, liver

or kidney. In some embodiments the fibrosis to be treated or prevented is fibrosis of the

eye. In some embodiments the fibrosis is in the heart and is associated with dysfunction

of the musculature or electrical properties of the heart, or thickening of the walls or valves

of the heart. In some embodiments the fibrosis is in the liver and is associated with
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chronic liver disease or liver cirrhosis. In some embodiments the fibrosis is in the kidney

and is associated with chronic kidney disease.

In some embodiments the method of treating or preventing comprises administering a

said agent to a subject in which |L-11 or |L-11R expression is upregulated. In some

embodiments the method of treating or preventing comprises administering a said agent

to a subject in which |L-11 or |L-11R expression has been determined to be upregulated.

In some embodiments the method of treating or preventing comprises determining

whether |L—11 or IL—1 1 R expression is upregulated in the subject and administering a said

agent to a subject in which |L—11 or IL—1 1 R expression is upregulated.

In another aspect of the present invention a method of determining the suitability of a

subject for the treatment or prevention of fibrosis with an agent capable of inhibiting the

action of |L-11 is provided, the method comprising determining, optionally in Vitro,

whether |L—11 or IL—1 1 R expression is upregulated in the subject.

In another aspect of the present invention a method of selecting a subject for the

treatment or prevention of fibrosis with an agent capable of inhibiting the action of |L-11 is

provided, the method comprising determining, optionally in Vitro, whether |L—11 or IL—1 1 R

expression is upregulated in the subject.

In another aspect of the present invention a method of diagnosing fibrosis or a risk of

developing fibrosis in a subject is provided, the method comprising determining, optionally

in vitro, the upregulation of |L-11 or |L-11R in a sample obtained from the subject.

In some embodiments the method is a method of confirming a diagnosis of fibrosis in a

subject suspected of having fibrosis.

In some embodiments the method further comprises selecting the subject for treatment

with an agent capable of inhibiting the action of |L—11 or with an agent capable of

preventing or reducing the expression of |L—11 or IL—1 1 R.

In another aspect of the present invention a method of providing a prognosis for a subject

having, or suspected of having fibrosis, is provided, the method comprising determining,
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optionally in vitro, whether |L-11 or |L-11R is upregulated in a sample obtained from the

subject and, based on the determination, providing a prognosis for treatment of the

subject with an agent capable of inhibiting the action of |L-11 or with an agent capable of

preventing or reducing the expression of |L—11 or IL—1 1 R.

The method may further comprise selecting a subject determined to have upregulated IL—

11 or |L-1 1 R for treatment with an agent capable of inhibiting the action of |L-11 or with

an agent capable of preventing or reducing the expression of |L-11 or |L-11 R.

In another aspect of the present invention a method of diagnosing fibrosis or a risk of

developing fibrosis in a subject is provided, the method comprising determining, optionally

in vitro, one or more genetic factors in the subject that are predictive of upregulation of IL-

11 or |L—1 1 R expression, or of upregulation of |L—11 or IL—1 1 R activity.

In some embodiments the method is a method of confirming a diagnosis of fibrosis in a

subject suspected of having fibrosis.

In some embodiments the method further comprises selecting the subject for treatment

with an agent capable of inhibiting the action of |L-11 or with an agent capable of

preventing or reducing the expression of |L—11 or IL—1 1 R.

In another aspect of the present invention a method of providing a prognosis for a subject

having, or suspected of having, fibrosis, is provided, the method comprising determining,

optionally in vitro, one or more genetic factors in the subject that are predictive of

upregulation of |L—11 or |L—1 1 R expression, or of upregulation of |L—11 or |L—1 1 R activity.

In another aspect, of the present invention a method of treating fibrosis in a human

subject is provided, the method comprising administering to a human subject in need of

treatment a therapeutically effective amount of an anti-interleukin 11 (IL-11) antibody,

wherein the anti—IL—11 antibody binds to |L—11 and inhibits |L—11 mediated signalling

In another aspect, of the present invention a method of treating fibrosis in a subject is

provided, the method comprising:

(i) determining, optionally in vitro, whether |L-11 or an Interleukin 11 receptor (|L-

11R) expression is upregulated in the subject; and
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(ii) administering to a subject in which |L-11 or |L-11R expression is upregulated a

therapeutically effective amount of an anti—IL—11 antibody, wherein the anti—IL—11 antibody

binds to |L-11 and inhibits |L-11 mediated signalling.

In another aspect, of the present invention a method of treating fibrosis in a subject is

provided, the method comprising:

(i) determining, optionally in vitro, one or more genetic factors in the subject that

are predictive of upregulation of Interleukin 11 (IL—1 1) or Interleukin 11 receptor (IL—1 1 R)

expression or activity;

(ii) selecting a subject for treatment based on the determination in (i); and

(ii) administering to the selected subject a therapeutically effective amount of an

anti-IL-11 antibody, wherein the anti-IL-11 antibody binds to |L-11 and inhibits |L-11

mediated signalling.

Description

|L—11 and |L—11 receptor

Interleukin 11 (IL—11), also known as adipogenesis inhibitory factor, is a pleiotropic

cytokine and a member of the IL-6 family of cytokines that includes IL-6, |L-11, |L-27, IL-

31, oncostatin, leukemia inhibitory factor (LIF), cardiotrophin—1 (CT—1), cardiotrophin—Iike

cytokine (CLC), ciliary neurotrophic factor (CNTF) and neuropoetin (NP-1).

|L-11 is transcribed with a canonical signal peptide that ensures efficient secretion from

cells. The immature form of human |L-11 is a 199 amino acid polypeptide whereas the

mature form of |L-11 encodes a protein of 178 amino acid residues (Garbers and

Scheller., Biol. Chem. 2013; 394(9):1145-1161). The human |L-11 amino acid sequence

is available under UniProt accession no. P20809 (P20809.1 GI:124294). Recombinant

human |L—11 (oprelvekin) is also commercially available. |L—11 from other species,

including mouse, rat, pig, cow, several species of bony fish and primates, have also been

cloned and sequenced.

In this specification |L-11 refers to an |L-11 from any species and includes isoforms,

fragments, variants or homologues of an |L—11 from any species. In preferred

embodiments the species is human (Homo sapiens). Isoforms, fragments, variants or

homologues of an |L—11 may optionally be characterised as having at least 70%,

preferably one of 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or
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100% amino acid sequence identity to the amino acid sequence of immature or mature

|L-11 from a given species, e.g. human. lsoforms, fragments, variants or homologues of

an |L-11 may optionally be characterised by ability to bind |L-11Ro (preferably from the

same species) and stimulate signal transduction in cells expressing |L-11Ra and gp130

(e.g. as described in Curtis et al. Blood, 1997, 90(11); or Karpovich et al. Mol. Hum.

Reprod. 2003 9(2): 75—80). A fragment of |L—11 may be of any length (by number of amino

acids), although may optionally be at least 25% of the length of mature |L-11 and may

have a maximum length of one of 50%, 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%,

95%, 96%, 97%, 98%, or 99% of the length of mature |L—1 1. A fragment of |L—11 may

have a minimum length of 10 amino acids, and a maximum length of one of 15, 20, 25,

30,40,50,100,110,120,130,140,150,160,170,180,19O or 195 amino acids

|L-11 signals through a homodimer of the ubiquitously expressed B—receptor glycoprotein

130 (gp130; also known as glycoprotein 130, |L6ST, |L6-beta or CD130). Gp130 is a

transmembrane protein that forms one subunit of the type | cytokine receptor with the |L—6

receptor family. Specificity is gained through an individual |L-11 o-receptor (lL-11Ro),

which does not directly participate in signal transduction, although the initial cytokine

binding event to the o—receptor leads to the final complex formation with the B—receptors.

|L-11 activates a downstream signaling pathway, which is predominantly the mitogen-

activated protein kinase (MAPK)—cascade and the Janus kinase/signal transducer and

activator of transcription (Jak/STAT) pathway (Garbers and Scheller, supra).

Human gp130 (including the 22 amino acid signal peptide) is a 918 amino acid protein,

and the mature form is 866 amino acids, comprising a 597 amino acid extracellular

domain, a 22 amino acid transmembrane domain, and a 277 amino acid intracellular

domain. The extracellular domain of the protein comprises the cytokine—binding module

(CBM) of gp130. The CBM of gp130 comprises the lg-like domain D1, and the

fibronectin-type ||| domains D2 and D3 of gp130. The amino acid sequence of human

gp130 is available from Genbank accession no. NP_002175.2.

Human |L-11Ra is a 422 amino acid polypeptide (Genbank accession no.

NP_001136256.1 Gl:218505839) and shares ~85% nucleotide and amino acid sequence

identity with the murine |L—11R0i (Du and Williams., Blood Vol, 89, No,11, June 1, 1997).

Two isoforms of |L-11Ro have been reported, which differ in the cytoplasmic domain (Du

and Williams, supra). The |L—11 receptor d—chain (IL—11RCi) shares many structural and

functional similarities with the lL-6 receptor o-chain (IL-6R0). The extracellular domain
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shows 24% amino acid identity including the characteristic conserved Trp-Ser—X-Trp-Ser

(WSXWS) motif. The short cytoplasmic domain (34 amino acids) lacks the Box 1 and 2

regions that are required for activation of the JAK/STAT signaling pathway.

|L-11ch binds its ligand with a low affinity (Kd ~10 nmoI/L) and alone is insufficient to

transduce a biological signal. The generation of a high affinity receptor (Kd ~400 to 800

pmol/L) capable of signal transduction requires co—expression of the IL-11ch and gp130

(Curtis et al (Blood 1997 Dec 1;9O (11):4403—12; Hilton et al., EMBO J 13:4765, 1994;

Nandurkar et al., Oncogene 12:585, 1996). Binding of |L—11 to cell—surface |L—11R0i

induces heterodimerization, tyrosine phosphorylation, activation of gp130 and MAPK

and/or Jak/STAT signalling as described above.

The receptor binding sites on murine |L—11 have been mapped and three sites — sites I, II

and III — identified. Binding to gp130 is reduced by substitutions in the site II region and

by substitutions in the site “I region. Site I“ mutants show no detectable agonist activity

and have |L-11Rd antagonist activity (Cytokine Inhibitors Chapter 8; edited by Gennaro

Ciliberto and Rocco Savino, Marcel Dekker, Inc. 2001).

In principle, a soluble lL-11Rd can also form biologically active soluble complexes with IL-

11 (Pflanz et al., 1999 FEBS Lett, 450, 117—122) raising the possibility that, similarto lL—6,

|L-11 may in some instances bind soluble |L-11ch prior to binding cell-surface gp130

(Garbers and Scheller, supra). Curtis et al (Blood 1997 Dec 1:90 (11):4403—12) describe

expression of a soluble murine |L-11 receptor alpha chain (sIL-1 1 R) and examined

signaling in cells expressing gp130. In the presence of gp130 but not transmembrane |L—

11R the sIL—1 1 R mediated |L—11 dependent differentiation of M1 leukemic cells and

proliferation in Ba/F3 cells and early intracellular events including phosphorylation of

gp130, STATS and SHP2 similar to signalling through transmembrane IL—1 1 R.

In this specification an |L-11 receptor (IL-1 1 R) refers to a polypeptide capable of binding

|L—11 and inducing signal transduction in cells expressing gp130. An |L—11 receptor may

be from any species and includes isoforms, fragments, variants or homologues of an IL-

11 receptor from any species. In preferred embodiments the species is human (Homo

sapiens). In some embodiments the |L-11 receptor may be |L-11Ro. lsoforms, fragments,

variants or homologues of an IL-11Rd may optionally be characterised as having at least

70%, preferably one of 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,
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99% or 100% amino acid sequence identity to the amino acid sequence of |L-11R0i from

a given species, e.g. human. lsoforms, fragments, variants or homologues of an |L—11R0i

may optionally be characterised by ability to bind |L-11 (preferably from the same

species) and stimulate signal transduction in cells expressing the lL-11ch and gp130

(e.g. as described in Curtis et al. Blood, 1997, 90(11) or Karpovich et al. Mol. Hum.

Reprod. 2003 9(2): 75—80). A fragment of an |L—11 receptor may be of any length (by

number of amino acids), although may optionally be at least 25% of the length of the

mature lL-11ch and have a maximum length of one of 50%, 75%, 80%, 85%, 90%, 91%,

92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% of the length of the mature |L—11Ro. A

fragment of an |L—11 receptor fragment may have a minimum length of 10 amino acids,

and a maximum length of one of15, 20,25, 30,40, 50, 100, 110, 120, 130, 140, 150,

160, 170, 180, 190, 200, 250, 300, 400, or 415 amino acids.

Agent capable of inhibiting the action of |L—11

The |L—11 signaling pathway offers multiple routes for inhibition of |L—11 signaling. For

example, inhibition may be achieved by preventing or reducing the binding of |L—11 to an

|L—11 receptor. As a result, suitable agents may target either |L—11 or its receptor.

In some embodiments agents capable of inhibiting the action of lL-11 may bind to lL-11

and prevent or reduce |L—11 mediated signalling, e.g. through an |L—11 receptor. In some

embodiments agents capable of inhibiting the action of |L-11 may bind to the |L-11

receptor and prevent or reduce lL-11 stimulated signalling.

Agents that bind to |L-11 may inhibit |L-11 mediated signalling by blocking the binding of

|L—11 to an |L—11 receptor and/or by reducing the amount of |L—11 available to bind to its

receptor. Suitable |L-11 binding agents may be |L-11 inhibitors or |L-11 antagonists.

|L—11 binding agents, e.g. anti—lL—11 antibodies, according to the present invention may

exhibit at least one of the following properties:

a) Bind to human |L—11 with a KB of 1uM or less, preferably one of S 1uM, s

100nM, S10nM, S1nM or S100pM;

b) Inhibit lL-11 mediated signalling via the lL-11Ra receptor, e.g. in a cell based

assay in which the cells co—express |L—11Ro and gp130. Suitable cell based

assays are 3H—thymidine incorporation and Ba/F3 cell proliferation assays
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described in e.g. Curtis et al. Blood, 1997, 90(11) and Karpovich et al. Mol.

Hum. Reprod. 2003 9(2): 75—80. For example, “350 for an |L—11 binding agent

may be determined by culturing Ba/F3 cells expressing IL-‘I1Ro and gp130 in

the presence of human IL—11 and the |L—11 binding agent, and measuring 3H—

thymidine incorporation into DNA. Suitable |L-11 binding agents may exhibit

an |C50 of 10 ug/ml or less, preferably one of S 5 pg/ml, S 4 pg/ml, S 3.5 ug/ml,

S 3 ug/ml, S 2 ug/ml, S1 pg/ml, S 0.9 pg/ml, S 0.8 pg/ml, S 0.7 pg/ml, S 0.6

ug/ml, or S 0.5 ug/ml in such an assay.

0) Inhibit fibroblast proliferation, e.g. proliferation of cardiac/atrial fibroblasts. This

can, for example, be evaluated in an assay wherein fibroblasts are stimulated

with IL-11 or TGFB1 and cell proliferation is monitored as described herein.

d) Inhibit myofibroblast generation, e.g. from cardiac/atrial fibroblasts. This can,

for example, be evaluated in an assay wherein fibroblasts are stimulated with

IL—11 or TGFB1 and myofibroblast generation is monitored, e.g. by measuring

oSMA levels.

e) Inhibit extracellular matrix production by fibroblasts, e.g. cardiac/atrial

fibroblasts. This can, for example, be evaluated in an assay wherein

fibroblasts are stimulated with IL—11 or TGFB1 and production of extracellular

matrix components is measured.

f) Inhibit collagen and/or periostin gene or protein expression in fibroblasts, e.g.

cardiac/atrial fibroblasts. This can, for example, be evaluated in an assay

wherein fibroblasts are stimulated with |L—11 or TGFB1 and collagen and/or

periostin gene or protein expression is measured.

lL-1‘I binding agents may be of any kind, but in some embodiments an |L-11 binding

agent may be an antibody, polypeptide, peptide, oligonucleotide, aptamer or small

molecule.

Suitable anti-lL-11 antibodies will preferably bind to |L-11 (the antigen), preferably human

IL—1 1, and may have a dissociation constant (KB) of one of S 1uM, S 100nM, S10nM,

S1 nM or S100pM. Binding affinity of an antibody for its target is often described in terms

of its dissociation constant (KD). Binding affinity can be measured by methods known in

the art, such as by Surface Plasmon Resonance (SPR), or by a radiolabeled antigen

binding assay (RIA) performed with the Fab version of the antibody and antigen molecule.
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Anti-lL-11 antibodies may be antagonist antibodies that inhibit or reduce a biological

activity of |L—1 1.

Anti-lL-11 antibodies may be neutralising antibodies that neutralise the biological effect of

|L-11, e.g. its ability to stimulate productive signalling via an |L-11 receptor.

Neutralising activity may be measured by ability to neutralise |L-11 induced proliferation in

the T11 mouse plasmacytoma cell line (Nordan, R. P. et al. (1987) J. Immunol. 139:813).

Examples of known anti-lL-11 antibodies include monoclonal antibody clone 6D9A, clone

KT8 (Abbiotec), clone M3103F11 (BioLegend), clone 1F1, clone 306 (Abnova

Corporation), clone GF1 (LifeSpan Biosciences), clone 13455 (Source BioScience) and

clone 22626 (R & D Systems, used in Bockhorn et al. Nat. Commun. (2013) 4(0):1393;

Monoclonal Mouse lngA; Catalog No. MABZ18; R&D Systems, MN, USA).

Antibodies may optionally be selected to exhibit substantially no cross-reactivity with one

or more of human, e.g. recombinant human, |L—6, CNTF, LIF, OSM, CLC or CT—1.

Peptide or polypeptide based |L-11 binding agents may be based on the |L-11 receptor,

e.g. a |L—11 binding fragment of an |L—11 receptor. In one embodiment, suitable |L—11

binding agents may comprise an |L-11 binding fragment of the |L-11Ror chain, and may

preferably be soluble and/or exclude one or more, or all, of the transmembrane

domain(s). Such molecules may be described as decoy receptors.

Curtis et al (Blood 1997 Dec 1;90 (11):4403—12) report that a soluble murine |L—11

receptor alpha chain (le-1 1 R) was capable of antagonizing the activity of |L-11 when

tested on cells expressing the transmembrane |L-11R and gp130. They proposed that the

observed |L-11 antagonism by the le-11R depends on limiting numbers of gp130

molecules on cells already expressing the transmembrane |L-1 1 R.

The use of soluble decoy receptors as the basis for inhibition of signal transduction and

therapeutic intervention has also been reported for other signalling molecule:receptor

pairs, e.g. VEGF and the VEGF receptor (De—Chao Yu et al., Molecular Therapy (2012);

20 5, 938-947; Konner and Dupont Clin Colorectal Cancer 2004 Oct;4 Suppl 2:881-5).
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As such, in some embodiments an lL-11 binding agent may be provided in the form of a

decoy receptor, e.g. a soluble |L-11 receptor. Competition for |L-11 provided by a decoy

receptor has been reported to lead to |L-11 antagonist action (Curtis et al., supra).

Decoy |L-11 receptors preferably bind |L-11 and/or |L-11 containing complexes, and

thereby make these species unavailable for binding to gp130, IL—11Rd and/or gp130:IL-

11Rd receptors. As such, they act as ‘decoy’ receptors for |L—11 and |L—11 containing

complexes, much in the same way that etanercept acts as a decoy receptor for TN For. IL-

11 mediated signalling is reduced as compared to the level of signalling in the absence of

the decoy receptor.

Decoy |L-11 receptors preferably bind to |L-11 through one or more cytokine binding

modules (CBMs). The CBMs are, or are derived from or homologous to, the GEMS of

naturally occurring receptor molecules for |L—1 1. For example, decoy |L—11 receptors may

comprise, or consist of, one or more CBMs which are from, are derived from or

homologous to the CBM of gp130 and/or |L-11Ror.

In some embodiments, a decoy |L—11 receptor may comprise, or consist of, an amino acid

sequence corresponding to the cytokine binding module of gp130. In some embodiments,

a decoy |L—11 receptor may comprise an amino acid sequence corresponding to the

cytokine binding module of |L-11ch. Herein, an amino acid sequence which ‘corresponds’

to a reference region or sequence of a given peptide/polypeptide has at least 60%, e.g.

one of at least 65%, 70%, 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%,

98% or 99% sequence identity to the amino acid sequence of the reference

region/sequence. The gp130, |L—11Ro and |L—11 may be from any species, and include

isoforms, fragments, variants or homologues from any species.

In some embodiments a decoy receptor may be able to bind lL-11, e.g. with binding

affinity of at least 100uM or less, optionally one of 10uM or less, 1uM or less, 100nM or

less, or about 1 to 100nM. In some embodiments a decoy receptor may comprise all or

part of the |L-11 binding domain and may optionally lack all or part of the transmembrane

domains. The decoy receptor may optionally be fused to an immunoglobulin constant

region, e.g. IgG Fc region.
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In some embodiments an |L—11 binding agent may be provided in the form of a small

molecule inhibitor of |L-11, e.g. |L-11 inhibitor described in Lay et al., Int. J. Oncol. (2012);

41(2): 759—764.

Agents that bind to an |L—11 receptor (IL—1 1 R) may inhibit |L—11 mediated signalling by

blocking the binding of |L-11 to an |L-11R or by preventing signal transduction via the

gp130 co—receptors. Suitable IL-11R binding agents may be IL-11R inhibitors or IL-11R

antagonists. In preferred embodiments the |L—1 1 R is |L—11Ro and suitable binding agents

may bind the |L—11RG polypeptide and may be inhibitors or antagonists of |L—11R0i.

|L-11R binding agents, e.g. anti-lL-11R antibodies, according to the present invention

may exhibit at least one of the following properties:

(a) Bind to human |L-11R with 3 K9 of 1pM or less, preferably one of S1pM,S

100nM, S10nM, S1nM or S100pM;

(b) Inhibit |L-11R signalling, e.g. in a cell based assay in which the cells co-express

|L—11Rd and gp130. Suitable cell based assays are 3H—thymidine incorporation

and Ba/F3 cell proliferation assays described in e.g. Curtis et al. Blood, 1997,

90(11) and Karpovich et al. Mol. Hum. Reprod. 2003 9(2): 75-80. For example,

|Cso for an |L—1 1 R binding agent may be determined by culturing Ba/F3 cells

expressing |L-11Rd and gp130 in the presence of human |L-11 and the |L-11R

binding agent, and measuring 3H—thymidine incorporation into DNA. Suitable |L—

11R binding agents may exhibit an IC50 of 10 pg/ml or less, preferably one of S 5

pg/ml, S 4 pg/ml, S 3.5 pg/ml, s 3 pg/ml, s 2 pg/ml, 51 pg/ml, S 0.9 pg/ml, s 0.8

pg/ml, S 0.7 pg/ml, S 0.6 pg/ml, or S 0.5 ug/ml in such an assay.

(0) Inhibit fibroblast proliferation, e.g. proliferation of cardiac/atrial fibroblasts. This

can, for example, be evaluated in an assay wherein fibroblasts are stimulated with

IL-11 or TGFB1 and cell proliferation is monitored as described herein.

(d) Inhibit myofibroblast generation, e.g. from cardiac/atrial fibroblasts. This can, for

example, be evaluated in an assay wherein fibroblasts are stimulated with |L-11 or

TGFB1 and myofibroblast generation is monitored, e.g. by measuring dSMA

levels.

(e) Inhibit extracellular matrix production by fibroblasts, e.g. cardiac/atrial fibroblasts.

This can, for example, be evaluated in an assay wherein fibroblasts are stimulated

with |L—11 or TGFB1 and production of extracellular matrix components is

measured.
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(f) Inhibit collagen and/or periostin gene or protein expression in fibroblasts, e.g.

cardiac/atrial fibroblasts. This can, for example, be evaluated in an assay wherein

fibroblasts are stimulated with |L-11 or TGFB1 and collagen and/or periostin gene

or protein expression is measured.

IL—1 1 R binding agents may be of any kind, but in some embodiments an |L—1 1R binding

agent may be an antibody, polypeptide, peptide, oligonucleotide, aptamer or small

molecule.

Suitable anti—|L—1 1 R antibodies will preferably bind to |L—1 1 R (the antigen), preferably

human |L—1 1 R, and may have a dissociation constant (KB) of one of S 1uM, S100nM,

s10nM, S1nM or S100pM. Binding affinity of an antibody for its target is often described

in terms of its dissociation constant (KD). Binding affinity can be measured by methods

known in the art, such as by Surface Plasmon Resonance (SPR), or by a radiolabeled

antigen binding assay (RIA) performed with the Fab version of the antibody and antigen

molecule.

Anti—|L—1 1 R antibodies may be antagonist antibodies that inhibit or reduce a biological

activity of |L-1 1 R. Anti-lL-11 R antibodies may be antagonist antibodies that inhibit or

reduce any function of |L—1 1 R, in particular signalling. For example, antagonist |L—1 1 R

antibodies may inhibit or prevent binding of |L-11 to |L-1 1 R, or may inhibit or prevent

association of |L-11ch with gp130 to form a functional receptor complex capable of

productive signalling, e.g. in response to |L-11 binding.

Anti-IL-11R antibodies may be neutralising antibodies that neutralise the biological effect

of |L—1 1 R, e.g. its ability to initiate productive signalling mediated by binding of |L—1 1.

Neutralising activity may be measured by ability to neutralise |L—11 induced proliferation in

the T11 mouse plasmacytoma cell line (Nordan, R. P. et al. (1987) J. Immunol. 139:813).
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Examples of known anti-lL-11R antibodies include monoclonal antibody clone 025 (Sino

Biological), clone EPR5446 (Abcam), clone 473143 (R & D Systems), clones 8E2 and

8E4 described in US 2014/0219919 A1 and the monoclonal antibodies described in Blanc

et al (J. Immunol Methods. 2000 Jul 31 ;241(1—2);43—59).

Peptide or polypeptide based |L—11R binding agents may be based on lL-11, e.g. mutant,

variant or binding fragment of |L—1 1. Suitable peptide or polypeptide based agents may

bind to |L-11R in a manner that does not lead to initiation of signal transduction or

produces sub—optimal signaling. |L-11 mutants of this kind may act as competitive

inhibitors of endogenous |L-11.

For example, W147A is an |L—11 antagonist in which the amino acid 147 is mutated from

a tryptophan to an alanine, which destroys the so-called ‘site III’ of |L-11. This mutant can

bind to the IL—1 1 R, but engagement of the gp130 homodimer fails, resulting in efficient

blockade of |L-11 signaling (Underhill-Day et al., 2003; Endocrinology 2003

Aug;144(8):3406—14). Lee et al (Am J respire Cell Mol Biol. 2008 Dec; 39(6):?39—746)

also report the generation of an |L-11 antagonist mutant (a “mutein”) capable of

specifically inhibiting the binding of |L—11 to |L—11R0i.

Menkhorst et al (Biology of Reproduction May 1, 2009 vol.80 no.5 920-927) describe a

PEGyIated |L—11 antagonist, PEG|L11A (CSL Limited, Parkvill, Victoria, Australia) which

is effective to inhibit |L—11 action in female mice.

Pasqualini et al. Cancer (2015) 121(14):2411-2421 describe a ligand-directed,

peptidomimetic drug, bone metastasis—targeting peptidomimetic—11 (BMTP—1 1) capable of

binding to |L-11Ro.

In some embodiments an |L—1 1 R binding agent may be provided in the form of a small

molecule inhibitor of |L-1 1 R.

The inventors have identified that upregulation of |L—11 expression is consistent with the

molecular mechanism of fibrosis and that inhibition of |L-11 activity leads to a reduction in

the molecular basis for fibrosis. Accordingly, in some aspects of the present invention
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treatment, prevention or alleviation of fibrosis may be provided by administration of an

agent capable of preventing or reducing the expression of |L—11 by cells of the subject,

e.g. by fibroblasts or myofibroblasts.

Suitable agents may be of any kind, but in some embodiments an agent capable of

preventing or reducing the expression of |L-11 may be a small molecule or an

oligonucleotide.

Taki et al (Clin Exp Immunol. 1998 Apr; 112(1): 133-138) report a reduction in the

expression of |L—11 in rheumatoid synovial cells upon treatment with indomethacin,

dexamethasone or interferon—gamma (IFNv).

In some embodiments an agent capable of preventing or reducing the expression of |L-11

may be an oligonucleotide capable of repressing or silencing expression of |L-11.

Accordingly, the present invention also includes the use of techniques known in the art for

the therapeutic down regulation of |L-11 expression. These include the use of antisense

oligonucleotides and RNA interference (RNAi). As in other aspects of the present

invention, these techniques may be used in the treatment of fibrosis.

Accordingly, in one aspect of the present invention a method of treating or preventing

fibrosis is provided, the method comprising administering to a subject in need of

treatment a therapeutically effective amount of an agent capable of preventing or

reducing the expression of |L—1 1, wherein the agent comprises a vector comprising a

therapeutic oligonucleotide capable of repressing or silencing expression of |L-11.

In another aspect of the present invention a method of treating or preventing fibrosis is

provided, the method comprising administering to a subject in need of treatment a

therapeutically effective amount of an agent capable of preventing or reducing the

expression of |L-1 1, wherein the agent comprises an oligonucleotide vector, optionally a

viral vector, encoding a therapeutic oligonucleotide capable of being expressed in cells of

the subject, the expressed therapeutic oligonucleotide being capable of repressing or

silencing expression of IL—1 1.
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The ability of an agent to prevent or reduce the expression of |L-11 may be assayed by

determining the ability of the agent to inhibit |L—11 gene or protein expression by

fibroblasts or myofibroblasts, e.g. cardiac/atrial fibroblasts or myofibroblasts. This can, for

example, be evaluated in an assay wherein fibroblasts or myofibroblasts are stimulated

with |L—11 or TGFB1, and |L—11 gene or protein expression is measured.

Reducing the amount of |L—1 1 R available for binding to |L—11 and initiation of productive

signalling provides an alternative means of reducing the level of |L-11 stimulated

signalling. Accordingly, in related aspects of the present invention, treatment, prevention

or alleviation of fibrosis may be provided by administration of an agent capable of

preventing or reducing the expression of lL-11R by cells of the subject, e.g. by fibroblasts

or myofibroblasts.

In some embodiments an agent capable of preventing or reducing the expression of IL-

11R may be an oligonucleotide capable of repressing or silencing expression of |L-1 1 R.

Accordingly, the present invention also includes the use of techniques known in the art for

the therapeutic down regulation of |L—1 1 R expression. These include the use of

antisense oligonucleotides and RNA interference (RNAi). As in other aspects of the

present invention, these techniques may be used in the treatment of fibrosis.

Accordingly, in one aspect of the present invention a method of treating or preventing

fibrosis is provided, the method comprising administering to a subject in need of

treatment a therapeutically effective amount of an agent capable of preventing or

reducing the expression of |L—1 1 R, wherein the agent comprises a vector comprising a

therapeutic oligonucleotide capable of repressing or silencing expression of |L-11 R.

In another aspect of the present invention a method of treating or preventing fibrosis is

provided, the method comprising administering to a subject in need of treatment a

therapeutically effective amount of an agent capable of preventing or reducing the

expression of |L—1 1 R, wherein the agent comprises an oligonucleotide vector, optionally a

viral vector, encoding a therapeutic oligonucleotide capable of being expressed in cells of

the subject, the expressed therapeutic oligonucleotide being capable of repressing or

silencing expression of |L—1 1 R.
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The ability of an agent to prevent or reduce the expression of |L-11R may be assayed by

determining the ability of the agent to inhibit IL—1 1 R gene or protein expression by

fibroblasts or myofibroblasts, e.g. cardiac/atrial fibroblasts or myofibroblasts. This can, for

example, be evaluated in an assay wherein fibroblasts or myofibroblasts are stimulated

with |L—11 or TGFB1, and IL—1 1 R gene or protein expression is measured.

In preferred embodiments, the |L—1 1 R may be |L—11ch.

Antibodies

In this specification “antibody” includes a fragment or derivative of an antibody, or a

synthetic antibody or synthetic antibody fragment.

Antibodies may be provided in isolated or purified form. Antibodies may be formulated as

a pharmaceutical composition or medicament.

In view of today's techniques in relation to monoclonal antibody technology, antibodies

can be prepared to most antigens. The antigen-binding portion may be a part of an

antibody (for example a Fab fragment) or a synthetic antibody fragment (for example a

single chain Fv fragment [ScFv]). Suitable monoclonal antibodies to selected antigens

may be prepared by known techniques, for example those disclosed in "Monoclonal

Antibodies: A manual of techniques ", H Zola (CRC Press, 1988) and in "Monoclonal

Hybridoma Antibodies: Techniques and Applications ", J G R Hurrell (CRC Press, 1982).

Chimaeric antibodies are discussed by Neuberger et al (1988, 8th International

Biotechnology Symposium Part 2, 792-799).

Monoclonal antibodies (mAbs) are useful in the methods of the invention and are a

homogenous population of antibodies specifically targeting a single epitope on an

antigen.

Polyclonal antibodies are useful in the methods of the invention. Monospecific polyclonal

antibodies are preferred. Suitable polyclonal antibodies can be prepared using methods

well known in the art.

Antigen binding fragments of antibodies, such as Fab and Fabz fragments may also be

used/provided as can genetically engineered antibodies and antibody fragments. The
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variable heavy (VH) and variable light (VL) domains of the antibody are involved in antigen

recognition, a fact first recognised by early protease digestion experiments. Further

confirmation was found by "humanisation" of rodent antibodies. Variable domains of

rodent origin may be fused to constant domains of human origin such that the resultant

antibody retains the antigenic specificity of the rodent parented antibody (Morrison et al

(1984) Proc. Natl. Acad. Sd. USA 81, 6851—6855).

That antigenic specificity is conferred by variable domains and is independent of the

constant domains is known from experiments involving the bacterial expression of

antibody fragments, all containing one or more variable domains. These molecules

include Fab—like molecules (Better et al (1988) Science 240, 1041 ); Fv molecules (Skerra

et al (1988) Science 240, 1038); single-chain Fv (ScFv) molecules where the VH and VL

partner domains are linked via a flexible oligopeptide (Bird et al (1988) Science 242, 423;

Huston et al (1988) Proc. Natl. Acad. Sd. USA 85, 5879) and single domain antibodies

(dAbs) comprising isolated V domains (Ward et al (1989) Nature 341, 544). A general

review of the techniques involved in the synthesis of antibody fragments which retain their

specific binding sites is to be found in Winter & Milstein (1991) Nature 349, 293— 299.

By "ScFv molecules" we mean molecules wherein the VH and VL partner domains are

covalently linked, e.g. by a flexible oligopeptide.

Fab, Fv, ScFv and dAb antibody fragments can all be expressed in and secreted from E.

coli, thus allowing the facile production of large amounts of the said fragments.

Whole antibodies, and F(ab')2 fragments are "bivalent". By "bivalent" we mean that the

said antibodies and F(ab')2 fragments have two antigen combining sites. In contrast, Fab,

Fv, ScFv and dAb fragments are monovalent, having only one antigen combining site.

Synthetic antibodies which bind to |L—11 or |L-11R may also be made using phage display

technology as is well known in the art.

Antibodies may be produced by a process of affinity maturation in which a modified

antibody is generated that has an improvement in the affinity of the antibody for antigen,

compared to an unmodified parent antibody. Affinity—matured antibodies may be produced

by procedures known in the art, e.g., Marks etaI.,Rio/Technology10:779—783 (1992);

Barbas et al. Proc Nat. Acad. Sci. USA 91 :3809—3813 (1994); Schier et al. Gene 169:147—
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155 (1995); Yelton et al. J. Immunol. 155:1994-2004 (1995); Jackson et al., J. Immunol.

154(7):331 0—15 9 (1995); and Hawkins et a], J. Mol. Biol. 226:889—896 (1992).

Antibodies according to the present invention preferably exhibit specific binding to |L—11

or |L-1 1 R. An antibody that specifically binds to a target molecule preferably binds the

target with greater affinity, and/or with greater duration than it binds to other targets. In

one embodiment, the extent of binding of an antibody to an unrelated target is less than

about 10% of the binding of the antibody to the target as measured, e.g., by ELISA, or by

a radioimmunoassay (RIA). Alternatively, the binding specificity may be reflected in terms

of binding affinity where the antibody binds to |L—11 or |L—1 1 R with a KD that is at least 0.1

order of magnitude (i.e. 0.1 X 10“, where n is an integer representing the order of

magnitude) greater than the K9 of the antibody towards another target molecule, e.g.

another member of the |L—11 family such as lL—6 or the lL—6 receptor. This may optionally

be one of at least 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9, 1.0, 1.5, or 2.0.

Antibodies may be detectably labelled or, at least, capable of detection. Such antibodies

being useful for both in vivo (e.g. imaging methods) and in vitro (e.g. assay methods)

applications For example, the antibody may be labelled with a radioactive atom or a

coloured molecule or a fluorescent molecule or a molecule which can be readily detected

in any other way. Suitable detectable molecules include fluorescent proteins, luciferase,

enzyme substrates, and radiolabels. The binding moiety may be directly labelled with a

detectable label or it may be indirectly labelled. For example, the binding moiety may be

an unlabelled antibody which can be detected by another antibody which is itself labelled.

Alternatively, the second antibody may have bound to it biotin and binding of labelled

streptavidin to the biotin is used to indirectly label the first antibody.

Aspects of the present invention include bi—specific antibodies, e.g. composed of two

different fragments of two different antibodies, such that the bi-specific antibody binds two

types of antigen. One of the antigens is |L—11 or |L—1 1 R, the bi—specific antibody

comprising a fragment as described herein that binds to |L—11 or |L—1 1 R. The antibody

may contain a different fragment having affinity for a second antigen, which may be any

desired antigen. Techniques for the preparation of bi—specific antibodies are well known

in the art, e.g. see Mueller, D et al., (2010 Biodrugs 24 (2): 89—98), Wozniak-Knopp G et

al., (2010 Protein Eng Des 23 (4): 289—297. Baeuerle, PA et al., (2009 Cancer Res 69

(12): 4941—4944).
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In some embodiments, the bispecific antibody is provided as a fusion protein of two

single—chain variable fragments (scFV) format, comprising a VH and VL of a lL—11 or lL—

11R binding antibody or antibody fragment, and a VH and VL of an another antibody or

antibody fragment.

Bispecific antibodies and bispecific antigen binding fragments may be provided in any

suitable format, such as those formats described in Kontermann MAbs 2012, 4(2): 182-

197, which is hereby incorporated by reference in its entirety. For example, a bispecific

antibody or bispecific antigen binding fragment may be a bispecific antibody conjugate

(e.g. an IgG2, F(ab’)2 or Con—Body), a bispecific IgG or IgG—Iike molecule (e.g. an IgG,

scFV4—lg, lgG—scFv, scFv—lgG, DVD—lg, lgG—sVD, sVD—lgG, 2 in 1—lgG, mAb2, or

Tandemab common LC), an asymmetric bispecific IgG or IgG-Iike molecule (e.g. a kih

IgG, kih IgG common LC, CrossMab, kih IgG—scFab, mAb—Fv, charge pair or SEED—

body), a small bispecific antibody molecule (e.g. a Diabody (Db), dsDb, DART, scDb,

tandAbs, tandem scFv (taFv), tandem dAb/VHH, triple body, triple head, Fab—scFv, or

F(ab’)2-scFV2), a bispecific Fc and CH3 fusion protein (e.g. a taFv-Fc, Di-diabody, scDb-

CH3, scFv—Fc-scFv, HCAb-VHH, scFv-kih-Fc, or scFv-kih—CH3), or a bispecific fusion

protein (e.g. a scFV2—albumin, scDb—albumin, taFv—toxin, DNL—Fabs, DNL—Fab4—lgG, DNL—

Fab4-lgG-cytokine2). See in particular Figure 2 of Kontermann MAbs 2012, 4(2): 182-19.

Methods for producing bispecific antibodies include chemically crosslinking antibodies or

antibody fragments, e.g. with reducible disulphide or non—reducible thioether bonds, for

example as described in Segal and Bast, 2001. Production of Bispecific Antibodies.

Current Protocols in Immunology. 14:|V:2.13:2.13.1—2.13.16, which is hereby

incorporated by reference in its entirety. For example, N-succinimidyl-3-(-2-pyridyldithio)—

propionate (SPDP) can be used to chemically crosslink e.g. Fab fragments via hinge

region SH- groups, to create disulfide-Iinked bispecific F(ab)2 heterodimers.

Other methods for producing bispecific antibodies include fusing antibody—producing

hybridomas e.g. with polyethylene glycol, to produce a quadroma cell capable of

secreting bispecific antibody, for example as described in D. M. and Bast, B. J. 2001.

Production of Bispecific Antibodies. Current Protocols in Immunology. 14:|V:2.13:2.13.1—

2.13.16.

Bispecific antibodies and bispecific antigen binding fragments can also be produced

recombinantly, by expression from e.g. a nucleic acid construct encoding polypeptides for
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the antigen binding molecules, for example as described in Antibody Engineering:

Methods and Protocols, Second Edition (Humana Press, 2012), at Chapter 40:

Production of Bispecific Antibodies: Diabodies and Tandem scFv (Hornig and Farber-

Schwarz), or French, How to make bispecific antibodies, Methods Mol. Med. 2000;

40:333-339.

For example, a DNA construct encoding the light and heavy chain variable domains for

the two antigen binding domains (i.e. the light and heavy chain variable domains for the

antigen binding domain capable of binding lL—11 or lL—1 1 R, and the light and heavy chain

variable domains for the antigen binding domain capable of binding to another target

protein), and including sequences encoding a suitable linker or dimerization domain

between the antigen binding domains can be prepared by molecular cloning techniques.

Recombinant bispecific antibody can thereafter be produced by expression (e.g. in vitro)

of the construct in a suitable host cell (e.g. a mammalian host cell), and expressed

recombinant bispecific antibody can then optionally be purified.

Arm

Aptamers, also called nucleic acid ligands, are nucleic acid molecules characterised by

the ability to bind to a target molecule with high specificity and high affinity. Almost every

aptamer identified to date is a non—naturally occurring molecule.

Aptamers to a given target (e.g. lL-11 or lL-11R) may be identified and/or produced by

the method of Systematic Evolution of Ligands by EXponential enrichment (SELEXT'V').

Aptamers and SELEX are described in Tuerk and Gold (Systematic evolution of ligands

by exponential enrichment: RNA ligands to bacteriophage T4 DNA polymerase. Science.

1990 Aug 3;249(4968):505-10) and in W091/19813.

Aptamers may be DNA or RNA molecules and may be single stranded or double

stranded. The aptamer may comprise chemically modified nucleic acids, for example in

which the sugar and/or phosphate and/or base is chemically modified. Such

modifications may improve the stability of the aptamer or make the aptamer more

resistant to degradation and may include modification at the 2’ position of ribose.

Aptamers may be synthesised by methods which are well known to the skilled person.

For example, aptamers may be chemically synthesised, e.g. on a solid support.
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Solid phase synthesis may use phosphoramidite chemistry. Briefly, a solid supported

nucleotide is detritylated, then coupled with a suitably activated nucleoside

phosphoramidite to form a phosphite triester linkage. Capping may then occur, followed

by oxidation of the phosphite triester with an oxidant, typically iodine. The cycle may then

be repeated to assemble the aptamer.

Aptamers can be thought of as the nucleic acid equivalent of monoclonal antibodies and

often have Kd‘s in the nM or pM range, e.g. less than one of 500nM, 100nM, 50nM, 10nM,

1nM, 500pM, 100pM. As with monoclonal antibodies, they may be useful in virtually any

situation in which target binding is required, including use in therapeutic and diagnostic

applications, in vitro or in vivo. In vitro diagnostic applications may include use in

detecting the presence or absence of a target molecule.

Aptamers according to the present invention may be provided in purified or isolated form.

Aptamers according to the present invention may be formulated as a pharmaceutical

composition or medicament.

Suitable aptamers may optionally have a minimum length of one of 10, 11, 12, 13, 14, 15,

16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38,

39, or 40 nucleotides

Suitable aptamers may optionally have a maximum length of one of 20, 21,22, 23,24,

25,26, 27,28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40,41, 42,43, 44,45,46,47,

48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70,

71, 72, 73, 74, 75, 76, 77, 78, 79, or 80 nucleotides

Suitable aptamers may optionally have a length of one of 10, 11, 12, 13, 14, 15, 16, 17,

18, 19,20, 21,22, 23,24, 25,26, 27,28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39,40,

41,42,43,44,45,46,47,48,49,50, 51,52, 53,54, 55,56, 57,58, 59,60, 61,62, 63,

64, 65,66, 67, 68, 69, 70, 71,72, 73,74, 75,76, 77,78, 79, or 80 nucleotides.

Oligonucleotide repression of lL—11 or lL—1 1 R expression
 

Oligonucleotide molecules, particularly RNA, may be employed to regulate gene

expression. These include antisense oligonucleotides, targeted degradation of mRNAs

by small interfering RNAs (siRNAs), post transcriptional gene silencing (PTGs),
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developmentally regulated sequence-specific translational repression of mRNA by micro-

RNAs (miRNAs) and targeted transcriptional gene silencing.

An antisense oligonucleotide is an oligonucleotide, preferably single stranded, that targets

and binds, by complementary sequence binding, to a target oligonucleotide, e.g. mRNA.

Where the target oligonucleotide is an mRNA, binding of the antisense to the mRNA

blocks translation of the mRNA and expression of the gene product. Antisense

oligonucleotides may be designed to bind sense genomic nucleic acid and inhibit

transcription of a target nucleotide sequence.

In view of the known nucleic acid sequences for |L—11 (e.g. the known mRNA sequences

available from GenBank® under accession no.3: BC012506.1 Gl:15341754 (human),

BC134354.1 Gl:126632002 (mouse), AF347935.1 Gl:13549072 (rat)) and |L—11R(e.g.

the known mRNA sequences available from GenBank® under accession no.s:

NM_001142784.2 Glz391353394 (human), NM_001163401.1 GI:254281268 (mouse),

NM_139116.1 GI:20806172 (rat)), oligonucleotides may be designed to repress or

silence the expression of |L-11 or |L-1 1 R. Such oligonucleotides may have any length,

but may preferably be short, e.g. less than 100 nucleotides, e.g. 10—40 nucleotides, or 20—

50 nucleotides, and may comprise a nucleotide sequence having complete- or near-

complementarity (e.g. 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,

99% or 100% complementarity) to a sequence of nucleotides of corresponding length in

the target oligonucleotide, e.g. the |L—11 or |L—1 1 R mRNA. The complementary region of

the nucleotide sequence may have any length, but is preferably at least 5, and optionally

no more than 50, nucleotides long, e.g. one of 6, 7, 8, 9, 10, 11, 12,13, 14,15, 16,17,

18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40,

41, 42, 43, 44, 45, 46, 47, 48, 49, or 50 nucleotides.

Repression of |L-11 or |L-11R expression will preferably result in a decrease in the

quantity of |L—11 or |L—1 1 R expressed by a cell, e.g. by a fibroblast or myofibroblast. For

example, in a given cell the repression of |L—11 or |L—1 1 R by administration of a suitable

nucleic acid will result in a decrease in the quantity of |L—11 or |L—1 1 R expressed by that

cell relative to an untreated cell. Repression may be partial. Preferred degrees of

repression are at least 50%, more preferably one of at least 60%, 70%, 80%, 85% or

90%. A level of repression between 90% and 100% is considered a ‘silencing’ of

expression or function.
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A role for the RNAi machinery and small RNAs in targeting of heterochromatin complexes

and epigenetic gene silencing at specific chromosomal loci has been demonstrated.

Double-stranded RNA (dsRNA)—dependent post transcriptional silencing, also known as

RNA interference (RNAi), is a phenomenon in which dsRNA complexes can target

specific genes of homology for silencing in a short period of time. It acts as a signal to

promote degradation of mRNA with sequence identity. A 20—nt siRNA is generally long

enough to induce gene-specific silencing, but short enough to evade host response. The

decrease in expression of targeted gene products can be extensive with 90% silencing

induced by a few molecules of siRNA. RNAi based therapeutics have been progressed

into Phase I, II and III clinical trials for a number of indications (Nature 2009 Jan 22;

457(7228):426—433).

In the art, these RNA sequences are termed "short or small interfering RNAs" (siRNAs) or

"microRNAs" (miRNAs) depending on their origin. Both types of sequence may be used

to down-regulate gene expression by binding to complementary RNAs and either

triggering mRNA elimination (RNAi) or arresting mRNA translation into protein. siRNA

are derived by processing of long double stranded RNAs and when found in nature are

typically of exogenous origin. Micro—interfering RNAs (miRNA) are endogenously

encoded small non-coding RNAs, derived by processing of short hairpins. Both siRNA

and miRNA can inhibit the translation of mRNAs bearing partially complimentary target

sequences without RNA cleavage and degrade mRNAs bearing fully complementary

seq uen C98.

Accordingly, the present invention provides the use of oligonucleotide sequences for

down—regulating the expression of lL—11 or lL—1 1 R.

siRNA ligands are typically double stranded and, in order to optimise the effectiveness of

RNA mediated down-regulation of the function of a target gene, it is preferred that the

length of the siRNA molecule is chosen to ensure correct recognition of the siRNA by the

RISC complex that mediates the recognition by the siRNA of the mRNA target and so that

the siRNA is short enough to reduce a host response.

miRNA ligands are typically single stranded and have regions that are partially

complementary enabling the ligands to form a hairpin. miRNAs are RNA genes which are

transcribed from DNA, but are not translated into protein. A DNA sequence that codes for

a miRNA gene is longer than the miRNA. This DNA sequence includes the miRNA
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sequence and an approximate reverse complement. When this DNA sequence is

transcribed into a single-stranded RNA molecule, the miRNA sequence and its reverse—

complement base pair to form a partially double stranded RNA segment. The design of

microRNA sequences is discussed in John et al, PLoS Biology, 11(2), 1862—1879, 2004.

Typically, the RNA ligands intended to mimic the effects of siRNA or miRNA have

between 10 and 40 ribonucleotides (or synthetic analogues thereof), more preferably

between 17 and 30 ribonucleotides, more preferably between 19 and 25 ribonucleotides

and most preferably between 21 and 23 ribonucleotides. In some embodiments of the

invention employing double—stranded siRNA, the molecule may have symmetric 3'

overhangs, e.g. of one or two (ribo)nucleotides, typically a UU of deT 3' overhang.

Based on the disclosure provided herein, the skilled person can readily design suitable

siRNA and miRNA sequences, for example using resources such the Ambion siRNA

finder. siRNA and miRNA sequences can be synthetically produced and added

exogenously to cause gene downregulation or produced using expression systems (e.g.

vectors). In a preferred embodiment the siRNA is synthesized synthetically.

Longer double stranded RNAs may be processed in the cell to produce siRNAs (see for

example Myers (2003) Nature Biotechnology 21:324-328). The longer dsRNA molecule

may have symmetric 3' or 5' overhangs, e.g. of one or two (ribo)nucleotides, or may have

blunt ends. The longer dsRNA molecules may be 25 nucleotides or longer. Preferably,

the longer dsRNA molecules are between 25 and 30 nucleotides long. More preferably,

the longer dsRNA molecules are between 25 and 27 nucleotides long. Most preferably,

the longer dsRNA molecules are 27 nucleotides in length. dsRNAs 30 nucleotides or

more in length may be expressed using the vector pDECAP (Shinagawa et al., Genes

and Dev., 17, 1340—5, 2003).

Another alternative is the expression of a short hairpin RNA molecule (shRNA) in the cell.

shRNAs are more stable than synthetic siRNAs. A shRNA consists of short inverted

repeats separated by a small loop sequence. One inverted repeat is complimentary to

the gene target. In the cell the shRNA is processed by DICER into a siRNA which

degrades the target gene mRNA and suppresses expression. In a preferred embodiment

the shRNA is produced endogenously (within a cell) by transcription from a vector.

shRNAs may be produced within a cell by transfecting the cell with a vector encoding the

shRNA sequence under control of a RNA polymerase III promoter such as the human H1

or 78K promoter or a RNA polymerase II promoter. Alternatively, the sh RNA may be
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synthesised exogenously (in vitro) by transcription from a vector. The shRNA may then

be introduced directly into the cell. Preferably, the shRNA molecule comprises a partial

sequence of |L-11 or |L-1 1 R. Preferably, the shRNA sequence is between 40 and 100

bases in length, more preferably between 40 and 70 bases in length. The stem of the

hairpin is preferably between 19 and 30 base pairs in length. The stem may contain G-U

pairings to stabilise the hairpin structure.

siRNA molecules, longer dsRNA molecules or miRNA molecules may be made

recombinantly by transcription of a nucleic acid sequence, preferably contained within a

vector. Preferably, the siRNA molecule, longer dsRNA molecule or miRNA molecule

comprises a partial sequence of |L—11 or |L—1 1 R.

In one embodiment, the siRNA, longer dsRNA or miRNA is produced endogenously

(within a cell) by transcription from a vector. The vector may be introduced into the cell in

any of the ways known in the art. Optionally, expression of the RNA sequence can be

regulated using a tissue specific (e.g. heart, liver, kidney or eye specific) promoter. In a

further embodiment, the siRNA, longer dsRNA or miRNA is produced exogenously (in

vitro) by transcription from a vector.

Suitable vectors may be oligonucleotide vectors configured to express the oligonucleotide

agent capable of |L—11 or |L—1 1 R repression. Such vectors may be viral vectors or

plasmid vectors. The therapeutic oligonucleotide may be incorporated in the genome of a

viral vector and be operably linked to a regulatory sequence, e.g. promoter, which drives

its expression. The term “operably linked” may include the situation where a selected

nucleotide sequence and regulatory nucleotide sequence are covalently linked in such a

way as to place the expression of a nucleotide sequence under the influence or control of

the regulatory sequence. Thus a regulatory sequence is operably linked to a selected

nucleotide sequence if the regulatory sequence is capable of effecting transcription of a

nucleotide sequence which forms part or all of the selected nucleotide sequence.

Viral vectors encoding promoter-expressed siRNA sequences are known in the art and

have the benefit of long term expression of the therapeutic oligonucleotide. Examples

include lentiviral (Nature 2009 Jan 22; 457(7228):426—433), adenovirus (Shen et al.,

FEBS Lett 2003 Mar 27;539(1-3)111-4) and retroviruses (Barton and Medzhitov PNAS

November 12, 2002 vol.99, no.23 14943—14945).
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In other embodiments a vector may be configured to assist delivery of the therapeutic

oligonucleotide to the site at which repression of |L-11 or |L-11R expression is required.

Such vectors typically involve complexing the oligonucleotide with a positively charged

vector (e.g., cationic cell penetrating peptides, cationic polymers and dendrimers, and

cationic lipids); conjugating the oligonucleotide with small molecules (e.g., cholesterol,

bile acids, and lipids), polymers, antibodies, and RNAs; or encapsulating the

oligonucleotide in nanoparticulate formulations (Wang et al., AAPS J. 2010 Dec; 12(4):

492—503).

In one embodiment, a vector may comprise a nucleic acid sequence in both the sense

and antisense orientation, such that when expressed as RNA the sense and antisense

sections will associate to form a double stranded RNA.

Alternatively, siRNA molecules may be synthesized using standard solid or solution

phase synthesis techniques which are known in the art. Linkages between nucleotides

may be phosphodiester bonds or alternatives, for example, linking groups of the formula

P(O)S, (thioate); P(S)S, (dithioate); P(O)NR'2; P(O)R'; P(O)OR6; CO; or CONR'2 wherein

R is H (or a salt) or alkyl (1-120) and R6 is alkyl (1-9C) is joined to adjacent nucleotides

through—O—or—S—.

Modified nucleotide bases can be used in addition to the naturally occurring bases, and

may confer advantageous properties on siRNA molecules containing them.

For example, modified bases may increase the stability of the siRNA molecule, thereby

reducing the amount required for silencing. The provision of modified bases may also

provide siRNA molecules which are more, or less, stable than unmodified siRNA.

The term ‘modified nucleotide base’ encompasses nucleotides with a covalently modified

base and/or sugar. For example, modified nucleotides include nucleotides having sugars

which are covalently attached to low molecular weight organic groups other than a

hydroxyl group at the 3'position and other than a phosphate group at the 5'position. Thus

modified nucleotides may also include 2'substituted sugars such as 2'—O—methy|— ; 2'—O—

alkyl ; 2'-O-a|lyl ; 2'-S-alkyl; 2'-S-allyl; 2'-fluoro- ; 2'-halo or azido-ribose, carbocyclic sugar

analogues, a—anomeric sugars; epimeric sugars such as arabinose, xyloses or lyxoses,
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pyranose sugars, furanose sugars, and sedoheptulose.

Modified nucleotides are known in the art and include alkylated purines and pyrimidines,

acylated purines and pyrimidines, and other heterocycles. These classes of pyrimidines

and purines are known in the art and include pseudoisocytosine, N4,N4-ethanocytosine,

8—hydroxy—N6—methyladenine, 4—acetylcytosine,5—(carboxyhydroxylmethyl) uracil, 5

fluorouracil, 5-bromouracil, 5-carboxymethylaminomethyI-2-thiouracil, 5-

carboxymethylaminomethyl uracil, dihydrouracil, inosine, N6—isopentyI—adenine, 1—

methyladenine, 1—methylpseudouracil, 1—methylguanine, 2,2—dimethylguanine, 2—

methyladenine, 2—methylguanine, 3—methylcytosine, 5—methylcytosine, N6—methyladenine,

7—methylguanine, 5—methylaminomethyl uracil, 5—methoxy amino methyl—2—thiouracil, —D—

mannosquueosine, 5-methoxycarbonylmethyluracil, 5methoxyuracil, 2 methylthio-NB-

isopentenyladenine, uracil—5—oxyacetic acid methyl ester, psueouracil, 2—thiocytosine, 5—

methyI-2 thiouracil, 2-thiouracil, 4-thiouracil, 5methyluracil, N-uraciI-5-oxyacetic acid

methylester, uracil 5—oxyacetic acid, queosine, 2—thiocytosine, 5—propyluracil, 5—

propylcytosine, 5-ethyluracil, 5ethy|cytosine, 5-butyluracil, 5-pentyluracil, 5-

pentylcytosine, and 2,6,diaminopurine, methylpsuedouracil, 1—methylguanine, 1—

methylcytosine.

Methods relating to the use of RNAi to silence genes in C. elegans, Drosophila, plants,

and mammals are known in the art (Fire A, et al., 1998 Nature 391:806-811; Fire, A.

Trends Genet. 15, 358—363 (1999); Sharp, P. A. RNA interference 2001. Genes Dev. 15,

485-490 (2001); Hammond, S. M., et al., Nature Rev. Genet. 2, 110-1119 (2001); Tuschl,

T. Chem. Biochem. 2, 239—245 (2001); Hamilton, A. et al., Science 286, 950—952 (1999);

Hammond, S. M., et al., Nature 404, 293-296 (2000); Zamore, P. D., et al., Cell 101, 25-

33 (2000); Bernstein, E., et al., Nature 409, 363—366 (2001 ); Elbashir, S. M., et al., Genes

Dev. 15, 188-200 (2001); WOO129058; W09932619, and Elbashir S M, et al., 2001

Nature 411:494—498).

Accordingly, the invention provides nucleic acid that is capable, when suitably introduced

into or expressed within a mammalian, e.g. human, cell that otherwise expresses |L—11 or

|L—1 1 R, of suppressing |L—11 or |L—1 1 R expression by RNAi.

The nucleic acid may have substantial sequence identity to a portion of |L-11 or |L-11R

mRNA, as defined in GenBank accession no. NM_000641.3 Gl:391353405 (IL-11) or

U32324.1 GI:975336 (IL—1 1 R), or the complementary sequence to said mRNA.
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The nucleic acid may be a double—stranded siRNA. (As the skilled person will appreciate,

and as explained further below, a siRNA molecule may include a short 3’ DNA sequence

also.)

Alternatively, the nucleic acid may be a DNA (usually double—stranded DNA) which, when

transcribed in a mammalian cell, yields an RNA having two complementary portions

joined via a spacer, such that the RNA takes the form of a hairpin when the

complementary portions hybridise with each other. In a mammalian cell, the hairpin

structure may be cleaved from the molecule by the enzyme DICER, to yield two distinct,

but hybridised, RNA molecules.

In some preferred embodiments, the nucleic acid is generally targeted to the sequence of

one of SEQ ID NOs 2 to 5 (IL-11; Figure 11) or to one of SEQ ID NOs 7 to 10 (IL-1 1 R;

Figure 12).

Only single—stranded (i.e. non self—hybridised) regions of an mRNA transcript are

expected to be suitable targets for RNAi. It is therefore proposed that other sequences

very close in the lL-11 or lL-11R mRNA transcript to the sequence represented by one of

SEQ ID NOs 2 to 5 or 7 to 10 may also be suitable targets for RNAi. Such target

sequences are preferably 17-23 nucleotides in length and preferably overlap one of SEQ

ID NOs 2 to 5 or7 to 10 by at least 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17,

18 or all 19 nucleotides (at either end of one of SEQ ID NOs 2 to 5 or 7 to 10).

Accordingly, the invention provides nucleic acid that is capable, when suitably introduced

into or expressed within a mammalian cell that otherwise expresses lL—11 or lL—1 1 R, of

suppressing IL-11 or IL-11R expression by RNAi, wherein the nucleic acid is generally

targeted to the sequence of one of SEQ ID NOs 2 to 5 or 7 to 10.

By “generally targeted” the nucleic acid may target a sequence that overlaps with SEQ ID

NOs 2 to 5 or 7 to 10. In particular, the nucleic acid may target a sequence in the mRNA

of human IL-11 or IL-11R that is slightly longer or shorter than one of SEQ ID NOs 2 to 5

or 7 to 10 (preferably from 17—23 nucleotides in length), but is otherwise identical to one

ofSEQ ID NOs 2 to 5 or7 to 10.
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It is expected that perfect identity/complementarity between the nucleic acid of the

invention and the target sequence, although preferred, is not essential. Accordingly, the

nucleic acid of the invention may include a single mismatch compared to the mRNA of IL-

11 or lL—1 1 R. It is expected, however, that the presence of even a single mismatch is

likely to lead to reduced efficiency, so the absence of mismatches is preferred. When

present, 3’ overhangs may be excluded from the consideration of the number of

mismatches.

The term “complementarity” is not limited to conventional base pairing between nucleic

acid consisting of naturally occurring ribo— and/or deoxyribonucleotides, but also includes

base pairing between mRNA and nucleic acids of the invention that include non—natural

nucleotides.

In one embodiment, the nucleic acid (herein referred to as double-stranded siRNA)

includes the double—stranded RNA sequences shown in Figure 13 (IL-11; SEQ ID NOs 11

to 14).

In another embodiment, the nucleic acid (herein referred to as double—stranded siRNA)

includes the double-stranded RNA sequences shown in Figure 14 (IL-11R; SEQ ID N08

15 to 18).

However, it is also expected that slightly shorter or longer sequences directed to the

same region of lL-11 or lL-11R mRNA will also be effective. In particular, it is expected

that double—stranded sequences between 17 and 23 bp in length will also be effective.

The strands that form the double—stranded RNA may have short 3’ dinucleotide

overhangs, which may be DNA or RNA. The use of a 3’ DNA overhang has no effect on

siRNA activity compared to a 3’ RNA overhang, but reduces the cost of chemical

synthesis of the nucleic acid strands (Elbashir et al., 2001 c). For this reason, DNA

dinucleotides may be preferred.

When present, the dinucleotide overhangs may be symmetrical to each other, though this

is not essential. Indeed, the 3’ overhang of the sense (upper) strand is irrelevant for RNAi

activity, as it does not participate in mRNA recognition and degradation (Elbashir et al.,

2001a, 2001b, 2001c).
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While RNAi experiments in Drosophila show that antisense 3’ overhangs may participate

in mRNA recognition and targeting (Elbashir et al. 20010), 3’ overhangs do not appear to

be necessary for RNAi activity of siRNA in mammalian cells. Incorrect annealing of 3’

overhangs is therefore thought to have little effect in mammalian cells (Elbashir et al.

2001c; Czauderna et al. 2003).

Any dinucleotide overhang may therefore be used in the antisense strand of the siRNA.

Nevertheless, the dinucleotide is preferably -UU or —UG (or —TT or —TG if the overhang is

DNA), more preferably —UU (or —TT). The —UU (or —TT) dinucleotide overhang is most

effective and is consistent with (Le. capable of forming part of) the RNA polymerase I”

end of transcription signal (the terminator signal is TTTTT). Accordingly, this dinucleotide

is most preferred. The dinucleotides AA, CC and GG may also be used, but are less

effective and consequently less preferred.

Moreover, the 3‘ overhangs may be omitted entirely from the siRNA.

The invention also provides single-stranded nucleic acids (herein referred to as single—

stranded siRNAs) respectively consisting of a component strand of one of the

aforementioned double-stranded nucleic acids, preferably with the 3’-overhangs, but

optionally without. The invention also provides kits containing pairs of such single—

stranded nucleic acids, which are capable of hybridising with each other in vitro to form

the aforementioned double—stranded siRNAs, which may then be introduced into cells.

The invention also provides DNA that, when transcribed in a mammalian cell, yields an

RNA (herein also referred to as an shRNA) having two complementary portions which are

capable of self—hybridising to produce a double—stranded motif, eg. including a sequence

selected from the group consisting of SEQ ID No.3 11 to 14 or 15 to 18 or a sequence

that differs from any one of the aforementioned sequences by a single base pair

substitution.

The complementary portions will generally be joined by a spacer, which has suitable

length and sequence to allow the two complementary portions to hybridise with each

other. The two complementary (i.e. sense and antisense) portions may be joined 5’—3’ in

either order. The spacer will typically be a short sequence, of approximately 4-12

nucleotides, preferably 4—9 nucleotides, more preferably 6—9 nucleotides.
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Preferably the 5’ end of the spacer (immediately 3’ of the upstream complementary

portion) consists of the nucleotides —UU— or —UG—, again preferably —UU— (though, again,

the use of these particular dinucleotides is not essential). A suitable spacer,

recommended for use in the pSuper system of OligoEngine (Seattle, Washington, USA)

is UUCAAGAGA. In this and other cases, the ends of the spacer may hybridise with each

other, e.g. elongating the double-stranded motif beyond the exact sequences of SEQ ID

N03 11 to 14 or 15 to 18 by a small number (e.g. 1 or 2) of base pairs.

Similarly, the transcribed RNA preferably includes a 3’ overhang from the downstream

complementary portion. Again, this is preferably —UU or —UG, more preferably —UU.

Such shRNA molecules may then be cleaved in the mammalian cell by the enzyme

DICER to yield a double—stranded siRNA as described above, in which one or each

strand of the hybridised dsRNA includes a 3’ overhang.

Techniques for the synthesis of the nucleic acids of the invention are of course well

known in the art.

The skilled person is well able to construct suitable transcription vectors for the DNA of

the invention using well—known techniques and commercially available materials. In

particular, the DNA will be associated with control sequences, including a promoter and a

transcription termination sequence.

Of particular suitability are the commercially available pSuper and pSuperior systems of

OligoEngine (Seattle, Washington, USA). These use a polymerase-III promoter (H1) and

a T5 transcription terminator sequence that contributes two U residues at the 3‘ end of the

transcript (which, after DICER processing, provide a 3’ UU overhang of one strand of the

siRNA).

Another suitable system is described in Shin et al. (RNA, 2009 May; 15(5): 898-910),

which uses another polymerase—III promoter (U6).

The double—stranded siRNAs of the invention may be introduced into mammalian cells in

vitro or in vivo using known techniques, as described below, to suppress expression of IL—

1 1 or |L—1 1 R.
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Similarly, transcription vectors containing the DNAs of the invention may be introduced

into tumour cells in vitro or in vivo using known techniques, as described below, for

transient or stable expression of RNA, again to suppress expression of lL-11 or lL-1 ‘l R.

Accordingly, the invention also provides a method of suppressing lL-11 or lL-11R

expression in a mammalian, e.g. human, cell, the method comprising administering to the

cell a double-stranded siRNA of the invention or a transcription vector of the invention.

Similarly, the invention further provides a method of treating fibrosis, the method

comprising administering to a subject a double—stranded siRNA of the invention or a

transcription vector of the invention.

The invention further provides the double—stranded siRNAs of the invention and the

transcription vectors of the invention, for use in a method of treatment, preferably a

method of treating fibrosis.

The invention further provides the use of the double—stranded siRNAs of the invention and

the transcription vectors of the invention in the preparation of a medicament for the

treatment of fibrosis.

The invention further provides a composition comprising a double-stranded siRNA of the

invention or a transcription vector of the invention in admixture with one or more

pharmaceutically acceptable carriers. Suitable carriers include lipophilic carriers or

vesicles, which may assist in penetration of the cell membrane.

Materials and methods suitable for the administration of siRNA duplexes and DNA

vectors of the invention are well known in the art and improved methods are under

development, given the potential of RNAi technology.

Generally, many techniques are available for introducing nucleic acids into mammalian

cells. The choice of technique will depend on whether the nucleic acid is transferred into

cultured cells in vitro or in Vivo in the cells of a patient. Techniques suitable for the

transfer of nucleic acid into mammalian cells in vitro include the use of liposomes,

electroporation, microinjection, cell fusion, DEAE dextran and calcium phosphate

precipitation. In vivo gene transfer techniques include transfection with viral (typically
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retroviral) vectors and viral coat protein-liposome mediated transfection (Dzau et al.

(2003) Trends in Biotechnology 11, 205—210).

In particular, suitable techniques for cellular administration of the nucleic acids of the

invention both in vitro and in vivo are disclosed in the following articles:

General reviews: Borkhardt, A. 2002. Blocking oncogenes in malignant cells by RNA

interference——new hope for a highly specific cancer treatment? Cancer Cell. 2:167—8.

Hannon, G.J. 2002. RNA interference. Nature. 418:244—51. McManus, M.T., and P.A.

Sharp. 2002. Gene silencing in mammals by small interfering RNAs. Nat Rev Genet.

3:737—47. Scherr, M., M.A. Morgan, and M. Eder. 2003b. Gene silencing mediated by

small interfering RNAs in mammalian cells. Curr Med Chem. 10:245-56. Shuey, D.J., D.E.

McCallus, and T. Giordano. 2002. RNAi: gene—silencing in therapeutic intervention. Drug

Discov Today. 7:1040-6.

Systemic delivery using liposomes: Lewis, D.L., J.E. Hagstrom, A.G. Loomis, J.A. Wolff,

and H. Herweijer. 2002. Efficient delivery of siRNA for inhibition of gene expression in

postnatal mice. Nat Genet. 32:107—8. Paul, C.P., P.D. Good, I. Winer, and DR. Engelke.

2002. Effective expression of small interfering RNA in human cells. Nat Biotechnol.

20:505—8. Song, E., S.K. Lee, J. Wang, N. lnce, N. Ouyang, J. Min, J. Chen, P. Shankar,

and J. Lieberman. 2003. RNA interference targeting Fas protects mice from fulminant

hepatitis. Nat Med. 9:347—51.Sorensen, D.R., M. Leirdal, and M. Sioud. 2003. Gene

silencing by systemic delivery of synthetic siRNAs in adult mice. J Mol Biol. 327:761-6.

Virus mediated transfer: Abbas-Terki, T., W. BIanco-Bose, N. Deglon, W. Pralong, and P.

Aebischer. 2002. LentiviraI—mediated RNA interference. Hum Gene Ther. 13:2197—201.

Barton, GM, and R. Medzhitov. 2002. Retroviral delivery of small interfering RNA into

primary cells. Proc Natl Acad Sci U S A. 99:14943—5. Devroe, E., and P.A. Silver. 2002.

Retrovirus—delivered siRNA. BMC Biotechnol. 2:15. Lori, F., P. Guallini, L. Galluzzi, and J.

Lisziewicz. 2002. Gene therapy approaches to HIV infection. Am J Pharmacogenomics.

2:245-52. Matta, H., B. Hozayev, R. Tomar, P. Chugh, and PM. Chaudhary. 2003. Use of

lentiviral vectors for delivery of small interfering RNA. Cancer Biol Ther. 2:206-10. Qin,

X.F., D.S. An, LS. Chen, and D. Baltimore. 2003. Inhibiting HIV—1 infection in human T

cells by lentiviral-mediated delivery of small interfering RNA against CCR5. Proc Natl

Acad Sci U S A. 100:183—8. Scherr, M., K. Battmer, A. Ganser, and M. Eder. 2003a.

Modulation of gene expression by lentiviral-mediated delivery of small interfering RNA.
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Cell Cycle. 2:251-7. Shen, C., A.K. Buck, X. Liu, M. Winkler, and SN. Reske. 2003. Gene

silencing by adenovirus-delivered siRNA. FEBS Lett. 539:111-4.

Peptide delivery: Morris, M.C., L. Chaloin, F. Heitz, and G. Divita. 2000. Translocating

peptides and proteins and their use for gene delivery. Curr Opin Biotechnol. 11:461-6.

Simeoni, F., M.C. Morris, F. Heitz, and G. Divita. 2003. Insight into the mechanism of the

peptide-based gene delivery system MPG: implications for delivery of siRNA into

mammalian cells. Nucleic Acids Res. 31 :2717—24. Other technologies that may be

suitable for delivery of siRNA to the target cells are based on nanoparticles or

nanocapsules such as those described in US patent numbers 6,649,1928 and

5,843,509B.

Formulations

In therapeutic applications, agents capable of inhibiting the action of |L—11 or agents

capable of preventing or reducing the expression of |L-11 or |L-11R are preferably

formulated as a medicament or pharmaceutical together with one or more other

pharmaceutically acceptable ingredients well known to those skilled in the art, including,

but not limited to, pharmaceutically acceptable carriers, adjuvants, excipients, diluents,

fillers, buffers, preservatives, anti-oxidants, lubricants, stabilisers, solubilisers, surfactants

(e.g., wetting agents), masking agents, colouring agents, flavouring agents, and

sweetening agents.

The term "pharmaceutically acceptable" as used herein pertains to compounds,

ingredients, materials, compositions, dosage forms, etc., which are, within the scope of

sound medical judgment, suitable for use in contact with the tissues of the subject in

question (e.g., human) without excessive toxicity, irritation, allergic response, or other

problem or complication, commensurate with a reasonable benefit/risk ratio. Each

carrier, adjuvant, excipient, etc. must also be "acceptable" in the sense of being

compatible with the other ingredients of the formulation.

Suitable carriers, adjuvants, excipients, etc. can be found in standard pharmaceutical

texts, for example, Remington's Pharmaceutical Sciences, 18th edition, Mack Publishing

Company, Easton, Pa., 1990; and Handbook of Pharmaceutical Excipients, 2nd edition,

1994.
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The formulations may be prepared by any methods well known in the art of pharmacy.

Such methods include the step of bringing into association the active compound with a

carrier which constitutes one or more accessory ingredients. In general, the formulations

are prepared by uniformly and intimately bringing into association the active compound

with carriers (e.g., liquid carriers, finely divided solid carrier, etc.), and then shaping the

product, if necessary.

The formulations may be prepared for topical, parenteral, systemic, intravenous, intra—

arterial, intramuscular, intrathecal, intraocular, intra—conjunctival, subcutaneous, oral or

transdermal routes of administration which may include injection. lnjectable formulations

may comprise the selected agent in a sterile or isotonic medium.

Administration is preferably in a "therapeutically effective amount", this being sufficient to

show benefit to the individual. The actual amount administered, and rate and time-course

of administration, will depend on the nature and severity of the disease being treated.

Prescription of treatment, e.g. decisions on dosage etc, is within the responsibility of

general practitioners and other medical doctors, and typically takes account of the

disorder to be treated, the condition of the individual patient, the site of delivery, the

method of administration and other factors known to practitioners. Examples of the

techniques and protocols mentioned above can be found in Remington’s Pharmaceutical

Sciences, 20th Edition, 2000, pub. Lippincott, Williams & Wilkins.

Fibrosis

As used herein, “fibrosis" refers to the formation of excess fibrous connective tissue as a

result of the excess deposition of extracellular matrix components, for example collagen.

Fibrous connective tissue is characterised by having extracellular matrix (ECM) with a

high collagen content. The collagen may be provided in strands or fibers, which may be

arranged irregularly or aligned. The ECM of fibrous connective tissue may also include

glycosaminoglycans.

As used herein, “excess fibrous connective tissue” refers to an amount of connective

tissue at a given location (e.g. a given tissue or organ, or part of a given tissue or organ)

which is greater than the amount of connective tissue present at that location in the

absence of fibrosis, e.g. under normal, non-pathological conditions. As used herein,

“excess deposition of extracellular matrix components” refers to a level of deposition of
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one or more extracellular matrix components which is greater than the level of deposition

in the absence of fibrosis, e.g. under normal, non-pathological conditions.

The cellular and molecular mechanisms of fibrosis are described in Wynn, J. Pathol.

(2008) 214(2): 199-210, and Wynn and Ramalingam, Nature Medicine (2012) 18:1028—

1040, which are hereby incorporated by reference in their entirety.

The main cellular effectors of fibrosis are myofibroblasts, which produce a collagen—rich

extracellular matrix.

In response to tissue injury, damaged cells and leukocytes produce pro—fibrotic factors

such as TGFB, IL-13 and PDGF, which activate fibroblasts to dSMA-expressing

myofibroblasts, and recruit myofibroblasts to the site of injury. Myofibroblasts produce a

large amount of extracellular matrix, and are important mediators in aiding contracture

and closure of the wound. However, under conditions of persistent infection or during

chronic inflammation there can be overactivation and recruitment of myofibroblasts, and

thus over—production of extracellular matrix components, resulting in the formation of

excess fibrous connective tissue.

In some embodiments fibrosis may be triggered by pathological conditions, e.g.

conditions, infections or disease states that lead to production of pro-fibrotic factors such

as TGFB1. In some embodiments, fibrosis may be caused by physical injury/stimuli,

chemical injury/stimuli or environmental injury/stimuli. Physical injury/stimuli may occur

during surgery, e.g. iatrogenic causes. Chemical injury/stimuli may include drug induced

fibrosis, e.g. following chronic administration of drugs such as bleomycin,

cyclophosphamide, amiodarone, procainamide, penicillamine, gold and nitrofurantoin

(Daba et al., Saudi Med J 2004 Jun; 25(6): 700-6). Environmental injury/stimuli may

include exposure to asbestos fibres or silica.

Fibrosis can occur in many tissues of the body. For example, fibrosis can occur in the

liver (e.g. cirrhosis), lungs, kidney, heart, blood vessels, eye, skin, pancreas, intestine,

brain, and bone marrow. Fibrosis may also occur in multiple organs at once.

In embodiments herein, fibrosis may involve an organ of the gastrointestinal system, e.g.

of the liver, small intestine, large intestine, or pancreas. In some embodiments, fibrosis

may involve an organ of the respiratory system, e.g. the lungs. In embodiments, fibrosis
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may involve an organ of the cardiovascular system, e.g. of the heart or blood vessels. In

some embodiments, fibrosis may involve the skin. In some embodiments, fibrosis may

involve an organ of the nervous system, e.g. the brain. In some embodiments, fibrosis

may involve an organ of the urinary system, e.g. the kidneys. In some embodiments,

fibrosis may involve an organ of the musculoskeletal system, e.g. muscle tissue.

In some preferred embodiments, the fibrosis is cardiac or myocardial fibrosis, hepatic

fibrosis, or renal fibrosis. In some embodiments cardiac or myocardial fibrosis is

associated with dysfunction of the musculature or electrical properties of the heart, or

thickening of the walls of valves of the heart. In some embodiments fibrosis is of the

atrium and/or ventricles of the heart. Treatment or prevention of atrial or ventricular

fibrosis may help reduce risk or onset of atrial fibrillation, ventricular fibrillation, or

myocardial infarction.

In some preferred embodiments hepatic fibrosis is associated with chronic liver disease

or liver cirrhosis. In some preferred embodiments renal fibrosis is associated with chronic

kidney disease.

Diseases/conditions characterised by fibrosis in accordance with the present invention

include but are not limited to: respiratory conditions such as pulmonary fibrosis, cystic

fibrosis, idiopathic pulmonary fibrosis, progressive massive fibrosis, scleroderma,

obliterative bronchiolitis, Hermansky—Pudlak syndrome, asbestosis, silicosis, chronic

pulmonary hypertension, AIDS associated pulmonary hypertension, sarcoidosis, tumor

stroma in lung disease, and asthma; chronic liver disease, primary biliary cirrhosis (PBC),

schistosomal liver disease, liver cirrhosis; cardiovascular conditions such as hypertrophic

cardiomyopathy, dilated cardiomyopathy (DCM), fibrosis of the atrium, atrial fibrillation,

fibrosis of the ventricle, ventricular fibrillation, myocardial fibrosis, Brugada syndrome,

myocarditis, endomyocardial fibrosis, myocardial infarction, fibrotic vascular disease,

hypertensive heart disease, arrhythmogenic right ventricular cardiomyopathy (ARVC),

tubulointerstitial and glomerularfibrosis, atherosclerosis, varicose veins, cerebral infarcts;

neurological conditions such as gliosis and Alzheimer's disease; muscular dystrophy such

as Duchenne muscular dystrophy (DMD) or Becker’s muscular dystrophy (BMD);

gastrointestinal conditions such as Chron’s disease, microscopic colitis and primary

sclerosing cholangitis (PSC); skin conditions such as scleroderma, nephrogenic systemic

fibrosis and cutis keloid; arthrofibrosis; Dupuytren’s contracture; mediastinal fibrosis;

retroperitoneal fibrosis; myelofibrosis; Peyronie’s disease; adhesive capsulitis; kidney
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disease (e.g., renal fibrosis, nephritic syndrome, Alport's syndrome, HIV associated

nephropathy, polycystic kidney disease, Fabry‘s disease, diabetic nephropathy, chronic

glomerulonephritis, nephritis associated with systemic lupus); progressive systemic

sclerosis (PSS); chronic graft versus host disease; diseases of the eye such as Grave's

opthalmopathy, epiretinal fibrosis, retinal fibrosis, subretinal fibrosis (e.g. associated with

macular degeneration (e.g. wet age-related macular degeneration (AMD)), diabetic

retinopathy, glaucoma, corneal fibrosis, post—surgical fibrosis (e.g. of the posterior

capsule following cataract surgery, or of the bleb following trabeculectomy for glaucoma),

conjunctival fibrosis, subconjunctival fibrosis; arthritis; fibrotic pre—neoplastic and fibrotic

neoplastic disease; and fibrosis induced by chemical or environmental insult (e.g., cancer

chemotherapy, pesticides, radiation/cancer radiotherapy).

It will be appreciated that the many of the diseases/conditions listed above are

interrelated. For example, fibrosis of the ventricle may occur post myocardial infarction,

and is associated with DCM, HCM and myocarditis.

in particular embodiments, the disease/disorder may be one of pulmonaiy fibrosis, atrial

fibrillation, ventricular fibrillation, hypertrophic cardiomyopathy (HCM), dilated

cardiomyopathy (DCM), non—alcoholic steatohepatitis (NASH), cirrhosis, chronic kidney

disease, scleroderma, systemic sclerosis, keloid, cystic fibrosis, Chron’s disease, post—

surgical fibrosis or retinal fibrosis.

Treatment, prevention or alleviation of fibrosis according to the present invention may be

of fibrosis that is associated with an upregulation of lL—11, e.g. an upregulation of lL—11 in

cells or tissue in which the fibrosis occurs or may occur, or upregulation of extracellular

lL—110rlL—‘l1R~

Treatment or alleviation of fibrosis may be effective to prevent progression of the fibrosis,

e.g. to prevent worsening of the condition or to slow the rate of development of the

fibrosis. In some embodiments treatment or alleviation may lead to an improvement in

the fibrosis, e.g. a reduction in the amount of deposited collagen fibres.

Prevention of fibrosis may refer to prevention of a worsening of the condition or

prevention of the development of fibrosis, e.g. preventing an early stage fibrosis

developing to a later, chronic, stage.
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Subject

The subject to be treated may be any animal or human. The subject is preferably

mammalian, more preferably human. The subject may be a non-human mammal, but is

more preferably human. The subject may be male or female. The subject may be a

patient.

Sam le

A sample obtained from a subject may be of any kind. A biological sample may be taken

from any tissue or bodily fluid, e.g. a blood sample, blood—derived sample, serum sample,

lymph sample, semen sample, saliva sample, synovial fluid sample. A blood—derived

sample may be a selected fraction of a patient’s blood, e.g. a selected cell—containing

fraction or a plasma or serum fraction. A sample may comprise a tissue sample or

biopsy; or cells isolated from a subject. Samples may be collected by known techniques,

such as biopsy or needle aspirate. Samples may be stored and/or processed for

subsequent determination of lL-11 expression levels.

Samples may be used to determine the upregulation of lL-11 or lL-11R in the subject

from which the sample was taken.

In some preferred embodiments a sample may be a tissue sample, e.g. biopsy, taken

from heart, liver or kidney tissue. In some embodiments a sample may be a tissue

sample, e.g. biopsy, taken from the eye.

A sample may contain cells, and may preferably contain fibroblasts and/or myofibroblasts.

In some embodiments, fibroblasts or myofibroblasts may be obtained from heart, liver or

kidney tissue, e.g. they may be cardiac fibroblasts or cardiac myofibroblasts (e.g. see

Colby et al., Circulation Research 2009;105:1164-1176), hepatic fibroblasts or hepatic

myofibroblasts (e.g. see Zeisberg et al., The Journal of Biological Chemistry, August 10,

2007, 282, 23337—23347; Brenner., Fibrogenesis & Tissue Repair 2012, 5(Suppl 1):S17)

or renal fibroblasts or renal myofibroblasts (e.g. see Strutz and Zeisberg. JASN

November 2006 vol. 17 no. 11 2992-2998). In some embodiments, fibroblasts or

myofibroblasts may be obtained from eye tissue, e.g. they may be corneal fibroblasts.

Upregulation of lL-11 or lL-11R expression
 

Some aspects and embodiments of the present invention concern detection of expression

of lL-11 or lL-1 1 R, e.g. in a sample obtained from a subject.
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In some aspects and embodiments the present invention concerns the upregulation of

expression (over-expression) of |L-11 or |L-11R (as a protein or oligonucleotide encoding

the respective lL-11 or lL-1 1 R) and detection of such upregulation as an indicator of

suitability for treatment with an agent capable of inhibiting the action of |L—11 or with an

agent capable of preventing or reducing the expression of |L-11 or |L-1 1 R.

Upregulation of |L-11 or |L-11R expression comprises expression of |L-11 or |L-11 R at a

level that is greater than would normally be expected for a cell or tissue of a given type.

Upregulation may be determined by determining the level of expression of |L-11 or |L-11R

in a cell or tissue. A comparison may be made between the level of |L-11 or lL-11R

expression in a cell or tissue sample from a subject and a reference level of |L—11 or |L—

11R, e.g. a value or range of values representing a normal level of expression of |L-11 or

IL-1 1 R for the same or corresponding cell or tissue type. In some embodiments reference

levels may be determined by detecting |L-11 or |L-11R expression in a control sample,

e.g. in corresponding cells or tissue from a healthy subject or from healthy tissue of the

same subject. In some embodiments reference levels may be obtained from a standard

curve or data set.

Levels of expression may be quantitated for absolute comparison, or relative

comparisons may be made.

In some embodiments upregulation of |L—11 or |L—1 1 R may be considered to be present

when the level of expression in the test sample is at least 1.1 times that of a reference

level. More preferably, the level of expression may be selected from one of at least 1.2,

at least 1.3, at least 1.4, at least 1.5, at least 1.6, at least 1.7, at least 1.8, at least 1.9, at

least 2.0, at least 2.1, at least 2.2, at least 2.3, at least 2.4 at least 2.5, at least 2.6, at

least 2.7, at least 2.8, at least 2.9, at least 3.0, at least 3.5, at least 4.0, at least 5.0, at

least 6.0, at least 7.0, at least 8.0, at least 9.0, or at least 10.0 times that of the reference

level.

|L—11 or |L—1 1 R expression levels may be determined by one of a number of known in

vitro assay techniques, such as PCR based assays, in situ hybridisation assays, flow

cytometry assays, immunological or immunohistochemical assays.
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By way of example suitable techniques involve a method of detecting the level of lL-11 or

lL—1 1 R in a sample by contacting the sample with an agent capable of binding lL—11 or lL—

11R and detecting the formation of a complex of the agent and lL-11 or lL-1 1 R. The

agent may be any suitable binding molecule, e.g. an antibody, polypeptide, peptide,

oligonucleotide, aptamer or small molecule, and may optionally be labelled to permit

detection, e.g. visualisation, of the complexes formed. Suitable labels and means for their

detection are well known to those in the art and include fluorescent labels (e.g.

fluorescein, rhodamine, eosine and NDB, green fluorescent protein (GFP), chelates of

rare earths such as europium (Eu), terbium (Tb) and samarium (Sm), tetramethyl

rhodamine, Texas Red, 4—methyl umbelliferone, 7—amino—4—methyl coumarin, Cy3, Cy5),

isotope markers, radioisotopes (e.g. 32P, 33P, 35S), chemiluminescence labels (e.g.

acridinium ester, luminol, isoluminol), enzymes (e.g. peroxidase, alkaline phosphatase,

glucose oxidase, beta—galactosidase, luciferase), antibodies, ligands and receptors.

Detection techniques are well known to those of skill in the art and can be selected to

correspond with the labelling agent. Suitable techniques include PCR amplification of

oligonucleotide tags, mass spectrometry, detection of fluorescence or colour, e.g. upon

enzymatic conversion of a substrate by a reporter protein, or detection of radioactivity.

Assays may be configured to quantify the amount of lL-11 or lL-11R in a sample.

Quantified amounts of lL—11 or lL—1 1 R from a test sample may be compared with

reference values, and the comparison used to determine whether the test sample

contains an amount of lL—11 or lL—1 1 R that is higher or lower than that of the reference

value to a selected degree of statistical significance.

Quantification of detected lL-11 or lL-11R may be used to determine up- or down-

regulation or amplification of genes encoding lL—11 or lL—1 1 R. In cases where the test

sample contains fibrotic cells, such up-regulation, down-regulation or amplification may

be compared to a reference value to determine whether any statistically significant

difference is present.

Subiect selection

A subject may be selected for treatment based on a determination that the subject has an

upregulated level of lL—11 or lL—1 1 R expression. lL—11 or lL—1 1 R may therefore act as a

marker of a fibrosis that is suitable for treatment with an agent capable of inhibiting the

action of lL—11 or with an agent capable of preventing or reducing the expression of lL—11

or lL—1 1 R.
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Upregulation may be in a given tissue or in selected cells from a given tissue. A preferred

tissue may be one of heart, liver or kidney. A preferred tissue may be eye. A preferred

cell type may be fibroblasts or myofibroblasts. Upregulation may also be determined in a

circulating fluid, e.g. blood, or in a blood derived sample. Upregulation may be of

extracellular lL—11 or lL—1 1 R.

Determination of lL-11 or lL-11R levels may be performed by assay, preferably in Vitro, on

a sample obtained from a subject, as described herein.

Following selection, a subject may be provided with treatment for fibrosis by

administration of an agent capable of inhibiting the action of lL-11 or an agent capable of

preventing or reducing the expression of lL-11 or lL-1 1 R.

In some embodiments a subject may have been diagnosed with fibrosis, be suspected of

having fibrosis or be considered at risk of developing fibrosis and it is of interest whether

the subject will benefit from treatment with an agent capable of inhibiting the action of IL-

11 or with an agent capable of preventing or reducing the expression of lL—11 or lL—1 1 R.

In such embodiments, the suitability of the subject for such treatment may be determined

by determining whether lL-11 or lL-11R expression is upregulated in the subject. In some

embodiments, lL—11 or lL—1 1 R expression is locally or systemically upregulated in the

subject.

Diagnosis and Prognosis

The detection of upregulation of lL-11 or lL-11R expression may also be used in a

method of diagnosing fibrosis or the risk of developing fibrosis in a subject, and in

methods of prognosing or predicting a subject’s response to treatment with an agent

capable of inhibiting the action of lL—11 or an agent capable of preventing or reducing the

expression of lL-11 or lL-1 1 R.

In some embodiments a subject may be suspected of having fibrosis, e.g. based on the

presence of other symptoms indicative of fibrosis in the subject’s body or in selected

cells/tissues of the subject’s body, or be considered at risk of developing fibrosis, e.g.

because of genetic predisposition or exposure to environmental conditions, such as

asbestos fibres.
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Determination of upregulation of lL-11 or lL-11R may confirm a diagnosis or suspected

diagnosis of fibrosis or may confirm that the subject is at risk of developing fibrosis. The

determination may also diagnose the condition or predisposition as one suitable for

treatment with an agent capable of inhibiting the action of |L—11 or an agent capable of

preventing or reducing the expression of |L-11 or |L-1 1 R.

As such, a method of providing a prognosis for a subject having, or suspected of having

fibrosis may be provided, the method comprising determining whether |L-11 or |L-11R is

upregulated in a sample obtained from the subject and, based on the determination,

providing a prognosis for treatment of the subject with an agent capable of inhibiting the

action of |L—11 or an agent capable of preventing or reducing the expression of |L—11 or

|L—1 1 R.

In some aspects methods of diagnosis or methods of prognosing or predicting a subject’s

response to treatment with an agent capable of inhibiting the action of |L-11 or an agent

capable of preventing or reducing the expression of lL-11 or |L—1 1 R may not require

determination of |L-11 or |L-11R levels, but may be based on determining genetic factors

in the subject that are predictive of upregulation of |L—11 or |L—1 1 R expression, or

upregulation of |L—11 or |L—1 1 R activity. Such genetic factors may include the

determination of genetic mutations, single nucleotide polymorphisms (SNPs) or gene

amplification in |L—11 and/or |L—1 1 R that are correlated with and/or predictive of

upregulation of |L-11 or |L-11R expression or activity or |L-11 mediated signaling activity.

The use of genetic factors to predict predisposition to a disease state or response to

treatment is known in the art, e.g. see Peter Starkel Gu1‘2008;57:440-442; Wright et al.,

Mol. Cell. Biol. March 2010 vol. 30 no. 6 1411—1420.

Genetic factors may be assayed by methods known to those of ordinary skill in the art,

including PCR based assays, e.g. quantitative PCR, competitive PCR. By determining

the presence of genetic factors, e.g. in a sample obtained from a subject, a diagnosis of

fibrosis may be confirmed, and/or a subject may be classified as being at risk of

developing fibrosis, and/or a subject may be identified as being suitable for treatment with

an agent capable of inhibiting the action of |L-11 or an agent capable of preventing or

reducing the expression of |L-11 or IL-1 1 R.
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Some methods may comprise determination of the presence of one or more SNPs linked

to secretion of lL—11 or susceptibility to development of fibrosis. SNPs are usually bi—

allelic and therefore can be readily determined using one of a number of conventional

assays known to those of skill in the art (e.g. see Anthony J. Brookes. The essence of

SNPs. Gene Volume 234, Issue 2, 8 July 1999, 177-186; Fan et al., Highly Parallel SNP

Genotyping. Cold Spring Harb Symp Quant Biol 2003. 68: 69—78; Matsuzaki et al.,

Parallel Genotyping of Over 10,000 SNPs using a one-primer assay on a high-density

oligonucleotide array. Genome Res. 2004. 14: 414-425).

The methods may comprise determining which SNP allele is present in a sample

obtained from a subject. In some embodiments determining the presence of the minor

allele may be associated with increased lL-11 secretion or susceptibility to development

of fibrosis.

Accordingly, in one aspect of the present invention a method for screening a subject is

provided, the method comprising:

obtaining a nucleic acid sample from the subject;

determining which allele is present in the sample at the polymorphic nucleotide

position of one or more of the SN Ps listed in Figure 33, and/or Figure 34 and/or

Figure 35 or an SNP in linkage disequilibrium with one of the listed SNPs with an

r2 2 0.8.

The determining step may comprise determining whether the minor allele is present in the

sample at the selected polymorphic nucleotide position. It may comprise determining

whether 0, 1 or 2 minor alleles are present.

The screening method may be, or form part of, a method for determining susceptibility of

the subject to development of fibrosis, or a method of diagnosis or prognosis as

described herein.

The method may further comprise the step of identifying the subject as having

susceptibility to, or an increased risk of, developing fibrosis, e.g. if the subject is

determined to have a minor allele at the polymorphic nucleotide position. The method

may further comprise the step of selecting the subject for treatment with an agent capable

of inhibiting the action of Interleukin 11 (lL—11)and/or administering an agent capable of

inhibiting the action of Interleukin 11 (IL-11) to the subject in order to provide a treatment
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for fibrosis in the subject or to prevent development or progression of fibrosis in the

subject.

SNPs that may be determined include one or more of the SNPs listed in Figure 33, Figure

34, or Figure 35. In some embodiments the method may comprise determining one or

more of the SNPs listed in Figure 33. In some embodiments the method may comprise

determining one or more of the SNPs listed in Figure 34. In some embodiments the

method may comprise determining one or more of the SNPs listed in Figure 35. SNPs

may be selected for determination as having a low P value or FDR (false discovery rate).

In some embodiments SNPs are selected as being good predictors of response to anti—IL—

11 treatment based on regulation of VSTstim in trans (Figures 33). In some embodiments

a method may comprise determining which allele is present for one or more of the

following SNPs: rs10831850, rs4756936, rs6485827, rs7120273, and rs895468. In some

embodiments SNPs are selected as being good predictors of response to anti-lL-11

treatment based on regulation VSTstim—VSTunstim in cis (Figure 34).

In some embodiments SNPs are selected as being good predictors of response to anti—IL—

11 treatment based on regulation VSTstim-VSTunstim in trans (Figure 35). In some

embodiments a method may comprise determining which allele is present for one or more

of the following SNPs: rs7120273, rs10831850, rs4756936, rs6485827 (Figure 35).

SNPs: rs7120273, rs10831850, rs4756936, rs6485827 are in high linkage disequilibrium

(LD) with one another on chromosome 11 (in a so-called LD block), and are therefore

very commonly co-inherited.

The square of the correlation of gene frequencies (r2) reflects the degree of linkage

disequilibrium (LD) between two SNPs. As a result of LD between SNPs in local and

therefore co—inherited regions of the genome, the genotype of a given SNP can be

inferred by determining the genotype of a tagging/proxy SNP. The threshold of LD used in

the art to identify pairwise tagging/proxy SNPs is an r2 value of 0.8 (Wang et al. 2005,

Nat. Rev. Genet. 6(2): 109-18; Barrett et al. 2006, Nat Genet, 38 (6): 659-662). The

genotype of a given SNP can therefore be inferred by determining the genotype of a

tagging/proxy SNP in linkage disequilibrium with an I2 value 2 0.8.
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The nucleotide sequence of SNPs is indicated using the “rs” number. The full sequence

is available from the National Center for biotechnology Information (NCBI) database of

single nucleotide polymorphisms (dbSNP) accessible at:

https://www.ncbi.nlm.nih.gov/snp.

Methods of diagnosis or prognosis may be performed in vitro on a sample obtained from

a subject, or following processing of a sample obtained from a subject. Once the sample

is collected, the patient is not required to be present for the in Vitro method of diagnosis or

prognosis to be performed and therefore the method may be one which is not practised

on the human or animal body.

Other diagnostic or prognostic tests may be used in conjunction with those described

here to enhance the accuracy of the diagnosis or prognosis or to confirm a result

obtained by using the tests described here.

Methods according to the present invention may be performed, or products may be

present, in vitro, ex vivo, or in vivo. The term “in vitro” is intended to encompass

experiments with materials, biological substances, cells and/or tissues in laboratory

conditions or in culture whereas the term “in vivo” is intended to encompass experiments

and procedures with intact multi—cellular organisms. “Ex vivo” refers to something present

or taking place outside an organism, e.g. outside the human or animal body, which may

be on tissue (e.g. whole organs) or cells taken from the organism.

The invention includes the combination of the aspects and preferred features described

except where such a combination is clearly impermissible or expressly avoided.

The section headings used herein are for organizational purposes only and are not to be

construed as limiting the subject matter described.

Aspects and embodiments of the present invention will now be illustrated, by way of

example, with reference to the accompanying figures. Further aspects and embodiments

will be apparent to those skilled in the art. All documents mentioned in this text are

incorporated herein by reference.

Throughout this specification, including the claims which follow, unless the context

requires otherwise, the word “comprise,” and variations such as “comprises” and
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“comprising,” will be understood to imply the inclusion of a stated integer or step or group

of integers or steps but not the exclusion of any other integer or step or group of integers

or steps.

It must be noted that, as used in the specification and the appended claims, the singular

forms “a,” “an,” and “the” include plural referents unless the context clearly dictates

otherwise. Ranges may be expressed herein as from “about” one particular value, and/or

to “about” another particular value. When such a range is expressed, another

embodiment includes from the one particular value and/or to the other particular value.

Similarly, when values are expressed as approximations, by the use of the antecedent

“about,” it will be understood that the particular value forms another embodiment.

Brief Description of the Figures

Embodiments and experiments illustrating the principles of the invention will now be

discussed with reference to the accompanying figures in which:

Figure 1. TGFB‘l stimulation upregulates lL—11 in fibroblasts. Primary fibroblasts

were derived from human atrial tissue of 80 individuals and incubated for 24h with and

without TGFB1 (5ng/ml). (a) Chart showing lL—11 was the most upregulated gene in

TGFB1 stimulated fibroblasts compared to 11,433 expressed genes (FPKM 2 0.5). (b)

Chart showing lL-11 expression significantly increased more than 8—fold on average after

fibroblast activation with TGFB‘I (FDR = 9.1x10'125). (0) Chart showing RT-qPCR

confirmed lL—11 RNA expression—based fold changes (TGFB1+ / TGFB1—; R2=O.94) and

(d) Chart showing ELISA detected a significant increase in |L—11 protein secreted by

stimulated fibroblasts.

Figure 2. Human atrial fibroblasts were incubated either with 5 ng/ml TGFB‘] or 5

ng/ml lL-11 for 24 hours. Charts show cell staining for (a) d-SMA (myofibroblasts), (b)

EdU (proliferation), (c) collagen and (d) periostin to identify myofibroblasts and highly

proliferative cells and to quantify the production of extracellular matrix proteins. lL-11 was

found to increase the myofibroblast ratio and induce the production of collagen and

periostin at a similar rate as TGFB‘I signaling. This experiment was repeated a number of

times with similar results.
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Figure 3. Inhibition of |L-11 with a neutralizing antibody prevents TGFB1-induced

fibrosis. Human atrial fibroblasts were stimulated with TGFB1 (5ng/ml), TGFB1 and an

antibody against |L-11 or TGF|31 and an isotype control. Charts and photographs show

cell stained after 24 hours for (a) c—SMA, (b) EdU, (c) collagen and (d) periostin to identify

myofibroblasts and highly proliferative cells and to quantify the production of extracellular

matrix proteins. Fluorescence was quantified on the Operetta platform for up to 21 fields

per condition. This experiment was repeated with fibroblasts derived from different

individuals with similar results. In the presence of an antibody blocking |L—1 1, TGFB1—

stimulated fibroblasts have a decreased ratio of myofibroblasts, are less proliferative and

express less collagen and periostin compared to control cells. This shows that |L—11 is an

essential component of TGFB1 signaling pathway acting in an autocrine and/or paracrine

feed forward fashion and its inhibition reduces the pro-fibrotic effects of this key regulator

of fibrosis in humans.

Figure 4. TGFB1 stimulation upregulates |L—11 in fibroblasts. Primary fibroblasts

were derived from human atrial tissue of 80 individuals and incubated for 24h with and

without TGFB1 (5ng/ml). (a) Chart showing |L—11 was the most upregulated RNA

transcript in TGFB1 stimulated fibroblasts compared to 11,433 expressed genes (FPKM 2

0.5) across the genome as assessed by global transcriptome profiling. (b) Chart showing

|L—11 expression in non—stimulated (TGF—B —) and stimulated (TGF—B +) primary human

fibroblasts compared to all human tissues as assessed by the GTEX project (Consortium,

Gte. Human genomics. The Genotype—Tissue Expression (GTEX) pilot analysis:

multitissue gene regulation in humans. Science (New York, N. Y.) 348, (2015)) reveals

high specificity of elevated |L—11 levels to fibroblasts and specifically activated fibroblasts,

the signature of which is not appreciated at the level of the whole organ that contains

multiple cell types and few, |L11—expressing, fibroblasts.

Figure 5. |L-11 acts as an autocrine factor on fibroblasts and induces its own

expression via translational regulation alone. Primary fibroblasts were stimulated with

TGF-B for 24 hours. (a) Chart showing |L-11 RNA expression increased significantly

(FDR = 9.1x10'125) more than 8-fold on average across 80 individuals. (b) Chart showing

results of an ELISA assay confirming a significant increase in |L—11 protein secreted by

stimulated fibroblasts (t—test). (0) Chart showing incubation of primary fibroblasts with IL—

11 does not increase |L-11 RNA levels (RT-qPCR). (d) Chart showing incubation of

primary fibroblasts with |L—11 induces |L—11 protein secretion significantly (Dunnett) as

detected by ELISA. Adjusted P—values are given as **** P < 0.0001.
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Figure 6. lL-11 drives proliferation and activation of fibroblasts as well as

extracellular matrix production and is required for the TGFB1-mediated fibrotic response.

Cardiac fibroblasts derived from 3 individuals were incubated for 24h with TGFB1 (5

ng/ml), |L—11 (5 ng/ml) or TGFB1 and a neutralizing |L—11/control antibody. Charts and

photographs show results of cell staining following incubation for (a) d-SMA content to

estimate the fraction of myofibroblasts, (b) EdU to track actively proliferating cells (c)

Periostin to estimate ECM production. Fluorescence was measured with the Operetta

platform for 14 fields across 2 wells for each patient. Charts also show the secretion of

fibrosis markers lL-6 (d), TIMP1 (e) and MMP2 (f) as assessed via ELISA. Fluorescence

was normalized to the control group without stimulation and the mean with standard

deviation is plotted. |L-11 induces a fibrotic response at similar levels as TGFB1 and

inhibition of lL-11 rescues the TGFB1 phenotype on the protein level. Adjusted P—values

are given as * P < 0.05, ** P < 0.01, *** P < 0.001 or **** P < 0.0001 of experimental

groups compared to unstimulated cells (Dunnett). Outliers were removed (ROUT, Q =

2%).

Figure 7. |L-11 promotes collagen protein synthesis and stalls the pro-fibrotic effect

of TGFB1 at the RNA level. Cardiac fibroblasts derived from 3 individuals were incubated

for 24h with TGFB1 (5 ng/ml), |L-11 (5 ng/ml) or TGFB1 and a neutralizing |L-11 antibody.

Following incubation (a) Chart showing results following incubation of cell staining for

collagen using the Operetta assay; florescence was quantified as described above for

Figure 6, (b) Chart showing secreted collagen levels assessed with a Sirius Red staining

and (C) Chart showing collagen RNA levels measured by RT-qPCR. |L-11 induces a

fibrotic response at similar levels as TGFB1 only at the protein level. Higher expression of

Collagen RNA transcripts by TGFB1 did not lead to increased protein production if |L—11

was neutralized with an antibody. Adjusted P-values are given as * P < 0.05, *** P <

0.001 or **** P < 0.0001 of experimental groups compared to unstimulated cell control

group (Dunnett).

Figure 8. lL-11 is a fibrosis marker and activator across multiple tissues. Expression

of |L-11 can be induced by a diverse set of upstream pro-fibrotic stimulants in addition to

TGFB1. (a) Chart showing effect of TGFB1 on |L—11 expression. (b) Chart showing ET—1

(Endothelin) upregulates |L-11 in hepatic and pulmonary fibroblasts; (0) Chart showing

PDGF (platelet derived growth factor) induces |L—11 expression in renal fibroblasts. |L—11
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RNA levels were measured by RT-qPCR; adjusted P-values are given as * P < 0.05, ** P

< 0.01 or **** P < 0.0001 (Dunnett). To investigate the systemic effect of IL—1 1, saline only

(grey) or recombinant |L-11 (black) was injected 6 times a week in C57BL/6 mice

(200ug/kg). Collagen content in tissue was assessed with a hydroxyproline assay

(Quickame) on the protein level and the results are shown in chart (d). Tissues of

animals treated with rlL—11 have higher collagen protein content than controls (ANOVA;

p= 0.012). (e) Photographs of western blot showing oSMA levels are increased in the

kidney and heart of |L-11 treated mice, indicating the presence of myofibroblasts.

Figure 9. Diagram illustrating role of |L—11 as an essential regulator of the fibrotic

response. IL-11 is an essential regulator required for the fibrotic response. In response to

tissue damage or chronic inflammation, cytokines such as TGFB1, ET—1 or PDGF are

released to upregulate the transcription of fibrosis marker genes. The autocrine agent IL-

11 is then produced in response to these upstream stimuli to ensure efficient translation

of upregulated transcripts into functionally relevant proteins in a cell-specific manner.

Inhibition of |L—11 blocks the synthesis of key extracellular matrix and myofibroblast

proteins and prevents the pro—fibrotic action of a diverse set of upstream stimuli.

Figure 10. Inhibition of IL—11 stops collagen protein synthesis in response to pro—

fibrotic cytokines ANG2 (Angiotensin II), PDGF and ET-1. Cardiac fibroblasts were

incubated for 24h with ANGZ, PDGF or ET—1 and a neutralizing |L—11 antibody. Following

incubation cells were stained for collagen and florescence was quantified. These stimuli

induce a fibrotic response at similar levels to TGFB1. However, collagen expression is not

increased if |L—11 is neutralized with an antibody. P—values are given as: **** P < 0.0001

(t-test).

Figure 11. Nucleotide sequence of human IL—1 1, taken from Genbank accession

number gi|391353405|ref|NM_000641.3 (Homo sapiens interleukin 11 (|L11), transcript

variant 1, Mrna) [SEQ ID NO:1]. Underlined sequence encodes |L—11 mRNA. Shaded

sequences were used for design of |L-11 knockdown siRNA and are shown separately as

SEQ ID NOs 2 to 5. SEQ ID NOs 3 and 4 overlap with each other within SEQ ID NO:1.

Figure 12. Nucleotide sequence of human |L-11R0i, taken from Genbank

accession number gi|975336|gb|U32324.1|HSU32324 (Human interleukin—11 receptor

alpha chain mRNA, complete cds) [SEQ ID NO:6]. Underlined sequence encodes |L—
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11Rq mRNA. Shaded sequences were used for design of |L-11Rq knockdown siRNA

and are shown separately as SEQ ID NOs 7 to 10.

Figure 13. Table showing siRNA sequences [SEQ ID N05 11 to 14] for

knockdown of |L-11.

Figure 14. Table showing siRNA sequences [SEQ ID NOs 15 to 18] for

knockdown of |L—11ch.

Figure 15. Chart showing siRNA knockdown of |L-11Ro in HEK cells.

Figure 16. Graph showing read depth for whole transcriptome sequencing of human

atrial fibroblasts from 160 individuals with and without stimulation with TGFB1.

Figure 17. Graphs showing expression of endothelial, cardiomyocyte and fibroblast

marker genes as determined by RNA-seq of the tissue of origin (human atrial tissues

samples, n=8) and primary, unstimulated fibroblast cultures. (A) PECAM1, (B) MYH6 (C)

TNNT2, (D) COL1A2, and (E) ACTA2.

Figure 18. Graphs showing upregulation of |L—11 expression in fibroblasts in response

to stimulation with TGFB1. (A and B) Graphs showing fold change in gene expression in

fibrosis; |L—11 is the most upregulated gene in response to TGFB1 treatment. (C) |L—11

secretion by fibroblasts in response to stimulation with TGFB1. (D) Comparison of |L-11

gene expression in tissues of healthy individuals and in atrial fibroblasts, with or without

TGFB1 stimulation. (E) Correspondence of fold change in |L-11 expression as determined

by RNA—seq vs. qPCR.

Figure 19. Graphs showing induction of |L-11 secretion in primary fibroblasts by

various profibrotic cytokines, as determined by ELISA. (A) TGFB1, ET-1, Angll, PDGF,

OSM and |L-13 induce |L-11 secretion, and |L-11 also induces |L-11 expression in a

positive feedback loop. (B) Graph showing that the ELISA only detects native |L—11

secreted from cells, and does not detect recombinant |L-11 used for the |L-11 stimulation

condition. (C) and (D) Cells were stimulated with recombinant IL—1 1, |L—11 RNA was

measured and the native |L-11 protein level was measured in the cell culture supernatant

by ELISA at the indicated time points.
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Figure 20. Graphs and images showing myofibroblast generation from, and

production of ECM and cytokine expression by, atrial fibroblasts in response to

stimulation with TGFB1 or lL-11. (A) myofibroblast generation and ECM production by

primary atrial fibroblasts following stimulation with TGFB1 or lL—1 1, as measured by

fluorescence microscopy following staining for a d—SMA, collagen or periostin. (B)

Collagen content of cell culture supernatant as determined by Sirius Red staining.

Secretion of the fibrosis markers (C) lL—6, (D) TIMP1 and (E) MMP2 as measured by

ELISA. (F) Activation of murine fibroblasts by stimulation with human or mouse

recombinant lL—11. * P < 0.05, ** P < 0.01, *** P < 0.001, **** P < 0.0001 [Mean 1 SD,

Dunnett].

Figure 21. Graphs showing the profibrotic effect of lL-11. (A) Mouse fibroblasts from

different tissues of origin can be activated by lL—11 and display increased ECM

production. [Mean i SD, Dunnett]. Injection of mice with recombinant lL-11 or Angll

results in (B) an increase in organ weight [Mean 1 SEM], and (C) an increase in collagen

content (as determined by HPA assay). * P < 0.05, ** P < 0.01, *** P < 0.001, **** P <

0.0001 [Mean 1 SD, Dunnett].

Figure 22. Graphs and images showing that lL-11 is required the pro-fibrotic effects of

TGFB1 on fibroblasts. (A) myofibroblast generation and ECM production by primary atrial

fibroblasts, with or without stimulation with TGFB1, and in the presence/absence of

neutralising anti-lL-11 antibody or isotype control lgG, as measured by fluorescence

microscopy following staining for (A) o-SMA, (B) EdU or (C) Periostin. (D to F) Secretion

of the fibrosis markers (D) lL—6, (E) TIMP1, and (F) MMP2 was analysed by ELISA.

Fluorescence was normalized to the control group without stimulation. [Mean 1 SD,

Dunnett] * P < 0.05, ** P < 0.01, *** P < 0.001 or **** P < 0.0001.

Figure 23. Graphs and images showing the effect of neutralisation of lL-11 on

collagen production triggered by TGFB1. Collagen production by cardiac fibroblasts with

or without stimulation with TGFB1, and in the presence/absence of neutralising anti-lL-11

antibody or isotype control lgG, as determined by (A) Operetta assay or (B) Sirius Red

staining. [Mean 1 SD, Dunnett] * P < 0.05, ** P < 0.01, *** P < 0.001 or **** P < 0.0001.

Figure 24. Graphs showing the ability of various lL—11 and lL—11Ro antagonists to

inhibit fibrosis. Human atrial fibroblasts were treated with neutralizing antibody against IL—

11, neutralizing antibody against lL-11Ro, decoy lL-11 receptor molecule that binds to lL-
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11, siRNA that downregulates |L-11 expression or siRNA that downregulates |L-1 1 RA

expression and the effect on the TGFB1—driven pro—fibrotic response in fibroblasts in vitro

was analysed. [Mean i SD, Dunnett] * P < 0.05, ** P < 0.01, *** P < 0.001 or **** P <

0.0001.

Figure 25. Bar charts showing the response of fibroblasts from |L-11-RA knockout

mice to pro-fibrotic treatment. Fibroblasts derived from |L-1 1 RA WT (+/+), Heterozygous

(+/—) and Homozygous null (—/—) mice were incubated for 24h with TGFB1, |L—11 or Angll

(5 ng/ml). (A) Percentage of myofibroblasts as determined by analysis cSMA content, (B)

Percentage proliferating cells as determined by staining for EdU, (C) Collagen content

and (D) ECM production as measured by detection of periostin [Mean i SD].

Figure 26. Graphs showing the effect of |L—11 neutralisation on fibrosis in response to

various pro-fibrotic stimuli. Fibroblasts were cultured in vitro in the presence/absence of

various different pro—fibrotic factors, and in the presence/absence of neutralising anti-|L—

11 antibody or pan anti—TGFB antibody (A) Collagen production and (B) myofibroblast

generation as determined by analysis of aSMA expression. [Mean 1r SD, Dunnett] * P <

0.05, ** P < 0.01, *** P < 0.001 or **** P < 0.0001.

Figure 27. Bar charts showing expression of markers of fibrosis in the atrium and

heart of WT and |L-1 1 RA (-/-) animals following treatment with Angll treatment. (A)

Collagen content, as measured by hydroxyproline assay. (B) Collagen (Col1A2)

expression. (C) cSMA (ACTA2) expression. (D) Fibronectin (Fn1) expression.

Figure 28. Graphs showing the effect of |L-1 1 RA knockout on folate-induced kidney

fibrosis as measured by collagen content in kidney tissue.

Figure 29. Schematics of the experimental procedures for analysing fibrosis in (A)

lung, (B) skin and (C) eye for |L—1 1 RA —/— mice as compared to |L—1 1 RA +/+ mice.

Figure 30. Scatterplots showing fold change in gene expression. (A) Fold changes in

gene expression in fibroblasts following stimulation with TGFB1, lL—11 or TGFB1 and IL—

11. (B) Fold changes in gene expression in fibroblasts obtained from |L—11RA+/+ and IL—

11RA—/- mice following stimulation with TGFB1.
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Figure 31. Photographs showing the effect of |L-1 1 RA knockout on wound healing

and fibrosis in the eye following trabeculectomy (filtration surgery). (A) Eye sections of IL—

11RA+/+ (WT) and |L-11RA-/- (KO) animals 7 days after filtration surgery. (B) Maturation

of collagen fibres as evaluated by picro—sirius red/polarization light technique (Szendroi et

al. 1984, Acta Morphol Hung 32, 47—55); more fibrosis is observed in WT mice than KO

mice.

Figure 32. Graphs showing the effect of decoy |L-11 receptors on fibrosis in response

to stimulation with TGFB1. Fibroblasts were cultured in vitro in the presence/absence of

TGFB1 (5 ng/ml), in the presence or absence of (A) D1 1 R1 (Decoy Receptor 50aa

Linker) or (B) D1 1 R2 (Decoy Receptor 33aa Linker), at various different concentrations.

Myofibroblast generation after 24 hours (i.e. the percentage of activated fibroblasts) was

determined by analysis of qSMA expression.

Figure 33. Table showing SNPs regulation of |L—11 VSTsiim in trans.

Figure 34. Table showing SNPs regulation of |L-11 VSTsurn — VSTunsum in Cis.

Figure 35. Table showing SNPs regulation of |L-11 VSTsum — VSTunsnm in trans.

Figures 36A, 36B, 36C and 36D Charts showing regulation of |L-11 response by local

SNPs. The RNA of unstimulated and stimulated (TGFB1, 5ng/ml, 24h) fibroblasts derived

from 69 genotyped individuals was sequenced. Samples were grouped according to

genotype and the increase in lL-11 expression (VSTslim—VsTunstim) was compared between

groups with 0, 1 or 2 minor alleles.

Figure 37. Charts showing regulation of |L—11 response by distant SNPs. The

RNA of unstimulated and stimulated (TGFB1, 5ng/ml, 24h) fibroblasts derived from 69

genotyped individuals was sequenced. Samples were grouped according to genotype

and the increase in |L11 expression (VSTsum-VSTunsum) was compared between groups

with 0, or 1 minor allele.

Figures 38A, 38B, 38C and 38D. Graphs showing that lL-11 is required the pro-fibrotic

effects of TGFB1 in liver fibroblasts. Activation and proliferation of primary human liver

fibroblasts, with or without stimulation with TGFB1, and in the presence/absence of

neutralising anti-lL-11 antibody or isotype control lgG, as measured by analysis of the
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proportion of (A) o-SMA positive cells, (B) EdU positive cells, (C) Collagen positive cells

and (D) Periostin positive cells as compared to the unstimulated cells (Baseline). [Mean i

SD, Dunnett] * P < 0.05, ** P < 0.01, *** P < 0.001 or **** P < 0.0001.

Figure 39. Bar chart showing that |L—11 is required for the pro—fibrotic effects of

TGFB1 in skin fibroblasts. Activation of mouse skin fibroblasts, with or without stimulation

with TGFB1, and in the presence/absence of neutralising anti-|L-11 antibody, as

measured by analysis of the percentage of d—SMA positive cells (activated fibroblasts).

Figure 40. Bar chart showing lung fibroblast cell migration with and without |L-11

signalling. Migration of lung fibroblasts from |L—11RA+/+ (WT) and |L—11RA—l— (KO)

animals was analysed in an in Vitro scratch assay without stimulus, or in the presence of

TGFB1 or |L—1 1.

Examples

Example 1

The fibrotic response is characterized by widespread molecular changes in activated

resident fibroblasts. To establish the role of |L-11 as a key marker of this transition we

assessed and ranked global RNA expression differences in atrial fibroblasts derived from

80 individuals before and 24 hours after Transforming growth factor beta—1 (TGFBl)

activation. We cultured primary fibroblasts derived from the atrium of 80 individuals who

were undergoing cardiac surgery for coronary artery disease. Fibroblasts were studied ex

vivo at baseline and following stimulation with TGFB1 (a powerful pro-fibrotic stimulus)

using genome-wide expression profiling (RNA-Seq) combined with phenotypic assays

and genotyping.

|L-11 expression was significantly induced in response to TGFB1 treatment with RNA

levels increasing as much 30x (> 8x on average). |L—11 expression was higher than

expression of all other individual genes (Figures 1a,b), meaning that of the ~11,500

genes expressed in fibroblasts |L-11 is the most markedly upregulated. This upregulation

|L—11 was confirmed with RT—qPCR as well as ELISA experiments (Figures 10,d),

indicating increased production and release of |L-11 protein in activated fibroblasts is the

main drivers of fibrosis.
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To assess whether lL-11 acts as an autocrine signaling factor that drives fibrosis, we

incubated non—stimulated atrial fibroblasts with recombinant lL—11 and monitored cell

proliferation, myofibroblast generation as well as collagen and periostin expression at the

protein level. We observed an increase in collagen production, cell proliferation and

periostin expression at levels similar to those induced by the TGFB1 signaling pathway.

lL—11 activated fibroblasts also differentiated into G-SMA+ myofibroblasts (Figure 2).

In addition to its pro—fibrotic function, lL—11 was also found to play a critical role in the

TGFB1 induced fibrotic response itself. Inhibition of lL—11 with a neutralising anti— human

lL—11 monoclonal antibody (Monoclonal Mouse lgG2A; Clone #22626; Catalog No.

MAB218; R&D Systems, MN, USA) reduced the activation of fibroblasts through TGFB1.

Cells incubated with TGFB1 did not generate more extracellular matrix proteins when the

lL—11 antibody was present (Figure 3).

We showed that lL—11 neutralizing antibodies prevent TGFB1—induced fibroblast

activation.

W

Inflammation and tissue damage stimulates a dynamic process that involves the

recruitment, proliferation and activation of fibroblasts to generate extracellular matrix and

initiate wound healing and scarring. This fibrotic response is characterized by widespread

molecular changes in activated resident fibroblasts that can be induced by TGFB1, a

multifunctional cytokine that is released by local and infiltrating cells.

To identify key markers of this transition we assessed and ranked global RNA expression

differences via transcriptome sequencing in atrial fibroblasts derived from 80 individuals

before and 24 hours after TGFB1 treatment. As discussed in Example 1, lL-11 expression

was significantly upregulated in activated fibroblasts and we showed for the first time that

the lL-1‘l transcriptional response is higher than the transcriptional response of all other

individual genes regulated in fibrosis (Figure 4a). Comparison of the lL—11 expression

level in our model system to various human tissues indicated that high lL-11 levels were

also very specific for the fibrotic response (Figure 4b), making it an ideal marker to

assess the extent of fibrosis in the human body.
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To further assess whether |L-11 acts as an autocrine signaling factor that drives fibrosis,

we confirmed that an upregulation of |L—11 RNA (Figure 5a) lead to an increase in |L—11

secretion (Figure 5b) from atrial fibroblasts. Incubation of fibroblasts with |L-11 did not

increase |L—11 RNA expression (Figure 50), but lead to an increase in |L—11 secretion

from the cells (Figure 5d). This shows that |L-11 is having an autocrine effect on

fibroblasts that regulates the production of |L-11 protein at the translational level.

We then incubated atrial fibroblasts with TGFB1, recombinant |L-11 or TGFB1 and a

neutralising anti— human lL—11 monoclonal antibody (Monoclonal Mouse lngA; Clone

#22626; Catalog No. MAB218; R&D Systems, MN, USA) and monitored cell proliferation,

myofibroblast generation as well as periostin expression at the protein level. We observed

an increase in activated fibroblasts (dSMA—positive cells), periostin production and cell

proliferation at a similar level for both TGFB1 and |L-11 stimulated fibroblasts. In addition

to its pro—fibrotic function, |L—11 was also found to play a critical role in the TGFB1 fibrosis

itself. The pro-fibrotic effect of TGFB1 was inhibited when we neutralized |L-11 with the

antibody (Figures 6a—c). The same pattern was observed when we monitored the

secretion of fibrosis markers such as |L6, MMP2 and TIMP1 (Figures 6d—f).

We then monitored the deposition of collagen, the pathognomonic hallmark of the fibrotic

response, using a number of assays across several regulatory levels of gene expression.

TGFB1 was found to increase intracellular collagen (Figure 7a), secreted collagen (Figure

7b) as well as collagen RNA levels (Figure 7c) as expected. The response to |L—11 was

only observed at the protein level (Figure 7a,b) and not on the RNA level (Figure 7c).

Stimulation with TGFB1 in parallel to inhibiting |L—11 led to an increase in collagen RNA

but this TGFB1-driven effect was not forwarded to the protein level.

To establish further the central role of |L—11 in fibrosis downstream of multiple pro—fibrotic

stimuli, we assessed |L-11 expression across fibroblast populations derived from four

different tissues in response to TGFB1 (Figure 8a), ET—1, (Figure 8b) and PDGF (Figure

80). We also administered recombinant |L-11 systemically to 057BL/6 mice and

monitored collagen and GSMA expression. Collagen production was increased across

kidney, heart and liver (Figure 8d) and we also detected more activated fibroblasts in the

heart and kidney, indicated by higher dSMA protein levels (Figure 8e).
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Our findings demonstrate a novel and central role for |L-11 in fibrosis and, most

importantly, show that |L-11 is downstream of the key pro-fibrotic stimuli across several

tissues. These results show that |L-11 is required for TGFB1 to proceed from

transcriptional regulation to protein translation. Inhibition of IL—11 stalls the pro—fibrotic

effect of TGFB1 on the transcriptome (Figure 9).

Example 3: Anti-lL-11 antibodies inhibit pro-fibrotic stimuli

In experiments similar to those described in respect of Figure 30, atrial fibroblasts were

exposed to other pro-fibrotic stimuli in the form of angiotensin II (ANG 2), platelet-derived

growth factor (PDGF) and endothelin 1 (ET-1), and collagen production was measured.

In addition to induction of |L-11 mRNA expression, each of ANG2, PDGF and ET-1

induced |L—11 protein expression. Inhibition of |L—11 with a neutralising anti— human |L—11

monoclonal antibody (Monoclonal Mouse lngA; Clone #22626; Catalog No. MABZ18;

R&D Systems, MN, USA) blocked the pro—fibrotic effect of each of these pro—fibrotic

stimuli (Figure 10) indicating |L-11 to be the central effector of the major pro-fibrotic

stimuli (TGFB1, ANG2, PDGF and ET—1).

MW

HEK cells were transfected (24h) with non-targeting (NT) siRNA or one of four different

siRNAs against the |L11RA1 receptor (siRNAs 5—8; Figure 14; SEQ ID NOs 15 to 18).

RNA was extracted and assayed for |L11RA1 mRNA expression by qPCR. Data are

shown in Figure 15 as mRNA expression levels relative to the control (NT).

Example 5: A role for lL-11 in fibrosis

5.1 IL-11 is upregulated in fibrosis

To understand the molecular processes underlying the transition of fibroblasts to

activated myofibroblasts, atrial tissue was obtained from more than 200 patients that

undenNent cardiac bypass surgery at the National Heart Centre Singapore. Cells were

cultured in vitro at low passage (passage <4), and either not stimulated or stimulated with

TGFB1 for 24h. We subsequently performed high—throughput RNA sequencing (RNA—seq)

analysis of unstimulated fibroblasts and cells stimulated with the prototypic pro-fibrotic

stimulus TGFB1 across 160 individuals; average read depth was ~70M reads per sample

(paired-end 100bp; Figure 16).
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To ensure the purity of the atrial fibroblast cell cultures, we analysed expression of

endothelial cell, cardiomyocyte and fibroblast cell type marker genes from the atrium (Hsu

et al., 2012 Circulation Cardiovasc Genetics 5, 327—335) in the RNA-seq dataset.

The results are shown in Figures 17A to 17E, and confirm the purity of the atrial fibroblast

cultures.

Gene expression was assessed by RNA—seq of the tissue of origin (human atrial tissues

samples, n=8) and primary, unstimulated fibroblast cultures. No/very low expression of

the endothelial cell marker PECAM1 (Figure 17A), and the cardiomyocyte markers MYH6

(Figure 17B) and TNNT2 (Figure 170) was detected in the fibroblast cell culture samples.

Markers for fibroblasts COL1A2 (Figure 17D) and ACTA2 (Figure 17E) were highly

expressed compared to the tissue of origin.

Next, the RNA—seq data was analysed to identify genes whose expression was increased

or decreased upon stimulation with TGFB1, and this information was integrated with the

large RNA—seq dataset across 35+ human tissues provided by the GTEx project (The

GTEx Consortium, 2015 Science 348, 648—660). This enabled the identification of gene

expression signatures that were specific to the fibroblast-myofibroblast transition.

The results are shown in Figures 18A to 18E. Across the 10000+ genes expressed in the

fibroblasts, lL—11 was the most strongly upregulated gene in response to stimulation with

TGFB1, and on average across the 160 individuals was upregulated more than 10-fold

(Figure 18A).

Upregulation of lL—11 expression was confirmed by ELISA analysis of the cell culture

supernatant of TGFB1 stimulated fibroblasts (Figure 18C). As compared to the level of

expression level of lL-11 in other tissues of healthy individuals, this response was

observed to be highly specific to activated fibroblasts (Figure 18D). Various fold changes

of lL-11 RNA expression were also confirmed by qPCR analysis (Figure 18E).

Next, fibroblasts were cultured in vitro and stimulated with several other known pro-

fibrotic factors: ET—1,ANG|I, PDGF, 08M and lL—13, and also with human recombinant

lL-11. For analysing Upregulation of lL-11 produced in response to stimulation with lL-11,

it was confirmed that the ELISA was only able to detect native lL—11 secreted from cells

and does not detect recombinant lL-11 used for the stimulations (Figure 19B).
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The results are shown in Figure 19A. Each factor was found to significantly induce lL—11

secretion from fibroblasts. IL-11 is shown to act in an autocrine loop in fibroblasts, which

can result in an upregulation of lL—11 protein as much as 100—fold after 72 hours (Figure

19D).

Interestingly, this autocrine loop for IL-11 is similar to the autocrine production of IL-6. IL-

6 is from the same cytokine family and also signals via the gp130 receptor (Garbers and

Scheller, 2013 Biol Chem 394, 1145—1161), which is proposed to ensure the continued

survival and growth of lung and breast cancer cells (Grivennikov and Karin, 2008 Cancer

Cell 13, 7—9).

No increase in lL—11 RNA level was detected in response to stimulation with lL—11 (Figure

19D). Unlike TGFB1, which increases IL-11 expression at both the RNA and protein level,

therefore lL—11 seems to upregulate lL—11 expression only at the post—transcriptional

level.

5.2 IL—11 has a profibrotic role in fibrosis of heart tissue
 

To explore whether the autocrine production of IL-11 is pro- or anti-fibrotic, fibroblasts

were cultured in vitro with recombinant lL—1 1, and the fraction of myofibroblasts (dSMA—

positive cells) and extracellular matrix production was analysed.

The expression of OSMA, collagen and periostin was monitored with the Operetta High-

Content Imaging System in an automated, high—throughput fashion. In parallel, secretion

of fibrosis marker proteins such as MMP2, TIMP1 and IL-6 was analysed by ELISA

assays, and the levels of collagen were confirmed by calorimetric Sirius Red analysis of

the cell culture supernatant.

Briefly, atrial fibroblasts derived from 3 individuals were incubated in 2 wells each for 24h

without stimulation, with TGFB1 (5 ng/ml), or with IL-11 (5 ng/ml). Following incubation,

cells were stained to analyse OI-SMA content to estimate the fraction of myofibroblasts,

and for collagen and periostin to estimate ECM production. Fluorescence was measured

in 7 fields per well. The supernatant of 2 wells per individual was also assessed for

collagen content by Sirius Red staining. The signal was normalized to the control group

without stimulation. Secretion of the fibrosis markers IL—6, TIMP1 and MMP2 was

analysed via ELISA.
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The results are shown in Figures 20A to 20F. TGFB1 activated fibroblasts and increased

ECM production (Figure 20A). Unexpectedly, and in contrast with the anti-fibrotic role

described for lL—11 in heart tissue in the scientific literature, recombinant lL—11 caused an

increase in the fraction of myofibroblasts in fibroblast cultures, and also promoted the

production of extracellular matrix proteins collagen and periostin to the same extent as

TGFB1 (Figure 20A). Both of lL-11 and TGFB1 cytokines also significantly increased the

secretion of pro—fibrotic markers lL—6, TIMP1 and MMP2 (Figures 208 to 20E), and to a

similar level.

The inventors hypothesized that the contradiction between the present finding that lL—11

is profibrotic in heart tissue and the antifibrotic role described in the literature might be

related to the use ofm lL—11 in rodents in those previous studies (Obana et al.,

2010, 2012; Stangou et al., 2011; Trepicchio and Dorner, 1998).

To investigate this hypothesis, serial dilutions of both human and mouse lL-11 were

performed, and the activation of human atrial fibroblasts was monitored (Figure 20F). No

activation of fibroblasts was observed at low concentrations of human lL—11 on mouse

cells, suggesting that previous insights into lL-11 function may in part be due to lL-11-

non—specific observations.

5.3 lL-11 has a profibrotic role in fibrosis of a variety of tissues

To test whether the profibrotic action of lL-11 was specific to atrial fibroblasts, human

fibroblasts derived from several different tissues (heart, lung, skin, kidney and liver) were

cultured in vitro, stimulated with human lL-11, and fibroblast activation and ECM

production was analysed as described above. Increased fibroblast activation and

production of ECM was observed as compared to non-stimulated cultures in fibroblasts

derived from each of the tissues analysed.

5.3.1 Liver fibrosis

To test whether lL—11 signalling is important in liver fibrosis, human primary liver

fibroblasts (Cell Biologics, Cat#: H-6019) were cultured at low passage in wells of 96-well

plates and either not stimulated, stimulated with TGFB1 (5ng/ml, 24h), lL—11 (5 ng/ml,

24h) or incubated with both TGFB1 (5 ng/ml) and a neutralising lL-11 antibody (2 ug/ml),

or TGFB1 (5 ng/ml) and an lsotype control antibody. Fibroblast activation (dSMA positive
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cells), cell proliferation (EdU positive cells) and ECM production (periostin and collagen)

was analysed using the Operetta platform.

The results of the experiments with primary human liver fibroblasts are shown in Figures

38A to 38D. lL-11 was found to activate liver fibroblasts, and lL-11 signalling was found to

be necessary for the profibrotic action of TGFB1 in liver fibroblasts. Both activation and

proliferation of fibroblasts was inhibited by neutralising anti-lL-11 antibody.

5.3.2 Skin fibrosis

To test whether lL—11 signalling is important in skin fibrosis, primary mouse skin

fibroblasts were cultured at low passage in wells of 96—well plates and either not

stimulated, stimulated with TGFB1 (5ng/ml, 24h) or incubated for 24h with both TGFB1 (5

ng/ml) and a neutralising lL—11 antibody (2 ug/ml). Fibroblast activation (oSMA positive

cells) was then analysed using the Operetta platform.

The results are shown in Figure 39. TGFB1-mediated activation of skin fibroblasts was

inhibited by neutralising anti—lL—11 antibody.

5.3.3 Fibrosis in multiple organs

Next, mouse recombinant lL—11 was injected (100ug/kg, 3 days/week, 28 days) into mice

to test whether lL-11 can drive global tissue fibrosis in vivo.

The results are shown in Figure 21. Compared to injection of Angll (a cytokine that

causes an elevation in blood pressure and hypertrophy of the heart), lL—11 also increased

the heart weight but also kidney, lung and liver weight indexed to body weight (Figure

21 B). Assessing collagen content in these issues by hydroxyproline assay revealed an

upregulation of collagen production in these tissues, indicating fibrosis as the likely cause

for the increase in organ weight (Figure 60). Expression of fibrosis marker genes ACTA2

(= oSMA), Col1a1, Col3a1, Fn1, Mmp2 and Timp1 was also detected by qPCR analysis

of RNA isolated from heart, kidney, lung and liver tissues of these animals.

Example 6: Therapeutic potential of lL-11IlL-11R antagonism

6.1 Inhibition of the fibrotic response using neutralising antagonists of lL-11/lL-1 1R
 

Next it was investigated whether the autocrine loop of lL—11 secretion was required for the

pro-fibrotic effect of TGFB1 on fibroblasts.
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|L-11 was inhibited using a commercially available neutralizing antibody (Monoclonal

Mouse |gG2A; Clone #22626; Catalog No. MAB218; R&D Systems, MN, USA).

Fibroblasts were treated with TGFB1 in the presence or absence of the antibody, and

fibroblast activation, the proportion of proliferating cells and ECM production and markers

of the fibrotic response were measured.

Briefly, atrial fibroblasts derived from 3 individuals were incubated for 24h with TGFB‘l (5

ng/ml) or TGF|31 in the presence of neutralising anti—lL—11 antibody or isotype control

antibody. Following incubation, cells were stained for dSMA to determine the fraction of

myofibroblasts, the proportion of proliferating cells was determined by analysing the cells

for EdU incorporation, and periostin was measured to determine ECM production.

Fluorescence was measured with the Operetta platform for 14 fields across 2 wells for

each individual. Secretion of the fibrosis markers |L—6, TIMP1 and MMP2 was also

analysed by ELISA. Fluorescence was normalized to the control group without

stimulation.

The results are shown in Figures 22A to 22F. |L—11 inhibition was found to ameliorate

TGFB1—induced fibrosis, and it was shown that lL—1‘l is essential for the pro—fibrotic effect

of TGFB‘l. Inhibition of |L-11 was found to ‘rescue’ the TGFB1 phenotype at the protein

level.

Collagen production was also analysed. Cardiac fibroblasts derived from 3 individuals

were incubated for 24h with TGFB‘l (5 ng/ml) or TGFB‘] and a neutralizing |L-11 antibody.

Following incubation the cells were stained for collagen using the Operetta assay and

florescence was quantified as described above. Secreted collagen levels in the cell

culture supernatant were assessed by Sirius Red staining.

The results are shown in Figures 23A and 238, and confirm the anti—fibrotic effect of

inhibition of |L—11 using a neutralising antibody.

Next, the ability of several other |L—11/lL—11R antagonists to inhibit fibrosis was analysed

in vitro using the atrial fibroblast, TGFB1-induced myofibroblast transition assay described

herein above.

Briefly, human atrial fibroblasts cells were cultured in vitro, stimulated for 24h with TGFB1

(5 ng/ml) or left unstimulated, in the presence/absence of: (i) neutralising anti-lL-11
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antibody, (ii) a |L-1 1RA-gp130 fusion protein (iii) neutralising anti-|L-1 1 RA antibody, (iv)

treatment with siRNA directed against |L—11 or (v) treatment with siRNA directed against

IL-1 1 RA. The proportion of activated fibroblasts (myofibroblasts) was analysed by

evaluating dSMA content as described above.

The results are shown in Figure 24. Each of the antagonists of |L—11/IL—1 1R signalling

was found to be able to abrogate TGFB1-mediated profibrotic response.

Examgle 7: In vivo confirmation of a profibrotic role for |L-11llL-11R signalling

7.1 In vitro studies using cells derived from |L-1 1 RA gene knock-out mice

All mice were bred and housed in the same room and provided food and water ad libitum.

Mice lacking functional alleles for |L-11Ro (|L-11RA1 KO mice) were on C57Bll6 genetic

background. Mice were of 9—11 weeks of age and the weight of animals did not differ

significantly.

To further confirm the anti-fibrotic effect of inhibition of |L-11/IL-1 1R signalling, primary

fibroblasts were generated from |L—1 1 RA gene knock—out mice and incubated with

primary fibroblast cells harvested from |L-11RA+/+ (i.e. wildtype), |L-11RA+/— (i.e.

heterozygous knockout) and |L-11RA—/—(i.e. homozygous knockout) animals with TGFB1,

|L—11 or Angll. Activation and proliferation of fibroblasts and ECM production was

analysed.

Fibroblasts derived from |L-11RA+/+, |L-11RA+/— and |L-11RA—/- mice were incubated for

24 hours with TGFB1, |L—11 or Angll (5 ng/ml). Following incubation, cells were stained

for (xSMA content to estimate the fraction of myofibroblasts, for EdU to identify the fraction

of proliferating cells, and for collagen and periostin to estimate ECM production.

Fluorescence was measured using the Operetta platform.

The results are shown in Figures 25A to 25D. |L—11RA—/— mice were found not to respond

to pro-fibrotic stimuli. These results suggested that |L-11 signalling is also required for

Angll-induced fibrosis.

Next, it was investigated whether this was also true for other pro—fibrotic cytokines.

Briefly, fibroblasts were cultured in vitro in the presence/absence of various different pro-

fibrotic factors (AN G2, ET—1 or PDGF), and in the presence/absence of neutralising anti—
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lL-11 antibody or pan anti-TGFB antibody. After 24 hours, collagen production by the cells

was determined by analysis using the Operetta system as described above, and

myofibroblast generation was determined by analysis of oSMA expression as described

above.

The results are shown in Figures 26A and 268. lL-11 was found to be required for fibrosis

downstream of various profibrotic stimuli, and was thus identified as a central mediator of

fibrosis induced by a variety of different profibrotic factors.

In a further experiment, the role of lL—11 signalling was investigated in lung fibrosis, using

an in vitro scratch assay of migration of lung fibroblasts. In response to pro—fibrotic stimuli,

fibroblasts are activated and migrate within the fibrotic niche in the body. The migration

rate of cells is a measure of cell—cell and cell—matrix interactions and a model for wound

healing in vivo (Liang et al., 2007; Nat Protoc. 2(2):329-33).

Fibroblasts derived from lung tissue from both wild type (WT) and also homozygous lL-

11RA (-/—) knockout mice were grown at low passage on a plastic surface until they

formed a uniform cell monolayer. A scratch was then created in the cell layer, and cell

migration close to the scratch was monitored, either in the absence of stimulation, or in

the presence of TGFB1 or lL—1 1. Images captured at images at the two time points of

immediately after creating the scratch and at 24h were used to determine the area

covered by cells, and the rate of migration was compared between WT and KO

fibroblasts. Cell migration (area in the scratch covered by cells after 24h) was normalized

to the migration rate of WT cells without stimulus.

The results are shown in Figure 40. Lung fibroblasts derived from WT mice were shown

to migrate faster in the presence of TGFB1 and lL-11, indicating a pro-fibrotic effect of

both cytokines in lung fibroblasts. Cells lacking lL—11 signalling derived from KO mice

migrated more slowly as compared to WT cells. They also did not migrate faster in the

presence of TGFB1. The scratch assay revealed that lung fibroblasts lacking lL-11

signalling have a decrease cell migration rate both in the presence of TGFB1 or lL—1 1,

and at baseline. Thus, inhibition of lL-11 signalling is anti-fibrotic in the lung.

7.2 Heart fibrosis
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The efficacy of |L-11 inhibition to treat fibrotic disorders was investigated in Vivo. A mouse

model for cardiac fibrosis, in which fibrosis is induced by treatment with Angll, was used

to investigate whether |L-1 1 RA -/- mice were protected from cardiac fibrosis.

Briefly, a pump was implanted, and wildtype (WT) |L-11RA(+/+) and knockout (KO) IL-

1 1 RA(—/—) mice were treated with Angll (2mg/kg/day) for 28 days. At the end of the

experiment, collagen content was assessed in the atria of the mice using a calorimetric

hydroxyproline—based assay kit, and the level of RNA expression of the markers or

fibrosis Col1A2, oSMA (ACTA2) and fibronectin (Fn1) were analysed by qPCR.

The results are shown in Figures 27A to 27D. The |L—11RA—/— mice were found to be

protected from the profibrotic effects of Angll.

7.3 Kidney fibrosis

A mouse model for kidney fibrosis was established in wildtype (WT) lL—11RA(+/+) and

knockout (KO) |L-11RA(-/-) mice by intraperitoneal injection of folic acid (180mg/kg) in

vehicle (0.3M NaHC03); control mice were administered vehicle alone. Kidneys were

removed 28 days post—injection, weighed and either fixed in 10% neutral—buffered

formalin for Masson’s trichrome and Sirius staining or snap-frozen for collagen assay,

RNA, and protein studies.

Total RNA was extracted from the snap—frozen kidney using Trizol reagent (lnvitrogen)

and Qiagen TissueLyzer method followed by RNeasy column (Qiagen) purification. The

cDNA was prepared using iScriptTM cDNA synthesis kit, in which each reaction

contained 1ug of total RNA, as per the manufacturer’s instructions. Quantitative RT-PCR

gene expression analysis was performed on triplicate samples with either TaqMan

(Applied Biosystems) or fast SYBR green (Qiagen) technology using StepOnePlusTM

(Applied Biosystem) over 40 cycles. Expression data were normalized to GAPDH mRNA

expression level and we used the 2—AACt method to calculate the fold—change. The snap—

frozen kidneys were subjected to acid hydrolysis by heating in 6M HCI at a concentration

of 50 mg/ml (95°C, 20 hours). The amount of total collagen in the hydrolysate was

quantified based on the colorimetric detection of hydroxyproline using Quickzyme Total

Collagen assay kit (Quickzyme Biosciences) as per the manufacturer‘s instructions.

The results of the analysis are shown in Figure 28. Folate—induced kidney fibrosis is

shown to be dependent on |L-11 mediated signalling. A significant increase in collagen
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content in kidney tissue was observed in |L-11RA+/+ mice, indicative of kidney fibrosis.

No significant increase in collagen content was observed in |L—1 1 RA —/— mice. Animals

deficient for |L-11 signalling had significantly less collagen deposition in kidneys after

toxic injury as compared to wild type animals.

7.4 Lung fibrosis

|L—11 is confirmed as a key mediator of fibrosis in the lung, skin and eye in further in vivo

models using the |L—1 1 RA —/— knockout mice. Schematics of the experiments are shown in

Figures 29A to 290.

To analyse pulmonary fibrosis, |L—1 1 RA —/— mice and |L—1 1 RA +/+ mice are treated by

intratracheal administration of bleomycin on day 0 to establish a fibrotic response in the

lung (pulmonary fibrosis). Fibrosis of the lung develops by 21 days, at which point

animals are sacrificed and analysed for differences in fibrosis markers between animals

with and without lL-11 signalling. lL-1 1 RA -/- mice have a reduced fibrotic response in

lung tissue as compared to |L-1 1 RA +/+ mice, as evidenced by reduced expression of

markers of fibrosis.

7.5 Skin fibrosis

Io analyse fibrosis of the skin, |L—1 1 RA —/— mice and |L—1 1 RA +/+ mice are treated by

subcutaneous administration of bleomycin on day 0 to establish a fibrotic response in the

skin. Fibrosis of the skin develops by 28 days, at which point animals are sacrificed and

analysed for differences in fibrosis markers between animals with and without |L-11

signalling. lL-1 1 RA -/- mice have a reduced fibrotic response in skin tissue as compared

to |L-1 1 RA +/+ mice, as evidenced by reduced expression of markers of fibrosis.

7.6 Eye fibrosis

To analyse fibrosis in the eye, |L—1 1 RA —/— mice and |L—1 1 RA +/+ mice undergo

trabeculectomy on day 0 to initiate a wound healing response in the eye. Fibrosis of the

eye develops within 7 days. The fibrotic response is measured and compared between

the |L-1 1 RA -/- mice and |L-1 1 RA +/+ mice. |L-1 1 RA -/- mice have a reduced fibrotic

response in eye tissue as compared to |L-1 1 RA +/+ mice, as evidenced by reduced

expression of markers of fibrosis.
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7.7 Other tissues

The effect of |L-1 1 RA knockout on fibrosis is also analysed in mouse models of fibrosis

for other tissues, such as the liver, bowel, and is also analysed in a model relevant to

multiorgan (i.e. systemic) fibrosis. The fibrotic response is measured and compared

between the |L-11RA -/- mice and |L-1 1 RA +/+ mice. |L-11RA —/— mice have a reduced

fibrotic response as compared to |L-1 1 RA +/+ mice, as evidenced by reduced expression

of markers of fibrosis.

Examgle 8: Analysis of the molecular mechanisms underlying IL-11-mediated

induction of fibrosis

The canonical mode of action of |L—11 is thought to be regulation of RNA expression via

STAT3-mediated transcription (Zhu et al., 2015 PLOS ONE 10, 60126296), and also

through activation of ERK.

STAT3 activation is observed following stimulation with |L—1 1. However, when fibroblasts

are incubated with TGFB1, only activation of the canonical SMAD pathway and ERK

pathways is seen, and activation of STAT3 is not observed, even in spite of the fact that

|L-11 is secreted in response to TGFB1. Only ERK activation is common to both TGFB1

and lL—11 signal transduction.

Cross-talk between TGFB1 and lL-B signalling has previously been described, wherein

TGFB1 blocks the activation of STATS by lL—6 (Walla et al., 2003 FASEB J. 17, 2130—

2132). Given the close relationship between lL-6 and |L-11, similar cross-talk may be

observed for |L-11 mediated signalling.

The inventors investigated by RNA-seq analysis whether regulation of RNA abundance

was the underlying mechanism for the increased expression of fibrosis marker proteins in

response to |L—1 1, which would suggest STATS as the underlying signalling pathway for

|L—11 mediated profibrotic processes. Fibroblasts were incubated for 24 hours either

without stimulus, or in the presence of TGFB1, |L-11 or TGFB1 and lL—1 1.

The results are shown in Figure 30A. TGFB1 induced the expression of collagen, ACTA2

(chMA) and other fibrosis marker at the RNA level. However, |L—11 did not regulate the

expression of these genes, but a different set of genes.
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Gene ontology analysis suggests that a pro-fibrotic effect in fibroblasts is driven by |L—11—

regulated RNA expression. Both TGFB1 and |L—11 regulate an almost completely different

set of genes on the RNA level.

Whilst TGFB1 increases |L-11 secretion, the target genes of |L-11 are not regulated when

both TGFBt and |L—11 are present. This suggests that TGFB1 upregulates |L—11 and

simultaneously blocks the canonical |L-11-driven regulation of RNA expression via

STAT3, similar to what is known about the interaction of TGFB1 and lL—6 pathways (Walla

et al., 2003 FASEB J. 17, 2130—2132).

We also analysed Whether RNA expression differences induced by TGFB1 are dependent

on |L-11 signalling, by analysing changes in RNA expression in fibroblasts obtained from

IL—1 1 RA —/— mice as compared to lL—1 1 RA +/+ mice. RNA expression regulated by TGFB1

is still observed when |L-1 1 RA knockout cells were stimulated with TGFB1, and RNA

levels of dSMA, collagen etc. were still upregulated in the absence of |L—11 signalling (in

lL-1 1 RA -/- fibroblasts). When the pro-fibrotic effect of |L-11 and the anti-fibrotic effect of

lL-11 inhibition was investigated in vitro, reduced expression of markers of fibrosis was

only observed at the protein level, not at the transcriptional level as determined by qPCR.

The activation of non—canonical pathways (e.g. ERK signal transduction) is known to be

crucial for the pro-fibrotic action of TGFB1 (Guo and Wang, 2008 Cell Res 19, 71—88). it

is likely that non—canonical pathways are likely to be important for signalling for all known

pro-fibrotic cytokines, and that |L-11 is a post-transcriptional regulator which is essential

for fibrosis.

Examgle 9: Human anti-human lL-11 antibodies

Fully human anti-human |L-11 antibodies were developed via phage display.

Recombinant human |L—11 (Cat. No. 203108—1) and recombinant murine |L—11 (Cat. No.

ZO3052-1) were obtained from GenScript (NJ, USA). Recombinant human |L-11 was

expressed in CHO cells, both as an Fc—tagged version and a tag—free version. Tag-free

murine |L-11 was expressed in HEK293 cells.

|L—11 bioactivity of recombinant human |L—11 and mouse |L—11 was confirmed by in vitro

analysis using primary fibroblast cell cultures.
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Recombinant, biotinylated human |L-11 and murine |L-11 were also prepared by

biotinylation of the recombinant human |L—11 and murine |L—11 molecules, according to

standard methods.

Antibodies capable of binding to both human |L-11 and murine |L-11 (i.e. cross-reactive

antibodies) were identified by phage display using a human nai've library by panning

using biotinylated and non-biotinylated recombinant human and murine |L-11, based on

16 different panning strategies.

The phage display identified 175 scFv binders, as ‘first hits’. Sequence analysis of the

CDR sequences from these 175 scFv identified 86 unique scFv.

The soluble scFv were produced by recombinant expression in E. coli, and analysed for

their ability to bind to human |L-11 and murine |L-11 by ELISA. Briefly, the respective

antigen was coated to wells of an ELISA plate, the cell culture supernatant containing the

respective scFv was added at a 1:2 dilution, and binding was detected.

The results of the ELISA analysis revealed:

. 8 scFV capable of binding only to human |L-11;

. 6 scFv capable of binding to murine |L-11 only;

0 32 scFv displaying only weak binding to human/murine |L—1 1, with a high

signal to noise ratio, and;

o 40 scFv having cross-reactivity for both human |L-11 and murine |L-11.

From these 86 scFV, 56 candidates were selected for further functional characterisation.

For further analyses, the scFV were cloned into scFV-Fc format in E. coli.

The VH and VL sequences of the antibodies were cloned into expression vectors for the

generation of scFv-Fc (human lgG1) antibodies. The vectors were transiently expressed

in mammalian cells cultured in serum-free media, and isolated by protein A purification.

ExamQIe 10: Functional characterisation of human anti-human |L-11 antibodies

The antibodies described in Example 9 were analysed in in vitro assays for their ability to

(i) inhibit human |L—11—mediated signalling, and (ii) inhibit mouse |L—11—mediated

signalling. The affinity of the antibodies for human |L-11 was also analysed by ELISA.
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10.1 Ability to inhibit human |L-11 mediated signalling

To investigate ability to neutralise human |L—11—mediated signalling, cardiac atrial human

fibroblasts were cultured in wells of 96-well plates in the presence of TGFB1 (5 ng/ml) for

24 hours, in the presence or absence of the anti—|L—11 antibodies. TGFB1 promotes the

expression of |L-1 1, which in turn drives the transistion of quiescent fibroblasts to

activated, oSMA—positive fibroblasts. It has previously been shown that neutralising |L—11

prevents TGFB1-induced transition to activated, oSMA-positive fibroblasts.

Expression of oSMA was analysed with the Operetta High—Content Imaging System in an

automated high—throughput fashion.

In non-stimulated cultures, ~29.7% (= 1) of the fibroblasts were dSMA—positive, activated

fibroblasts at the end of the 24 hour culture period, whilst ~52% (= 1.81) of fibroblasts

were oSMA—positive in cultures that were stimulated with TGFB1 in the absence of anti-

IL-11 antibodies.

Anti—|L—11 antibodies (2 ug/ml) were added to fibroblast cultures that were stimulated with

TGFB1, and at the end of the 24 hour culture period, the percentage of oSMA—positive

fibroblasts was determined. The percentages were normalised based on the percentage

of aSMA—positive fibroblasts observed in cultures of fibroblasts which had not been

stimulated with TGFB1.

28 of the antibodies were demonstrated to be capable of neutralising signalling mediated

by human |L-11.

A commercial monoclonal mouse anti-IL-11 antibody (Monoclonal Mouse |gG2A; Clone

#22626; Catalog No. MAB218; R&D Systems, MN, USA) was also analysed for ability to

inhibit signalling by human |L-11 in the experiments. This antibody was found to be able

to reduce the percentage of activated fibroblasts to 28.3% (=O.99).

Several of the clones neutralised signalling by human |L—11 to a greater extent than the

commercially available mouse anti-lL-11 antibody (industry standard.

10.2 Ability to inhibit mouse |L-11 mediated signalling
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The ability of the human antibodies to inhibit mouse |L-11-mediated signalling was also

investigated, following the same procedure as described in section 10.1 above, but using

mouse dermal fibroblasts instead of human atrial fibroblasts.

After 24 hours in culture, about 31.8% (=1) of non-stimulated cells in culture were

activated fibroblasts. Stimulation with TGF[31 resulted in a ~2—fold increase in the

percentage of activated fibroblasts (68.8% = 2.16) as compared to non-stimulated

cultures.

The antibodies were demonstrated to be capable of neutralising signalling mediated by

mouse |L—1 1. Monoclonal Mouse |gG2A clone #22626, catalog No. MAB218 anti—|L—11

antibody was also analysed for ability to inhibit signalling by mouse |L-11. This antibody

was found to be able to reduce the percentage of activated fibroblasts to 39.4% (=1.24).

Several of the clones neutralised signalling by mouse |L-11 to a greater extent than the

commercially available mouse anti-lL-11 antibody (industry standard).

10.3 Analysis of antibody affinity for human |L—11
 

The human anti-human |L-11 antibodies were analysed for their affinity of binding to

human |L—11 by ELISA assay.

Recombinant human |L-11 was obtained from Genscript and Horseradish peroxidase

(HRP)—conjugated anti-human IgG (Fc-specific) antibody was obtained from Sigma.

Corning 96-well ELISA plates were obtained from Sigma. Pierce 3,3',5,5'—

tetramethylbenzidine (TMB) ELISA substrate kit was obtained from Life Technologies (0.4

g/mL TMB solution, 0.02 % hydrogen peroxide in citric acid buffer). Bovine serum albumin

and sulphuric acid was obtained from Sigma. Wash buffer comprised 0.05% Tween-20 in

phosphate buffered saline (PBS—T). ScFv—Fc antibodies were generated as described in

above. Purified mouse and human lgG controls were purchased from Life Technologies.

Tecan Infinite 200 PRO NanoQuant was used to measure absorbance.

Criss-cross serial dilution analysis was performed as described by Hornbeck et al., (2015)

Curr Protoc Immunol 110, 2.1 .1—23) to determine the optimal concentration of coating

antigen, primary and secondary antibodies.
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An indirect ELISA was performed to assess the binding affinity of primary ScFv-Fc

antibodies at 50% of effective concentration (E050) as previously described (Unverdorben

et al., (2016) MAbs 8, 120—128.). ELISA plates were coated with 1 pg/mL of recombinant

human lL—11 overnight at 4°C and remaining binding sites were blocked with 2 % BSA in

PBS. ScFv-Fc antibodies were diluted in 1% BSA in PBS, titrated to obtain working

concentrations of 800, 200, 50, 12.5, 3.125, 0.78, 0.195, and 0.049 ng/mL, and incubated

in duplicates for 2 hours at room temperature. Detection of antigen-antibody binding was

performed with 15.625 ng/mL of HRP—conjugated anti—human lgG (Fe—specific) antibody.

Following 2 hours of incubation with the detection antibody, 100 pl of TMB substrate was

added for 15 mins and chromogenic reaction stopped with 100 pl 0f2 M H2804.

Absorbance reading was measured at 450 nm with reference wavelength correction at

570 nm. Data were fitted with Graph Pad Prism software with log transformation of

antibody concentrations followed by non-linear regression analysis with the asymmetrical

(five-parameter) logistic dose-response curve to determine individual EC50 values.

The same materials and procedures as described above were performed to determine

the affinity of binding for the murine monoclonal anti—lL—11 antibodies, with the exception

that HRP—conjugated anti—mouse lgG (H&L) was used instead of HRP—conjugated anti—

human lgG.

The same materials and procedures as described above were performed to determine

the affinity of binding for the human monoclonal anti—lL—11 antibodies and murine

monoclonal anti-lL-11 antibodies to recombinant murine lL-11 obtained from Genscript.

The results of the ELISA assays were used to determine E050 values for the antibodies.

 
10.4 Ability to inhibit human lL-11 mediated signalling in a variety of tissues

Ability of the antibodies to neutralise lL—11—mediated signalling in fibroblasts obtained

from a variety of different tissues is investigated, essentially as described in section 10.1

except that instead of cardiac atrial human fibroblasts, human fibroblasts derived from

liver, lung, kidney, eye, skin, pancreas, spleen, bowel, brain, and bone marrow are used

for the experiments.

Anti-lL-11 antibodies are demonstrated to be capable of neutralising signalling in

fibroblasts derived from the various different tissues, as determined by observation of a

relative decrease in the proportion of oSMA-positive fibroblasts at the end of the 24 h
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culture period in the presence of the anti-lL-11 antibodies as compared to culture in the

absence of the antibodies.

Exam le 11: Inhibition of fibrosis in vivo usin anti-lL-11 antibodies 

The therapeutic utility of the anti-human lL-11 antibodies is demonstrated in in Vivo

mouse models of fibrosis for various different tissues.

11.1 Heart fibrosis

A pump is implanted, and mice are treated with Angll (2mg/kg/day) for 28 days.

Neutralising anti—lL—11 antibodies, or control antibodies, are administered to different

groups of mice by intravenous injection. At the end of the experiment, collagen content is

assessed in the atria of the mice using a calorimetric hydroxyproline—based assay kit, and

the level of RNA expression of the markers or fibrosis Col1A2, oSMA (ACTA2) and

fibronectin (Fn1 ) were analysed by qPCR.

Mice treated with neutralising anti-lL-11 antibodies have a reduced fibrotic response in

heart tissue as compared to mice treated with control antibodies, as evidenced by

reduced expression of markers of fibrosis.

11.2 Kidney fibrosis

A mouse model for kidney fibrosis is established, in which fibrosis is induced by

intraperitoneal injection of folic acid (180mg/kg) in vehicle (0.3M NaHCOs); control mice

were administered vehicle alone.

Neutralising anti—lL—11 antibodies, or control antibodies, are administered to different

groups of mice by intravenous injection. Kidneys are removed at day 28, weighed and

either fixed in 10% neutral—buffered formalin for Masson’s trichrome and Sirius staining or

snap—frozen for collagen assay, RNA, and protein studies.

Total RNA is extracted from the snap—frozen kidney using Trizol reagent (lnvitrogen) and

Qiagen TissueLyzer method followed by RNeasy column (Qiagen) purification. The cDNA

is prepared using iScriptTM cDNA synthesis kit, in which each reaction contained 1ug of

total RNA, as per the manufacturer’s instructions. Quantitative RT-PCR gene expression

analysis is performed on triplicate samples with either TaqMan (Applied Biosystems) or
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fast SYBR green (Qiagen) technology using StepOnePlusTM (Applied Biosystem) over

40 cycles. Expression data are normalized to GAPDH mRNA expression level and the 2-

AACt method is used to calculate the fold-change. The snap-frozen kidneys are subjected

to acid hydrolysis by heating in GM HCI at a concentration of 50 mg/ml (95°C,20 hours).

The amount of total collagen in the hydrolysate is quantified based on the colorimetric

detection of hydroxyproline using Quickzyme Total Collagen assay kit (Quickzyme

Biosciences) as per the manufacturer’s instructions.

Mice treated with neutralising anti—lL—11 antibodies have a reduced fibrotic response in

kidney tissue as compared to mice treated with control antibodies, as evidenced by

reduced expression of markers of fibrosis.

11.3 Lung fibrosis

Mice are treated by intratracheal administration of bleomycin on day 0 to establish a

fibrotic response in the lung (pulmonary fibrosis).

Neutralising anti—lL—11 antibodies, or control antibodies, are administered to different

groups of mice by intravenous injection. Mice are sacrificed at day 21, and analysed for

differences in fibrosis markers.

Mice treated with neutralising anti-lL-11 antibodies have a reduced fibrotic response in

lung tissue as compared to mice treated with control antibodies, as evidenced by reduced

expression of markers of fibrosis.

11.4 Skin fibrosis

Mice are treated by subcutaneous administration of bleomycin on day 0 to establish a

fibrotic response in the skin.

Neutralising anti—lL—11 antibodies, or control antibodies, are administered to different

groups of mice by intravenous injection. Mice are sacrificed at day 21, and analysed for

differences in fibrosis markers.

Mice treated with neutralising anti-lL-11 antibodies have a reduced fibrotic response in

skin tissue as compared to mice treated with control antibodies, as evidenced by reduced

expression of markers of fibrosis.
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11.5 Eye fibrosis

Mice undergo trabeculectomy on day 0 to initiate a wound healing response in the eye.

Neutralising anti—lL—11 antibodies, or control antibodies, are administered to different

groups of mice by intravenous injection, and fibrosis is monitored in the eye tissue.

Mice treated with neutralising anti-lL-11 antibodies have a reduced fibrotic response in

eye tissue as compared to mice treated with control antibodies, as evidenced by reduced

expression of markers of fibrosis.

11.6 Other tissues

The effect of treatment with neutralising anti-lL-11 antibodies on fibrosis is also analysed

in mouse models of fibrosis for other tissues, such as the liver, kidney, bowel, and is also

analysed in a model relevant to multiorgan (i.e. systemic) fibrosis.

Mice treated with neutralising anti-lL-11 antibodies have a reduced fibrotic response as

compared to mice treated with control antibodies, as evidenced by reduced expression of

markers of fibrosis.

Example 12: Anti-human lL-11Ra antibodies

Mouse monoclonal antibodies directed against human lL—11Rd protein were generated as

follows.

cDNA encoding the amino acid for human lL-11Ro was cloned into expression plasmids

(Aldevron GmbH, Freiburg, Germany).

Mice were immunised by intradermal application of DNA—coated gold—particles using a

hand—held device for particle—bombardment (“gene gun”). Serum samples were collected

from mice after a series of immunisations, and tested in flow cytometry on HEK cells

which had been transiently transfected with human lL—11Rd expression plasmids (cell

surface expression of human lL-11ch by transiently transfected HEK cells was confirmed

with anti—tag antibodies recognising a tag added to the N—terminus of the lL—11R0i protein).

Antibody-producing cells were isolated from the mice and fused with mouse myeloma

cells (A98) according to standard procedures.
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Hybridomas producing antibodies specific for |L-11ch were identified by screening for

ability to bind to |L-11Rq expressing HEK cells by flow cytometry.

Cell pellets of positive hybridoma cells were prepared using an RNA protection agent

(RNAIater, cat. #AM7020 by ThermoFisher Scientific) and further processed for

sequencing of the variable domains of the antibodies.

Sequencing was performed using BigDye® Terminator v3.1 Cycle Sequencing kit (Life

Technologies®) according to the manufacturer’s instructions. All data was collected using

a 3730xl DNA Analyzer system and Unified Data Collection software (Life

Technologies®). Sequence assembly was performed using CodonCode Aligner

(CodonCode Corporation). Mixed base calls were resolved by automatically assigning the

most prevalent base call to the mixed base calls. Prevalence was determined by both

frequency of a base call and the individual quality of the base calls.

In total, 17 mouse monoclonal anti-human |L-11Ra antibody clones were generated.

Examgle 13: Functional characterisation of anti-human lL-11Ra antibodies

13.1 Ability to inhibit human |L—11/lL—1 1R mediated signalling

To investigate the ability of the anti-IL-11Ro antibodies to neutralise human |L-11/lL-11R

 

mediated signalling, cardiac atrial human fibroblasts were cultured in wells of 96—well

plates in the presence of TGFB1 (5 ng/ml) for 24 hours, in the presence or absence of the

anti—|L—1 1R0i antibodies. This profibrotic stimulus promotes the expression of |L—1 1, which

in turn drives the transistion of quiescent fibroblasts to activated, qSMA—positive

fibroblasts. It has previously been shown that neutralising |L—11 prevents TGFB1—induced

transition to activated, oSMA-positive fibroblasts.

Anti—lL—1 1ch antibodies (2 ug/ml) were added to fibroblast cultures that were stimulated

with TGFB1, and at the end of the 24 hour culture period, the percentage of qSMA-

positive fibroblasts was determined. The percentages were normalised based on the

percentage of qSMA—positive fibroblasts observed in cultures of fibroblasts which had not

been stimulated with TGFB1.

Expression of GSMA was analysed with the Operetta High—Content Imaging System in an

automated high-throughput fashion.
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Stimulation with TGFB1 resulted in a 1.58 fold increase in the number of orSMA—positive,

activated fibroblasts at the end of the 24 hour culture period in the absence of anti-|L-

11R0i antibodies.

A commercial monoclonal mouse anti-IL-11 antibody (Monoclonal Mouse |gG2A; Clone

#22626; Catalog No. MAB218; R&D Systems, MN, USA) was included as a control. This

antibody was found to be able to reduce the percentage of activated fibroblasts to 0.89

fold of the percentage of activated fibroblasts in unstimulated cultures (i.e. in the absence

of stimulation with TGFB1).

The anti-|L-11R0i antibodies were found to be able to inhibit |L-11/lL-1 1R signalling in

human fibroblasts, and several were able to inhibit |L—11/IL—11R signalling to a greater

extent than the monoclonal mouse anti-lL-11 antibody.

13.2 Ability to inhibit mouse |L-11 mediated signalling
 

The ability of the anti—|L—1 1R0 antibodies to inhibit mouse |L—11—mediated signalling was

also investigated, following the same procedure as described in section 13.1 above, but

using mouse atrial fibroblasts instead of human atrial fibroblasts.

Stimulation with TGFB1 resulted in a 2.24 fold increase in the number of oSMA—positive,

activated fibroblasts at the end of the 24 hour culture period in the absence of anti-|L-

11Ro antibodies.

The commercial monoclonal mouse anti-IL-11 antibody (Monoclonal Mouse |gG2A; Clone

#22626; Catalog No. MABZ18; R&D Systems, MN, USA) was included as a control. This

antibody was found to be able to reduce the percentage of activated fibroblasts to 1.44

fold of the percentage of activated fibroblasts in unstimulated cultures (i.e. in the absence

of stimulation with TGFB1).

The anti—|L—1 1R0 antibodies were found to be able to inhibit |L—11/lL—1 1R signalling in

mouse fibroblasts, and several were able to inhibit |L-11/IL-11R signalling to a greater

extent than the monoclonal mouse anti—|L—11 antibody.

13.3 Screening for ability to bind |L—11R0i
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The mouse hybridomas producing anti-human |L-11R0i antibodies were sub-cloned, and

cell culture supernatant from the subcloned hybridomas was analysed by “mix—and—

measure” iQue assay for (i) ability to bind to human |L-11ch, and (ii) cross reactivity for

antigen other than IL—11R0i.

Briefly, labelled control cells (not expressing |L-11RG at the cell surface) and unlabelled

target cells expressing human |L-11Ra at their surface (following transient transfection

with a plasmid encoding a FLAG—tagged human |L—11Ra) were mixed together with the

cell culture supernatant (containing mouse—anti—IL—1 1R0 antibodies) and secondary

detection antibodies (fluorescently—labelled anti—mouse IgG antibody).

The cells were then analysed using the HTFC Screening System (iQue) for the two labels

(i.e. the cell label and the label on the secondary antibody). Detection of the secondary

antibody on the unlabelled, |L-11ch expressing cells indicated ability of the mouse-anti-

IL-11Rd antibodies to bind to IL-11Ra. Detection of the secondary antibody on the

labelled, control cells indicated cross-reactivity of the mouse-anti-IL-11Ro antibodies for

target other than |L-11RG.

As a positive control condition, labelled and unlabelled cells were incubated with a mouse

anti—FLAG tag antibody as the primary antibody.

The majority of the subcloned hybridomas expressed antibody which was able to bind to

human |L-11Ra, and which recognised this target with high specificity.

13.4 Analysis of antibody affinity for human |L-11ch
 

The anti—human |L—11Ror antibodies are analysed for their affinity of binding to human IL—

11ch by ELISA assay.

Recombinant human |L—11ch is obtained from Genscript and Horseradish peroxidase

(HRP)—Conjugated anti-human lgG (Fc-specific) antibody is obtained from Sigma. Corning

96—well ELISA plates are obtained from Sigma. Pierce 3,3',5,5'—tetramethylbenzidine

(TMB) ELISA substrate kit is obtained from Life Technologies (0.4 g/mL TMB solution,

0.02 % hydrogen peroxide in citric acid buffer). Bovine serum albumin and sulphuric acid

is obtained from Sigma. Wash buffer comprises 0.05% Tween-20 in phosphate buffered

saline (PBS-T). Purified IgG controls are purchased from Life Technologies. Tecan

Infinite 200 PRO NanoQuant is used to measure absorbance.
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Criss—cross serial dilution analysis was performed as described by Hornbeck et al., (2015)

Curr Protoc Immunol 110, 2.1 .1-23) to determine the optimal concentration of coating

antigen, primary and secondary antibodies.

An indirect ELISA is performed to assess the binding affinity of the mouse anti—lL—1 1R0

antibodies at 50% of effective concentration (E050) as previously described (Unverdorben

et al., (2016) MAbs 8, 120—128.). ELISA plates are coated with 1 pg/mL of recombinant

human lL—11Ror overnight at 4°C, and remaining binding sites are blocked with 2 % BSA

in PBS. The antibodies are diluted in 1% BSA in PBS, titrated to obtain working

concentrations of 800, 200, 50, 12.5, 3.125, 0.78, 0.195, and 0.049 ng/mL, and incubated

in duplicates for 2 hours at room temperature. Detection of antigen-antibody binding is

performed with 15.625 ng/mL of HRP—conjugated anti—mouse lgG antibody. Following 2

hours of incubation with the detection antibody, 100 pl of TMB substrate is added for 15

mins and chromogenic reaction stopped with 100 pl of 2 M H2804. Absorbance reading is

measured at 450 nm with reference wavelength correction at 570 nm. Data are fitted with

GraphPad Prism software with log transformation of antibody concentrations followed by

non—linear regression analysis with the asymmetrical (five—parameter) logistic dose—

response curve to determine individual EC50 values.

13.5 Ability to inhibit human lL-11/lL-11R signalling in a variety of tissues

Ability of the antibodies to neutralise lL—11/lL—11R signalling in fibroblasts obtained from a

variety of different tissues is investigated, essentially as described in section 13.1 except

that instead of cardiac atrial human fibroblasts, human fibroblasts derived from liver, lung,

kidney, eye, skin, pancreas, spleen, bowel, brain, and bone marrow are used for the

experiments.

Anti—lL—1 1R0 antibodies are demonstrated to be capable of neutralising lL—11/lL—11R

signalling in fibroblasts derived from the various different tissues, as determined by

observation of a relative decrease in the proportion of orSMA—positive fibroblasts at the

end of the 24 h culture period in the presence of the anti—lL—1 1Rd antibodies as compared

to culture in the absence of the antibodies.

Example 14: Inhibition of fibrosis in Vivo using anti-lL-11Ra antibodies

The therapeutic utility of the anti-human lL-11Ror antibodies is demonstrated in vivo in

mouse models of fibrosis for various different tissues.
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14.1 Heart fibrosis

A pump is implanted, and mice are treated with Angll (2mg/kg/day) for 28 days.

Neutralising anti-lL-11Ror antibodies, or control antibodies, are administered to different

groups of mice by intravenous injection. At the end of the experiment, collagen content is

assessed in the atria of the mice using a calorimetric hydroxyproline-based assay kit, and

the level of RNA expression of the markers or fibrosis Col1A2, oSMA (ACTA2) and

fibronectin (Fn1) were analysed by qPCR.

Mice treated with neutralising anti—lL—1 1 Rd antibodies have a reduced fibrotic response in

heart tissue as compared to mice treated with control antibodies, as evidenced by

reduced expression of markers of fibrosis.

14.2 Kidney fibrosis

A mouse model for kidney fibrosis is established, in which fibrosis is induced by

intraperitoneal injection of folic acid (180mg/kg) in vehicle (0.3M NaHC03); control mice

were administered vehicle alone.

Neutralising anti—lL—1 1R0 antibodies, or control antibodies, are administered to different

groups of mice by intravenous injection. Kidneys are removed at day 28, weighed and

either fixed in 10% neutral—buffered formalin for Masson’s trichrome and Sirius staining or

snap-frozen for collagen assay, RNA, and protein studies.

Total RNA is extracted from the snap-frozen kidney using Trizol reagent (lnvitrogen) and

Qiagen TissueLyzer method followed by RNeasy column (Qiagen) purification. The cDNA

is prepared using iScriptTM cDNA synthesis kit, in which each reaction contained 1ug of

total RNA, as per the manufacturer’s instructions. Quantitative RT-PCR gene expression

analysis is performed on triplicate samples with either TaqMan (Applied Biosystems) or

fast SYBR green (Qiagen) technology using StepOnePlusTM (Applied Biosystem) over

40 cycles. Expression data are normalized to GAPDH mRNA expression level and the 2-

AACt method is used to calculate the fold-change. The snap-frozen kidneys are subjected

to acid hydrolysis by heating in GM HCI at a concentration of 50 mg/ml (95°C,20 hours).

The amount of total collagen in the hydrolysate is quantified based on the colorimetric

detection of hydroxyproline using Quickzyme Total Collagen assay kit (Quickzyme

Biosciences) as per the manufacturer’s instructions.
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Mice treated with neutralising anti-lL-11ch antibodies have a reduced fibrotic response in

kidney tissue as compared to mice treated with control antibodies, as evidenced by

reduced expression of markers of fibrosis.

14.3 Lung fibrosis

Mice are treated by intratracheal administration of bleomycin on day 0 to establish a

fibrotic response in the lung (pulmonary fibrosis).

Neutralising anti—lL—1 1R0i antibodies, or control antibodies, are administered to different

groups of mice by intravenous injection. Mice are sacrificed at day 21, and analysed for

differences in fibrosis markers.

Mice treated with neutralising anti-lL-11ch antibodies have a reduced fibrotic response in

lung tissue as compared to mice treated with control antibodies, as evidenced by reduced

expression of markers of fibrosis.

14.4 Skin fibrosis

Mice are treated by subcutaneous administration of bleomycin on day 0 to establish a

fibrotic response in the skin.

Neutralising anti—lL—1 1R0i antibodies, or control antibodies, are administered to different

groups of mice by intravenous injection. Mice are sacrificed at day 21, and analysed for

differences in fibrosis markers.

Mice treated with neutralising anti-lL-11Rd antibodies have a reduced fibrotic response in

skin tissue as compared to mice treated with control antibodies, as evidenced by reduced

expression of markers of fibrosis.

14.5 Eye fibrosis

Mice undergo trabeculectomy on day 0 to initiate a wound healing response in the eye.

Neutralising anti—lL—1 1R0i antibodies, or control antibodies, are administered to different

groups of mice by intravenous injection, and fibrosis is monitored in the eye tissue.
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Mice treated with neutralising anti-lL-11ch antibodies have a reduced fibrotic response in

eye tissue as compared to mice treated with control antibodies, as evidenced by reduced

expression of markers of fibrosis.

14.6 Other tissues

The effect of treatment with neutralising anti—lL—1 1Rd antibodies on fibrosis is also

analysed in mouse models of fibrosis for other tissues, such as the liver, kidney, bowel,

and is also analysed in a model relevant to multiorgan (i.e. systemic) fibrosis.

Mice treated with neutralising anti—lL—1 1R0 antibodies have a reduced fibrotic response as

compared to mice treated with control antibodies, as evidenced by reduced expression of

markers of fibrosis.

Example 15: Decoy lL-11 Receptors

15.1 Decoy IL—11 Receptor constructs

Decoy lL-11 Receptor molecules were designed and cloned into the pTT5 vector for

recombinant expression in 293—6E cells.

Briefly, an insert for the plasmid comprising cDNA encoding the ligand binding domains

D1, D2 and D3 of gp130 in—frame with cDNA encoding either a 50 amino acid or 33 amino

acid linker region, followed by cDNA encoding the ligand binding domains D2 and D3 of

human lL—11Ror, followed by cDNA encoding the FLAG tag. The cDNA insert

incorporated a leader sequence, Kozak sequences at the 5’ end, and included a 5’ EcoRl

restriction site and a 3’ Hindlll restriction site (downstream of a stop codon) for insertion

into the pTT5 vector.

The two constructs encoding a decoy lL-11 receptor molecule having either a 50 amino

acid or 33 amino acid sequence are respectively designated Decoy lL-11 Receptor 1

(D11R1) and Decoy lL—11 Receptor 2 (D1 1 R2).

15.2 Decoy lL—11 Receptor expression and purification
 

The constructs were transfected into 293-6E cells for recombinant expression and

purification.
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293—6E cells were grown in serum-free FreeStyleTM 293 Expression Medium (Life

Technologies, Carlsbad, CA, USA). Cells were maintained in Erlenmeyer Flasks (Corning

|nc., Acton, MA) at 37°C with 5% C02 on an orbital shaker (VWR Scientific, Chester, PA).

One day before transfection, the cells were seeded at an appropriate density in Corning

Erlenmeyer Flasks. On the day of transfection, DNA and transfection reagent were mixed

at an optimal ratio and then added into the flask with cells ready for transfection. The

recombinant plasmids encoding D1 1 R1 and D1 1 R2 were transiently transfected into

suspension 293—6E cell cultures on two separate days.

Cell culture supernatants were collected on day 6 and used for purification. Briefly, cell

culture broths were centrifuged and filtrated. 0.5 ml of resin was added to cell culture

supernatants and incubated for 3—4 hours to capture the target protein.

After washing and elution with appropriate buffers, eluted fractions were analysed by

SDS-PAGE and Western blot using Rabbit anti-FLAG polyclonal Ab (GenScript,

Cat.No.AOO170) to confirm expression of the FLAG-tagged decoy |L—11 receptor

molecules.

The purified species were quantified and stored at —80°C.

Example 16: Functional characterisation of Decoy lL-11 Receptors

16.1 Ability to inhibit human |L—11 mediated signalling
 

To investigate ability to neutralise human |L-11-mediated signalling, cardiac atrial human

fibroblasts were cultured in wells of 96-well plates in the presence of TGFB1 (5 ng/ml) for

24 hours, in the presence or absence of various concentrations of D11 R1 or D1 1 R2.

TGFB1 promotes the expression of |L-11, which in turn drives the transition of quiescent

fibroblasts to activated, aSMA—positive fibroblasts. It has previously been shown that

neutralising |L—11 prevents TGFB1—induced transition to activated, dSMA—positive

fibroblasts.

Expression of dSMA was analysed with the Operetta High-Content Imaging System in an

automated high-throughput fashion.
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D1 1 R1 or D1 1 R2 were added to fibroblast cultures that were stimulated with TGFB1 at

final concentrations of 5 ng/ml, 50 ng/ml and 500 ng/ml, and at the end of the 24 hour

culture period, the percentage of dSMA—positive fibroblasts in the culture was determined.

Both D1 1 R1 and D1 1 R2 were demonstrated to be capable of neutralising signalling

mediated by human |L—11 in a dose-dependent manner.

The results of the experiments are shown in Figures 32A and 328. Both D1 1 R1 and

D1 1 R2 were demonstrated to be capable of neutralising signalling mediated by human IL—

11 in a dose—dependent manner.

The ICso for the D1 1 R1 and D1 1 R2 molecules was determined to be ~1 nM.

16.2 Ability to inhibit mouse |L-11 mediated signalling

The ability of D1 1 R1 and D11R2 to inhibit mouse |L—11—mediated signalling is

investigated, following the same procedure as described in section 16.1 above, but using

 

mouse dermal fibroblasts instead of human atrial fibroblasts.

D1 1 R1 and D1 1 R2 are demonstrated to be capable of neutralising |L-11/lL-1 1R signalling

in mouse dermal fibroblasts, as determined by observation of a relative decrease in the

proportion of dSMA-positive fibroblasts at the end of the 24 h culture period in the

presence of D1 1 R1 or D1 1 R2 as compared to culture in the absence of the decoy |L—11

receptors.

16.3 Analysis of decoy |L-11 receptor affinity for |L-11

D1 1 R1 and D1 1 R2 are analysed for their affinity of binding to human |L—11 by ELISA

assay.

 

Recombinant human |L—11 was obtained from Genscript and Horseradish peroxidase

(HRP)—conjugated anti-FLAG antibody is obtained. Corning 96-well ELISA plates were

obtained from Sigma. Pierce 3,3',5,5'—tetramethylbenzidine (TMB) ELISA substrate kit

was obtained from Life Technologies (0.4 g/mL TMB solution, 0.02 % hydrogen peroxide

in citric acid buffer). Bovine serum albumin and sulphuric acid was obtained from Sigma.

Wash buffer comprised 0.05% Tween-20 in phosphate buffered saline (PBS-T). Tecan

Infinite 200 PRO NanoQuant is used to measure absorbance.
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An indirect ELISA is performed to assess the binding affinity of D1 1 R1 and D1 1 R2 at

50% of effective concentration (E050) as previously described (Unverdorben et al., (2016)

MAbs 8, 120—128.). ELISA plates are coated with 1 pg/mL of recombinant human lL-11

overnight at 4°C and remaining binding sites were blocked with 2 % BSA in PBS. D11 R1

and D1 1 R1 are diluted in 1% BSA in PBS, titrated to obtain working concentrations of

800, 200, 50, 12.5, 3.125, 0.78, 0.195, and 0.049 ng/mL, and incubated in duplicates for 2

hours at room temperature. Detection of antigen-decoy lL-11 receptor binding is

performed with HRP—conjugated anti—FLAG antibody. Following 2 hours of incubation with

the detection antibody, 100 pl of TMB substrate is added for 15 mins and chromogenic

reaction stopped with 100 pl of2 M H2804. Absorbance reading is measured at 450 nm

with reference wavelength correction at 570 nm. Data are fitted with GraphPad Prism

software with log transformation of decoy lL-11 receptor concentrations followed by non-

linear regression analysis with the asymmetrical (five—parameter) logistic dose—response

curve to determine EC50 values.

The same materials and procedures as described above were performed to determine

the affinity of binding to recombinant murine lL—11 obtained from Genscript.

16.4 Abilit to inhibit human lL-11 mediated si nallin in a varie of tissues
 

Ability of the decoy lL—11 receptors D1 1 R1 and D1 1 R2 to neutralise lL—11—mediated

signalling in fibroblasts obtained from a variety of different tissues is investigated,

essentially as described in sections 18.1 except that instead of cardiac atrial human

fibroblasts, human fibroblasts derived from liver, lung, kidney, eye, skin, pancreas,

spleen, bowel, brain, and bone marrow are used for the experiments.

D1 1 R1 and D1 1 R2 are demonstrated to be capable of neutralising signalling in fibroblasts

derived from the various different tissues, as determined by observation of a relative

decrease in the proportion of dSMA—positive fibroblasts at the end of the 24 h culture

period in the presence of the decoy lL—11 receptors as compared to culture in the

absence of the decoy lL-11 receptors.

Examgle 17: Inhibition of fibrosis in vivo using decoy lL-11 recegtors

The therapeutic utility of the decoy lL—11 receptors is demonstrated in in vivo mouse

models of fibrosis for various different tissues.
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17.1 Heart fibrosis

A pump is implanted, and mice are treated with Angll (2mg/kg/day) for 28 days.

Decoy |L—11 receptors D1 1 R1 or D1 1 R2 are administered to different groups of mice by

intravenous injection. At the end of the experiment, collagen content is assessed in the

atria of the mice using a calorimetric hydroxyproline—based assay kit, and the level of

RNA expression of the markers or fibrosis Col1A2, chMA (ACTA2) and fibronectin (Fn1)

were analysed by qPCR.

Mice treated with decoy |L—11 receptors have a reduced fibrotic response in heart tissue

as compared to untreated/vehicle treated controls, as evidenced by reduced expression

of markers of fibrosis.

17.2 Kidney fibrosis

A mouse model for kidney fibrosis is established, in which fibrosis is induced by

intraperitoneal injection of folic acid (180mg/kg) in vehicle (0.3M NaHCOa); control mice

were administered vehicle alone.

Decoy |L-11 receptors D1 1 R1 or D1 1 R2 are administered to different groups of mice by

intravenous injection. Kidneys are removed at day 28, weighed and either fixed in 10%

neutral-buffered formalin for Masson’s trichrome and Sirius staining or snap-frozen for

collagen assay, RNA, and protein studies.

Total RNA is extracted from the snap—frozen kidney using Trizol reagent (Invitrogen) and

Qiagen TissueLyzer method followed by RNeasy column (Qiagen) purification. The cDNA

is prepared using iScriptTM cDNA synthesis kit, in which each reaction contained 1ug of

total RNA, as per the manufacturer’s instructions. Quantitative RT-PCR gene expression

analysis is performed on triplicate samples with either TaqMan (Applied Biosystems) or

fast SYBR green (Qiagen) technology using StepOnePlusTM (Applied Biosystem) over

40 cycles. Expression data are normalized to GAPDH mRNA expression level and the 2-

AACt method is used to calculate the fold—change. The snap—frozen kidneys are subjected

to acid hydrolysis by heating in 6M HCI at a concentration of 50 mg/ml (95°C,20 hours).

The amount of total collagen in the hydrolysate is quantified based on the colorimetric

detection of hydroxyproline using Quickzyme Total Collagen assay kit (Quickzyme

Biosciences) as per the manufacturer’s instructions.
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Mice treated with decoy |L-11 receptors have a reduced fibrotic response in kidney tissue

as compared to untreated/vehicle treated controls, as evidenced by reduced expression

of markers of fibrosis.

17.3 Lung fibrosis

Mice are treated by intratracheal administration of bleomycin on day 0 to establish a

fibrotic response in the lung (pulmonary fibrosis).

Decoy |L—11 receptors D1 1 R1 or D1 1 R2 are administered to different groups of mice by

intravenous injection. Mice are sacrificed at day 21, and analysed for differences in

fibrosis markers.

Mice treated with decoy |L—11 receptors have a reduced fibrotic response in lung tissue

as compared to untreated/vehicle treated controls, as evidenced by reduced expression

of markers of fibrosis.

17.4 Skin fibrosis

Mice are treated by subcutaneous administration of bleomycin on day 0 to establish a

fibrotic response in the skin.

Decoy |L-11 receptors D1 1 R1 or D1 1 R2 are administered to different groups of mice by

intravenous injection. Mice are sacrificed at day 21, and analysed for differences in

fibrosis markers.

Mice treated with decoy |L-11 receptors have a reduced fibrotic response in skin tissue as

compared to untreated/vehicle treated controls, as evidenced by reduced expression of

markers of fibrosis.

17.5 Eye fibrosis

Mice undergo trabeculectomy procedure as described in Example 7.6 above to initiate a

wound healing response in the eye.

Decoy |L—11 receptors D1 1 R1 or D1 1 R2 are administered to different groups of mice by

intravenous injection, and fibrosis is monitored in the eye tissue.
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Mice treated with decoy |L-11 receptors have a reduced fibrotic response in eye tissue as

compared to untreated/vehicle treated controls, as evidenced by reduced expression of

markers of fibrosis.

17.6 Other tissues

The effect of treatment with decoy |L—11 receptors D1 1 R1 or D1 1 R2 on fibrosis is also

analysed in mouse models of fibrosis for other tissues, such as the liver, kidney, bowel,

and is also analysed in a model relevant to multiorgan (i.e. systemic) fibrosis.

The fibrotic response is measured and compared between mice treated with decoy |L—11

receptors and untreated mice, or vehicle treated controls. . Mice treated with decoy |L—11

receptors have a reduced fibrotic response as compared to untreated/vehicle treated

controls, as evidenced by reduced expression of markers of fibrosis.

Example 18: Genetic biomarkers for lL-11 response

In addition to measuring |L-11 protein as a potential biomarker for fibrosis, we developed

an assay that can predict |L—11 secretion status in humans. This assay could be used as

a companion diagnostic in |L—11—related clinical trials.

We first generated RNA-seq data (Figure 16Error! Reference source not found.) and

determined the genotype of 69 ethnically matched (Chinese) individuals in the cohort

using a SNP array based on fluorescent probe hybridization supplied by Illumina

(HumanOmniExpress 24).

We then performed genome—wide linkage eQTL analysis to assess whether Single

Nucleotide Polymorphisms (SNPs) affect RNA transcript levels of |L-11 or |L-1 1 RA in

unstimulated fibroblasts, in TGFB1 stimulated (5ng/ml, 24h) fibroblasts. We also tested if

the increase in |L-11 upon TGFB1 stimulation (= response) was dependent on the

genotype.

At first we quantified the read count for both |L-11 and |L-1 1 RA in all individuals and

transformed these counts using the variance stabilization (VST) approach of the DESeq2

method (Love et al., Genome Biology 2014 15:550). We then considered |L-11 and IL-

11RA expression in unstimulated (VsTunstim) and stimulated (VSTstim) cells. To assess the

increase in |L-11, we also computed the delta in expression as VSTsiim — VSTunsum. We

corrected the expression values using covariates such as RNA sequencing library batch,

RNA RIN quality score, library concentration, library fragment size, age, gender before
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analyses. SNP and transcript expression, or delta expression, pairs were analysed using

the matrix eQTL approach (Andrey A. Shabalin., Bioinformatics 2012 May 15; 28(10):

1353-1358).

We did not observe variation in cis or trans that significantly affected |L—11 expression in

unstimulated cells. However, we detected distant SNPs that regulated the expression in

stimulated = fibrotic fibroblasts. These variants stratify the population between individuals

that do express low levels of |L—11 and those that express high amounts of |L—11 in

fibrosis. We also detected local and distal variants that predicted the increase in |L—11

expression in response to TGFB1. These variants can be used to stratify individuals into

high and low responders in fibrosis.

The SNPs identified are shown in Figures 33 to 35 and accompanying data is shown in

Figures 36 and 37.
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Claims:

1. An agent capable of inhibiting the action of Interleukin 11 (IL—1 1) for use in a

method of treating or preventing fibrosis.

2. Use of an agent capable of inhibiting the action of Interleukin 11 (IL-11) in the

manufacture of a medicament for use in a method of treating or preventing fibrosis.

3. A method of treating or preventing fibrosis, the method comprising administering

to a subject in need of treatment a therapeutically effective amount of an agent capable of

inhibiting the action of Interleukin 11 (IL—11).

4. The agent for use in a method of treating or preventing fibrosis according to claim

1, use according to claim 2 or method according to claim 3, wherein the agent is an agent

capable of preventing or reducing the binding of |L-11 to an |L-11 receptor.

5. The agent for use in a method of treating or preventing fibrosis according to claim

1 or 4, use according to claim 2 or 4, or method according to claim 3 or 4, wherein the

agent is an |L-11 binding agent.

6. The agent for use in a method of treating or preventing fibrosis, use or method

according to claim 5, wherein the |L-11 binding agent is selected from the group

consisting of: an antibody, polypeptide, peptide, oligonucleotide, aptamer or small

molecule.

7. The agent for use in a method of treating or preventing fibrosis, use or method

according to claim 5, wherein the |L—11 binding agent is an antibody.

8. The agent for use in a method of treating or preventing fibrosis, use or method

according to claim 5, wherein the |L—11 binding agent is a decoy receptor.

9. The agent for use in a method of treating or preventing fibrosis according to claim

1 or 4, use according to claim 2 or 4, or method according to claim 3 or 4, wherein the

agent is an |L—11 receptor (IL—1 1 R) binding agent.
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10. The agent for use in a method of treating or preventing fibrosis, use or method

according to claim 9, wherein the |L—1 1 R binding agent is selected from the group

consisting of: an antibody, polypeptide, peptide, oligonucleotide, aptamer or small

molecule.

11. The agent for use in a method of treating or preventing fibrosis, use or method

according to claim 9, wherein the |L-11R binding agent is an antibody.

12. An agent capable of preventing or reducing the expression of Interleukin 11 (IL—

11) or an Interleukin 11 receptor (IL—1 1 R) for use in a method of treating or preventing

fibrosis.

13. Use of an agent capable of preventing or reducing the expression of Interleukin 11

(IL-11) or an Interleukin 11 receptor (IL-1 1 R) in the manufacture of a medicament for use

in a method of treating or preventing fibrosis.

14. A method of treating or preventing fibrosis, the method comprising administering

to a subject in need of treatment a therapeutically effective amount of an agent capable of

preventing or reducing the expression of Interleukin 11 (IL-1 1) or an Interleukin 11

receptor (IL—1 1 R).

15. The agent for use in a method of treating or preventing fibrosis according to claim

12, use according to claim 13 or method according to claim 14, wherein the agent is a

small molecule or oligonucleotide.

16. The agent for use in a method of treating or preventing fibrosis, use or method

according to any one of the preceding claims, wherein the fibrosis is fibrosis of the heart,

liver, kidney or eye.

17. The agent for use in a method of treating or preventing fibrosis, use or method

according to any one of the preceding claims, wherein the fibrosis is in the heart and is

associated with dysfunction of the musculature or electrical properties of the heart, or

thickening of the walls or valves of the heart.
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18. The agent for use in a method of treating or preventing fibrosis, use or method

according to any one of the preceding claims, wherein the fibrosis is in the liver and is

associated with chronic liver disease or liver cirrhosis.

19. The agent for use in a method of treating or preventing fibrosis, use or method

according to any one of the preceding claims, wherein the fibrosis is in the kidney and is

associated with chronic kidney disease.

20. The agent for use in a method of treating or preventing fibrosis, use or method

according to any one of the preceding claims, wherein the fibrosis is in the eye and is

retinal fibrosis, epiretinal fibrosis, or subretinal fibrosis.

21. The agent for use in a method of treating or preventing fibrosis, use or method

according to any one of the preceding claims, wherein the method of treating or

preventing comprises administering said agent to a subject in which |L—11 or lL—1 1 R

expression is upregulated.

22. The agent for use in a method of treating or preventing fibrosis, use or method

according to any one of the preceding claims, wherein the method of treating or

preventing comprises administering said agent to a subject in which IL—11 or lL—1 1 R

expression has been determined to be upregulated.

23. The agent for use in a method of treating or preventing fibrosis, use or method

according to any one of the preceding claims, wherein the method of treating or

preventing comprises determining whether lL—11 or lL—1 1 R expression is upregulated in

the subject and administering said agent to a subject in which |L—11 or IL-11R expression

is upregulated.

24. A method of determining the suitability of a subject for the treatment or prevention

of fibrosis with an agent capable of inhibiting the action of Interleukin 11 (IL—11), the

method comprising determining, optionally in vitro, whether lL—11 or an Interleukin 11

receptor (IL-11R) expression is upregulated in the subject.

25. A method of selecting a subject for the treatment or prevention of fibrosis with an

agent capable of inhibiting the action of Interleukin 11 (IL—11), the method comprising
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determining, optionally in vitro, whether |L-11 or an Interleukin 11 receptor (IL-1 1 R)

expression is upregulated in the subject.

26. A method of diagnosing fibrosis or a risk of developing fibrosis in a subject, the

method comprising determining, optionally in vitro, the upregulation of Interleukin 11 (IL-

11) or an Interleukin 11 receptor (IL-1 1 R) in a sample obtained from the subject.

27. The method of claim 26, wherein the method is a method of confirming a

diagnosis of fibrosis in a subject suspected of having fibrosis.

28. The method of claim 26 or 27, wherein the method further comprises selecting the

subject for treatment with an agent capable of inhibiting the action of |L-11 or with an

agent capable of preventing or reducing the expression of |L—11 or IL—1 1 R.

29. A method of providing a prognosis for a subject having, or suspected of having

fibrosis, the method comprising determining, optionally in vitro, whether Interleukin 11 (IL-

11) or an Interleukin 11 receptor (IL—1 1 R) is upregulated in a sample obtained from the

subject and, based on the determination, providing a prognosis for treatment of the

subject with an agent capable of inhibiting the action of |L—11 or with an agent capable of

preventing or reducing the expression of |L-11 or |L-1 1 R.

30. The method of claim 29, wherein the method further comprises selecting a subject

determined to have upregulated |L—11 or IL—1 1 R for treatment with an agent capable of

inhibiting the action of |L-11 or with an agent capable of preventing or reducing the

expression of |L—11 or |L—1 1 R.

31. A method of diagnosing fibrosis or a risk of developing fibrosis in a subject, the

method comprising determining, optionally in vitro, one or more genetic factors in the

subject that are predictive of upregulation of Interleukin 11 (IL-11) or an Interleukin 11

receptor (IL-1 1 R) expression, or of upregulation of |L-11 or |L-11R activity.

32. The method of claim 31, wherein the method is a method of confirming a

diagnosis of fibrosis in a subject suspected of having fibrosis.
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33. The method of claim 32 or 32, wherein the method further comprises selecting the

subject for treatment with an agent capable of inhibiting the action of |L—11 or with an

agent capable of preventing or reducing the expression of |L-11 or IL-1 1 R.

34. A method of providing a prognosis for a subject having, or suspected of having,

fibrosis, the method comprising determining, optionally in vitro, one or more genetic

factors in the subject that are predictive of upregulation of Interleukin 11 (IL—1 1) or an

Interleukin 11 receptor (IL—1 1 R) expression, or of upregulation of lL—11 or lL—1 1R activity.
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ACTGCCGCGGCCCTGCTGCTCAGGGCACATGCCTCCCCTCCCCAGGCCGCGGCCCAGCTGACCCTCGGGG
CTCCCCCGGCAGCGGACAGGGAAGGGTTAAAGGCCCCCGGC"CCCTGCCCCCTGCCCTGGGGAACCCCTG
GCCCTGTGGGGACATGAACTGTGTTTGCCGCCTGGTCCTGG"CGTGC"GAGCCTG"GGCCAGA"ACAGCT
GTCGCCCCTGGGCCACCACCTGGCCCCCCTCGAGTTTCCCCAGACCC"CGGGCCGAGCTGGACAGCACCG
TGCTCCTGACCCGCTCTCflCCTGGCGGACACGCGGCAGC“GGCTGCACAGCTGAGGGACAAAT“CCCAGC
TGACGGGGACCACAACCTGGATTCCCTGCCCACCCTGGCCA"GAGTGCGGGGGCACTGGGAGC"CTACAG
CTCCCAGGTGTGCTGACAAGGCTGCGAGCGGACCTACTG"CCTACCTGCGGCACG"GCAG"GGCTGCGCC
GGGCAGG"GGCTCTTCCC"GAAGACCCTGGAGCCCGAGC"GGGCACCCTGCAGGCCCGAC"GGACCGGCT
GCTGCGCCGGCTGCAGCTCCTGATG"CCCGCCTGGCCCTGCCCCAGCCACCCCCGGACCCGCCGGCGCCC
CCGCTGGCGCCCCCCTCC"CAGCCTGGGGGGGCATCAGGGCCGCCCACGCCATCC"GGGGGGGCTGCACC
TGACACT“GACTGGGCCGflGAGGGGACTGCTGC“GCflGAAGACTCGGCTGTGACCCGGGGCCCAAAGCCA
CCACCGC .ATTTATT"A?"TA"TTCAGTACTGGGGGCGAAACAGCCAGGTGA
TCCCCCCGCCAT"ATCTCCCCCTAG"TAGAGACAGTCCT"CCGTGAGGCCTGGGGGGCATCTGTGCCT"A
TTTATAC"TA"T"AT"TCAGGAGCAGGGGTGGGAGGCAGGTGGACTCCTGGGTCCCCGAGGAGGAGGGGA
CTGGGGTCCCGGATTCTTGGGTC"CCAAGAAGTCTG"CCACAGACTTCTGCCCTGGCTCTTCCCCATC"A

1T"AT"TAAGCAA"TACT"TTCATGTTGGGGTGGGGACGGAGGGGAA
AGGGAAGCC_GGGT_ _TGTACAAAAATGTGAGAAACCT“TGTGAGACAGAGAACAGGGAAT“AAATGflG
TCATACAflATCCACT“GAGGGCGATfl“G“CTGAGAGCTGGGGCTGGATGCTTGGGflAACTGGGGCAGGGC
AGGTGGAGGGGAGACCTCCATTCAGG"GGAGGTCCCGAG"GGGCGGGGCAGCGAC"GGGAGA"GGGTCGG
TCACCCAGACAGCTC"GTGGAGGCAGGG"CTGAGCC"TGCC"GGGGCCCCGCACTGCATAGGGCC"TT"G
TTTGTTT"TTGAGATGGAGTCTCGC"CTGTTGCCTAGGC"GGAG"GCAG"GAGGCAA"CTGAGGTCAC"G
CAACCTCCACCTCCCGGG"TCAAGCAAT"CTCC"GCCTCAGCCTCCCGA"TAGCTGGGATCACAGGTG"G
CACCACCATGCCCAGCTAATTATTTATT“CT“T“GTATT“T“AG“AGAGACAGGGTT“CACCATGflTGGC
CAGGCTGGTT“CGAACTCCTGACCTCAGGTGATCCTCCTGCCTCGGCCTCCCAAAGTGCTGGGAT“ACAG
GTGTGAGCCACCACACCTGACCCATAGG"CT"CAATAAA"A"TTAATGGAAGG"TCCACAAG"CACCC"G
TGATCAACAG"ACCCGTAr‘GGGACAAAGCTGCAAGG"CAAGAT" " "" I “r" ' "CACCATAG
CAAACTGGAAACAATCTAGATATCCAACAGTGAGGG"TAAGCAACATGG"GCATCTG"GGATAGAACGCC
ACCCAGCCGCCCGGAGCAGGGAC"GTCA"TCAGGGAGGC"AAGGAGAGAGGC"TGCT"GGGA"ATAGAAA
GA“A“CC“GACATTGGCCAGGCAflGGTGGCTCACGCCTGflAATCCTGGCACT“TGGGAGGACGAAGCGAG
TGGA“CACTGAAGTCCAAGAGTTCGAGACCGGCCTGCGAGACATGGCAAAACCCTGTCTCAAAAAAGAAA
GAATGATGTCCTGACATGAAACAGCAGGCTACAAAACCACTGCATGCTG"GA"CCCAATT"TG"G"TT"T
CT"TCTA"ATATGGATTAAAACAAAAATCCTAAAGGGAAATACGCCAAAATG"TGACAATGAC"G"CTCC
AGGTCAAAGGAGAGAGGTGGGAT"GTGGGTGAC"TTTAA"GTGTATGAT"GTCTG"ATTT"ACAGAAT"T
CTGCCATGACTGTGTATTTTGCA"GACACATTT"AAAAA"AATAAACAC"AT"TT"AGAA"AACAGAAAA

A [SEQ ID NO:;]

 

        
    
  
 

 

     
        

    

       
   

 
     

     
   

        
 

 
  

     
 

             
 

CCTTCCAAAGCCAGATCTT [SEQ ID NO:2]   GCCFTGGGCAGGAACAT‘AFTA [SEQ ID NO:3]

CCTGGGCAGGAACATATAT [SEQ ID NO:4] 
GGTTCATTATGGCTGTGTT [SEQ ID NO:5]

Figure 11
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GGGCTAGGGCATGAACTGGTCCTGGCCCAGGCAGACAGCAC'‘GATGAGGGCACCTACATC'1GCCAGACCC 
TGGATGGTGCACTTGGGGGCACAGC    ‘GACCCTGCAGCTGGGCTACCCTCCAGCCCGCCCTGTC  ‘GTCTCCTG 
CCAAGCAGCCGACTATGAGAACTr1Cr

 
WCTr‘GCACTTGGAGTCCCAGCCAGATCAGCGGTTTACCCACCCGC  TACCTCACCTCCTACAGGAAGAAGACAGr

  ‘CCTAGGAGCTGATAGCCAGAGGAGGAGTCCAr‘CCACAGGGC 
CCTGGCCATGCCCACAGGAC1CCCC':

 
 

  1AGGGGCTGCCCGCTGTGTTGTCCACGGGGCTGAGTTCTGGAGCCA  GTACCGGATTAA'"GTGACTGAGG'‘GAACCCACTGGG'
 
‘GCCAGCACACGCCTGCTGGA'  1GTGAGCTTGCAG 

 
AGCATCTTGCGCCCTGACCCACCCCAGGGCCr 1GCGGGTAGAGTCAGTACCAGGTTACCCCCGACGCCTGC  GAGCCAGCTGGACATACCCC ‘GCCr

 
‘CCTGGCCGC

   1GCCAGCCCCACTTCCTGCTCAAGTTCCGTTTGCAGTA 

CCGTCCGGCGCAGCATCCAGCCC‘GGTCCACGGC  ‘GGAGCCAGCTGGACTGGAGGAGGTGATCACAGATGCT 
GTGGCTGGGCTGCCCCATGCTGC‘ACGAGr‘CAGr ‘GCCCGGGACTTr ‘CTAGATGCTGGCACCTGGAGCACCT  GGAGCCCGGAGGCCTGGGGAACT ‘CCGAGCAC'

 
  CCAGCATGGGGCCAGCT  

ACACACGCAGCCAGAGGTGGAGCCTCAGGTGGACAGCCC’  CCTCGGCTACTTGATCACAGGGACTCTG’ ‘GGAGCAGGTAGC’ 
 
TCCTGGGACTGGTGGCTGGGGCCCTGGCACTGGGGC'1CTGGCTGAGGCTGAGACGGGGTGGGAAGGATGG
 

 ATCCCCAAAGCCTGGGC‘TCTTGGCCr‘CAGTGATIICCAGTGGACAGGCGTCCAGGAGCr‘CCAAACCTGTAG 

AGGACCCAGGAGGGCTT
 
 
    
TGCAGGTGTGAATAAA
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paragraphs [0001], [0019], [0086],
[0087]; claims 8,9; figure 10

AHROM HAM ET AL: "Critical Role of
Interleukin-11 in Isoflurane-mediated

Protection against Ischemic Acute Kidney
Injury in Mice",
ANESTHESIOLOGY.,
vol. 119, no. 6,
1 December 2013 (2013-12-01), pages
1389-1401, XP055359340,
PHILADELPHIA, PA, US
ISSN: 0003-3022, DOI:
10.1097/ALN.0b013e3182a950da
page 7, paragraph 4 - page 8, paragraph 5

WO 98/36061 A2 (UNIV MANCHESTER [GB];
FERGUSON MARK WILLIAM JAMES [GB]; KANE
SHARON O) 20 August 1998 (1998-08-20)
page 6, paragraph 2 - page 11, paragraph
1; claims 1,5

WO 00/78336 A1 (GENETICS INST [US]; UNIV
JOHNS HOPKINS [US])
28 December 2000 (2000-12-28)
page 1, lines 13,14
page 5, line 27 - page 6, line 32
page 15, lines 19-23; claims
13,14,17,21,22

Form PCT/\SA/210 (continuation 01 second sheet) (April 2005)

page 2 of 2
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INTERNAHONALSEARCHREPORT

Information on patent family members

 
  

International application No

PCT/EP2016/081430

Patent document Publication Patent family Publication
cited in search report date member(s) date

US 2010093976 A1 15-04-2010 EP 2077116 08-07-2009
JP 5191393 08-05-2013
US 2010093976 15-04-2010

2008050789 02-05-2008

A2 20-08-1998 6220398 08-09-1998
9836061 20-08-1998

A1 28-12-2000 5756100 09-01-2001
0078336 28-12-2000

Form PCT/\SA/210 (patent family annex) (April 2005)
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PATENT COOPERATION TREATY

From the INTERNATIONAL SEARCHING AUTHORITY PCT
  

 

 

NOTIFICATION OF TRANSMITTAL OF
THE INTERNATIONAL SEARCH REPORT AND

THE WRITTEN OPINION OF THE INTERNATIONAL
SEARCHING AUTHORITY. OR THE DECLARATION

 
 

Clegg, Richard
MEWBURN ELLIS LLP

Olly Tower
40 Basinghall Street
London
Greater London ECZV 5|
ROYAUME UNI

 

 RECEIVED

l 8 APR 2017

inEwauraN ELLIS LLP

   
 
 
  

  
 

 

 
 
 
 
 

 
(PCT Rule 44.1)
 
 

Date of mailing
(day/month/year)

 13 April 2017 (13-04-2017) 

  
Applicant's or agent‘s file reference

RIC/FP7230518 FOR FURTHER ACTION See paragraphs 1 and 4 below

lntemational application No International filing date
da lmonth ear

PCTEP2016’081“0 ( y 4/ ) 16 December 2016 (16-12-2016)
Applicant

 
  

    
 

 
 

SINGAPORE HEALTH SERVICES PTE LTD

1 The applicant is hereby notified that the international search report and the written opinion of the International Searching
Authority have been established and are transmitted herewrth

Flllng of amendments and statement under Article 19:
The applicant is entitled, if he so Wishes, to amend the claims of the International Application (see Rule 46)

When? The time limit for filing such amendments is normally two months from the date of transmittal ofthe
International Search Report

How? Directly to the International Bureau of WIPO, 34 chemin des Colombet‘tes
1211 Geneva 20, Swrtzerland, Fascimile No (41-22) 338 82 70

For more detailed Instructions, see POTApp/Icanl's Guide. International Phase, paragraphs 9 004 - 9 011

2 D The applicant is hereby notified that no international search report Will be established and that the declaration underArticle 17(2)(a) to that effect and the written opinion of the International Searching Authority are transmrtted herewrth

3 D With regard to any protest against payment of (an) additional fee(s) under Rule 40 2, the applicant is notified that

D the protest together With the decision thereon has been transmitted to the International Bureau together With anyapplicant's request to forward thelexts of both the protest and the decisron thereon to the designated Offices

(:1 no decisron has been made yet on the protest, the applicant erI be notified as soon as a decreion is made
4 Reminders

The applicant may submit comments on an Informal basis on the wrttten oplnton of the Intematlonal Searching Authority
to the International Bureau These comments Will be made available to the public after international publication The
International Bureau wrll send a copy of such comments to all designated Offices unless an international preliminary
examination report has been one to be established
Shortly alter the expiration of 18 months from the priority date, the International application will be publlshed by the
International Bureau If the applicant wrshes to avord or postpone publication, a notice of wrthdrawal of the international
application, or of the priority claim, must reach the Intemationel Bureau before the completion of the technical preparations for
international publication (Rules QDbI's 1 and 9013175 3)
Within 19 months from the priority date, but only In respect of some desrgnated Offices, a demand for international preliminary
examination must be filed it the applicant wrshes to postpone the entry into the national phase until 30 months from the priority
date (in some Offices even later), otheniilise, the applicant must, within 20 months from the pnonty date, perform the
prescribed acts for entry Into the national phase before those de3ignated Offices In respect of other deSignated Offices, the
time limit of 30 months (or later) wrll apply even if no demand is filed Within 19 months For details about the applicable time
limits, Offiw by Office, see www wrpo int/pct/en/texts/trme_limits html and the PCTApleoant‘s Guide, National Chapters.

Within 19 months from the priority date, the appllcant may request that a supplementary International search be carried
out by a different lntemational Searching Authority that offers this servrce (Rule 45bfs 1) The procedure for requesting
supplementary international search is described in the POTApplicant’e Guide, International Phase, paragraphs 8.006-6 032

Name and mailing address of the lntemational Searching Authority Authorized officer

European Patent Office, P B 5818 Patentlaan 2 LANGER, MonikaNL-2280 HV Riiswrjk
1.0) Tel (+31-70)340-2040 Tel +49 (0)89 2399-8205

Fax (+31 -70) 340-3016

 
Form PCT/ISA/220 (July 2014)
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PATENT COOPERATION TREATY

PCT

INTERNATIONAL SEARCH REPORT

(PCT Article 18 and Rules 43 and 44)

Applicants or agent s tile reference FOR FURTHER see Form PCT/ISAI220
Hemp-[230518 ACT|ON as well as, where applicable, Item 5 below

International application No International filing date (day/month/year) (Earliest) Pnonty Date (day/month/year)

PCT/EP2016/081430 16 December 2016 (16-12-2016) 16 December 2015 (16-12-201 5)

Applicant

SINGAPORE HEALTH SERVICES PTE LTD

This International search report has been prepared by this International Searching Authority and istrensmitted to the applicant
according to Article 18 A copy Is being transmitted to the lntemational Bureau

This International search report consists of a total 01 5 sheets
It is also accompanied by a copy of each prior art document cited in this report

1 Basis of the report
a With regard to the language, the International search was carried out on the basis of

the international application in the language in which it was filed

atranslation of the international application into , which is the language
of a translation furnished tor the purposes of International search (Rules 12 3(a) and 23.1(b))

b D This international search report has been established taking into account the rectification of an obvious mistakeauthorized by or notified to this Authority under Rule 91 (Rule 43 6ble(a))

c With regard to any nucleotide and/or amino acid sequence disclosed In the International application, see Box No l.

D Certain clalms were tound unsearchabte (See Box No II)

E] Unity of invention ls lacking (see Box No ill)

4 With regard to the title,

the text is approved as submitted by the applicant

E] the text has been established by this Authority to read as follows

5 With regard to the abstract,

the text Is approved as submitted by the applicant

D the text has been established, according to Rule 38 2, by this Authority as it appears in Box No iv The applicantmay, Within one month from the date of mailing of this International search report, submit comments to this Authonty

6 With regard to the drawings,

a the figure of the drawings to be published With the abstract is Figure No

as suggested by the applicant

E] as selected by this Authonty, because the applicant failed to suggest a figure
E] as selected by this Authority. because this figure better characterizes the invention

b E] none of the figures Is to be published With the abstract

 
Form PCT/I SAI21O (first sheet) (January 2015)
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International application No

INTERNATIONAL SEARCH REPORT

Box No. I Nucleotide and/or amino acld sequence(s) (Continuation of Item Le ol the first sheet)

With regard to any nucleotide andlor amino aCId sequence disclosed In the international application, the International search was
carried out on the basis 01 a sequence listing

PCT/EP2016/081430

  
  

a. taming part at the International application as filed  
 

in the form of an Annex C/ST 25 text file

 
 

D on paper or In the form of an Image tile
 

 
b furnished together With the international application under PCT Rule 1 3ler 1 (a) for the purposes of international search

only in the term of an Annex C/ST 25 text file  

 c D furnished subsequent to the international filing date for the purposes of international search only  
 D In the form at an Annex C/ST 25 text file (Rule 13ler1(a))

  D on paper or in the lorrn clan image file (Rule 13ter1 (b) and Administrative Instructions. Section 713)
 
 
 

 In addition, in the case that more than one version or copy of a sequence listing has been filed or furnished, the requued
statements that the inlormation in the subsequent or additional copies is identical to that taming part of the application as
tiled or does not go beyond the application as filed, as appropriate, were furnished
 

 
Additional comments

Form PCT/lSA/210 (continuation of first sheet (1)) (January 2015)
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. CLASSIFICATION OF SUBJECT MATTER

INV. C07K16/24 C07K16/28
ADD.

NTERNAHONALSEARCHREPORT
lnternctlonal application No

PCT/EP2016/081430

A61K39/00

According to International Patent Classification (IPC) or to both national classification and IPC
B, FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
C07K C12N A61K

Documentation searched other than minimum documentationtc the extent that such documents are included in the holds searched

Electronic data base consulted during the intematicnal search (name of data base and, where practicable, search terms used)

EPO-lnternal, WPI Data

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category' Citation of document, With indication. where appropriate, of the relevant passages

M. OBANA ET AL:

Myocardial Infarction",
CIRCULATION,
vol. 121, no. 5,

684-691, XP055359357,
ISSN: 0009-7322, DOI:

1-3,5

figure 2

m Further documents are listed in the continuation of Box 0
' Special categories of cited documents

'A' document defining the general state of the art which is not considered
to be of particular relevance

'E' earlier application or patent but published on or atter the international
Fling date

'L' document which mayttircw doubts on pncnty claim a) orwhich is
cited to establish the publication date of another or tion or other
special reason (as specified)

'0' document referring to an oral disclosurel use. exhibition or othermeans

'P' document published pncrtc the intematicnal filing date but later than
the priority date claimed

Data at the actual completion of the intemabonal search

7 April 2017

Name and mailing address of the ISA]
European Patent Olfice, P B 5818 Patentlaan 2
NL - 2260 HV RijsWIjk

Tel (+31-70) 340-2040.
Fax (+31-70) 340-3016

Form PCTIISAIZlO (amend sheet) (April 2005)

10.1161/C1RCULATIONAHA.109.893677
page 685, left-hand column, paragraphs 

Relevant to claim No

"Therapeutic Activation
of Signal Transducer and Activator of
Transcription 3 by Interleukin-11
Ameliorates Cardiac Fibrosis After

9 February 2010 (2010-02-09), pages

1-34

_/__

page 686, right-hand column, paragraph 1 -
page 687, right-hand column, paragraph 2;

page 689, left-hand column, paragraph 1 -
page 690, right-hand column, paragraph 2

See patent tamfly annex

'T' later document published after the intematicnal filing date or priority
date and not in conflict With the application but cued to understand
the principle or theory underlying the invention

'X' document of particular relevance, the claimed invention cannot beconsidered novel or cannot be considered to involve an inventive
step when the document is taken alone

'Y' document of particular relevance, the claimed invention cannot be
considered to involve an inventive step when the document is
combined With one or more other such documents. such combination
being obvrous to a person skilled in the art

'&' document member ofthe same patent family

Date of mailing of the intemational search report

18/04/2017
Authorized officer

Page, Michael

 
page 1 of 2
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INTERNAflONALSEARCHREPORT

  
 

  
 

International appllcallon No

PCT/EP2016/081430

Categmy' Gflatmn of document, wrlh indIcabon, where sppmpnate, of the reIevsnt passages Relevant to claim No

M Stangou ET AL: "Effect of IL-11 on
g1omeru1ar expression of TGF-beta and
extrace1lu1ar matrix in nephrotoxic
nephritis in Wistar Kyoto rats",
J Nephrol,
1 January 2011 (2011-01-01), pages
106-111, XP055359363,
Retrieved from the Internet:

URL:http://www.ncbi.nlm.nih.gov/pubmed/206
40990

[retrieved on 2017-03-28]
abstract

page 106, right-hand coiumn, paragraph 1-3
page 107, right-hand coiumn, paragraph 4 -
page 108, right-hand column, paragraph 1
page 109, left-hand c01umn, paragraph 1 -
right-hand co1umn, paragraph 1
page 110, left-hand column, paragraph 2

US 2010/093976 A1 (AZUMA JUNICHI [JP] ET
AL) 15 Apri] 2010 (2010—04-15)
paragraphs [0001], [0019], [0086],
[0087]; claims 8,9; figure 10  AHROM HAM ET AL: "Critical Roie of
Interleukin-11 in Isoflurane-mediated

Protection against Ischemic Acute Kidney
Injury in Mice",
ANESTHESIOLOGY.,
vol. 119, no. 6,

1 December 2013 (2013-12-01), pages
1389-1401, XP055359340,
PHILADELPHIA, PA, US
ISSN: 0003-3022, DOI:
10.1097/ALN.0b013e3182a950da
page 7, paragraph 4 - page 8, paragraph 5

N0 98/36061 A2 (UNIV MANCHESTER [GB];
FERGUSON MARK WILLIAM JAMES [GB]; KANE
SHARON 0) 20 August 1998 (1998-08-20)
page 6, paragraph 2 — page 11, paragraph
1; claims 1,5

we 00/78336 A1 (GENETICS INST [US]; UNIV
JOHNS HOPKINS [US])
28 December 2000 (2000-12-28)
page 1, lines 13,14
page 5, line 27 - page 6, line 32
page 15, lines 19-23; ciaims
13,14,17,21,22

Form PCT/ISA/210 (oonllnuatmn oi second sheet) (Ann! 2005)

page 2 of 2
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INTERNANONALSEARCHREPORT
International application No

Intormatlon on patent lamlly members

 
 

     

PCT/EP2016/081430

cued In search report date member(s) date

US 2010093976 A1 15—04-2010 EP 2077116 08-07-2009
JP 5191393 32 08-05-2013
US 2010093976 A1 15-04-2010

2008050789 02-05-2008

A2 20-08-1998 6220398 08-09-1998
9836061 20-08-1998

A1 28-12-2000 5756100 09-01-2001
0078336 28-12-2000

  

 

 
 
 

  

 

 
 

  
  

Form PCT/ISAf210 (patent lamuly annex) (April 2005)
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EPOFORMP04A42

 
Information on Search Strategy - Pilot phase (see OJ 2015, A85) App"°a"°" Numb”Th f nf I l d ' "I h l h d th I If

theeutgygfilfiqelaacgwallsoaeovegealrclege In In 5 Ge may 0 ange unng 9 pl 0 0' Improvmg PCT/ EP2016/081430

TITLE: TREATMENT OF FIBROSIS

APPLICANT: SINGAPORE HEALTH SERVICES PTE LTD

IPC CLASSIFICATION: C07K16/24, C07K16/28, A61K39/OO

EXAMINER: Page, MichaeI

CONSULTED DATABASES: NPL, WPI

CLASSIFICATION SYMBOLS DEFINING EXTENT OF THE SEARCH:

IPC:

CPC: C07K16/244, C07K16/2866, C07K2317/24, C07K2317/76, C07K2319/00,
C12N2310/14, A61K2039/505. C07K2317/21, CO7K2317/73

FI/F-TERMS:

KEYWORDS OR OTHER ELEMENTS FEATURING THE INVENTION:

InterIeukin 11, IL-11, Interleukin 11 receptor, IL-llR, fibrosis, fibrogenesis,
fibrotic
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PATENT COOPERATION TREATY

From the
INTERNATIONAL SEARCHING AUTHORITY

PCT

WRITTEN OPINION OF THE

INTERNATIONAL SEARCHING AUTHORITY

(PCT Rule 43bis.1)

see form PCT/ISA/220

Date of mailing
(dayfinonth/year) see form PCT/ISA1210 (second sheet)  
 

 
 

Applicant's or agent's file reference FOR FURTHER ACTION
see form PCT/ISABZO See paragraph 2 below

International application No International filing date (day/inonth/year) Pnonty date (day/tnonth/year)
PCT/EP2016081430 16.12.2016 16.12.2015

International Patent Classitication (IPC) or both national classmcation and IPC
INV. CO7K16/24 C07K1 6128 A61 K3900

Applicant
SINGAPORE HEALTH SERVICES PTE LTD

This opinion contains indications relating to the following items:

  
  

Box No. | Basis of the opinion

Box No. II Priority

Box No. ||| Non-establishment of opinion with regard to novelty, inventive step and industrial applicability

Box No. IV Lack of unity of invention

Box No. V Reasoned statement under Rule 43bis.1(a)(i) with regard to novelty, inventive'step and industrial
applicability; Citations and explanations supporting such statement

Box No. VI Certain documents cited

EDDDIZI
Box No. VII Certain defects in the international applicationIZICIEI Box No. V||| Certain observations on the international application

FURTHER ACTION

If a demand for international preliminary examination is made. this opinion will usually be considered to be a
written opinion of the International Preliminary Examining Authority ("IPEA") except that this does not apply where
the applicant chooses an Authority other than this one to be the IPEA and the chosen IPEA has notifed the
International Bureau under Rule 66.1 bis(b) that written opinions of this International Searching Authority
Will not be so conSIdered.

If this opinion is. as provided above, considered to be a written opinion of the IPEA. the applicant is invited to
submit to the IPEA a written reply together. where appropriate, With amendments. before the expiration of 3 months
from the date of mailing of Form PCT/ISA/22O or before the expiration of 22 months from the priority date.
whichever expires later.

For further options,,see Form PCTASAQZO.

Name and mailing address of the ISA Date of completion of Authorized Officer
this opinion

fl European Patent Office see form ._ o-aozsa Munich PCT/ISM” Page, Michael
Tel +49 89 2399 -_0 Telephone No +49 89 2399-0Fax +49 89 2399 - 4465

 
Fon-n PCT/ISA/237 (Cover Sheet) (January 2015)
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WRITTEN OPINION OF THE international application No.
INTERNATIONAL SEARCHING AUTHORITY PCT/EP201 61081430

Box No. I Basis of the opinion

1. With regard to the language, this opinion has been established on the basis of:

2.

3.

4.

>24

I]

El

IZI

I]

the international application in the language in which it was tiled.

a translation of the international application into , which is the language of a translation furnished for the
purposes of international search (Rules 12.3(a) and 23.1 (b)).

This opinion has been established taking into account the rectification of an obvious mistake authorized
by or notified to this Authority under Rule 91 (Rule 43bis.1(a))

With regard to any nucleotide and/or amino acid sequence disclosed in the international application, this
opinion has been established on the basis of a sequence listing:

a. IZI forming part of the international application as filed:

in the form of an Annex C/ST.25 text file.

El on paper or in the form of an image file.

b. E] furnished together with the international application under PCT Rule 13ter.1(a) for the purposes of
international search only in the form of an Annex C/ST.25 text file.

C. III furnished subsequent to the international filing date for the purposes at international search only:

El in the form of an Annex CiST.25 text file (Rule 13ter.1(a)).

[I on paper or in the form of an image tile (Rule 13ter.1(b) and Administrative Instructions, Section
713).

in addition, in the case that more than one version or copy of a sequence listing has been filed or furnished,
the required statements that the information in the subsequent or additional copies is identical to that
forming part of the application as filed or does not go beyond the application as filed, as appropriate, were
furnished.

5. Additional comments:

Form PCTASA/ 237 (January 2015)
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WRITTEN OPINION OF THE
INTERNATIONAL SEARCHING AUTHORITY

International application No.
PCT/EP2016/081430

Box No. V Reasoned statement under Rule 430is.1(a)(i) with regard to novelty, inventive step or
industrial applicability; citations and explanations supporting such statement

1 . Statement

Novelty (N)

Inventive step (IS)

Industrial applicability (IA)

2. Citations and explanations

see separate sheet

Box No. VIII Certain observations on the international application

Yes:

No:

Yes:

No:

Yes:

No:

Claims

Claims

Claims

Claims

Claims

Claims

The following observations on the clarity of the claims, description, and drawings or on the question whether the
claims are fully supported by the description, are made:

see separate sheet

Form PCT/ISA/237 (January 2015)
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WRITTEN OPINION OF THE International application No.

INTERNATIONAL SEARCHING

AUTHORITY (SEPARATE SHEET) PCT/EP2016/081430 

1 Bikini

Reasoned statement with regard to novelty, inventive step or industrial

applicability; citations and explanations supporting such statement

1.1 Reference is made to the following documents:

D1 M. OBANA ET AL: "Therapeutic Activation of Signal Transducer and

Activator of Transcription 3 by Interleukin-11 Ameliorates Cardiac

Fibrosis After Myocardial Infarction",

CIRCULATION,

vol. 121, no. 5, 9 February 2010 (2010-02-09), pages 684-691,

XP055359357,

ISSN: 0009-7322, DOI: 10.1161lClRCULATIONAHA.109.893677

D2 M Stangou ET AL: "Effect of IL-11 on glomerular expression of TGF-beta

and extracellular matrix in nephrotoxic nephritis in Wistar Kyoto rats",

J Nephrol, 1 January 2011 (201 1-01-01), pages 106-111, XP055359363,
Retrieved from the Internet:

URLzhttp://www.ncbi.n|m.nih.gov/pubmed/20640990

[retrieved on 2017-03-28]

D3 US 2010/093976 A1 (AZUMA JUNICHI [JP] ET AL) 15 April 2010

(2010-04-15)

D4 AHROM HAM ET AL: "Critical Role of Interleukin-11 in lsoflurane—

mediated Protection against lschemic Acute Kidney Injury in Mice",

ANESTHESIOLOGY.,

vol. 119, no. 6, 1 December 2013 (2013-12-01), pages 1389-1401,

XP055359340,

PHILADELPHIA, PA, US

ISSN: 0003-3022, DOI: 10.1097/ALN.Ob013631828950da

DS WO 98/36061 A2 (UNIV MANCHESTER [GB]; FERGUSON MARK

WILLIAM JAMES [GB]; KANE SHARON O) 20 August 1998

(1998-08-20)

D6 WO 00/78336 A1 (GENETICS INST [US]; UNIV JOHNS HOPKINS [US])

28 December 2000 (2000-12-28)

1.2 Novelty - Art.33(1) and (2) PCT:

Form PCT/ISAI237 (Separate Sheet) (Sheet 1) (EPO-Aprll 2005)
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WRITTEN OPINION OF THE International application No.

INTERNATIONAL SEARCHING

AUTHORITY (SEPARATE SHEET) PCT/EP2016/081430

Antagonists of |L-6 and |L-13 for preventing fibrosis are known in the art (05,

D6). Not, however, lL-11.

1.3 Inventive Step - Art.33(1) and (3) PCT:

DS and DB are both considered to be equivalent closest prior art in that they

solve the same technical problem; prevention of fibrosis through antagonism

of pro-fibrotic interleukins (claims 1-23), determination of patients suitable for

treatment with the same (claims 24 and 25) diagnosis (claims 26-28, 31 and

32) or prognosis (claims 29 and 30).

The subject matter of claims 1-34 is not regarded as being inventive as it

appears that the technical problem has not been solved.

The results and conclusions of D1-D4 all call into question the conclusions

drawn by the Applicant that antagonists of |L-11 have the claimed technical

effect. D1 and D2 both teach that |L-11 prevents fibrosis in heart tissue. D3

teaches the same for the kidney.

Although the application demonstrates that |L-11 is upregulated in fibroblasts
in response to TGFBI (as expected; Example 2), this is considered to

correspond to the activation state of fibroblasts. In vivo experiments

demonstrated a correlation to collagen production in kidney, heart and liver

tissues (Figure 8).

Example 5 documents that |L-11 is pro-fibrotic in a number of in vitro assays

involving cultured cells.

Given that D1, D2 and D3 all comprise data from animal experiments,

whereas the data in the examples is largely in vitro from cell culture, the

Examiner takes the view that on balance, it is the results of the application

which are artificial and the claimed thereapeutic and diagnostic applications
are not considered to be viable.

2 Re Item VIII

Certain observations on the international application

2.1 Claim 1 of the application recites an agent capable of inhibiting the action of

|L-11 for use in a method of treating or preventing fibrosis. Claim 3 concerns

a method of treating or preventing fibrosis using suchan agent.

Form PCT/ISN237 (Separate Sheet) (Sheet 2) (EPO-Aprll 2005)
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WRITTEN OPINION OF THE lnternational application No.

INTERNATIONAL SEARCHING

AUTHORITY (SEPARATE SHEET) PCT/EP2016/081430

The prevailing opinion in both the patent- and in the scientific literature is that

lL-11 is an amt-fibrotic agent (D1, D2, D3). This stands in direct contradiction

to the results of Examples 2, 3, 5 and 7 of the application.

As stated above, D1 and D2 both teach that lL-11 prevents fibrosis in heart

tissue. D3 focusses on the kidney.

The application demonstrates that lL-11 is upregulated in fibroblasts in

response to TGFB1 (as expected; Example 2) but also that this corresponds

to the activation state of fibroblasts. In vivo experiments demonstrated a

correlation to collagen production in kidney, heart and liver tissues (Figure 8).

Example 5 documents that lL-11 is pro-fibrotic in a number of in vitro assays

involving cultured cells.

Given that D1, D2 and D3 all comprise data from animal experiments,

whereas the data in the examples is largely in vitro from cell culture, the

Examiner takes the view that on balance, it is the results of the application

which are artificial and the claimed thereapeutic and diagnostic applications

are not considered to be supported by the description. Consequently, mm of

claims 1-34 are considered to meet the support requirements of Article 6 PCT

since neither diagnosis nor treatment are plausibly achieved.

2.2 Claims 1-6, 9, 10 and 12-23 are all unclear insofar as the skilled person is left

in the dark with respect to the structural nature of the agent (Article 6 PCT).

2.3 Claims 4-11 and 15-23 are all mixed category claims and as such are not

considered to meet the clarity requirements of Article 6 PCT. In order to be

clear, claims should pertain to a method or a product, but not both.

2.4 No unified criteria exist in the PCT Contracting States on the question

whether methods of treatment are industrially applicable, as they are not

considered to be industrially applicable in the EPC. No opinion can be given,

therefore, on the industrial applicability of claims 3-11 and 14-23, which all
claim such methods.

Form PCT/ISAI237 (Separate Sheet) (Sheet 3) (EPO-April 2005)
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Possible steps after receipt of the international search report (ISR) and written

opinion of the International Searching Authority (WOIISA)
 

General For all international applications, the competent International Searching
information Authority (ISA) will establish an international search report (ISR) accompanied

by a written opinion of the International Searching Authority (WOIISA). The
WOIISA may be responded to by

. filing informal comments with the International Bureau of WIPO (IB)
(where no demand for international preliminary examination (demand)
is filed)

. filing amendments under Art. 19 PCT (this can be done whether or not
a demand is filed)

. filing amendments under Art. 34 PCT and/or formal observations in
response to objections raised in the WOIISA (where a demand is
actually tiled)

This document explains these possibilities.

 

Filing informal After receipt of the ISR and WOIISA, the applicant may file informal comments
comments on the WOIISA. directly with the IB (see lntemational Search and Preliminary

Examination Guidelines 2.15). These will be communicated to the
designated/elected Offices, together with the International Preliminary Report
on Patentability (IPRP) at 30 months from the priority date.

 

Amending claims The applicant may file amended claims under Art. 19 PCT, directly with the
under IB by the later of the following dates:
Art. 19 PCT

' o 2 months from the date of mailing of the ISR and the WOIISA
. 16 months from the priority date

However, any such amendment received by the 18 after the expiration of the
applicable time limit shall be considered to have been received on time by
the IB. if it reaches it before the technical preparations for international
publication have been completed (the 15th day prior to the date of publication,
see PCT Applicant's Guide, International Phase. 9.013).

For further information, please see Rule 46 PCT as well as form PCT/lSA/220.

Please also note that, when filing amended claims under Art. 19 PCT, such
amendments shall be accompanied by a letter identifying the amendments

made and also the basis for the amendments in the application as originally
filed (Rule 46.5(b) PCT). Where a demand is filed, failure to comply with this
requirement may result in the amendments being ignored in the lntemational

Preliminary Examination Report (IPER), see Rule 70.2(c-bis) PCT.

 

BNSDOCID (XS__2007040106K_I_>
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Filing a demand
for international

preliminary
examination

Filing a request

In principle. the WOIISA will be considered to be the written opinion of the
lntemational Preliminary Examining Authority (IPEA). Where the WOIISA
issued by the EPO as ISA gives a positive opinion on the international
application and the invention to which it relates, filing a demand with the EPO
as IPEA.would normally be unnecessary. since a positive IPRP would anyway
be established by the IB based on the WO/ISA (see also further below).

If the applicant wishes to file a demand (for example, to allow him to argue his
case in international preliminary examination with regard to objections raised in
a negative WOItSA before the lPEA issues an lPER). this must be done before

expiration of 3 months after the date of mailing of the ISR and WOIISA or
22 months after priority date. whichever expires later (Rule 54bis PCT).
Amendments under Art. 34 PCT can be filed with the IPEA, normally at the
same time as filing the demand (Rule 66.1(b) PCT) or within the time limit set
for reply to any written opinion issued during international preliminary
examination by the IPEA.

if a demand is filed at the EPO as IPEA and no comments/amendments have

been received by the time the EPO starts drawing up the lPER (Rule 66.4bis
PCT). the WOIISA will be transformed by the IPEA into an lPER (also called
the IPRP (Chapter it) which would merely reflect the content of the WOIISA
(OJ 10/2011, 532). The demand can still be withdrawn (Art. 37 PCT).

Please also note that. when filing amendments under Art. 34 PCT. such
amendments shall be accompanied by a letter which identifies the
amendments made and also the basis for the amendments in the application
as originally filed (Rule 66.8(a) PCT). Failure to comply with this requirement
may result in the amendments being ignored in the lPER (IPRP (Chapter It».
see Rule 70.2(c-bis) PCT.

 

The applicant may. with the IB, file a request for supplementary international
for supplementary search under Rule 45bis.1 PCT. The present lSR and WO/lSA may also be
international
search

End of the
international

phase

BNSDOCID <XS 200704010CK_I_> 

taken into account in the execution of that supplementary international search,
provided that these are available to the Authority charged with this task before
it starts the supplementary search (Rule 45bis.5 PCT).

This kind of request cannot be filed specifying the lSA who did the
international search.

More information on this topic can be found in the PCT Applicant's Guide.
Chapter 8 (http://wwwwigo.int/gctlenlguide/ipoa.html).

 

Where no demand is filed, at the end of the international phase, the IE will

transform the WOIISA into the IPRP (PCT Chapter I) (Rule 44bis PCT). which
will then be transmitted together with possible informal comments to the
designated Offices. Where a demand is filed. the WOIISA is not transformed
into an IPRP (Chapter I) by the IE. but rather the IPEA will establish an lPER,

(the lPER is the same as the IPRP (PCT Chapter II). see Rule 70.15 PCT).
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  Bitte beachten Sie, dass angef'Lihrte Nichtpatentliteratur (wie z. B.

wissenschattliche oder technische Dokumente) je nach geltendem Recht
dem Urheberrechtsschutz und/oder anderen Schutzarten filr schriftliche

Werke unterliegen kdnnte. Die Vervielfaltigung urheberrechtlich

geschiitzter Texte, ihre Venrvendung in anderen elektronischen oder

gedruckten Publikationen und ihre Weitergabe an Dritte ist ohne

ausdriickliche Zustimmung des Rechtsinhabers nicht gestattet.

 
 

  
  
  

Veuillez noter que les ouvrages de la littérature non-brevets qui sont

cités, par exemple les documents scientitiques ou techniques, etc.,

peuvent étre protégés par des droits d'auteur et/ou toute autre protection
des écrits prévue par les législations applicables. Les textes ainsi

protégés ne peuvent étre reproduits ni utilises dans d'autres publications

électroniques ou imprimées, ni reditfusés sans l'autorisation expresse du
titulaire du droit d'auteur.

Please be aware that cited works of non-patent literature such as

scientific or technical'documents or the like may be subject to copyright

protection and/or any other protection of written works as appropriate

based on applicable laws. Copyrighted texts may not be copied or used

in other electronic or printed publications or re-distributed without the

express permission of the copyright holder.

 
XS CPRTENFRDE

BNSDOCID <xs zooe1omoacr=_r_>
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GEE-many Tel +44 (0)20 7776 5300 E :iggiioEbe iiiéiligifc-ZgngFax. +44 (0)330111 4455 Jeremy Web Dan Thornton
‘ mail@mewburn.com : Richard Johnson EiiolWam‘

14 August 2017 § www‘mewhdrnxcm Lindsey Woolley RhiannenWevzcoit

FELED ELEC?RONECALLY

BEFORE THE EURQPEAN PATENT 0 CE EPQ

ACTENG AS THE
ENTERNATEQNAL PRELEMENARY EXAMENATEO THGRETY EPEA

Dear Sirs

(Eur Ref: APGIFPFEBQS‘E B

This Setter accnmpanies the Cha

1. Fees

 The feiiewing tees er eing paid 0

PCT Preiirn minetien Fee Eure 1939

PCT Handti g Euro 183
TOTAL: Euro 2113

if any additional fees are required so that this Chapter il Demand is deemed to be fiied,
then the EPO is antherised to deduct such fees from my finn’s deposit aeeeunt number
28050913 nnderthe reference SHORTFALL, informing me in writing that this has been
done.

2. Amendments

Amended cieims 1 to 14 are fiied under Artiste 34 PCT en repiaeement pegee 94 and 95.
Fortne examiner’s convenience e marked up version is inciuded for reference oniy.

independent claims 1, 2 and 3 are amended t0 specify that the agent is an antibody capable

of binding te interleukin 11 (iL—11)eriL—11 receptdrd (lL—11Ftd), and is capebie dtinhibiting
£1.41 mediated signailing. Basis; for the amendment corned from, eg. page 4, tines 443:
page 9, line 33; and page 10, tines 19 in 22 01" PCTIEPEMS/DSMW as fiied.

 
  

  
' Ellis L' '> -‘ " '1 i " .' \ " \ d in England no. 00305749

offic . , i ‘t
d by the Intelleciua
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Claims 1, 2 and 3 are also amended to specifiy use treating/preventing fibrosis in a human.
Basis comes from eg. page 4-2, lines 2-5

Claim 5 is amended for conformity with claims 1, :2 and 3 as currently amended.

Previous claims 8 to 8 are deleted.

Claim 6 (previous claim 9) is amended for conformity with claims 1, 2 and 3 as currently

amended, and also to specify lL-lle. Basis comes from, e.g. page 9, line 33.

Previous claims ti) to 15 are deleted.

Claims 7 to til. (previous claims to to 23) are amended editorially for improved readability,
and for conformity with amendments to the claims from which they depend.

Previous claims 24 to 34 are deleted.

 
 

 

   
 
 

 
 

 

it is hereloyl submitted that the claim amendmente do not exte

international application as filed, in accordance with
beyond the disclosure otthe
Mb) PCT, second sentence.

3. Novelty

i thank the Examiner for recognising that in:

4, inventive Stag

The Examiner comments th

inventive as the technic

The Examiner consid

kidney tissue, and so a~ agent can to of inhibiting the action of lL—tt would not be useful to
treat/prevent fibrosis.

 

Favourable reconsideration otthe objection is respectfully redurested in View oithe following
submissions.

4.1 Prior art studies relating to the role of lL-tt

Ghana et al. Circulation t2t3tt3l 12115):584-591 (tilt; is cited by the Examiner as evidence
that iL—tt prevents fibrosis in heart tissue. £31 discloses that treatment with lL—tt reduced
the fibrosis area 14 days after myocardial infarction (hill) in a mouse model of Ml by coronary

ligation (see eg. Abstract).

importantly. in the exoeriments reported in M mice were treated with recombinant human
li_~tt —- see page €385, left column, paragraph entitled ‘Coronary Artery Ligation and iL-tt
Treatment, final sentence:

“in the list 1 group, recombinant human lL—“i “I (Peprotech) was administered
intravenously for 5 days consecutively; the control group received the same volume

ofpnosphatenbuffered saline (PBS) during the same period. " {emphasis added]

 
 
 

‘ ‘ ‘ hip. Registered in England no. 00305749
at, London ECZ‘VSDE

iy Regulation Board
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Stangeu et at. J Neghrol (2011') 1954 M £92} is also cited by the Examiner. This dncument
dissieses suppression of giemeruiar expression of TGth and extraceituiar matrix depesitien

in rat models at gidmeruionephritis foiiowing administration of a high times of reeombinant
human iL-tt (is. rhlL-tt; see eg. page 196, right soiumn. second sentence).
 

The Abstract to BE, ‘iirietheds; and ‘Results’ provide:

“Methods: Foiiowing induction of nephrotoxis nephritis, expression of TGF—fit‘i, a-

smooth muscie actin (d~SMA), fibrenectin and p—piit? MAPK was detected in the
kidney. Rats were treated either with vehicie or rhitw‘tt at a high er low dose and
suited on day 6.
Results: A high dose at” rhiL-‘i‘i resuited in a significant reductieh in the giomeruiar

expression of TGF~51 (0.4 e 0.1 vs. 2.04 i 0.4 semiouantitetive scare, p<d.005), d—
Sii/i/it (0.6 i 0.2 vs. 1.5 s 0.3, mean and fihmnectin (0.5 i 0.1 vs. 1.5 i 0.1, p<0.02).
The perigiomeruiar expression at d—SMA and fibroneetin was significantiy reduced in
rats treated with the high dose of mil-:11 (9.5% a 2" . 92% a 2.5% of glomeruii,

p<0.01; and 26% i: 4.9% vs. Q4953 :t 7.9% of giemeru <0.005, respectively). There
was a slight but insignificant reduction nip-p38 MAF’it’~ _ iLuit treated rats.
Treatment with iowwdose tidbit did not red I n of these moieeuies.

{emphasis added}

 
 

 

 
  
  
 

 

 
 

 
 

US 2010iti€33976 At {DB} cited by the Exam
from the research greue of £31 (ted by Prof:
{ODSBE-EOOSY} disctose that in a myocardiai
reduced infarct area (measured ast

I odei, mice treated with tL-tt had a
hmiic area in the left ventricuiar

  human iL-t’i. Paragraph {0
which is the same source

for the experiments of '
(Kimura; encisoed) i

many otthe experime _
3ac of Kimura; Fig. 5 d .,

‘ iL- 11 was obtained from PeproTech
an iL-i i used by the same researchers

, . C okirie 2007 38(2 :107-15

'on by the same research group which describes

sciosed in 93 — compare Figs. 2— 4 of D3 with Figs.
8 at Kimura; and Fig. 9 of £33 with Fig.1 at Kimura.

 

. Furthermd

other puhti
and result

 

  
 

 

Page 168, iet‘t coiumn, East compiete paragraph of Kimura makes ciear that the experiments
used recombinant human lL-tt, which was again purchased from Pepratech.

 

Therefere, each at [)1 is £33 report the resuits of studies which are fundamentally flawed in

analysing effects teiiowing administration efthe human iL-it meiecuie in redent medals of
disease processes.

  

The effects observed in these studies toiiowing administration of human iLutt cannot be

separated from, for exampie, the mouse/rat host response to this hen—host moiecuie.

 

Furthermore, it cannot be assumed that effects observed for human iL—tt in mouse and rat

weuid accurately reflect the rote of human iL—t‘l in fibrosis in humans. Human iL-t’i. 1m 1—

Rd and gp13() moiecuies have distinct amino acid sequences to their mouse and rat
homologues, and se it cannot be assumed that human iL—"it weuid interact with mouse and
rat receptor molecuies to effect the same outcomes as would he ebserved in humans.

 
 
 

Mewbum Ellis 'L' '> " ' ""'
Registered oihc
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This is further supported by Figure 20F ofthe present appiication, which shows that mouse
fibroblasts are considerably more sensitive to activation in vitro to a pro—fibrotic myofibrohiast

phenotype by treatment with rnurine iL-—tt as compared to treatment with human iL--tt (see
accompanying iegend on page 55).

Ham et at. Anesthesiology (2013) ttgietz 1389-1401 (E34) is also cited by the Examiner.

This document reports induction of tL—ti mRNA and protein expression by human kidney
proximal tubule ceiis and mouse kidney cells cultured in virro, and by mouse kidney in vii/o,

following treatment with isofiuorane,

Figures 6-9 are disetosed to show protective effects for iL—‘l‘l following ischemic acute kidney
injury, using iL-11R WT and knockout mice. We note that these assays evaluate correlates
of renai function, necrosis, neutrophii intittration and apoptosis. None ofthe experiments of
£34 investigate the effect of iL—‘i ‘i in fibrosis.

 

it will be clear from the foregoing explanation that it is not pos

meaningful conciusions as to the role of lL—11 in fibrosis fro

ie to draw any scientifically
to B4.

 

 
 

 

 
 
 
 

 

 
 

  
 

 
Moreover, Annex E fiied herewith provides further e
in at are invaiid, and that conclusions drawn fromt

e experiments performed
fallacious.

Annexi reports the resuits of studies in whi
coronary artery ligation, or sham—operated, -~
with PBS orwith recombinant mouse iL-t t.

infarct was generated in mice by
e mice were then treated either

 

n increase in severai markers ofthe
re 1A of Annex i shows increased

as determined by Masson‘ s trichrome

ession of dSMA (as measured by ACTAZ

fibrosis associated with lett trea
coitagen deposition (a known indi

stain'ng Figure ‘iA aiso re

iai infarction, and so the level of ACTA2 is an

t: response Figures t3 and 1C: reveal that it. 11

catty significant increase in epicardiai thickness at the

extremeiy reliahie ind
treatment was associ _

caused a statisticaiiy signiti auction in heart function as determined by anai'ysis of the
ejection fraction and fractionat shortening

Annex E indicates that treatment of mice with mouse th11 following myocardial infarction
increases fibrosis, and is associated with a reduction in heart function.

 

4.2

The present application provides a weatth of data demonstrating a pro—fibrous: rote for iL-t t,
and establishing the therapeutic utiiity of antagonists of lL-tt mediated signalling in the

treatment/prevention of fibrosis.

The data of the present a iication    

Some ofthe key data are highiighted heiow.

Example 2 at page 60, third paragraph and Figures 7A and YB demonstrate that incubation
of primary human atriai fibroblasts with recombinant human iL—tt increases deposition of
coilagen toy fihro'otasts, a wail—established fihrotic process. Moreover, treatment with
neutralising antivtL-tt antibody (out not isotype control antibody) is shown to abrogate

 
 
 

Mewhurn Ellis 'L' '> " ' ""'
Registered offio
Regulated by the Intelleclua
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ooiiagen production induced by stimuiation ofthe fibroblasts with TGFtBt (a known pro-
fihrotio stimuius).

Exampie 3 at page 61, and Figure to further demonstrate the ahitity of neutraiising anti—iL-tt

antibody to ahrogate increased ooitagen production by human atriat fibrobiasts in response
to various other pro—fibrous stimuii (ANsz, PDGF, ETat).

Exampiefi.2 at pages 63—64 and Figures ZOA—20E provide further data supporting a prom

fibrotio rote for EL it in heart tissue. Human atria! fibroblasts were shown to display
significantly increased production of extraoeiiuiar matrix components (ooiiagen, periostin}
and increased expression of pro-tihretio markers (oSi‘viA, iL--€S, MMP2, Tiilet) in response to
treatment with human tL—tt protein, in the same way as produotion otthese factors is
increased in response to treatment with the pr‘o—tihrotio stimuius rorst.

Exampie 5.3.1 and Figures 38A to SEQ iikewise show increased production of extraoeiluiar
matrix components and increased expression of fibrotic marks by human primary liver

fibroblasts in response to treatment with human tut t, and a the ahiiity of neutralising

anti-iL—t t antibody to ahrogate the profihrotio effects of stimui ion with TGFtfit.

 

 

 
 Figures 22A to 22F and 23A and 238 show that TG

treatment with neutraiising anti— lt. t‘t antibody "
oeooy receptor moieouies, neutraiising anti~
encoding siRNA for antisense knockdown o

similarly abie to inhibit TGFBtmediated tran
effector oelis). Further data showin ‘
using decoy it. tt receptors is pr

fibrosis can be inhibited by

hows that tL-t t-hinding  
 
 

 
 

 

 

 

‘24 mores»:

21C provide in vivo data demonstrating it.—
n of mice with recombinant mouse iL-ii

, kidney, iung and iiver (Figure 2.18), and

Exampie 5.3.3 at page 6465 and
ft to he provfihrotio in a var' 

 
 

 , .. re 28. These experiments show that iL—tiRA
knockout mice are proteote brosis ofthe heart and kidney tissues induced by
protiorotie stimuii. indicating Signalling through the iL—tt receptor as an important mediator of
fibrotio processes. Further stilt, Figures 31A and 3137 summarised at the iegend to Figure
31 on page 57 - more fibrosis was detected in eye sections obtained from wiidtype mice
than iL—i RA knockout mice at Y days foliowing traheouiectomy.

 

Thus the present apptioation provides abundant. data from both in vitro and in vii/o studies
proving that iL—t t/iL-ttR signaiiing is a key mediator ottiiorosis in a wide range ottissues,

and demonstrates that inhibition of iL--’it mediated signaiiing reduces fibrosis, as determined
by anaiysis ot a variety of markers of the tibrotic response.

4.3 inventive steg

At section is otthe WO/tSA the Examiner identifies D5 and £36 as being equivaient otosest

prior art to the present invention, each relating to prevention of fibrosis through antagonism
of pronfihrotio interieukins.
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Neither of [)5 nor £36 disciose treatment of fibrosis using an antibody which is capabie of
binding to itxtt or it__—ttFto and inhibiting it_.—tt mediated signatiing (ct. independent oiairns

1,2 and 3).

Starting from either of DS or Dd, the teohnioat probiern to be sotved by the present invention
can be torrnuiated as “the provision or“ an atternative treatment torthe prevention or
treatment of fibrosis”.

The piaimed solution to use an agent which is capable of binding to iL-tt or iL-tth and
inhibiting iLntt mediated signaiiing wouid not have been obvious to the skiiied person at the
reievant date.

As expiained in the present appiioation e.g. at page t, tine St to page 2 tine 24, the rote of
iL-tt in fibrosis was not ciear at the priority date for the present appiioation, and the majority

of studies suggested that tL—tt is anti—fibrotio, as evidenced eg. by [it to [)3 identified by
the Examiner.

 

 

 
 
 

 
 

 

 

 
 

 

in view of the state ofthe art at the reievaht date, the skiiied p son simpty wouid not have

arrived at the subjectwrnatter otthe present indepen ‘ ‘1 view of the uncertainty as
the rote of iL—tt in fibrosis, the skiiied person wouid idered to use antagonists

expectation of
success.

on from in vitro and in vivo studies

use of antagonists of tL—tt mediated
Rather, only the extensive data ofthe prese
described under section 4.2 above

signaiiing for the treatment or prove

ints't to 3, and therefore the otairnsAooordingiy, the subject—matter of ;
' ‘ ter the cited prior art documents (Artistedependent therefrom, invot

33(3) PCT)

 

5. Support

At section 2.1 ofthe wot»
evidenced by m to D3.

aminer objects that the ciaims tacit support. as

Favourabie reconsideration of the objection is respecttuiiy requested in view of sections 4.t
and 4.2 above, which expiain faiiings otthe prior art studies in rotation to the rote of tLatt in
fibrosis. and which make ciear that the present appiication supports the therapeutic utiiity of
anti-iL—tt and antiniLnttRo antibody antagonists of mm mediated signatting to treat/prevent
fibrosis.

6. Ctaritx

6.1 Structure! nature ofthe agent

The Examiner objects at section 2.2 of the WO/iSA that the ctaims tact: ciarity in respect of
the structurai nature ofthe agent used to inhibit the action of iL—t t.

The independent ciain’ts are purrentty amended to specify an antibody which is capable of
binding to iLntt or iL—ttRo and inhibiting iL—tt mediated signaiiihg.
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As expiained in section 4.2 above. the appiioatinn demenstrates the use of anti-iL-ti
entihedies and anti-ii__-tth antibodies to hind tn ii_.~t t/iL-tti-td and inhibit iL—tt mediated

signaiiing (see eg. Figure 24).

The skiiied person is ahte to determine whether a given anti-ii.~tt antibody or anti~iL~t ”i Rd is
capabie of inhibiting iLatt mediated signaiiing with certainty and without undue burden.

 
At seetien 2.3 otthe WO/iSA the Examiner abjects that certain dependent oiaims tack ciarity
for depending from ciaims in different oategeries.

Faveurabie reconsideration etthe objection is respectfuiiy requested in View ofthe present
amendments te the stairns and the tottowing snmments.

 

 
 
 
 

 

The objectien pertains to eiaims which depend from indeeen

eftreatrnent and medicei uses, drafted in sceordanse with ti _
nationai/regionai patent offices reiating to the aiiewahi v of at
treatment, and aiiowabie medicai use ciaim formats

t eiaims retating to metheds

itt‘erent practices of
the defining methods of

in the

eiarity.
 

  

 

 
 

 
 

 

The dependent ciaims specify further features a
eiear tram the preamhie to the claims. The

erepriate format. as is

Take the exampie of present etaim 4:

“4. The antibddy fer use in

claim 1 the use according

the antibodyis capable of
receptor.”

‘ er preventing fibrosis according is
e method according id ciaim 3, wherein
rinsing the binding of iL-‘i‘i to an iL-tf

 

 venting 0

 

This stain“; cieariy see
use and methed 0f tr

respect.

s tnrtherf tures oithe antibody specified in respective medidai
ent etaims and the skit: ed persen is teft with no trneertei-nty in this

  

Aii Claims satiety the requir~ of Artiste I23 PCT.

’7. industriai a m iieahitit - metheds ef treatment  

At sestien 2.4 the Examiner comments that he opinion can be given in respect of the
industriai applicabiiity of ciaims relating to methods oftreatment.

The appiieant intends te address this issue as necessary before the different effices during
the natienai/regienai phase.

8. Chasing Remarks

it is requested that an internatidnai Preiiminary Report on Patentahiiity (iPRP/Chapter H)
be issued indicating that sit eieims ere nevet and inventive.
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in 1the event that ihe EPEA has any outstanding objections we request a telephone interview
with the Examiner in aceordance with Anicie 34(2)(a) and Rule 5656 PCT.

Ynurs faithfuiiy

Adam Gregnry, DPhi!
far MEWBURN ELLiS LLP

adam, gre-gergefi)mewbum. can?
+44 (0)117 945 234

 

 
Encs. Articie 34 Amendments

Copy showing changes

Kimmie et aL, Cytnkine (2007) 38(2):107-15
Annex i

APG/‘krg

Mewburn Ellis 'L' '> " ' ""' ‘ " ""
Registered offic
Requiaied by the Inieiieciua
 
 
 

 ' :eisinp. Registered in England no. 00305749
Street, Londan ECZ‘VSDE

iy Regulafinn Board
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1/6

PCT EEMAND FOR iNTERblATlGNAiL

PREUMENARY EXAMiNATlON {CHAPTER it)

0 Far international Preliminary Examining
Authority use oniy

0:1 identification of tPEA

(HZ Date of receipt at DEMAND

_.............................................................................J.................................................................................................................................._

e3 Form a PCTiiF‘EAMD’i PCT Demand

0—3—1 Prepared Using EQLF

Version: FMMNGRE'ESQ, EBRétO’ES‘t 60, FM____FOP0205

()4 Demand under Article 31 of the Patent

Ccuperatlon Treaty:

The undersigned requests that the
intemationat application specified below
be the subject of internaticnai
preliminary examination according to the
Patent Coeperation Treaty and hereby
elects all eligible States (except where
othelwisse indicated)

0‘5 international Preliminary Examining
Authority (specified by the applicant)

t Edenttfleetien of the Enternetienal

applicatimn

t--1 lnternationa! Application N0. .

t—Z international Filing Date ' 16 9%: mber 2316 (15 12 2316}

n? (fittest *an Date 1 December 2915 (18.12.2fl15)

M Applicant's; or agent's file ref REC/FP'7236618

tlf'; Title of inventtc-n TREATMENT 0F FEBRQSES
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PCT EEMAND FOR iNTERMATiGNAiL

PREUMENARY EXAMiNATEQN iCHAPTER ii}
___________________________________________________________________________

“4—3

“4-4

“—1—5

“4—6

iii?

“7178

“—2

“7271

State of nationality

Stale of residence

Telephone No,
Facsimile No.

email

Applicant’s registration. No. Willi the

Stale of nationality

State of residence

Telephone No.
Facsimile Ne,

e—maii

Applicant’s registration N
Ci’fice

 
SINGAPORE HEALTH SERViCES PTE LTD

#03=03, Sawyer lack 31 Third Hespital Avenue

”3687’53 Singapore

Singapere

8G

36
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PGT {DEMAND FOR iNTERMATIGNAL

PRELBMENARY EXAMNATEON iCHAPTEBjfl________________________________________________________________________________________________________________________
__________________________________________________________________________

1H3 Appiican‘t

“~31 Name (LAST) Firs?) CLEGG Richard Ea“
“-32 Address

City Tewer

40 Basinghai! Street

Lender:

Greater Lumen

ECEV 53E

United Kingdom

“-3—3 State of nationaiiiy GB
“—3—4 Staie of residence

GB

 
 
 

 
“-3—5 Telephone No.
“-3—6 Facsimile N0.

“-3—? e—niaéi

Applicant’s registration No. wieh the
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PCT EEMAND FOR iNTERNiATiGNAi.

PREHMENAR‘?’ EXAMiNATiQN iCHAPTWER ii}iiiu‘i

iii—i—‘i

iii-14?.

“577172

Mini-3

iii-'i--4

iii-.1— <5!

iii- i--5a

Agent or common represen‘rative; or
address for correspondence

The person identified below is hereby/
has been appointed to act (in behaif of
the appiicant(s) before the ccmpeieni
internationai Authorities as:

Name

Atin ., 0/0

Address

Telephone N23,

Facsimiie No.

e-maii

The internatienai Preliminary E 'ning
Autimriiy is authorised is) use ti maii
addresss‘ if the Auihni'ity so WISheS, ts

 

 

send neiificaiions issued in respect of
this intemationai preiiminary

Atterney

(appointed eariier}

Adam GREGQRY

MEWBURN ELLiS LLP

City Tower

46 Basinghaii Street

Landon

Greater Lenders

ECZV 50E

United Kingdom

+44 20 7775 j

 

 

  

 
 
 
 
 

 
  
  

examination '

ill Hi Agent's registraticn Mr).
N Basis for intematinnsi P

Examinatien

iV—1—1 Statement concerning amen he deserip’iien a3 originaiiy filed
The applicant wishes the lntema ion- . . . , .
Pi‘eiiminary Examination m Stan an the "file SQQUENCQ “31ng as Qriginaiiy flied

“5‘5 “1 vine Giaims as amendee‘ under Anicie 34

~ihe drawings as eriginaiiy fiied

iV~2 Language forihe purposes 0f interna» Engfish
iionai preiiminary examination: . . I . . .

«(which Is the ianguage in which the internaiienai

appiiea‘iien was flied )2
V Election of States

The fiiing (iithis demand consiifiiies the eieciieh of aii Caniraciing Siaies Whi-‘Jh
are designated and are bound by Chapter ii 0f ihe PCT.
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5/6

PCT {DEMAND FOR iNTERMATIGNAIL

E5REL}.MEMARXEKAMiNAHQN.AQHALE’IEBEQ________________________________, ____________________________________________________________________________________
VE Check Hist Number cf sheet-s Electronic fi|e(s) attached Received YiN {For EPEA

use oniy)

The demand is awempanied by Ehe
faliawing aiements. in the Eanguage
referred in under item iV=2 fer the

paw-assess cf internationai preiiminary
examination:

Vi72 (1) Amendments underAn. 34 :2 AMDA344

Vi—2 (2) Amendments underArt. 34 AMDA34=2

Vi-6 Letter accnmpanying the amendments
under Afiicle 34 (Rule 66.8)

Vi—7 Other : Annex OTHERDOC-‘ifidf

Accompanying items L ileis) attached Received YIN (For EPEA
use (may)

The demand is aiso accompanied by the
feliowlng item(s):

\ii—S Fee cezkrulaiion sheet

i . _ pl 3 , , .. . ,
VIM ESaQna‘SUIe of applmmt, agentormmmm PKGS? gitfli Si QEUFQ: Adam Gregery 59163iremeseniativaI

Viia1v1 iName LLP

Vliaivi’ ECapacityI

Viil Nete(e) to: EPEAIEP
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REC/FPYZZ‘ZOB 18

PGT {DEMAND FOR iNTERMATiGNAL

PREUMENARY EXAMNATEGN {CHAPTER ii)

FOR ENTERMATEONAL PREUMENAR‘Y EXAMENENG AUTHQRETY USE ONLY

Data of autuai receipt af DEMAND

Adjusted date 01‘ receipi of demand due
:0 CORRECTiQNS under Ruie 60.133)

The data 0f raceip! of the demand is
AFTER “(ha expiratiofi 9f 19 mam-’15 from
thé priority data and items 84 and 325
baiow do not appiy.

The applicant has been informed
accnrdingiy

8~5

84’

$8

The date of receipt of the demand is
WITHEN the perind of 19 months fmrra
the priariiy date 353 extendeed by virtue: of
Rfiié 30.5.

Aithough the date at receipt of the
demand is afier the expiration of the 19
months from the primity date, the deiay
in arrivai is EXCUSED pursuant to Ruie
532.

The data at receipt 221 the damand is;
AFTER the expiratim 63f ths tima iimi‘:
under Ruie 54his, 1(a) and item '1' or 8,
below, (5033 net appiy.

The data 0f receipt of the demand i5
WiTi-EEN the time Eimii under Ruie

54bis.1(a) as extended by v"
80.5.

Aithaugh ihe date of re
demand is after the exp _
time iirnii under Ruie 54m

daisy in arrivai is EXCUSED p
Ruie 82.

 

 

  
 
 
 
 
 

 
 
 
 

 
 

 
 

 

FOR NTERNJATEONM. BUREAU USE ONLY

 
SM {Demand received fmrr: iPEA an
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Cieims:

1. An antibody which is: canahle of binding to: interieukin 1’1 (iL-t t} or iL-it receptor

a (iL—tiRd) and inhibiting iLutt mediated signeiiing, for tree in a method ottreeting or

preventing hbroeis in a human.

2. Use or an entibedy which is capabie of binding to interienkin 11 (iLntt)eriLn11

reeepter d (iL—tth) and inhibiting iL-tt mediated signeiiing, in the manufacture of a

medicament fer use in 52 method of treating or preventing fibrosis in a human.

:3. A. method ottreeting or preventing fibrosis in a hu , the metheci comprising

 
  

 
 
 

 

administering to a subject in need oitreetrnent a therene iiy effective amount at en1

antibody which ie canebie of binding to interieuki iL-ti receptor a (EL-t iRo‘)

and inhibiting iL—ii mediated signeiiing.

4. The antibody for use in e metheri r preventing fibrosis according tn

cieim t, the use according to cia' d according to cieim 3, wherein the

inning of iL—t’i to an iL—‘i receptor.

 6. The antibody for

Ciaint 'i or 4, the use according to eieirn 2 or 4, or the metth according to ciaim 3 er 4.

tethod et treating or preventing fibrosis according to

wherein the antibody ie an iL-ttRn binding entihedy.

7. The antibody fer use in e method ei‘ treating or preventing fibreeis according to

any ene of eieirnst or 4 to 6, the tree eeeerding to any one ef eieims 2 or 4 to 6, erthe

method according to any cine of cieims, 3 or 4 to 6, wherein the fibrosis is fibrosis of the

heart, iiver, kidney or eye.

8. The antibody for use in a method of treating or preventing fibrosis according to

any one of claims “i er 4 to 7, the use according to any ene of cieims 2 or 4 to 7, orthe

methed eccerding tn any one nt cieirns 3 or 4 to 7', wherein the fibreeie is in the heart and
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is associated with dysfunction oithe musculature or electrical properties ofthe heart, or

thickening oflhe walls or valves of the heart.

9. The antibody for use in a method of treating or preventing fibrosis according to

any one of claims 1 or 4 lo 7’, the use according to any one of claims 2 or 4 to 7, orlhe

method according to any one of claims 3 or 4 to 7, wherein the fibrosis is in the liver and

is associated with chronic liver disease or liver cirrhosis.

10. The antibody for use in a method of treating or preventing fibrosis according to

any one of claims 1 or 4 to 7, the use according to any one of claims 2 or 4 to 7’, orthe

method according to any one of claims 3 or 4 to 7’, wherein the fibrosis is in the Kidney

and is associated with chronic Kidney disease  
 

 
 

 

 

11. The antibody for use in a method oftreatl ng fibrosis according to

.s 2 out to 7, orlhe

herein the fibrosis is in the eye and is

any one of claims 1 or 4 to 7, the use acco

method according to any one of claims 3.

retinal fibrosis, epirelinal fibrosis, or subret

12. The antibody for use in method of t: ating-‘or preventing fibrosis according to  

 
 

  

any one of claims 1 or 4‘

method according

preventing compri

expression is doreg -»

13. The antibody for use in a method of treating or preventing fibrosis according to

any one of claims 1 or 4 to 12. the use according to any one of claims 2 or 4 to 12, or the

method according to any one of claims 3 or 41o 12, wherein the method oftreating or

preventing comprises administering said antibody to a subject in which iL—t’l or lL—ttR

expression has been determined to be unregulated"

14. The antibody for use in a method of treating or preventing fibrosis according to

any one of claims 1 or 4 lo 13, the use according to any one of‘ciaims 2 or 4 to 13, or the

method according to any one of claims 3 or 4 to 13, wherein the method oftreating or

preventing comprises determining whether iL-tt orlL.-11R expression is unregulated in

the subject and administering said antibody to a subject in which iL—tt or iL-i 1R

expression is unregulated.
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Ciaims:

1. An 3e cepebie (if:   
  

 

“ inhibiting \1§t\\"d\\i\n‘;§‘$ ‘ . -

for use in a method efireaiing or preventing fibresis“

 
 

2. Use 63'? an \Q\\§‘\t gipapabie of‘jtp 1‘1 W 1‘ 1. '4’. "
\\\\ii\‘t§“§‘t\ifi*\§ L— ‘i "i i»- a   inhibiting \E

n the manufacture of a medicament fer nee in a method cfireeiing or

preventing fibrcsis 

 
 

 

 
 
 
 
 
 

 

 
 

 

:3. A meined of treating er preventing finmsis the metnnd camprising

iiy effective amount of an

capabie (if; ‘ ‘\

“minnibiiing §w%m(K\“§2{~1£§$§ 

4. The my): .-

io niaim

11 recepter.

5. The age?“ 1 a method nfireating or preventing fibrnsis according

in claim 1 cor-4,

wherein the 1

e.‘‘‘‘‘‘‘‘‘‘“Heme:
  ..\\..,..\':~.,.\‘. . ‘5: Ni..,.m ‘ _,. .. “W.“

3%» m fig‘e}‘ei:§:i‘i¥~ ‘F‘,“‘fi~‘i“i‘3i‘t§'5i“t‘ §3+ih~m§w§+e§§¢§

 

 

”nucwhxfl :1. n . 5 +3.4, . i; . _ :‘i “A:
eeflieieehgxme “we eeeemee w@;‘QS:§£§§§z{rie¥i§ new

~ n‘» .~\ ‘"pi-15 ik§~z>i§i$

‘1 ‘ i N » ~ m - m ‘ MN» '(r 4, Am“ v Wm” . mm u ~: a .w (w iv u$3-\¢-‘¢»l
T~~~~~~~~~~~~~~~~rifivo‘fifi it x a: +5»>>>H+~a~+§~zehfi¥§§rv¥§n ‘§‘¥§z31§*$*p5\‘>‘\”'S}1$:HT?5§W wee,»eeeerieeei:we\

$943{Were}{<3‘3:é)‘Ski“?i3“:"{é,n‘WN§i¥§i§§$§§~£§4ie4iniii;{3i$§é§¥§wi3i§§i~i¥§~5:Tvfifiwi‘z‘ifiiéfififr
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dysfunctien ofthe muscuiature 0r eiectrical preperties efthe heart, er thickening efthe

watts or valves eiihe heart.

 
“seemi+athes‘ie.seemieente‘eng‘swe‘ss

 
sfiees wherein the fibrosis is in the tiver and is associated with chronic

7

tiver disease 0r iiver cirrhesis.

 
 

  

 
 neenetmseu  

 
 

 

in the eye and is retina! fibrosis, epiretinei

fibresis, or subreti

The sew V  se in a method 0f treating or preventing fibresis M 

 
:g-CJ-h'cg-‘iE‘R-S, wherein the method eitreating or preventing cemprises 

administering said : “to a subject in which iL-‘ii er iL—iiR expression is

upreguiated.

Th e egee
 
 

 
 
 

 

.‘ :\

 

estie-er-ih't-es‘eeeer {5- s, wherein the methed ef treating er preventing cemprises
 

administering said 9‘ _ “to a subject in which iL-‘ii er iL—iiR expressien has

been determined in be upreguieted.
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ANNEX i PCT/EPZMS/OESMCSO

ANNEX B: Effect of meuse iLu11 in a mouse made! of myacardiai infarction

Myocardiai infarct (Mi) was generated in mice by iigaiian ef‘ihe corenary artery as deaeribed
in Ghana ei ai.‘ Circuiatien (2010) 121(5):684-691. Shani-operated mice were Subjected i0
simiiar surgery‘ exeepi ihai the cerenary artery was net iigated.

Beginning at 24 hours after eperaiian; mice were administered subcutaneousiy either with
recombinani mouse iL—ii (100 ng/kglday), ar the same voiume of PBS, far 6 consecutive

daye.

Cardiac funciieh was then anaiysed by achocardiography as; described in Gan at ai., Curr
Proms: Mouse Bioi. (2011) 1:71-83. Ejeciien freshen (%) wee caicuiaied ueing the fermuia

“EF(°/o) = iGO x {(LViDd3~L\/i£333)/i_\/ii3a31", and iraciienai Sher’rening (0/6) was caieuiated
using the iorrnuia “1in x {(LViDd-LVIDsiiLViDdi”, where LViDd and LViDs = iefi ventricuiar
iniernai diameter during diastoie and systaie, respectiveiy.

Mice were then Sacrificed and seciinns ef hear”; tissue were prepared and analysed by
hisiaiegy for markers 0f fibresia.

 

 

The resuiis are Shawn in Figures iA—iE. Taken iageiner, ihe‘ Isuiis indicate that
administration in mice 01” mouse iL—ii faiiowing myea nf than increases fibresis, and
i3 asanciated with a reduction in heart function. »

 

 

 

Page 1 ma
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ANNEX E PCT/EPZMS/OESMCSO

a
E-icardium

8 HAM

 
 

Figure 1A. Represent : images ofihe heart after sham opeia‘cicn, myocardiai
infarci, and treatment with _ ’cuse iL-"i ”i. Massan’s irichrcme reveaied increased

collagen deposiiion and fibmhiasi activation (GSMA, ACTAZZ staining) after ireaimeni with
mause “:1 1, which was ciaiisiicaiiy significant in seminquanii‘iative anaiysis cfiissue
ceciicnc.

Page 2 m3
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ANNEX i PCT/EPZMS/OESMCSO
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x \3-
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Q. ‘ \i LU §§
LL] ‘5 , §\

$-

SHAM Mi MI+ +
PBS iL’ii

 
 

  

‘ picardiai ihickfiess was
absei'ved at the right veniricie and at the border Gf Em: 'ewing treatment with mange
HA 1, as compared it) sham-operated and PBS

 
run—n Q\

a 30 m
c: .Er:o

3:: 60 3U L.
m D

~i= %
s: 40 fl

:9 g i .\.4...- § ; Q; Q
U \' O \‘-‘ e§\mu §\ \$

£11)“ 20 5 §\\§\

SHAM [\Jfli Fifi] SHAM hfil i‘ifll
PBS iLii PBS iLii

Figure ii) and 1E. Bar Charis showing (A) ejection fraction and (B) fractionai shortaning. A

staiisiicaiiy significant decrease in ejection fraciion and fraciisnai shafiening was detecied,
indicating a decreage in hgari function folicwing treatment with mouse HA 1, 21$ campareci to

shamflperaied and PBS—treated mice.

Page 3 m3
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Eurepéisches 80298 Munich
Patentamt Germany

guffiflf. Tei. 149(0389 2399—0
3 e” "9 Fax +49(0)89 4465

Office européen
des brevets 

PO Box 6818

NL—2280 HV Réjswijk
Netheriands

Tel. +31 703404500

Fax +31 703404600

10958 Berlin

Germany

Tei, 4.490030 25001-0

Fax +49(0)30 840

 

 

  
1. Appiicani's or agent's fiEe reference REC;FWZSOS’;
  
2. lniematianai applicatiafi number

3. Date

 4.0130390 63f payment

  
* Name: Adam Gregory

Signature: /Adam Gregmry/
  

5. Fees

Fee m

Fee far pi‘aiiminary axaminatian of em. appiicatian E 1030.00 1930.00 :

Handfiing fee EUR 183.00 183.005

——— 2113-09:
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Eumpfivsch asPei emamt
Eurapa anPatch? 8mg:

mm: cumpéendes brevets 
Acknewiedgement a? receipt

We hereby acknewiedge receipi of your Demand under Article 31 m‘ the Patent Cooperatien Treaty (PCT):

Submifision number

Appiication number

Date of receipt

Féiing Office i capacity

Your reference

Applicant

Documents submified

Submitted by

Method of submission

Date and time

rsceipi generated

Message Digest
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35533364 g 
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' PCT/E23201 6/081 430
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European Paient Office, The Hague
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0if—specific—dai3.xrni i

AMDA 44951: (2 p.) AMBASli-ZPDF (5 p) '
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software (3!! forms) may be corrected autematicaiiy by the EPO‘ leaving the payment date unchanged awarding 10 paint 53 ff

Acknowiedgemem 0f retain: _ appiicaticn numbea’ PCTIEPZKH 5.1981 430 Page 1 cf 2

Ex. 2001 - Page1260



Ex. 2001 - Page1261

ADA, Supplement to OJ EPO 3/201 (see decision '3'152/82,QJ E530 1984, 301)

[Eurupean Pedant Office]

 

Acknowiedgement 0f recap: .. appiicatian number PCTIEPZM 5.1081 430 Page 2 of 2
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Applicants: Singapore Health Services Confirmation 2829
PTE LTD et al. No.:

Application No.: 15/381,622 Art Unit: 1646

Filing Date: December 16, 2016 Examiner: Prema Maria Mertz

Title: TREATMENT OF FIBROSIS

THIRD PARTY PREISSUANCE SUBMISSION UNDER 37 C.F.R. § 1.290

Commissioner for Patents

PO. Box 1450

Alexandria, VA 22313—1450

Sir:

Citation 1: Chen

Pursuant to 37 C.F.R. § 1.290(d)(2), the undersigned attorney provides a

concise description of Chen et a/., “IL—11 receptor alpha in the pathogenesis of lL—13—

induced inflammation and remodeling”, 2005, J. Immunol. 174(4):2305-2313 (“Chen”).

Pursuant to 37 C.F.R. § 1.290(d)(3), a copy of this reference is submitted. The above-

identified application, US. Patent Application No. 15/381,622, was published on June

22, 2017 and a Requirement for Restriction/Election was mailed March 19, 2018; this

Third Party Submission is being made pursuant to 37 C.F.R. § 1.290.

STATEMENT OF RELEVANCE OF CITATION

Chen teaches the pro—fibrotic activity of lL—11 including the relationship between

lL-13 (known to be inflammatory and pro-fibrotic) and lL-11 R or. The abstract states that

“the relationships(s) between lL-11 and lL-13 in these responses has not been defined,

and the ro|e(s) of lL-11 in the genesis of the tissue effects of lL-13 has not been

evaluated” (see, e.g., Chen at p. 2305). The abstract further states that the authors

“hypothesized that lL—1 1, signaling via the lL—11Ro—gp130 receptor complex, plays a key

role in lL—13—induced tissue responses” (see, e.g., Chen at p. 2305).

1
NAI-1503664026v1
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Third Party Preissuance Submission Under 37 C.F.R. § 1.290
US. Patent Application No. 15/381,622
Page 2 of 3

Chen provides data demonstrating that “IL—11 signaling plays a critical role in IL—

13 induced tissue fibrosis and HA and myofibroblast accumulation” (see, e.g., Chen at

p. 2307, right column, middle paragraph). Chen stated that their studies were in

agreement with prior studies of |L-11 and pulmonary fibrosis: “These findings are in

accord with previous studies from our laboratory that demonstrated that transgenic IL-

11 causes pulmonary fibrosis and myofibroblast accumulation” (see, e.g., Chen at p.

2311, left column, bottom paragraph).

The last paragraph of Chen provides the following teaching and conclusion: “In

our studies the ability of |L-13 to induce inflammation, fibrosis, HA accumulation,
 

alveolar remodeling, and respiratory failure and death was decreased in mice that were

deficient in |L—11Ror....The decrease in |L—13 effector pathway activation could be

caused by at least two mechanisms. First, |L-11 could be an important target of and

mediator of the tissue effects of |L-13. Alternatively, |L-11 could regulate the survival of

critical |L-13 target cells that are involved in the pathogenesis of |L-13-induced

inflammation, remodeling, and cytokine, protease, and matrix responses. Regardless,

exaggerated |L—13 production has been implicated in the pathogenesis of a variety of

disorders, including asthma, COPD, pulmonary fibrosis, scleroderma, hepatic fibrosis,

and nodular sclerosing Hodgkin’s disease... .The present studies suggest that the

effector response of |L-13 in these disorders may be beneficially controlled by

interventions that block |L-11Ror and/or |L-11. This establishes the |L-11- |L-11Ror

pathway as a worthwhile site for investigations designed to identify therapeutic agents

that can be used to treat these and other |L—13—mediate disorders" (emphasis added)

(see, e.g., Chen at p. 2312, left column, bottom paragraph and right column).

Thus, Chen demonstrates an |L-11-dependent mechanism for the pro-fibrotic

effects of |L-13 and suggests that interventions that block |L-11Ro and |L-11 would be

beneficial for treating disorders including fibrotic disorders.

Chen is relevant to currently pending claims directed to methods of treating

fibrosis, including independent claim 1 and dependent claims 21-31.

NAI-1503664026v1
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Third Party Preissuance Submission Under 37 C.F.R. § 1.290
US. Patent Application No. 15/381,622
Page 3 of 3

The undersigned believes that no fees are due with the instant Submission.

However, the Commissioner is hereby authorized by this paper to charge any fees

required by this Submission, including any fees required set forth in 37 C.F.R. § 1.290(f)

to Jones Day Deposit Account 50-3013.

Respectfully submitted,

Date: April 30, 2018 /Janet M. McNicholas/

Janet M. McNicholas, Ph.D. (Reg. No. 32,918)

JONES DAY

250 Vesey Street

New York, NY 10281

(650) 739-3939

NAI-1503664026v1
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Applicants: Singapore Health Services Confirmation 2829
PTE LTD et al. No.:

Application No.: 15/381,622 Art Unit: 1646

Filing Date: December 16, 2016 Examiner: Prema Maria Mertz

Title: TREATMENT OF FIBROSIS

THIRD PARTY PREISSUANCE SUBMISSION UNDER 37 C.F.R. § 1.290

Commissioner for Patents

PO. Box 1450

Alexandria, VA 22313—1450

Sir:

Citation 2: Tang

Pursuant to 37 C.F.R. § 1.290(d)(2), the undersigned attorney provides a

concise description of Tang et a/., "Targeted expression of lL—11 in the murine airway

causes lymphocytic inflammation, bronchial remodeling, and airways obstruction”, 1996,

J. Clin. Invest. 98(12):2845-2853 (“Tang”). Pursuant to 37 C.F.R. § 1.290(d)(3), a copy

of this reference is submitted. The above-identified application, US. Patent Application

No. 15/381,622, was published on June 22, 2017 and a Requirement for

Restriction/Election was mailed March 19, 2018; this Third Party Submission is being

made pursuant to 37 C.F.R. § 1.290.

STATEMENT OF RELEVANCE OF CITATION

Tang teaches the pro-fibrotic activity of lL-11. The abstract states that:

“Interleukin-11 is a pleotropic cytokine produced by lung stromal cells in response to

respiratory viruses, cytokines, and histamine. To further define its potential effector

functions, the Clara cell 10-kD protein promoter was used to express lL-11 and the

airways of the resulting transgene mice were characterized” (see, e.g., Tang at p.

2845).

NAI-1503664028v1
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Third Party Preissuance Submission Under 37 C.F.R. § 1.290
US. Patent Application No. 15/381,622
Page 2 of 3

The abstract provides the teaching and conclusion of the publication that:

“These studies demonstrate that the targeted expression of |L-11 in the mouse airway

causes a B and T cell—predominant inflammatory response, airway remodeling with

increased types Ill and I collagen, the local accumulation of fibroblasts, myofibroblasts,

and myocytes, and obstructive physiologic dysregulation” (see, e.g., Tang at p. 2845).

Tang teaches that: “Chronic airway inflammation and airway remodeling (defined

as fibrosis, matrix alterations, and/or changes in structural or resident cells of the airway

wall) are important features of these disorders” citing multiple references (see, e.g.,

Tang at p. 2845, right column, top paragraph).

Tang teaches that |L-11 causes fibrosis: “These studies demonstrate that |L-11

causes impressive airway alterations with transgene (+) animals manifesting a nodular

B and T cell—predominant peribronchiolar inflammatory response, bronchial remodeling

with subepithelial fibrosis, and physiologic dysfunction characterized by airways

obstruction and nonspecific AHR” (see, e.g., Tang at p. 2846, left column, first full

paragraph; see also, e.g., Figure 5, Figure 8 at pp. 2848-2849).

Tang teaches that |L—11 is fibrogenic: (a) “These studies....also demonstrate, for

the first time, that |L-11 is a fibrogenic cytokine since it caused impressive airway

remodeling with subepithelial fibrosis and the local accumulation of fibroblasts,

myofibroblasts, and smooth muscle cells” (see, e.g., Tang at p. 2851, left column, top

paragraph); and (b) “This study demonstrates that |L-11 is a fibrogenic molecule and

describes, for the first time, an animal model that reproduces many of the important

features of the remodeled asthmatic airway. Specifically, it demonstrates that the

targeted expression of |L-11 in the murine airway causes prominent subepithelial

fibrosis with impressive increases in type III and to a lesser extent type I collagen. In

addition, it demonstrates that this response occurs in the absence of overt basement

membrane pathology and contains increased numbers of a variety of stromal cells,

including airway myofibroblasts” (see, e.g., Tang at p. 2851, right column, bottom

paragraph).

NAI-1503664028v1
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Third Party Preissuance Submission Under 37 C.F.R. § 1.290
US. Patent Application No. 15/381,622
Page 3 of 3

The last paragraph of Tang provides the following teachings and conclusion: “In

conclusion, our studies demonstrate that the transgenic expression of |L-11 in the

mouse airway results in a nodular lymphocytic infiltrate, airway remodeling, and

physiologic dysregulation that mimics in important ways the pathologic and physiologic

features of viral and other airways disorders. These findings suggest that |L—11 may

play an important role in the pathogenesis of the airways abnormalities seen in these

often times devastating disorders. In this respect, CC10-lL-11 transgenic mice represent

an excellent animal model of airway remodeling and inflammation that can be used to

explore therapies directed at these processes and the contribution that these processes

make to the physiologic abnormalities seen in a variety of human airways disorders”

(see, e.g., Tang at p. 2852, right column, bottom paragraph).

Tang is relevant to currently pending claims directed to methods of treating

fibrosis, including independent claim 1 and dependent claims 21-31.

The undersigned believes that no fees are due with the instant Submission.

However, the Commissioner is hereby authorized by this paper to charge any fees

required by this Submission, including any fees required set forth in 37 C.F.R. § 1.290(f)

to Jones Day Deposit Account 50-3013.

Respectfully submitted,

Date: April 30, 2018 /Janet M. McNichoIas/

Janet M. McNicholas, Ph.D. (Reg. No. 32,918)

JONES DAY

250 Vesey Street

New York, NY 10281

(650) 739—3939

NAI-1503664028v1
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Doc Code: 3P.RELEVANCE US. Patent and Trademark Office

Document Description: Concise Description of Relevance Department of Commerce

THIRD-PARTY SUBMISSION UNDER 37 CFR 1.290
CONCISE DESCRIPTION OF RELEVANCE

Application Number 15381622

U.S. PATENTS

Concise Description of Relevance

_.S. PATENT APPLICATION PUBLICATIONCite No Publication Concise Description—fRelevance
Number
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FOREIGN PATENT DOCUMENTS

CiteNo Foreign Document Concise Description of Relevance
Number

NON-PATENT PUBLICATIONS

condse Description Of Ralevance

Chen et al., "IL-11 receptoralphaIn the pathogenesis of See Attached

IL- 13- induced inflammation and remodeling",J
|mmuno|., 174(4):2305-2313 (2005) 
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Tang et al., "Targeted expression of lL-ll in the murine See Attached

airway causes lymphocytic inflammation, bronchial
remodeling, and airways obstruction",J Clin Invest., 98
(12):2845—2853 (1996)
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Doc Code: | DS.3 P PTO/SB/429(08-12)

Document Description: ThirdrParty Submission Under 37 CFR 1.290 AmeVEd for use thmugh 07/31/2015 0MB 0651'0031U.S. Patent and Trademark Office; U.S. DEPARTMENTOF COMMERCE

Under the Paperwork Reduction Act of‘I995, no persons are required to respond to a collection ofinformation unless it contains a valid OMB control number.

THIRD-PARTY

SUBMISSION

UNDER 37 CFR 1.290

Application Number 15381622

U.S. PATENTS

Issue Date First Named Inventor

(YYYY—MM—DD)

U.S. PATENT APPLICATION PUBLICATIONS

Publication Date First Named Inventor

Publication Number (YYYY-MM-DD)  
FOREIGN PATENTS AND PUBLISHED FOREIGN PATENT APPLICATIONS

. Foreign Document Country Kind Publication Date Applicant, Patentee or First Named Inventor
Cite No Number3 Code2 Code1 (YYYY—MM—DD)

NON-PATENT PUBLICATIONS (e.g., journal article, Office action)

 
Author (ifany), title ofthe publication, page(5) being submitted, publication date, T5 E6

Cite No publisher (where available), Place of publication (where available).

 

EFS Web 2.1.17
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15381622THIRD-PARTY

SUBMISSION

UNDER 37 CFR 1.290

Application Number

Tang et al., "Targeted expression of |L—11 in the murine airway causes lymphocytic inflammation,
bronchial remodeling, and airways obstruction",J Clin Invest., 98(12):2845—2853 (1996)

 

Chen et al., "IL—11 receptor alpha in the pathogenesis of |L—13—induced inflammation and
remodeling",J |mmuno|., 174(4):2305—2313 (2005)

STATEMENTS

The party making the submission is not an individual who has a duty to disclose information with respect to the above-identified
application under 37 CFR1.56.

This submission complies with the requirements of 35 U.S.C. 122(e) and 37 CFR 1.290.

E The fee set forth in 37 CFR1.290(f) has been submitted herewith. 

The fee set forth in 37 CFR 1.290(f) is not required because this submission lists three or fewer total items and, to the knowledge of

33' the person signing the statement after making reasonable inquiry, this submission is the first and the only submission under 35 U.S.C
122(e) filed in the above-identified application by the party making the submission or by a party in privity with the party.

This resubmission is being made responsive to a notification of non-compliance issued for an earlier filed third-party submission.
The corrections in this resubmission are limited to addressing the non-compliance. As such, the party making this resubmission: (1)
requests that the Office apply the previously-paid fee set forth in 37 CFR1.290(f), or (2) states that no fee is required to accompany

this resubmission as the undersigned is again making the fee exemption statement set forth in 37 CFR1.290(g).

 
EFS Web 2.1.17
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THIRD-PARTY Application Number 15381622
SUBMISSION

UNDER 37 CFR 1.290

Registration Number
Name/Print Janet M. McNicholas (ifapplicable)

 

*EXAMINER: Signature indicates all documents listed above have been considered,except for citations through which a line is drawn.
Draw line through citation if not considered. Include a copy ofthis form with next communication to applicant. 1. If known, enter kind of
document by the appropriate symbols as indicated on the document under WIPO Standard ST.16. See MPEP 901 .04(a). 2. Enter the

country or patent office that issued the document, by two-letter code under WIPO standard ST.3. See MPEP1851. 3. ForJapanese patent
documents, the indication ofthe year of the reign of the Emperor must precede the serial number of the patent document. 4. If known,

enter the kind of document by the appropriate symbols as indicated on the document under WIPO Standard ST.16 . See MPEP 901 .04(a).
5. Check mark indicates translation attached. 6. Check mark indicates evidence of publication attached.

 

EFS Web 2.1.17
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From the
INTERNATIONAL PRELIMINARY EXAMINING AUTHORITY

,, PCT

 

 PATENT COOPERATION TREATY \
 

 

Gregory, Adam
MEWBURN ELLIS LLP RECEIVED

WW l8?li‘iéE'IS’ITi’JNR'EAIE‘RSETl‘ITGiQYF40 Basin hall Street
London 9 ”9 NOV 2017 REPORT ON PATENTABILITY
Greater London ECZV 5 IE PCT Rule 71 _1
ROYAUME UNI MEWBURN ELLIS LLP ( )

Date of mailing

(day/fnonfh/jlear) 06.1 1 .2017

Applicant's or agent's file reference
RIC/FP7230618 IMPORTANT NOTIFICATION

International application No. lntemalional filing date (day/fnonfh/year) Pnoniy date (dayl'nonfh/yeal)
PCT/EP20161081430 16.12.2016 16.12.2015

Applicant

Singapore Health Services Pte Ltd

1. The applicant is hereby notified that this International Preliminary Examining Authority transmits herewith theI

communication to all the elected Offices.

3. Where required by any of the elected Offices, the International Bureau will prepare an English translation of
the report (but not of any annexes) and will transmit such translation to those Offices.

4. REMINDER

The applicant must enter the national phase before each elected Office by performingcertain acts (filing
translations and paying national fees) within 30 months from the priority date (or later in some Offices)
(Article 39(1)) (see also the reminder sent by the International Bureau with Form PCT/IBBO1)

Where a translation of the international application must be furnished to an elected Office, that translation
must contain a translation of any annexes to the international preliminary report on patentability.ltis the
applicant's responsibility to prepare and furnish such translation directly to each elected Office concerned.

For further details on the applicable time limits and requirements of the elected Offices, see Volume II of the
PCT Applicant's Guide

The applicant's attention is drawn to Article 33(5), which provides that the criteria of nevelty, inventive step
and industrial applicability described in Article 33(2) to (4) merely serve the purposes of international
preliminary examination and that'a'ny Contracting State may apply additional or different criteria for the
purposes of deciding whether, in that State, the claimed inventions is patentable or not" (see also Article
27(5)). Such additional criteria may relate, for example to exemptions from patentability, requirements for

international preliminary report on patentability and its annexes, if any, established on the international
application. .

2. A copy of the report and its annexes if any, is being transmitted to the International Bureau for

enabling disclosure, clarity and support for the claims.

 
 

Warns and mailing address of the international Authorized Officer "
preliminary examining authonly ’4’" “w,

European Pa19n1 Office Marrai EmanUEIa 7'
9) D-80298 Munich in .0)’ :1

Tel. +49 65 2399 - 0 Tel 449 89 2399-7235 .5 3Fax +49 89 2399 - 4465

 

 

 
  

Form PCT/IPEA/416 (January 2004)
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PATENT COOPERATION TREATY

PCT

‘ INTERNATIONAL PRELIMINARY REPORT ON PATENTABILITY
(Chapter ii of the Patent Cooperation Treaty)

(PCT Article 36 and Rule 70)

 
  

 
Applicant‘s or agent's file reference
RiC/FP7230618

  

 
 

FOR FURTHER ACTION See Form PCTAPEA/416

 
 Priority date (dayzhianth/year)

16.1 2 .201 5
 
 

Imemational filing date (daylnonth/jrear)
1 6.1 2.201 6

Intemationai application No
PCT/EP201 61081430

International Patent Classmmtion (IPC) or national classification and lPC ‘
  

lNV. CO7K16/24

  

Applicant

Singapore Health Services Pte Ltd

1. This report is the international preliminary examination report, established by this international Preliminary Examining
Authority under Article 35 and transmitted to the applicant according to Article 36.

2. This REPORT consists of a total of § sheets. including this cover sheet.
3. This report is also accompanied by ANNEXES. comprising:

a. E (sent to the applicant and to the International Bureau) a total of1_0 sheets, as follows:
E sheets of the description. claims andlor drawings which have been amended and/or sheets containing

rectifications authorized by this Authority. unless these sheets were superseded or cancelled. and any
accompanying letters (see Rules 46.5. 56.8. 70.16, 91.2, and Section 607 of the Administrative
instructions).

El sheets containing rectifications. where the decision was made by this Authority not to take them into account
because they were not authorized by or notified to this Authority at the time when this Authority began to
draw up this report. and any accompanying letters (Rules 66.4bis, 70.2(e). 70.16 and 91.2).

Cl superseded sheets and any accompanying letters, where this Authority either considers that the
superseding sheets contain an amendment that goes beyond the disclosure in the international application
as filed. or the superseding sheets were not accompanied by a letter indicating the basis for the
amendments in the application as filed, as indicated in item 4 of Box No. land the Supplemental Box (see
Rule 70.16(b)).

b. Cl (sent to the lntemational Bureau only) a total of (indicate type and number of electronic carrier(s)) . containing a
sequence listing. in the form of an Annex CIST.25 text file, as indicated in the Supplemental Box Relating to
Sequence Listing (see paragraph star of Annex C of the Administrative instructions).

 

  Date of submissmn of the demand Date of completion of this report

 
 

 
14.08.2017 06.11.2017  

  

4. This report contains indications relating to the following items:

E Box No. | Basis ot the report
El Box No. it Priority
El Box No. |l| Non-establishment of opinion with regard to novelty. inventive step and industrial applicability
U Box No. IV Lack of unity of invention
lZ Box No. V Reasoned statement under Article 35(2) with regard to novelty. inventive step or industrial

applicability; citations and explanations supporting such statement
Cl Box No. Vl Certain documents cited

El Box No. Vii Certain defects in the international application
X Box No. Vili Certain observations on the international application

 
  

 Name and mailing address of the international Authorized officer

  
 

 

  
preliminary examining authority. fwmh‘fi

European Patent Office . ‘3;
0430295 Munich Page, Michael E 0 5Tel +49 89 2399 - o “s. J i
FaX- +49 89 2399 - 4465 Telephone No +49 89 239e7322 MM...”

 
 

 

Form PCTIIPEA/ 409 (cover sheet) (January 2015)
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INTERNATIONAL PRELIMINARY REPORT International application No.
ON PATENTABILITY PCT/EP2016/081430

W

1. With regard to the language. this report is based on

IS! the international application in the language in which it was filed

[I a translation of the international application into , which is the language
of a translation furnished for the purposes of:

El international search (under Rules 12.3(a) and 23.1(b))
El publication of the international application (under Rule 12.4(a))
[3 international preliminary examination (under Flules 55.2(a) and/or 55.3(a) and (b))

2. With regard to the elements' of the international application. this report is based on (replacementsheets which
have been furnished to the receiving Office in response to an invitation under Article 14 are referred to in this
report as "originally filed" and are not annexed to this report): ‘

Description, Pages ‘

1-93 as originally filed

Sequence listings, SEQ ID NO ‘

1-77 as originally filed

Claims, Numbers

1-14 filed in electronic form on , 14-08—2017

Drawings, Sheets

has-66:66 as originally filed

IZI a sequence listing - see Supplemental Box Relating to Sequence Listing.

3. CI The amendments have resulted in the cancellation of:

E! the description, pages
El the claims, Nos.

El the drawings, sheets/figs
[3 the sequence listing (specify):

4. D This report has been established as if (some of) the amendments annexed to this report and listed below
had not been made, since either they are considered to go beyond the disclosure as filed, or they were
not accompanied by a letter indicating the basis for the amendments in the application as filed. as
indicated in the Supplemental Box (Rules 70.2(c) and (c-bis)):

C] the description, pages
El the claims, Nos.
E] the drawings, sheets/figs
D the sequence listing (specify):

Form PCTllPEAI 409 (January 2015)
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INTERNATIONAL PRELIMINARY REPORT International application No.
0N PATENTABILITY PCT/EP2016/081430

5. I] This report has been established:

El taking into account the rectification of an obvious mistake authorized by or notified to this Authority
under Rule 91 (Rules 66.1 (d-bis) and 70.2(e)).

D without taking into account the rectification of an obvious mistake authorized by or notified to this
Authority under Rule 91(Rules 66.4bis and 70.2(e)).

6. E With regard to top-up searches (Rules 66.1ler and 70.2(0):
lZl A top-up search was carried out by this Authority on 09.10.2017 (all discovered documents are

listedIn the Supplemental Box Relating to Top-up Search).

E] Additional relevant documents have been discovered during the top-up search.
El No top-up search was carried out by this Authority because it would serve no useful purpose.

7. El Supplementary international search report(s) from Authority(ies) has/have been received and taken into
account in establishing this report (Rule 45bis.8(b) and (0)).

' If item 4 applies, some or all of those sheets may be marked "superseded".

Box No. V Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial
applicability; citations and explanations supporting such statement

1. Statement

Novelty (N) Yes: Claims 1-14

No: Claims

Inventive step (IS) Yes: Claims 1-14

No: Claims

Industrial applicability (IA) Yes: Claims 1—14

No: Claims

2. Citations and explanations (Rule 70.7):

see separate sheet

Box No. Vlll Certain observations on the international application I

The following observations on the clarity oi the claims, description and drawings or on the question whether the
claims are fully supported by the description, are made:

see separate sheet

Form PCTAPEA/ 409 (January 2015)
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INTERNATIONAL PRELIMINARY REPORT International application No.
ON PATENTABILITY PCT/EP2016081430

Supplemental Box relating to Sequence Listing ]

Continuation of Box I, item 2:

1. With regard to any nucleotide and/or amino acid sequence disclosed in the international application and
necessary to the claimed invention, this opinion has been established on the basis at a sequence listing:

a. forming part of the international application as filed:

E in the form of an Annex C/ST.25 text file.

El on paper or in the form of an image tile.

b. E] furnished together with the international application under PCT Rule 13ter.1(a) tor the purposes of
international search only in the form of an Annex C/ST.25 text file.

0. E1 furnished subsequent to the international filing date for the purposes of international search
and/or examination:

III in the form of an Annex CIST.25 text file (Rule 13ter.1(a)).

El on paper or in the form of an image file (Rule 13ter.1(b) and Administrative Instructions, Section
713).

d. El furnished to this Authority as an amendment' under PCT Article 34 on :

CI in the form of an Annex C/ST.25 text file. and preferably identified as "Amended" at the first line of
text.

III on paper or in the form of an image file.

2. E] In addition, in the case that more than one version or copy of a sequence listing has been filed or furnished,
the required statements that the information in the subsequent or additional copies is identical to that
forming part of the application as filed or does not go beyond the application as filed, as appropriate, were
furnished.

3. Additional comments:

' I! item 4 in Box No. I applies, the sequence listing, which forms part of the basis of the report, may be marked
"superseded. "

Form PCT/IPEA/ 409 (January 2015)
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(SEPARATE SHEET) PCT/EP2016/081430

1 Bikini

Reasoned statement with regard to novelty, inventive step or industrial

applicability; citations and explanations supporting such statement

1.1 Reference is made to the following documents:

D1 M. OBANA ET AL: "Therapeutic Activation of Signal Transducer and

Activator of Transcription 3 by Interleukin-11 Ameliorates Cardiac

Fibrosis After Myocardial Infarction",

CIRCULATION,

vol. 121, no. 5, 9 February 2010 (2010-02-09), pages 684-691,

XP055359357,

ISSN: 0009-7322, DOI: 10.1161/CIRCULATIONAHA.109.893677

D2 M Stangou ET AL: "Effect of IL-11 on glomerular expression of TGF-beta

and extracellular matrix in nephrotoxic nephritis in Wistar Kyoto rats",

J Nephrol, 1 January 2011 (2011-01-01), pages 106-111, XPO55359363,
Retrieved from the Internet:

URL:http://www.ncbi.nlm.nih.gov/pubmed/20640990

[retrieved on 2017-03-28]

D3 US 2010/093976 A1 (AZUMA JUNICHI [JP] ET AL) 15 April 2010

(2010-04-15)

D4 AHROM HAM ET AL: "Critical Role of Interleukin-11 in Isoflurane-

mediated Protection against lschemic Acute Kidney Injury in Mice",

ANESTHESIOLOGY..

vol. 119, no. 6, 1 December 2013 (2013-12-01), pages 1389-1401,

XP055359340,

PHILADELPHIA, PA, US

ISSN: 0003-3022, DOI: 10.1097/ALN.0b013e3182a950da

[>5 wo 98/36061 A2 (UNIV MANCHESTER [GB]; FERGUSON MARK

WILLIAM JAMES [GB]; KANE SHARON O) 20 August 1998

(1998-08-20)

D6 WO 00/78336 A1 (GENETICS INST [US]; UNIV JOHNS HOPKINS [US])

28 December 2000 (2000-12-28)

1.2 Novelty - Art.33(1) and (2) PCT:

Form PCT/Separate Sheet/409 (Sheet 1) (EPO-April 2005)
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INTERNATIONAL PRELIMINARY International application No.

REPORT ON PATENTABILITY

(SEPARATE SHEET) PCT/EP2016/081430

Antagonists of lL-6 and lL-13 for preventing fibrosis are known in the art (D5,

D6). Not, however, lL-11.

1.3 Inventive Step - Art.33(1) and (3) PCT:

D5 and D6 are both considered to be equivalent closest prior art in that they

solve the same technical problem; prevention of fibrosis through antagonism

of pro-fibrotic interleukins (claims 1-23), determination of patients suitable for

treatment with the same (claims 24 and 25) diagnosis (claims 26-28, 31 and

32) or prognosis (claims 29 and 30).

D1 —D4 all teach away from the present solution, as they all indicate that

human IL-11 prevents fibrosis in heart tissue and kidney in animal

experiments.

By contrast, Examples 2, 3 and 5 document that lL-11 is pro-fibrotic in a

number of in vitro assays involving cultured cells.

Supplementary experimental evidence provided by the Applicant, including

arguments from D1, provides conflicting evidence regarding whether lL-11 is

a pro- or anti-fibrotic factor. The veracity of the supplemental data will be

subjected to more intense scrutiny in the regional phase. For now, however,

the Applicant is given the benefit of the doubt that, at least under certain

circumstances, lL-11 is a pro-fibrotic factor and that therefore its antagonism

might lead to a reduction in fibrosis.

Given the apparent prejudice created by D1-D4, the solution proposed by the

Applicant is provisionally regarded as demonstrating inventive step.

2 Re Item VIII

Certain observations on the international application

2.1 Claims 4-14 are all mixed category claims and as such are not considered to

meet the clarity requirements of Article 6 PCT. In order to be clear, claims

should pertain to a method or a product, but not both.

2.2 No unified criteria exist in the PCT Contracting States on the question

whether methods of treatment are industrially applicable, as they are not

considered to be industrially applicable in the EPC. No opinion can be given,

therefore, on the industrial applicability of claims 3-14, which all claim such
methods.

Form PCT/Separate Sheet/409 (Sheet 2) (EPO-Aprll 2005)

Ex. 2001 - Page1280



Ex. 2001 - Page1281

Printed: 26/09/2017

MEWBU RN 150
ELLI $0.525?“ tress

European Patent Office
D—80298 Munchen

Germany

14 August 2017

ISOREPLY
Ch: nor and Pat out Attorneys
Ctmrmmr.i Trade Mn'k Artur-rays
Eurononr. P'rtcnt At‘iL-rnoys
European I'll-me Mark Attorneys
Eurupoa" Dough Altmnhys

City Tower
40 Basinghail StreetLondon ECZV 50E
United Kingdom

Tel ‘44 (0)20 7776 5300
Fax: vM(0)330111A455
mal@rrwwtrum cornwww.mwbum corn

EP201 6081430
Partnon Simon Parry Senior Aaaoclnm
Patrick Sinner Sam Bailey Michael Foster
Seen Walton Graeme Mm Edmund Harrison
Simon Klddb Stephan Hodsdnn Susan Harrison
Adrian Breanatt Christopher Casley June Lyms
Roger Grrmshaw Jonathan Wills
Simon Kramer JMIIe Carllsle Murcia»:
Juanna Cripps Tania Keir-stead Rebeca Andersonsmth
Robed Watson James Leach Sarah Brantley
Chrrstopher Denlson Emily Hayes Ala: Bums
Nicholas Sutclllfa Katherine Green Elizabeth Dale
Sofia Aranal Sean Jauss Paul Dunne
Matthew Naylor Robert Andrews Tom Furnrval
Stephen Caner Matthew Smith Emma Gallad’rar
Stephen Gall Joseph Lonthall Adam Gregory
Wilhelmus Wytenburn Frances Salisbury Radial Jones
Graham Forrest Andy King Eleanor Madvor
Richard Clogg John Addlss Calium McGulnn
Rachel Carley Emma Graham Jacqueline Pang
Rebeca Tonervay Salon Takoda
Jeremy Webster Consulting Partners Dan Thomtnn
Richard Johnson Roger Calderbanlt Eliot Ward
Lindsey Woolley Nigel Hackney Rhiannon Wesmtt

FILED ELECTRON ICALL

BEFORE THE EUROPEAN PATENT OFFICE IEPOI
ACTING AS THE

INTERNATIONAL PRELIMINARY EXAMINATION AUTHORITY [IPEAI

Dear Sirs

International Patent Application No. PCT/EP2016/081430

i

Applicant: SINGAPORE HEALTH SERVICES PTE LTD et al.
Our Ref: APGIFP7230618

This letter accompanies the Chapter II Demand filed in connection with this application.

1. Fees

The following fees are being paid online today:

PCT Preliminary Examination Fee Euro 1930
PCT Handling Fee Euro 183
TOTAL: M

if any additional fees are required so that this Chapter II Demand is deemed to be filed.
then the EPO is authorised to deduct such fees from my firm's deposit account number
2805.0013 under the reference SHORTFALL. informing me in writing that this has been
done.

2. Amendments

Amended claims 1 to 14 are filed under Article 34 PCT on replacement pages 94 and 95.
For the examiner's convenience a marked up version is included for reference only.

Independent claims 1, 2 and 3 are amended to specify that the agent is an antibody capable
of binding to Interleukin 11 (lL-11) or lL-11 receptor a (IL—11Rc). and is capable of inhibiting
lL-11 mediated signalling. Basis for the amendment comes from. e.g. page 4. lines 4—13;
page 9. line 33: and page 10. lines 19 to 22 of PCT/EP2016/081430 as filed.

1 Mawtlrrn Ell: LLP IS a Ltmrlad Liability Pannarsnlp Featured In England no OCSLEHSRom-name trace City Tower toe-5mm" Strut London ECZV 50E
Renamed by the lmulactual Property Regulation Board 14/08/2017
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Claims 1. 2 and 3 are also amended to specify use treating/preventing fibrosis in a human.
Basis comes from e.g. page 42. lines 2-5.

Claim 5 is amended for conformity with claims 1. 2 and 3 as currently amended.

Previous claims 6 to 8 are deleted.

Claim 6 (previous claim 9) is amended for conformity with claims 1, 2 and 3 as currently
amended. and also to specify IL-11Rg. Basis comes from, e.g. page 9. line 33.

Previous claims 10 to 15 are deleted.

Claims 7 to 14 (previous claims 16 to 23) are amended editorially for improved readability.
and for conformity with amendments to the claims from which they depend.

Previous claims 24 to 34 are deleted.

It is hereby submitted that the claim amendments do not extend beyond the disclosure of the
international application as filed. in accordance with Article 34(2)(b) PCT. second sentence.

3. Novelty

i thank the Examiner for recognising that the use of antagonists of lL-11 for preventing
fibrosis is not known in the art. and for acknowledging the novelty for the claims.

4. inventive §teg

The Examiner comments that the subject-matter of the claims is not considered to be
inventive as the technical problem of treating/preventing fibrosis is not solved.

The Examiner considers that the prior art shows that lL-11 preventssfibrosis in heart and
kidney tissue. and so an agent capable of inhibiting the action of lL-11 would not be useful to
treat/preventifibrosis.

Favourable reconsideration of the objection is respectfully requrested in view of the following
submissions.

4.1 Prior art studies relating to the role of IL-11

Obana et at, Circulation (2010) 121(5):684-691 (D1) is cited by the Examiner as evidence
that lL-11 prevents fibrosis in heart tissue. D1 discloses that treatment with lL-11 reduced

the fibrosis area 14 days after myocardial infarction (MI) in a mouse model of MI by coronary
ligation (see e.g. Abstract).

importantly. in the experiments reported in D1 mice were treated with recombinant human ‘
lL-11 — see page 685. left column, paragraph entitled 'Coronary Artery Ligation and lL-11
Treatment'. final sentence:

“In the IL— 1 1 group, recombinant human IL-11 (Peprotech) was administered
intravenously for 5 days consecutively; the control group received the same volume
ofphosphate-buffered saline (PBS) duning the same period. " [emphasis added]

Mewburn Ellis LLP is a Limited Liability Punnnisiiip Registered in England no 06306119
2 Registered office City Timer no Basinohail Street Landon ECZV SDE 1 4/08/201 7Ragmaind by the liiietleciual Property Regulation Board
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Stangou et al.l J Neghrol (2011) 106-111 (DZ! is also cited by the Examiner. This document
discloses suppression of glomerular expression of TGFB1 and extracellular matrix deposition
in La_t models of glomerulonephritis following administration of a high dose of recombinant
human IL-11 (i.e. rhIL-1 1; see e.g. page 106. right column. second sentence).

The Abstract to D2, “Methods; and 'Results' provide:

“Methods: Fol/owing induction of nephrotoxic nephritis, expression of TGF-B1, a-
smooth muscle actin (a—SMA), fibronectin and p-p38 MAPK was detected in the
kidney. Rats were treated either with vehicle or LhIL-11 at a high or low dose and
culled on day 6.
Results: A high dose of rhlL-11 resulted in a significant reduction in the glomerular
expression of TGF-131 (0.4 1 0.1 vs. 2. 04 1 0.4 semiquantitative score, p<0. 005), a-
SMA (0.6 1 0.2 vs. 1.5 1 0.3, p<0.01) and fibronectin (0.6 1 0.1 vs. 1.5 1 0.1, p<0.02).
The periglomerular expression of a-SMA and fibronectin was significantly reduced in
rats treated with the high dose of rhIL-11 (9.6% 1 2% vs. 92% 1 2.5% of glomeruli,
p<0.01; and 26% 1 4.9% vs. 94% 1 1.9% of glomeruli, p<0. 005, respectively). There
was a slight but insignificant reduction of p-p38 MAPK in lL-1 1 treated rats.
Treatment with low-dose rhlL-11 did not reduce expression of these molecules."
[emphasis added]

US 2010/093976 A1 (03) cited by the Examiner is the publication of a US patent application
from the research group of D1 (led by Prof. Yasushi Fujio at Osaka University). Paragraphs
[0085]-[0087] disclose that in a myocardial infarction model. mice treated with lL-11 had a
reduced infarct area (measured as the proportion of fibrotic area in the left ventricular
myocardium). as compared to PBS-treated mice.

Whilst the species of lL-11 used in D3 is not disclosed. it appears highly likely that this is
human lL-11. Paragraph [0058] discloses that the IL-11 was obtained from PeproTech,
which is the same source as the recombinant human lL-11 used by the same researchers
for the experiments of D1. Furthermore, Kimura et al.I Cytokine (2007) 38(2):107-15
(Kimura; enclsoed). is another publication by the same research group which describes
many of the experiments and results disclosed in D3 — compare Figs. 2—4 of D3 with Figs.
3a-c of Kimura; Fig. 5 of D3 with Fig. 6 of Kimura; and Fig. 9 of 03 with Fig. 1 of Kimura.

Page 108. left column. last complete paragraph of Kimura makes clear that the experiments
used recombinant human lL—1 1. which was again purchased from Peprotech.

Therefore, each of D1 to D3 report the results of studies which are fundamentally flawed in
their design. for seeking to analyse the role of lL-11 in pathophysiological processes by
analysing effects following administration of the human lL-11 molecule in rodent models of
disease processes.

The effects observed in these studies following administration of human lL—11 cannot be
separated from, for example, the mouse/rat host response to this non—host molecule.

Furthermore, it cannot be assumed that effects observed for human lL-11 in mouse and rat

would accurately reflect the role of human lL—11 in fibrosis in humans. Human lL-11, |L11-
R0 and gp130 molecules have distinct amino acid sequences to their mouse and rat
homologues, and so it cannot be assumed that human lL-11 would interact with mouse and
rat receptor molecules to effect the same outcomes as would be observed in humans.

1
l

3 Mewwm Ellis LLP is a Limited Liability Pennarsrup Rennsised In England no 06306749
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This is further supported by Figure 20F of the present application. which shows that mouse
fibroblasts are considerably more sensitive to activation in vitro to a pro-fibrotic myofibroblast
phenotype by treatment with murine lL-11 as compared to treatment with human lL-11 (see
accompanying legend on page 55).

Ham et at, Anesthesiology (2013) 119(6): 1389-1401 (D4) is also cited by the Examiner.
This document reports induction of lL-11 mRNA and protein expression by human kidney
proximal tubule cells and mouse kidney cells cultured in vitro. and by mouse kidney in vivo.
following treatment with isofluorane.

Figures 6-9 are disclosed to show protective effects for IL~11 following ischemic acute kidney
injury. using lL-11R WT and knockout mice. We note that these assays evaluate correlates
of renal function, necrosis. neutrophil infiltration and apoptosis. None of the experiments of
D4 investigate the effect of lL—11 in fibrosis.

it will be clear from the foregoing explanation that it is not possible to draw any scientifically
meaningful conclusions as to the role of lL-1‘l in fibrosis from D1 to D4.

Moreover, Annex I filed herewith provides further evidence that the experiments performed
in D1 are invalid. and that conclusions drawn from the results are fallacious.

Annex I reports the results of studies in which myocardial infarct was generated in mice by
coronary artery ligation. or sham—operated. and wherein the mice were then treated either
with PBS or with recombinant mouse IL-1t.

Histological analysis of heart tissue sections revealed an increase in several markers of the
fibrosis associated with IL-11 treatment (Figure 1). Figure 1A of Annex I shows increased
collagen deposition (a known indicator of fibrosis) as determined by Masson's trichrome
staining. Figure 1A also reveals upregulated expression of oSMA (as measured by ACTA2
staining) — a marker of fibroblast activation. Activated fibroblasts are known to be the central
effectors of the fibrotic response post-myocardial infarction, and so the level of ACTA2 is an

extremely reliable indicator of the fibrotic response. Figures 18 and 1C reveal that lL-11
treatment was associated with a statistically significant increase in epicardial thickness at the
border of the infarct and at the right ventricle. whilst Figures 1D and 1E show lL-11 treatment
caused a statistically significant reduction in heart function. as determined by analysis of the
ejection fraction and fractional shortening.

Annex I indicates that treatment of mice with mouse lL-11 following myocardial infarction
increases fibrosis. and is associated with a reduction in heart function.

4.2 The data of the present application

The present application provides a wealth of data demonstrating a m—fibrotic role for lL-11.
and establishing the therapeutic utility of antagonists of lL-11 mediated signalling in the
treatment/prevention of fibrosis.

Some of the key data are highlighted below.

Example 2 at page 60. third paragraph and Figures 7A and 7B demonstrate that incubation
of primary human atrial fibroblasts with recombinant human lL—11 increases deposition of
collagen by fibroblasts. a well-established fibrotic process. Moreover, treatment with
neutralising anti-IL—11 antibody (but not isotype control antibody) is shown to abrogate

4mcflwwwa.-mass:as“ M W 14/03/2017Rugmatod by the Intellectull Properly Regulation Board
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collagen production induced by stimulation of the fibroblasts with TGFB1 (a known pro-
fibrotic stimulus).

Example 3 at page 61, and Figure 10 further demonstrate the ability of neutralising anti-lL-11
antibody to abrogate increased collagen production by human atrial fibroblasts in response
to various other pro-fibrotic stimuli (ANGZ. PDGF, ET—1).

Example 5.2 at pages 63~64 and Figures 20A-20E provide further data supporting a pro-
fibrotic role for IL-11 in heart tissue. Human atrial fibroblasts were shown to display
significantly increased production of extracellular matrix components (collagen, periostin)
and increased expression of pro-flbrotic markers (oSMA. lL-6. MMP2. TIMP1) in response to
treatment with human lL-11 protein. in the same way as production of these factors is
increased in response to treatment with the pro-fibrotic stimulus TGFB1.

Example 5.3.1 and Figures 38A to 380 likewise show increased production of extracellular
matrix components and increased expression of fibrotic markers by human primary liver
fibroblasts in response to treatment with human lL-11, and also the ability of neutralising
anti-lL—11 antibody to abrogate the profibrotic effects of stimulation with TGFB1.

Figures 22A to 22F and 23A and 23B show that TGFB1-mediated fibrosis can be inhibited by
treatment with neutralising anti-IL-11 antibody. Figure 24 moreover shows that lL-11-binding
decoy receptor molecules. neutralising anti-lL-11Ro antibodies and oligonucleotides
encoding siRNA for antisense knockdown of IL—11 and IL-11RA gene expression are
similarly able to inhibit TGFB1-mediated transition of fibroblasts to myofibroblasts (fibrosis
effector cells). Further data showing inhibition of the TGFB1-mediated fibrotic response
using decoy lL—11 receptors is provided at Figures 32A and 32B.

Example 5.3.3 at page 64-65 and Figure 21 B and 21C provide in vivo data demonstrating IL-
11 to be pro-fibrotic in a variety of tissues. Injection of mice with recombinant mouse lL-11
caused an increase in the relative weight of heart. kidney, lung and liver (Figure 21 B), and
that this was associated with increased collagen content in these tissues (Figure 21 C).

Further in vivo data supporting a pro-fibrotic role for lL-11 is provided at Examples 7.2 and
7.3, and Figures 27A to 270 and Figure 28. These experiments show that lL-11RA
knockout mice are protected from fibrosis of the heart and kidney tissues induced by
profibrotic stimuli. indicating signalling through the lL-11 receptor as an important mediator of
fibrotic processes. Further still, Figures 31A and 31B, summarised at the legend to Figure
31 on page 57 — more fibrosis was detected in eye sections obtained from wildtype mice
than IL-1 1 RA knockout mice at 7 days following trabeculectomy.

Thus the present application provides abundant data from both in vitro and in vivo studies

proving that lL—11/lL—11R signalling is a key mediator of fibrosis in a wide range of tissues.
and demonstrates that inhibition of lL-11 mediated signalling reduces fibrosis, as determined
by analysis of a variety of markers of the fibrotic response.

4.3 Inventive ste

At section 1.3 of the WO/ISA the Examiner identifies D5 and D6 as being equivalent closest
prior art to the present invention, each relating to prevention of fibrosis through antagonism
of pro-fibrotic interleukins.

Mowbum Elli: LLP la 9 Limited Liahiity Partnership Reglslaied in England no 05306719
Raglsturod all“ City Tower 40 Basinghall Street London EC2V 505 1 4/08/20 1 7Regulated hymn Intellectual Property Rogulntbn Board
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Neither of D5 nor D6 disclose treatment of fibrosis using an antibody which is capable of
binding to lL-11 or lL-11Ra and inhibiting lL-11 mediated signalling (cf. independent claims
1. 2 and 3).

Starting from either of D5 or 06. the technical problem to be solved by the present invention
can be formulated as “the provision of an alternative treatment for the prevention or
treatment of fibrosis".

The claimed solution to use an agent which is capable of binding to iL-11 or lL—11Ru and
inhibiting lL-11 mediated signalling would not have been obvious to the skilled person at the
relevant date. '

As explained in the present application e.g. at page 1, line 31 to page 2 line 24, the role of
lL-11 in fibrosis was not clear at the priority date for the present application. and the majority
of studies suggested that lL-11 is m-fibrotic. as evidenced e.g. by D1 to 03 identified by
the Examiner.

In view of the state of the art at the relevant date, the skilled person simply would not have
arrived at the subject—matter of the present independent claims. In view of the uncertainty as
the role of lL—11 in fibrosis, the skilled person would not have considered to use antagonists
of IL-11 mediated signalling to treat/prevent fibrosis with a reasonable expectation of
success.

Rather. only the extensive data of the present application from in vitro and in vivo studies
described under section 4.2 above make plausible the use of antagonists of lL-11 mediated
signalling for the treatment or prevention of fibrosis.

Accordingly, the subject-matter of independent claims 1 to 3. and therefore the claims
dependent therefrom. involve an inventive step over the cited prior art documents (Article
33(3) PCT).

5. Support

At section 2.1 of the WO/lSA the Examiner objects that the claims lack support. as
evidenced by D1 to D3. ‘

Favourable reconsideration of the objection is respectfully requested in view of sections 4.1
and 4.2 above, which explain failings of the prior art studies in relation to the role of lL-11 in
fibrosis. and which make clear that the present application supports the therapeutic utility of
anti-IL-11 and anti-lL-11Ro antibody antagonists of lL-11 mediated signalling to treat/prevent
fibrosis.

6. Clarity

6.1 Structural nature of the agent

The Examiner objects at section 2.2 of the WO/lSA that the claims lack clarity in respect of
the structural nature of the agent used to inhibit the action of IL-11.

The independent claims are currently amended to Specify an antibody which is capable of .
binding to lL—11 or IL—11Ro and inhibiting IL—11 mediated signalling.

Mewbum Elli: LLP is a Limited Lleblnty Partnership Raymund In England no 00306749
Registered allies City Tower 40 Basnngnall Street London EC2V SUE 1 4/08/201 7Regulated try the Immanuel Properly Ragtilellon Baa!!!
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As explained in section 4.2 above. the application demonstrates the use of anti—lL—11 ,
antibodies and anti-lL-11Ra antibodies to bind to iL-11/lL-11Ro and inhibit lL-11 mediated

signalling (see e.g. Figure 24).

The skilled person is able to determine whether a given anti-IL-11 antibody or anti—lL-11Ro is
capable of inhibiting lL-11 mediated signalling with certainty and without undue burden.

6.2 Claims depending from claims in different categories

At section 2.3 of the WO/lSA the Examiner objects that certain dependent claims lack clarity
for depending from claimsIn different categories.

Favourable reconsideration of the objection is respectfully requested in view of the present
amendments to the claims and the following comments.

The objection pertains to claims which depend from independent claims relating to methods
of treatment and medical uses, drafted in accordance with the different practices of
national/regional patent offices relating to the allowability of claims defining methods of
treatment, and allowable medical use claim formats.

The dependent claims specify further features of the claim in the appropriate format. as is I
clear from the preamble to the claims. There is no lack of clarity. _

Take the example of present claim 4:

"4. The antibody for use in a method-of treating or preventing fibrosis according to
claim 1, the use according to claim 2, or the method according to claim 3, wherein
the antibody is capable ofpreventing or reducing the binding of IL-11 to an IL-11
receptor. "

This claim clearly specifies further features of the antibody specified in respective medical

use and method of treatment claims, and the skilled person is left with no uncertainty in this
respect. ,

All claims satisfy the requirements of Article 6 PCT.

7. Industrial agglicability - methods of treatment

At section 2.4 the Examiner comments that no opinion can be given in respect of the
industrial applicability of claims relating to methods of treatment.

The applicant intends to address this issue as necessary before the different offices during
the national/regional phase.

8. Closing Remarks

It is requested that an International Preliminary Report on Patentability (lPRP/Chapter ll)
be issued indicating that all claims are novel and inventive.

Mowburn ails LLP Is a Limited Liabdlty P-nnershrp Reg-stored rn England no 00306149
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In the event that the IPEA has any outstanding objections we request a telephone interview
with the Examiner in accordance with Article 34(2)(a) and Rule 66.6 PCT.

Yours faithfully

M“
Adam Gregory. DPhil
for MEWBURN ELLIS LLP

adam.gregom@mewbum.com
+44 (0)117 945 1234

Encs. Article 34 Amendments

Copy showing changes
Kimura et al.. Cytokine (2007) 38(2):107-15
Annex I

APG/krg

’ l
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Claims:

1. An antibody which is capable of binding to Interleukin 11 (IL-11) or lL-11 receptor
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0 (IL-1 1R0) and inhibiting lL-11 mediated signalling, for use in a method of treating or

preventing fibrosis in a human.

2. Use of an antibody which is capable of binding to Interleukin 11 (IL-11) or IL-11

receptor a (lL-11Ro) and inhibiting lL—11 mediated signalling, in the manufacture of a

medicament for use in a method of treating or preventing fibrosis in a human.

3. A method of treating or preventing fibrosis in a human, the method comprising

administering to a subject in need of treatment a therapeutically effective amount of an

antibody which is capable of binding to Interleukin 11 (IL-11) or lLo11 receptor a (IL-11Ra)

and inhibiting lL-11 mediated signalling.

4. The antibody for use in a method of treating or preventing fibrosis according to

claim 1, the use according to claim 2. or the method according to claim 3. wherein the

antibody is capable of preventing or reducing the binding of lL-11 to an lL-11 receptor.

5. The antibody for use in a method of treating or preventing fibrosis according to

claim 1 or 4, the use according to claim 2 or 4, or the method according to claim 3 or 4.

wherein the antibody is an lL-11 binding antibody.

6. The antibody for use in a method of treating or preventing fibrosis according to

claim 1 or 4, the use according to claim 2 or 4. or the method according to claim 3 or 4.

wherein the antibody is an lL-11Ro binding antibody.

7. The antibody for use in a method of treating or preventing fibrosis according to

any one of claims 1 or 4 to 6. the use according to any one of claims 2 or 4 to 6, or the

method according to any one of claims 3 or 4 to 6, wherein the fibrosis is fibrosis of the

heart. liver, kidney or eye.

8. The antibody for use in a method of treating or preventing fibrosis according to

any one of claims 1 or 4 to 7. the use according to any one of claims 2 or 4 to 7. or the

method according to any one of claims 3 or 4 to 7, wherein the fibrosis is in the heart and
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is associated with dysfunction of the musculature or electrical properties of the heart. or

thickening of the walls or valves of the heart.

9. The antibody for use in a method of treating or preventing fibrosis according to

5 any one of claims 1 or 4 to 7. the use according to any one of claims 2 or 4 to 7. or the.

method according to any one of claims 3 or 4 to 7. wherein the fibrosis is in the liver and

is associated with chronic liver disease or liver cirrhosis.

10. The antibody for use in a method of treating or preventing fibrosis according to

10 any one of claims 1 or 4 to 7. the use according to any one of claims 2 or 4 to 7, or the

method according to any one of claims 3 or 4 to 7. wherein the fibrosis is in the kidney 5

and is associated with chronic kidney disease.

11. The antibody for use in a method of treating or preventing fibrosis according to ‘

15 any one of claims 1 or 4 to 7, the use according to any one of claims 2 or 4 to 7, or the

method according to any one of claims 3 or 4 to 7, wherein the fibrosis is in the eye and is

retinal fibrosis. epiretinal fibrosis. or subretinal fibrosis.

12. The antibody for use in a method of treating or preventing fibrosis according to l

20 any one of claims 1 or 4 to 11. the use according to any one of claims 2 or 4 to 11, or the

method according to any one of claims 3 or 4 to 11, wherein the method of treating or

preventing comprises administering said antibody to a subject in which lL-11 or lL-11R .

expression is upregulated.

25 13. The antibody for use in a method of treating or preventing fibrosis according to

any one of claims 1 or 4 to 12, the use according to any one of claims 2 or 4 to 12. or the

method according to any one of claims 3 or 4 to 12. wherein the method of treating or

preventing comprises administering said antibody to a subject in which lL-11 or IL—1 1 R

expression has been determined to be upregulated.

30

14. The antibody for use in a method of treating or preventing fibrosis according to

any one of claims 1 or 4 to 13, the use according to any one of claims 2 or 4 to 13. or the

method according to any one of claims 3 or 4 to 13. wherein the method of treating or

preventing comprises determining whether lL-11 or lL-11R expression is upregulated in

35 the subject and administering said antibody to a subject in which IL-11 or lL-11R

expression is upregulated.
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A Fusion Protein of the gplgfl and interleukinwfifla Ligandnliinding
Domains Acte as a Potent interleukinufi lnhibitor’i
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Céeile Aneey, Andrea Kiister, Serge Haan, Andreas lierrmann, Peter C. lleinriehll,
and Gerhard Muller—Newent

From the Institut fill Biochemie. {JIawerxztai‘skmmyn Rheinisch-Wesffdiische Technische Hoclzschule Aachen,
Prmwelsstrasse 3.0. 5205/ Aachen, Ge;many

Interleukin. (ELM; is; involved in the maintenance and
progression of several diseases such as multiple myn
elomsa, rheumatoid arthritis, or osteoporosis. The. pres-
out work aims at the development of an IL-G inhibitor
for the use in antiueytolgine therapies. The lLuB receptor
is compooed of two different subunits, an a-subunit (IL-
6Ra) that binds [11-6 with low affinity and a [Ci-subunit
($17139) that binds the lliufizlli-filtlo complex with high
affinity and. as a result triggers, intracellular signaling.
In. its soluble form, $31.30 is a natural antagonist that
neutralizes ll.;-G~snluhle ll.;-GRoI complexes. It was our
strategy to appropriately fuse the two receptor subunit
fragments involved in HA} receptor complex formation
to bind Hint} with high affinity and to antagonize its
effects. The ligandublnding domains of gpli-R} (DiuDZ-Dfll
and IL-fiRa (DE-Egl were connected using three differ-
ent linkers. The resulting constructs were expressed in
stably transfected insect cells and tested for their ability
to inhibit IL—6 activity in several in vitro systems. All
fusion proteins were strong inhibitors of ill-.96 signaling
and abrogated Ibo-induced phospllorylation of STATS,
proliferation of transfeeted Baa/F3 sells. and intimation of
acute-phase protein synthesis. As intended, the fused
receptors; were much more effective than the separately
expressed soluble receptor proteins. The fusion protein
strategy presented here can also be applied to other
eytoliines that signal via receptors composed of two dif-
ferent subunits to design new potent inhibitors for anti-
cytokine therapies.

   Anti-(3y? .e t'. apies are aimed at the i. 1ibition of a. cer-
tain cytokmo that is; responsible for the maintenance of a
disease, Different strategies have been used to neu'ralize (zy—
lzolaioes; in. patients. Most oll‘ective has; been the application of
soluble oytokine receptors that consist solely ol'the ectorlomain
but lack. the t1". asmombrane and cytoplas lo regions, Tl]. V
bind the respective cyloklne with high affinity and Specificity
as membl' file-bfitlilli locopt3318 (lo. In the treatment of chronic

  

 

inflammatory diseases such as; rheumatoid arthritis, the use of
(limeric soluble tumor necrosis factor receptors for the neutral-
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lzallon of tumor necrosis 1aclot hasbeen a real breakthrough
11‘).

IL61is seweted'my several cell types in response to v231lous
inflammatory stimuli. It is the major mediator of the acute-
phase response of the liver and is involved in the coordination
of inflammatory and1minune responses at the site of inflam-
mation (2). 111 several acute and chronic inflammatory 111392.393
such as rheumatoid arthritis and inflammatory bowel diseases,
in postmenopausal osteoporosis, but also in oo~t3in types of
comer IL-8 levels are elevr:te-d and a causal role for IL-fl in
(luggage progressmo has been suggested. in some cases inhibi-
tion of lL-fi arthrity by receptor antagonists or neutralizing
antibodies has “Hamel . e bets 1’ i . 4).

lL-{i bolo ily ofhemat: poielic cytokiness (5). ll ‘ ‘
:1 member of the sulsl’ami ,' of Ill-63 'po cytokinos (6) comprls-
Eng llrfi, IL 11 (Mary neurolrophiL factor leukemia inhibitory
factor. oncos”Latin M cardiotlophm—L and caflllo‘lopl111like
cytoklne. They all use the hematopmellc cytoluoe receptor
gplEll) 51 common 31- 1al-ma1W'Lucing receptor subunit (7‘). As
a result of receptor acT.valnon the transcription factor STATS
becomes tyrosine—phosphoryloted and translocates into the nu-
cleus to induce target gene expression (8. 9).

Expression of gp130 is not sufficient for cells to become
responsive to IL6 They additionally have to exprsz’e the cyto-
ine ope ficv11-re ptor subur1t ll;-€ilto:.Tl11rs o-receptor is not

involved in the initiation of the cytoplasmic Sign al transduction
cascades bu‘ s essen'ial for (:3tokine binding Thus, a 'ivation
of the10(91‘t)r by ll.-6 roqun‘os two stops: (i) low affinity lily-6
binding to lL—Glla and (ii ,1 subsequent recruitment of the com-
plex oflL-éi and lL-fiRa to two gplé—ll’l molecules loading to the

{331:3a‘1lon of a high zillin lty tor complex (10)Col is lacking IL—6Rr can be stlmulnod with the combination
(:1lL—G623ml soluble lL-Sl—tn laiL—fiRo,1 (15)). in sucha siLuation,
1L6 binds to le—fiRa in solution and-‘ holorodlmor of IL{3/

le—fillu activates metal) ‘1'19—‘13-3und $1190 Soluble gpli'll'l
(Sgt-1130) alone acts as a relatively weal; IL—6 antagonist (11).
Most interestingly, the antagonizing activity of sgplSU is sub-
stantially increased by the presence of le—fiRa (12‘). Both
ELL-6R {13, 14) and 3gp 130 (ll, 12) are found in high concen-
trations in human blood 1’ about 50 and 300 ng/mL respectively).
Th S pair of soluble re otors might act a natural ill-6
inmbitor to limit. systemic I]{5 responses (12';

SE1lctulal ly, lL-G belongs to the family of the mhelix-bundlo
cytolimea. IL-li’Ra as well as, 9,133.30 belong to the family of class,
I cvtokine receotoos ('5). The oxtracellu 41" 11,8. 115; of lL—fiRa

mtl go 180 consxst ofthree lDl--D3)(15‘
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16, respectively D2 and D of anfiRo are involved in lily-6 

 :iom used are: 'L interleukln; L‘. domain; lb, fusion
al t1angduoer and actwator of tran samp—
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A sngSU- 31L- 6Roi Fusion Protein as [gt-e

binding (1‘7). The complex of 111—6 and IL~SRo is bound by
Dl—D3 of gp130 (18). lL-G cont- os three receptor—l",in(_iing,r
sites Site I is occupied by Dill-D3 ol'lL—Glto and sites ll and ill
bind to D2-D3 and D1 of gp 130 respectivelyl19 —21l Based on
the oil-tavenes-s data and the iecently solved structure oi'
131—113 of gp130 bound to Viral lL—G, which binds 531130in the
absence of any Lr~receptor, a reliable model of the IL~6'IT —
GRw-gplBO ternary complex has been proposed (22).

lnhi‘oitio:1 01 IL-6 activity0 I the use 01 soluble receptors is
challenging because of the hipartite nature of the lL—6 receptor.
lL—G alone does not bind to gp130. To be neutralized by 153311130.
111-6 must first bind to SIL‘GRCK. A fusion protein of gp130 and
le-tiRo' would therefore guarantee that the agonistic complex
oi lL—6le6this immediately neutralized. Only recently. due
to the new structural data on the lL—B-receptor complex (22), a
promising rational approach on hon to design an lL-{S-antago—

1st based on a fusion of sgp 130 with le-oRobecame possible.
T111 this study, we present a highly potent lL—6 antagonist con-
sisting of the ligand—binding moieties of sgplSO and le—fiRuI

 

EXPERIMENTAL PROCEDURES

Charting of the F11 Proteins-----z’1 l 'man correspond 112; to DZ-[PS
of lL-ERCJ (Vallm—Lys ) was amplified 1y PCP. introducing; a multiple
cloning site (Smal, Natl. Mlul. Nhel) with the sense primer and aApal
site. a top codon instead of. ' “JD:and a Boy ' site with the anti-

sense primer. The product was cut with Smai 1Roche {liagnostic Gm? i.Mannheim."Germany) and Hamill (MET Fermentas GmbH St. Leon-
l’iot, Germany) and cloned into pSVL-gpl30 (DI-133) (Metlnl’rc-3’6)
digested with the same enzymes. Then three d1Herent inhers were
added after dig ‘tion of the obtained chime'c construct with ilul
(Promotion Madison, WT and Noel (MEI Ferment-as Gmhil). The first

* (stalk—zl-Sl corrcspondin; to the shor xtraccllulor on“anme
I’ll part of ll.SEQ (Alafli—Volhzl w 1. produced hV PCB. lts

. . .i(}asoqucncc is GSAAATRREN EVSTPVTQALT TNKDDDNILF
l’lDSAl‘VA’l‘SLl’ VQDSSSVAS. The two other linkers were constructed
with hybridized oligonucleotides. The 41 amino acids of 11108—41 are
GSAAA‘lRGSA GS:GSATGSG SAAGSGDSVA AGSGGGS ‘SA S
AUS--33 com oi the sequence (“'AAATRCSI31 GSC ISATCSG
SAAG SQD-S'vll HAS. A FLAG tan was added to theCterminusof all
fusion proteins using hybridization of an oligonucleotide pair contain-
ing April, Xbal, and Brmzlll restriction sites and a stop codon. The
fusion protein constructs were subcloned into the plB/VB—hi‘s' Vector
(lnvitrogen Groningen The Netherlands) c3111 with BarHill andof. iItdlll
(Roche Di 1o ' Gnihll) to expiess the rolein in insect cells The
in IV 111' all 0., 1stIntL1 was veiili .,l ln DNA scquenc111g.

:ion. in Insect Co‘s—High 5 (H3) cells cultured in Si1§001l
medium (Invitrogen. Pa Scotland) were tahly transfected with
the empty, p1B/V?‘-his vent or vectors con ' the fusion protein
constructs, using the CellFEC' method (lnvitrogenl. Cell superna-
tants were harvested every 3 (la . cleared by centrifuoration7 and stored
at ~20 “C until .

Protein. Precip tattoo—The fusion proteins from cell supernatants
were precipitated overnight at :1 "C with IL-6 covalently linked to
CNBr—Sepharoso (Amersham Bioscicnccs AB. L ”la, Sweden).

Western B/otlz/wiProteins were separated h,

 

 
 

  
    

 

   

  

 

  

  

  

  
 

  
 SIDS—PAGE. trans—

ferred to pc 'VV1 "lidcno difluorido membranes (FALL. Drcicich,
Germany) incu1:atcd wi. 1 tho antibodies as indicatcd in tho figures.
and processed 101" chemiluminescence detection (Ame ' am Bic-sciences
All). Antibodies used for protein detection were as ullows: sill—6&1
(F irogentec, Philnu lphia, PA), Tyrh”) STATS (New England Biolalis,
l" liturt, Germany}. and STAT3 (Santa Cruz Biotechnology lnc..
Santa Cruz, CA).

Purification of the Fusio ‘7 otei EGO->500 nil of 115 cell superna-
tants containing the res} .. 'e .1 on proteins were applied to an
IL—G-Sepharose column (2 1111) at 4 “C. Alter rinsing with phosphate—
huil‘ere. saline. proteins were eluted with 6 ml of 2 M MgClQ. The eluate
we; ‘ al
and suh
ELlSA.

Quantification. of En n Profei biElISA-----11n ELISA procedurewas performed as dos .d prev , ,7 1'. ng 0.3119!well 111”T'l.
monoclonal antibody (Sigma) for coating and 50 ngz'well of hiotinylated
monoclonal antibody F-T2 (DIACLONE. Bessngon, France) as second-
ary antibody. The standard curve was obtained by Z—fold serial dilutions

   

  
  

 

  

 (l against plinsphale-hu{Tered saline or cell cultu >. medium,
uently the amour. sured by

 
  s ot' Fusion proteins were no
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of sgplSUFLAG expressed in COS-7 cells and calibr ted hy sg’pllll‘i
El.1SA(12).

Bax/1’73 Proliferation AssoV-u-Stably trans?» xted Ba/FB--g‘p130-1LGR
and B Ill-gr; 1.;0-ll1‘l’lR cell re cultured-1n D11lbeccos mod (I Ea-
gle's medium containing 10% fetal call serum7 seeded on 96-well plates
(20,000 cells/'well)7 and stimulated with 111-6 (0.9 rig/ml) or trx~lL-l 1 ('5
rig/nil) prepared as dos ilied ru'evious‘ ’231 int”:1 epreseoce oi'pu ed

’0591 neg/1:11 first C-lnCLnETdJIOL, ormpuri 1ed mockvector-:n. metabolically
d on tho ccll

Antag-mots-i

 

 

 
 

   
 
  

 
  
    

active cc s wcro quuh' 'iicd 1 in, ..1rii1rio-.ric ass y hour.-
prolifcrt n kit ll X’ assay (Roche Diagnostic Gmhll).

Induction (airlock—phase Protein Sj/nth ‘91's in Hch2 Cellsialx/lnti»
chymc-trypsin synthesized by HepG2 cells was measured by immuno-
precipitation of radioactively labeled protein as described previouslyI\.,
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RESULTS

Ratiional Desi n ofo Fusion. Protein of $311130 and SIL~6RC¢
as a Iorenft'ol 1L-6 lnhtbNorm—The fusion protein was designed
to contain the minimal regions 01 IL-Gila and 5311130 required
for high a-nnity li1~8 binding. [Vloreover the N-terminus on
mature gplfif) :liouldnot be ailected by the Iusion since it is
important for ligand binding (1‘74). Thus. the fusion protein
consists of domains 131-112-113 of 5131393 (including the signal
sequence at the. N terminus that directs its secretion) {tillowed
by a link-er and domains DZ and DB oi“ lily-5R1"; (Fig. 1A., upper
scheme). The two retro;)tor l1ag>11-131 owe to be connected by
the linker in a. way that allows tl' . l‘usion protein to adopt the
conformation required for efficient neutralization of IL-6. Ac-
cording to the ternary complex model based on the Xv-ruy struc-
ture oi V 11al lL’o boundto DL—DS ofgp130 (22) tl1-3 G leiminus
of;15.1>n13il~D3 and the N ternnnus of sIL-GRn-DZ are separated
by at least 8 nm. This distance can he bridged by a peptide
linker of about 30—40 amino acids (Fig. 1A, lower part“) The
linker should he of high conformational :1exihility, of low lin-
n1unogenicity, and resistant to protease degradation. Three
fusion proteins containing different linkers were constructed.
Two of them, ACES—38 and At" —41. are made of flexible Ala,
Gly-y and Stir-rich peptides o 3 and 41 a 10 acids, respeo
tiV'elV ln an extended conformation these linkers span from
abo-it 10- (AG8-33) to 12 um {AGS-éi 1), The third one (i'p stalk--
41%) consists of a short flexible fragment oi" the. extracellular
rnemhratie—proximal part ol'lL-l-SPO: (25'), Besides its flexibility,
this linker is expected to he of low immunog-zanicity. since it is
derived from the endogenous lL-6Ro. For technical reasons, a
FLAG tag epitope was added at the C termini of all constructs
(Fig.1A Uppercchemc).

Pu.iflcuiion and Characterization of Fusion Proteins Pro-
duced in Insect Cells For continuous production of the111sion
proteins sta‘ol I transfected H5 ~ect cell l1nes were generated.
The fusion proteins were precipitated from cell supernatants
with lL-G-Sepharose and analyzed by Western blotting (Fig.
1.8). The apparent molecular masses ofthe fusion proteins are
83.5 kDaior fp stalk-49 69.o lil)a for fp A-GS33 and 72 liik: foi
fp AGE-41. The substantially in gher niolccularmmaas o: 111
stalk-49 is most likely due to an addi ional N-glycosyla'tion site
lAsn-Alau'flirl introduced with the linker.

W'e t<)<;-l~:'3adventage of:he affinity of the fusion proteins to
IL-6 for their purllK.11ion and conce- trntion evil:h llJ-G-Sepha-
rose The ins:ect tell supemai:tan the flow-1 ro)ugh and the
eluate oi" lL-G allinity chio 111tography were analyzed for the
presence of fusion protein by Western blotting (Fig.1C) Com-
pared with '[l'le supernatant\Sfi tefl Zone) the iiusion protein is
strongly e111ichcIi1n theeluaate .No fusion {1101611 is detectable
in the.1“owthrowgh f1ac'ions The concentrations of fusion pro-
tein in the11Macions determined hya" newly developed ELTSA
correlate well with the intensities of the hands in the Western

lot (Fig. 1C). After dialysis. enriched fp stalk—49 was used for
the following studies. Supernatants containing the other fusion
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FIG. 1. Design and characterization of 5gp}EEO/sili—filta fusion

proteins. 14' upper panel. so emati , "'11":sen ation of.die fusion pvo-  
 
  

 

  
 Niel of IL6' 1;land le-6R0 D‘Z— Dd

ed structuie 01"

protein at . dicated. ' . .
bout:(l to a fusion pic-Le of sgpl .40 D1433. (67

Mel The gp130 and lL-6 part wirespond to tiles
' l'lrfi bound to gleO lll—l'lf‘) (221, ill-(1 ' '1 “93-US

attly solver, structure ol sllrGl'lu-211. The lin'Keri .
o acids as in ip AUS-33 Domain Di of gpi.30 is involved in

ition of the depicted ternary complex leadinag to 11 stable 11 .americ com " 10W111.B. 5 ml of supernatant: from insect col.:
stably transfected v. expre: ion vectors encoding the in ion :roteins
oi mock—vector 4 ontiull were incubated with ILnS—Sepliamse. Sepha—
mars-limiml 11175., ns wen—"5 analyzed liy immurmlilotiing using a poly-

clonal le-GRa antibody. C, purilica tion ol E'p still i“ iron} insect {ellsupernatant by 111-6 affinity climmanmphyJ ml of superria Lent
1mm insect ccsll expressing 1p sta‘k 4? ware lo;udcd onto a...-3nil ll.’1‘;-
.Iep'namse colunin. Eon“.-:l proton . eluted Wl ml oft? M MgClz,
and" ml fractions were collecte . The fusion pint n from 10 ml of
supernatant (3n), 1") ml oft-he fractions ot'tlie low rough after 100,
150, and 200 ml. and from 1.5 ml of the 24,111 fractions of the el late-s
were precipitated and analyzed by '1’nmiinoblotling using a pr' lonal
le-6R0 antibody The indicated concentrations of fp stalk—49 were
determined by ELg.3.

 
  
 
 

 

 
 

 

  
 

     

 
 

 

 
  

   

   

proteins, and supernatants oi mock- tr:instk5;:ted insect cells
were treat55d the same may. {lie lattci‘ W.is L1.ed as neg:ative
controlin tlie bios

Potent IL—(S Aniago. tic Activity of the Fusion Proteins—To
test the iii—6 antagonizuig activity of tlis 'l'usmn proteins. sn—
pernatants of stably transfected disentt‘olls were incubated
With lL—G for 30 min to allow the fusion protein to bind to 111-6.
BalF-S (toits stably traiisfoctsd with gpt'SOaand EL6R1 {Bax
gplSO-ILESR) were stimulated with the lL-fi—ti‘eated superna-
tants. After 30 min, cells were lysed, and STAT3 nhosplioz‘y'la—
tion was analyzed. In the presence of sopernatant from mock-
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FIG. 2. IL-6 antagonistic activity of sgplgfllsILufiRa fusion pro-
mins. A: upper pant], Ba! ‘jmgpiSGull tells VVQIB ii-tiihatizd with
supernatants from insectcells expressir 5, lusion proteins or from mock—
Us.nsi'ected insect cells (con fro/1 and stimulated with 0.1 ng/ml lL-6 ( +I

(l min or‘. it unstimulatez -1 as indicated Activation at313.4113
nalyzeal l5 in1rmmoblottwy ol' cellu- 3r lvsates. Activ;.ti(1ri of

d using a polvalan31 ant ,10dy sga-nst-ymsins phos-
After strippiiig of the 1510-, ST4T3 loading w.

polyt‘lonnl STA antibody. Lower pH,
were incubated supernattmt from 11 ect col

~33 or mock—tr d insect cells If.” r011 and
.1 different cones-mm. ‘ ol lL-li'for 3.0 min as ind

.ed for ST! ‘ phosphoi'vlation as d

' A1th 1 rig/nil IL6 and 34‘1Ir1g/in'i of
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gpl-‘lO—lLGl't cell
impressing i'p
stimulated wit
Cellular lysates "were anal
above. 3. HepG2 cells w
fusion-protei or an (1-7
to tad a ll supernatant {ltonfrnh ('9') l8 h and melanolmal
l5 red W '38 for '3 l1. Secreted al—anti—C vmotrypsin (a1 -'A'C ,
immunopre ‘itsled from cell culture supernatants. separated by SD.
PAGE. and analyzed lay sxitomdiogi‘apliy.

 

  
 

   

  
 

 

 

 

 
 

transfected insect cells, stimulation of Ba/FS-gpl30—ILGR cells
with 0.5 ng/ml lL-B is sufficient to induce prominent tyrosine
phosphorylation of STATS (Fig. 2A upper and lower panels,
lanes 1 and 2:1. ’ restinent of Ba/FS-gplSO—IMlR cells with lL—B
that was pi‘eincubated V. Yitli snpernatants from cells express‘ 51g
the fusion proteins did not result in significant tyrosine plies-
phorylation of STAT3 (Fig. 2A upper panel lanes 3—51.Thus
all three fusionprotei:is in the supeinstants inhibi- IL--6 sig-
naling, since no STATE pliosphorylation is obsewed in re-
sponse. to {11-6. A 2-lold higher lli~6 concentration ( l rig/11111 is
non.tralivsd only incomple.sly bythe supernatant containing fp
AGS iii1g. 2A.. lower pane

lL-b’ is the maj. induce.V‘ of zicutc-phase protein synthesisin
t19patocyixss, but also i , hepatoma celllines such as Hepr.
lL-fi stimulation (1 rig/ml) leads to '1 sulistsniallyincreased
."1I1—an’ti-i:hyrr' trypsin production by liepGZ cells as sh-:5vn by
immunopi’e itation oi" metabolically labeled protein (Fig. 28,
lanes 1 and 21. Purified proteins of control sup . slant do not
affect xvluant1—cl'1ymotrypsin synthesis (Fig. 23. lane 31. in the
presence of the corionnti’ated fusion giroteins 4'80 ng/mll. c.1—
anti-cliymo psin synthesis is reduced to the basal level (Fig
28. lanes 4—61. Thus, all three fusion proteins inhibit IL-li-
induced acute-phase protein svnt'nesis.

Speciflcity of the IL-6- inhibi' m? 8gb]SO/SIL- 6113a Fusion Pm—
tel/15mm demonstrate the spetiilcity of the inhibitory fusion
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A 8gp130-le-6Ru Fusion Protein as Iii-6 Antagonist
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Fm. 3. Specificity and efficiency of the ill-El—antagonizing
sgpldfl/le—fifia fusion proteins A Ba/lT'S-gplilikllifill (I’cfl, pr! L
Ball‘ilugplzlllullilllt cells (right pa ; were incubated W
amount- ol’ lL»6 {049 rig/nil) or t-rX—lLH (5 ngiml), respect
serial 2-l‘old dilutions ollinhih' 'ors starting n 'th 3 concentration ol‘ECIO

‘ l. Equivalent volumes of purified mock actor nsibcted cell su-
, ‘ e used as a control. Aft/er 60 l1 ( F .culjation, viable cells

were quant d using the colorimetric XT’T assay (Roche lliagno ic
Gmblll Dashed lines and dotted lines corresponl to prolif "' '
absence of cytohine or inhibito espcctively, do; vcd from ti
curves (not shown). Moon vnlu from three independent cxpciiinonts
are shown with SD. values B, Ba} ‘3-gp130-lL6R cells were stimulated
for ‘30 min with 0 3 rig/ml llrfi> which was arcincubated for 15 min at
4 ”C with 1.5 rig/ml fp stalkélg or the equ' alent volume of purified
nook-vector—transfected cell supernatant. (control) or with increasing
amounts of soluble receptors (SR): 1 ng/rnl le-tlltrx and 2 ng/ni UplSO
Jane /'l, 10 rig/ml le-h'ltn' and 20 ngz’nn sgp‘lill) (lane 5); and ll”, uglml
le—6Ro and 200 nag/ml sgpl30 (lane 6). Activation of STAT3 was
analyzed by immunoblotting of cellular lysates. STAT-3 tyrosine phos—
phorylation was detected as (l cribcd in legend to Fig. 2A. sill-Ella and
sgplfa‘l) were prepared as dost. ihad previously {12 33).
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proteins, we compared the proliferu ion of lilo/F3 cells stably
transfected with gplfiil and IL-6Rn‘ or gp130 and lL-llRa
(Ba/FS-gplSO—ILllR) in response to 0.9 ng/ml lL-G or 5 ng/rnl
lL-ll, required for 50 or 80% of maximal cell proll oration,
respectively. TrX—IL—ll is a fusion protein of thioredoxin and
lL-ll exhibitin lL—ll activity indistinguishable from lL-ll
Wild type (21‘). The proliieration of Cllafll‘E-gplBO-llifill cells
treated with a constant amount of 111—6 is inhi ited by the
fusion protein l'p stalk-4S1! in a concentrationdependent man:

or. Purified control supernatant had no significant effect (Fig.
A7 left diagram). At a his n protein concentration ol'ZEO-nfillll

ng/rnl, cell proliloralion is complct 'y abrogated. l-‘roliferation
of Ba/Filugp13(l-llil1R cells in response to trxulli-ll, however,
is not significantly disturb-"l by fp stalk-49 (Fig. 3A. right
diagram). Thus fp stalk—49 speci cally inhibits lL—fi, but not
lL—ll responses. Similar observations were made for the re-
maining fusion proteins (data not shown).

Inhibitory Actirity of the Fusion Proteins Compared with
Separately Expressed sgplSO and SIL-GRu—Next, we proved
that the appropriate fusion of the ligandbinding domains of
gp130 and lL-ESR-Lr leads to a more potent inhibitor than sgplSG
and le-GRu separately expressed in insect cells. The ii hibition
ol’ STATS phospliorylalion in lieg’li‘g-gplSO-liil_,6l{ cells induced

 

as  L

 

 

 

1697].

by 0.5 ng/ il lL-i} achieved with 1.53 ng/ml fp stalk-49 was
compared with inhibition by the combination of sgplSO and
le—GRQ (ll g. 35"). The approximately cqui iolar ratio ol‘lL—E and
t'p stall<~49 is sufficient. for almost full suppression ol'lIL-G induced
S'l‘A’l‘i activation {lanes L43). in cont *t to this extremely high
antagonistic potency of the fusion protein. a molar ratio of 1:100
ol'lL-6 and the combination oi'sll Flint and sgpl30 is recp irod to
achieve . ibi‘tory activity (Zone. -6), We conclude the
fusion proteins are of wHill-fold increased inhibitory activity
compared with the separate solublc receptor proteins.

 

 

  

   

DlSCUS-SlON

In this study we present a highly potent IL—6 inhibitor based
on the ligand-binding domains of the lL—6 receptor subunits
lL-fiRu and gpl’o‘f). Many of the existing lL-6 receptor antago-
nists are lL-6 mutants of binding sites to 5311130 (sites II and
ill). They block lL—ERu by binding via the intact site i but do
not recruit gplSO (26, 2'7). Since the interaction of lL-G with
ill—film is of low affini’r so called snperantagonists were cre-
aed by mutating the site I oi'thosc antagonists to strengthen
(Y-YECBpllfllf‘ binding. Although the superantagonists perform
better, they still have to be applied in a large excess to 1L6
(2‘7). "Furthermore, clue to the m' " y mutations the proteins are
highly immunogenic (28), Ncutn .ziug Ill-6 or lL-fiRa an (Kl-
if have also been used , lL—(i iuh oitm‘s. 'l’hey were to ted in
clinical tr ls lior the trcatment of rheumatoid arthntis ‘5) or

AIDS—associated Kaposi’s sarcoma (29) but turned out to he of
rather low efiiciency'. Very recently: potent low molecular mass
11—6 receptor antagonists were described for the first time (30,
31). These antagonists lave to be applied in the microinolar
range to inhibit picornolar amounts of lL-6.

A new generation of cytokine antagonists is based on soluble
receptor fragments that bind the ligand with high affinity and
specificity. In the case of lL—ti two receptor subunits are re-
quired for high affinity lnndingy lL-GRu and gpl.30. lvloreover,
the complex of ill-6 and Sl,la-6.l\ifi acts agonistically on cells
expressing gpl.30 (10). Ionversely, slIrGRu suppo neutrah
ization of lli-fi by sgplfll‘; Clue to formation of a soluble high
allini ty ternary complex (12}. The new Clix-(7’ receptor antagi
pic ‘ented in this study stems from the ill “ that appropriate
fusion of the ligand-binding domains of IL-{lRa and £33130
should res ult in a superior antagonist that neutralizes lily-é}
with highest affinity and specilicity. In the present study three
different linkers were used to connect the ligaiid~binding do-
mains of gplSll and lL—BRa. It turned out that the lfusion
proteins exh'bit similar inhibitor ' activities, indicating that
the estimation of the required linker length has been correct
and appropriate peptide linkers were chosen.

All three fusion proteins bind lL-B as shown by precipitation
with lL-G-Sepharose. The fusion protein present in the insect
cell supernatant is sufficient to completely antagonize the ac-
tivity . f 0.5 ng/ml (25 pill Ill—6 in the short term Sll‘A’lTS phos-
phorylation assay ising transtoctcd Ball-‘3 ccl.s (fig. 2A.). Since
the concentrations of the fusion proteins in the insect. cell
supernatants are in the rang-:3 of 1---2 ng/ml (is-so on). this
points to an inhibitory activity at: a molar ratio between agonist
and antagonist of 1:1.

In a. long term assay such as induction ofacute-phase protein
synthesis in HepG2 cells, the activity of 1 nglml (50 pM) lL—l}
was totally blocked by the addition of inhibitory fusion protein
at a nearly 10—fold molar Eli-i) ss (450 pM). lo the E's/F3 prolif-
eration assay with fp stalk/ll}, we determined on K350 of 6
ng/ml (90 pill) for the inhibition of 0.9 ng/rnl lL—l} (4-5 pM). Thus?
in long term assays and thcrcforc also for studies of the inhib-
ltory activi y of the fusion proteins in oioo, an about 10-fold
molar exc of fusion protein over lL-6 should be applied.

Besides their inhibitory activity the specificity of the fusion
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16972

proteins is an important f .attu‘e to assess their potential value
:"or anticytokinetr10.apies TIL—11 most closely resembles TL-{i
because it also sis) _ ls via gplSQ homodhners but binds to a
different nz-recepti , namely ill-1111a. In the BaiFfi -f1rolifera—
tion a V. amoi nts 0.fusion proteins. that signitmant‘1y iuhihit
lL—6 acti _ y had no eit'ect 01- IL 11 induced proliferation (data
shown oulv for t'p stalk-49). Therethm at the concentratmns
used in our assays eat of the three fusion proteins is a potent
an16 spotoitii,inhibitor of Ti..-6 aotiv1t"

Ti:13 superioractivity of the fused Dandbinding domains of
gpl.30 and ll.16th1 compared with the s:parate soluble recep—
tors $513130 and SIL-GRQ'is probably the most important issue
left to be proven to cont: .111 the value of our concept. lib-6
induced STATS phosphorylation in Ba/FS cells is inhibited by
the presence of equiniolar amt; . ' of fusion protein. To
achieve a similar inhibition an a

 

  

  

 

 

 
t least 100-i'old molar excess of

sgplSO and sTL~6Ra has to be applied. This intri rding result
cloa1y demonstrates theoxtraordin ary hian inhibitory activity
of the fusion protein. What is the explanation for this findina‘?
in the. above. assay. a low amount of ll6that is in the range. of
pathoph,'siological 114-6 cozicentrations 500 p'>'/1nl) was ap
plied When the separate soiu1.19. receptors were used, TIL—1’3 first
binds to the le-iiRu. This interaction is of low affinitv and
therefore the complex of IL-6 and sIli-8an might dissociate
before it encounters sgp130. In the fusion protein. the initial
complex oi'lL—6 bound to domains T32 and T33 01" {L6386 can he
ininiediately-trapped by the covalently linked ligand-61-n(ling
domains of gp130 before dissociation occurs.

Our inhibitor strategy is also appli ta le to other oytokines
that signal 111'a. heteronieric receptor comp. es. Indeed, in a
recent publio-.tion E-oonornides 8f (1?. (32) used a similar ap—
rooaci to create so called "-cytokine traps" as highly potent

11iliiliitorsior llr-l U944, and Eli6.111 their study tle. complete
ectodonraino of the respomive receptor subunits including the
regions dispensable for ligand binding; were“"used to the Fe riart
of human IgG. This results in diine‘ization of the receptor
chains by d‘suliide bond tornaation-ah‘the FC p.arts In -:he (rise
of the IL-6 inhibitor, this leads, besides the desired sgplSO—ch
le-6Rnh-Fi: heterodimers, to the formation oi" g;sl3()--Fd
gplSil-T c and sIL-BRa-Fc/sliii-GRmFC homodimers. As a conse-
quence, before application, the heterodirner must be separated
from the honiodiniers. [in the XE}“1 myeloma cells an TC,“ ot'50
31M sgplf‘lil—Fo/sTL—GRa-FC was determined for the neutraliza—
tion oi'Z‘. 5 pm ('0. 05 rig/ml) lL—6 (32‘1 On our Ba/TFB55131.3011.61%
cells treated withci5 DM lL-6 the leo ozto stalit—491s 90 pM. If
311E} taltes into account the molar ra hetween the IL”6 (301%

centrationin the two different proliferation assays and the TC5,,
oit'the respective inhibitor, it turns out that fpstalk-49.9. about
10—fold more potent than sgplSO-Fc/le-GRa—Fc. These findings
su.gest t1hal the more stfi‘iictuie -loas-:3d aporoach presented in
our study confirms the validity of thebasic concept andf1'11"-
thermore leads to optimized inhibitory fusion proteins.

We oonol‘ide that appropriate n11:ion oi the ii;-andbinding
domain: of soluble receptor proteins loads to cytokineiinhibi—
tors of estraoidinary activity Which might be ot cons-dart...
therapeutioal value for the development oi new anti-cytokine
therapies.
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Crystal structure of a cytokine-binding region of

gp130
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The structure of the cytokine-binding homology region

of the cell surface receptor gp130 has been determined
by X-ray crystallography at 2.0 A resolution. The B
sandwich structure of the two domains conforms to

the topology of the cytokine receptor superfamily. This
first structure of an uncomplexed receptor exhibits a
similar L-shaped quaternary structure to that of
ligand-bound family members and suggests a limited
flexibility in relative domain orientation of some 3".
The putative ligand-binding loops are relatively rigid,
with a phenylalanine side chain similarly positioned to
exposed aromatic residues implicated in ligand binding
for other such receptors. The positioning and structure
of the N-terminal portion of the polypeptide chain
have implications for the structure and function of
cytokine receptors, such as gp130, which contain an
additional N-terminal immunoglobulin-like domain.
Keywords: cytokine receptor/gp130/multiple anomalous
diffractionm-ray crystallography

Introduction

Cytokines, generally in the form of secreted molecules,
mediate intercellular signalling by high affinity interaction
(KD ~10’10 M) with the extracellular regions of specific cell
surface receptors. This promotes receptor oligomerization
which, in turn, triggers intracellular signalling cascades
within the target cell. The ability of a given cytokine to
elicit biological responses in a target cell is therefore
dictated by the specificity of interaction between ligand
and receptor.

Gp130 is a transmembrane receptor which is required
for signal transduction by a set of cytokines, the gp130
family, which have many significant biological functions
of potential therapeutic interest (reviewed in Kishimoto
er (1]., 1995). GplSO-mediated signalling has been implic-
ated in the regulation of a wide variety of adult tissue
systems, including haemopoesis, nervous system, bone,
heart, adipose tissue, testes, liver and muscle (reviewed
in Kishimoto er al., 1995). Targeted inactivation of the
gp130 gene results in a complex pre-natal lethal phenotype
including defects in cardiac and haematological function

© Oxford University Press

(Yoshida er al., 1996). In addition, chronic activation of
gp130 signalling in a transgenic mouse model results in
cardiac hypertrophy (Hirota at 0]., 1995). The gp130
family of ligands currently comprises interleukin-6 (IL-6),
IL-11, herpes virus IL-6 (HSVIL-G), leukaemia inhibitory
factor (LIF), oncostatin (OSM), cardiotrophin (CT-1) and
ciliary neurotrophic factor (CNTF). The three-dimensional
structures of three members of the gp130 family, LIF
(Robinson et al., 1994), CNTF (McDonald 61 al., 1995)
and IL—6 (Somers er al., 1997; Xu et 51]., 1997) have been
defined by crystallographic or solution NMR techniques.
This reveals that these cytokines share a common topology,
being composed of four regions of 0L helix (helices AiD)
linked by polypeptide loops in the ‘up-up-down-down’
conformation typical of the ‘long chain’ family of cyto-
kines (Boulton er LIL, 1994).

The signalling functions of gp130 are initiated by the
ligand—mediated formation of oligomeric complexes with
other specific partner receptors. Gp 130 initially was cloned
as an essential transmembrane component for signalling
mediated by IL-6 (Hibi er al., 1990). This occurs via
dimerization of gp130 (Murakami et ul., 1993) following
the formation of a hexameric complex containing two
molecules of gp130, two molecules of IL—6 and two
molecules of a soluble specific IL-6 receptor (Ward et 0].,
1994', Paonessa er al., 1995). A similar mechanism pertains
to the case of IL-11, where homodimerization of gp130,
and subsequent execution of signalling functions, is
brought about by association with a complex of IL—11 and
specific 1L-11 receptors (Hilton at (1]., 1994; Karow
er al., 1996).

Gp130 was also cloned as a receptor required for
signalling mediated by cytokines which associate with a
second transmembrane receptor of the cytokine typei
LIF-R (Gearing at 11L, 1991). These include OSM (Gearing
er al., 1992; Liu er al., 1992), LIF and CNTF (1p 6! al.,
1992), and CT—l (Pennica et al., 1995). 111 this case, signal
transduction is initiated by 1igand-mediated heterodimeriz-
ation of gp130 and LIF—R (facilitated, in the case of
CNTF, by association with a third non—signalling receptor
component CNTF-R). Recently it has been discovered that
OSM can also mediate signalling by heterodimerization of
gp130 with a novel transmembrane signalling receptor of
the cytokine type, OSM—R (Mosley er al., 1996). The
intracellular signalling pathways activated by 1igand—medi—
ated homo- or heterodimerization of gp130 include activ-
ation of me receptor-associated JAK/Tyk tyrosine kinases
(Boulton et al., 1994; Stahl et al., 1994), the STAT family
of transcription factors (Stahl er al., 1995) and src-family
tyrosine kinase pathways (Ernst er al., 1994).

The sequence of the extracellular ligand-binding region
of gp130 reveals that it is a member of the ‘cytokine’
superfamily of receptors characteiized by a canonical
cytokine-binding homology region (CHR) containing the
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Table I. gpl30—CHR data collection statistics 

Wild-type Sell

W’avelengdi (A) 1.030 9790
Unique 48 189 20 549
<l/6(l)> 19.4 (5.0) 23.2

Rmerge (‘70) c 5.8 (20.6) 5.1
Rcsolution (A) 3042.0 SWISS
Completeness (‘70) 98.8 (96.6) 93.6

Rmerge 2 Eli 4 <l>| / Z<l>.

Sell Se7\.3 SeM Seitj

0.9791 0.9535 0.9793 0.9789
20 280 22 400 20 264 19 303
27.2 24.8 l8.8 28.6
4.3 4.2 4.2 5.0
SCFZSS 3072.50 SWZSS 3072.55
93.5 92 93.5 89.4

Values in parentheses correspond to the highest resolution shell (2.074200 A).

‘WSXWS’ motif. a proline—rich ‘hinge’ region and a
characteristic spacing of cysteine residues (reviewed in
Cosman, 1993). In addition, the extracellular region of
gp130 contains an N-terminal module predicted to adopt
a seven-stranded immunoglobulin-like conformation and,
C-terminal to the CHR, three fibronectin type III (FN 111)
domains. Deletion studies have revealed that the gpl30-
CHR is sufficient for interaction with ligand (Horsten
er al., 1995). Mutation studies of both lL—6 (Paonessa
er al., 1995) and LIF (Hudson et (1]., 1996) have shown that
this interaction involves topologically analogous receptor
recognition epitopes (site II) in both ligands. A second,
physically discrete, gp130 ligand recognition epitope (site
111) has also been described for the interaction with IL—6
(Paonessa er al., 1995). This interaction requires regions of
gpl 30 outside the CHR (Simpson et al., 1997; D.Staunton,
K.R.Hudson and J.K.Heath, unpublished observations).
The function of the CHR of gp130 is therefore the
association with partner ligands (alone or complexed with
receptor) via their site II recognition epitopes.

Crystal structures are available for four cytokine recep—
tors containing a CHR; the growth hormone receptor
(GHR; De Vos er (1]., 1992), the prolactin receptor (PRLR;
Somers er al., 1994), the erythropoietin receptor (EPOR;
Livnah et al., 1996) and the interferon-Y receptor (1FNy-R;
Walter et ul., 1995). These four prototypes undergo an
exclusively homodimerization mode of action with a
restricted range of ligands; little is known currently of the
detailed structural features of receptors which undergo
heterodimerization in the presence of ligand or interact
with multiple ligand and receptor partners.

We report here the high resolution crystal structure of
the cytokine-binding homology region of gpl30. This
structure provides the first detailed three—dimensional
information for a receptor component crucial to the signall—
ing complexes of a large family of growth factors (IL-6,
IL-11, LIF, CNTF, CT—l and OSM) allowing assessment
of the molecular basis of specific recognition and ligand
engagement.

Results and discussion

Expression and structure determination
A soluble form of the gp130 cytokine-binding homology
region (gp130-CHR) was expressed in Escherichia coli
as a maltose-binding protein (MBP) fusion (D.Staunton,
K.R.Hudson and J.K.Heath, in preparation). The final
purified protein comprised four residues from the fusion
linker, residues 100—303 of human gp130 (the CHR) and
a further 14 residues corresponding to a three-alanine
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linker and c—myc tag. Surface plasmon resonance studies
confirmed that this recombinant form of gp 130—CHR binds
OSM with an affinity (Kd ~6.5><10’8 M) equivalent to
the complete gp130 extracellular domain expressed in
eukaryotic cells (D.Staunton, K.R.1-ludson and J.1(.l-1eath,
in preparation). Gp130-CHR therefore retains structural
features required for ligand engagement via site II.

Crystallization trials yielded highly ordered crystals of

space group C2221 (rrnit cell dimensions a = 84.5 A, h =
132.3 A, c = 121.9 A) which contained two gpl30—CHR
molecules per crystallographic asymmetric unit. The non-
crystallogr‘aphic symmetry does not reveal any possible
mode of receptor dimerization. The structure was deter-
mined by multiple anomalous dispersion (MAD) phasing
techniques using X—ray diffraction data collected on BM14
at the European Synchrotron Radiation Facility (ESRF)
from crystals of a selenomethionyl form of the protein.

The structure has been refined to a crystallographic R-valueof 21.5% for all data between 30 and 2.0 A resolution.

Crystallographic statistics are reported in Tables I and II.
All 204 residues of the CHR are well ordered for one of

the two copies in the crystallographic asymmetric unit,
but residue 100 at the N-terminus and residues 212—213

of a loop region are disordered in the second copy; the
final model also includes certain of the residues which

derive from the expression construct (Figure 1A, see
Materials and methods). Domain—wise superpositions of
the two molecules in the crystallographic asymmetric unit
show essentially identical structures (r.m.s. deviation for
equivalent Cu atoms between 90 residues of the CHR
N-terminal domain is 0.44 A and between 99 residues of

the CHR C-ter‘minal domain is 0.32 A). The following
text focuses exclusively on the structure of the human
gp130—CHR and refers to these residues by the intact
gp130 numbering, 100—303.

Structure description and comparison with other
CHR structures

As anticipated from sequence analysis, the topology of
gp130—CHR is similar to those of the three other class 1
receptors of the cytokine superfamily (Cosman, 1993) for
which structures have been determined (hGl—lR, de Vos
er al., 1992', hPRLR, Somers et (21., 1994; EPOR, Livnah
et 51]., 1996). The CHR comprises two specialized FN 111
domains. The basic structural scaffold for each domain

consists of a B sandwich primarily formed from a three-
strand (A, B, E) and four—strand (C, C’, F, G) [3 sheet.
These domains are connected by a short 310 helix and are
oriented such that the whole molecule has an approximate
L shape (Figure 1).
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Fig. 1. The structure of gplSO—CHR. (A) Ribbon representation of the structure of gplBO—CHR. Helical segments are shown in red and B strands in
green. The full crystal structure is illustrated which includes, in addition to the structure of residues 1007303 of gp130, an extra three N-terminal
residues and eight C-terminal residues which derive from the expression construct. The C-terminal a helix results from these latter residues
(B) Topology diagram of the two domains of gpl30—CHR. Helices are represented by cylinders and B strands by arrows. The positions of the five
cysteine residues are marked by black bars. (A) and all components of Figures 2. 3 and 5 were drawn using programs MOLSCRIPT (Kraulis, 1991).
with modifications by R.Esnouf (Esnouf, 1997), and RASTERSD (Merrit and Murphy, 1994).

Gp130-CHR D1
The N-terminal domain (D1; residues 103—192) has the

standard arrangement of A, B, C, C’, E, F and G B strands
(Figures 1 and 2). One notable feature, unique to gp130—
CHR D1, is the division of strand G into two approximately
equal portions. This is the result of a B bulge and, as
discussed below, shows similarity to the WSXWS motif
of the second domain. In common with other examples
of this fold, gp130—CHR D1 contains two disulfides which
link the A and B strands (Cys11243ys122) and the C’
and E strands (CyslSO—CyslfiO). The lengths of the
interstrand loops are similar to those in the EPOR D1
(with the exception of the shorter region between strand
C’ and E, and a longer FG loop) and show little significant
increase in flexibility relative to the core of the domain
(as judged from crystallographic B—factors).

Given this general level of topological equivalence, it
is somewhat surprising to find that structural superpositions
with other CHR Dl structures (Figure 2A) show relatively
poor agreement within the core framework (for example,
1.0 A r.m.s. deviation for 53 structurally equivalent COL
atoms with EPOR D1). As illustrated in Figure 2B, this
discrepancy arises from the distinctive angle of B strands
C, F and G in the upper half of the GFCC’ sheet. A
superposition on gplSO-CHR D2 shows a more extensive
match over these main secondary structure elements (1.2 A
r.m.s. deviation for 64- structurally equivalent Cot atoms).
The key feature, common to both gplSO-CHR D1 and
D2, is the region of extended polypeptide chain (residues
102—107 of D1, residues 198—204 of D2) which packs
tightly against the edge of the B sandwich between strands
B and G before starting strand A at Asn109 in D1 and

AanOS in D2. The tight packing of this part of the
polypeptide chain against the core of the B sandwich is
mediated by the insertion of proline residues Pr0103 and
Pr0107 in D1, and ProZOO and Pr0203 in D2. The

incorporation of this feature necessitates the shift in
orientation of the upper part of the GFC sheet. In gpl30-
CHR D1, this is achieved through the distinctive B bulge
in strand G at residues 187—189 stabilized by the hydrogen
bonding of the Ser187 hydroxyl to the main—chain nitrogen
of Va1176 in strand F (Figure 2C). An identical function
is performed by the two serine residues in the canonical
WSXWS motif of CHR D2 structures, with the superposi-
tion of the gp130-CHR DI and D2 domains indicating
that Ser187 and Ser292 are structurally equivalent. None
of the other class 1 CHR D1 structures contain the

equivalent length of polypeptide tightly clamped between
the B and G B strands or the B bulge in strand G.

Gp130-CHH D2
The C-terminal domain (D2; residues ZOO—300) conforms

to the standard A.B,E and GFCC' B sheet arrangement.
Of the two domains of the CHR, the second appears to
be generally the more structurally conserved within the
cytokine receptor family. Structural superpositions indicate
closest similarity to the EPOR domain (1.05 A r.m.s.
deviation for 81 structurally equivalent Cot atoms). This
arises primarily from the shorter length of the B strands
in these two molecules compared with those in other
members of the superfamily. The only secondary structure
element to not correspond closely in position between the
gp130-CHR and EPOR D2 structures is the C’ strand. In
common with the other class-l CHR D2 structures, the

1667

Ex. 2001 - Page1300



Ex. 2001 - Page1301

J .Bravo et al.

 
Fig. 2. Gp130-CHR domain 1, (A) Comparison of D1 of gp130
(green) and D1 of EPOR (brown). The C’ and G strands are broken
into two portions in gpl30, and there is no D strand. (B) The [3 bulge
in strand G, The main—chain atoms of B strands F and G are shown in
stick representation, SerlR7 is shown in hall and stick representation,
and hydrogen bonds are denoted by broken lines. (C) The distinctive
C'.C,F.G sheet in gp130, The C’,C,F,G strands are shown for gp130
(green) and EPOR (brown) positioned on the basis of a whole domain
superposition (performed using the program SHP; Stuart 6! al,, 1979)
to illustrate the novel nature of the top half of the gp130 B sheet.

interstrand loops in gp130—CHR D2 show relatively limited
mobility (as judged from crystallographic B-factors), with
the exception of the AB loop. This loop is stabilized by
a crystal contact in one copy of the gp130-CHR but in
the other copy the AB loop is exposed to solvent and is
disordered in the electron density map (residues 212 and
213). The domain contains one free cysteine residue
(Cys279) which is buried within the core of the B sandwich.
This precludes it from involvement in disulfide-linked
homodimerization of gpl30 during lL-6-related cytokine
signalling (Murakami et al., 1993).

The WSXWSX sequence (gp130 residues 288—293), a
defining feature of this receptor superfamily, is situated
in the N—terminal portion of strand G (Figure 3A and B)
and has an essentially identical double B bulge structure
to that of the homologous region in EPOR. The two
successive [3 bulges are stabilized by hydrogen bonds
from the hydroxyls of Ser289 and Ser292 to the main-
chain nitrogens of Cys279 and lle277 respectively. As in
the other class—1 CHR D2 structures, the side chains of

Trp288 and Trp291 participate in an extended ft—cation
system, stacking between the side chains of strand F
residues Arg276, Arg278 and Met280. This feature is
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considerably more extended in gp130—CHR D2 than in
EPOR D2, however, since it also involves side chains

from residues Arg240 and Trp247 in strand C and at the
start of strand C' respectively. The absence of these latter
interactions in EPOR may underlie the difference in the
position of its C’ strand relative to that in gpl30-CHR
D2. The extended rt—cation system in gp130 is most closely
matched by that in PRLR.

The interdomain region and relative domain
orientation

As observed for the other superfamily members, residues
of the interdomain linker region (gp130 residues 193—
197) form a 310 helix. Additionally, residues 198 and 199
in gpl30—CHR form a short [3 strand. This novel structural
element hydrogen-bonds to both strand A of D1 and the
WSXWS region at the N-terminus of strand G in D2,
providing an extra constraint on the relative orientation
and positioning of the two domains (Figure 3C). The
resultant juxtaposition of D1 and D2 produces a tight
interdomain interface which, excluding the contribution
of the linker, buries ~350 A2 of solvent-accessible surface.
This is contributed mainly by residues in strand A and
the EF loop of D1 (1113, E116 and Y168) and residues
from the BC loop and strand G of D2 (1227, V230, 1231
and Y287). Superposition of the two copies of gpl30-
CHR in the crystallographic asymmetric unit reveals a 30
difference in the relative orientation of their domains.

This appears to originate from very slight changes in the
main-chain torsion angles for linker residues Vl98—Kl99.
The structural constraints imposed by the linker 310 helix
and [3 strand plus the hydrophobic, close-packed nature
of the interface, argues against any more substantial degree
of interdomain orientational freedom than the observed

3° range.
The overall shape of the molecule can be quantified in

terms of a tilt angle (defined as the angle between the
long axes, lunning approximately parallel to the B strands,
in the two domains; Bork et ul., 1996). With a tilt angle
of 78°, the relative domain orientation in gpl30—CHR
corresponds most closely to the general ‘L—shaped’ (~90°
tilt angle) arrangement characteristic of the other class 1
members of the superfamily (hGHR, hPRLR and EPOR)
rather than the more upright (~50C tilt angle) arrangement
of the more distantly related class 2 members IFNy-R and
TF or the more extreme 1200 or so of tilt very recently
observed in the natural killer inhibitory receptor (Fan
er al., 1997). A detailed comparison (combining the effect
of tilt angle and twist in the orientation of D1 relative to
the D2 axis) reveals that the precise interdomain orientation
in gp130-CHR differs by some 23° from that of the most
closely related quaternary structure, that of EPOR.

Sequence comparisons with other species
The human gp130-CHR sequence employed in this study
was aligned with the homologous regions from mouse,
rat and Xenopus gpl30 (Figure 4). This reveals that
74/204 (36%) of residues in this region are conserved
amongst all versions of the gpl30-CHR. It is notable that
the majority (64) of these shared residues are in a relatively
buried location in the human gp130—CHR structure. This
indicates that these conserved residues most probably play
a role in determining the structural framework of gpl30
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Fig. 3. GplSU-CHR domain 2 and interdomain linker (A) Schematic diagram of the WSXWS box. The side chains of residues contributing to this
structural feature are colour coded according to the secondary structure element from which they originate. (B) Atomic coordinates and electron
density map for the WSXWS box. The refined coordinates are displayed with the original 2.9 A resolution electron density map calculated using
MAD phases followed by density modification (program DM, see Materials and methods). The map is contoured at 16 in program 0. (C) Schematic
diagram of the DliDZ linker region. Strand L in the linker region hydrogen-bonds to strand A in DL and the WSXWS box region of the
polypeptide chain prior to the start of strand G in D2

rather than ligand recognition. It follows that the putative
ligand recognition epitopes of gp130 may exhibit variation
between species.

Implications for ligand recognition
The topological similarity of gp130 to hGHR and hPRLR,
systems for which ligand binding has been structurally
and functionally well characterized (Cunningham and
Wells, 1989; reviewed in Sprang and Bazan, 1993; Wells

et (11., 1993), permits the identification of candidate struc-
tural features of gp130 that mediate ligand recognition via
site II. The cognate site II gp130 recognition epitopes
have been defined for two ligands, LIF (Hudson et 01.,
1996) and IL—6 (Savino et £11., 1994). In both cases, these
consist of a small number (476) of solvent—exposed
residues located in the adjacent helices A and C of the
ligand. This suggests that the site II ligand recognition
site of gp130 will also be formed from relatively few
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Fig. 4. Sequence alignment and solvent accessibility of gp130 sequences, The CHR region of human (Swissprot accession No. P40189. Hibi et a1.,
1990). murine (Q00560. Saito et ul., 1992). rat (P40190, Wang et ul., 1992) and Xenupus (K.Chien, A.Grace and J.Chen, personal communication)
gp130 sequences were aligned using the progressive pairwise algorithm of Feng and Doolittle (1987) implemented in the Pileup programme of the
GCG package followed by minor manual editing. Solvent exposure scores were calculated using DSSP implemented in the program Turbo-6
(Roussel and Cambillau, 1989). Scores 0750 were assigned a value of 1, 5171002, 10171503 and 15172004. Conserved residues are coloured in
orange and residues which are identical to human gplSO are coloured in red. The figure was generated using the programme Alscript (Barton, 1993),

solvent-exposed residues forming a complementary bind-
ing site.

The hGl-l—hGl-IR complex (De Vos et al., 1992) and
the related hGH—hPRLR complex (Somers et LIL. 1994)
reveal that recognition of the ligand via site II involves
solvent—exposed residues located in three loops linking
the main [3 strand elements. The first of these is a prominent
aromatic residue located in the loop between strands E
and F of D1 (TrplO4 in both hGHR and hPRLR). In the
human gp130-CHR structure, the analogous EF loop
contains a similar prominent, solvent-exposed residue
Phe169 (Figure 5). Sequence alignment of gp130
sequences (Figure 4) suggests that the analogous residue
is present in rat gp130 but is replaced by the conservative
substitution of a tyrosine residue in the mouse and Xenopus
proteins. Sequence alignment of the equivalent region in
other receptors for members of the long chain cytokine
family reveals that a non—polar residue (Phe, Tyr or Trp)
in the predicted EF loop of D1 is a common feature (data
not shown).

The other two potential binding sites are located in D2
in the form of the loops linking strands BC (gpl30 residues
226—230) and FG (gp130 residues 281—285). A non-
conservative substitution mutant V230D, which is located

in the BC loop, results in loss of affinity for IL—67IL—6R
(Horsten er al., 1997). V230 is, however, relatively buried
in the three-dimensional structure (DSSP score of relative
exposure 23%), and the effect of this mutation on ligand
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recognition may, therefore, be indirect. The PG loop
has also been implicated recently in the recognition of
granulocyte colony-stimulating factor (GCSF) by the D2
domain of the GCSFR CHR (Yamasaki et ul., 1997). In
addition, non—conservative substitution mutants of two

exposed residues (G286W and K285E) in this region of
gp130 result in loss of affinity for IL-6—IL—6R (Horsten
er 0]., 1997), suggesting that the FG loop does indeed
play a significant role in ligand recognition. The equivalent
regions of gpl30 proteins from other species exhibit
conservation, but not identity, of residues in these regions.

A key feature of gp130 is its ability to interact with a
range of ligands in the context of a number of other
partner receptors. In cases such as LIF and OSM (Hudson
91 al., 1996), the ligand is able to interact with gpl30
with high affinity on its own. In other cases such as lL-6
and IL-11. high affinity interaction between gp130 and
the ligand requires that ligand is associated with a partner
receptor (IL—6R and IL—llR respectively). This suggests
that there may exist additional sites on gp130 which are
involved in interaction with partner receptors. Mutagenesis
of the IL—6R (Yawata er al., 1993) and the IL-llR
(M.A.Hall, P.Bilinski, A.Gossler and J.K.Heath, unpub-
lished observations) have revealed that specific non-
conservative substitutions of residues in the membrane—

proximal region of the predicted D2 in these receptors
can block the ability of the ligand—receptor complex to
interact with gpl30. Inspection of the dimeric hGHR
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Crystal structure of a cytokine-binding region of gp130

 
Fig. 5. The putative ligand-binding region in gpl30-CHR compared with hGHR. Two orthogonal views are shown for gpl30-CHR (green) and
hGHR (yellow). Loops implicated in ligand binding for the hGHihGHR complex. and their equivalents in the gplSO-CHR structure, are denoted in
red. The side chains of the structurally equivalent residues Phel69 and TrplO4 are shown in ball and stick representation.

complex (de Vos er al., 1992) shows drat D2 of each
hGHR partner receptor is in apposition, forming a receptor
dimer interface. It is likely. therefore, that non-conservative
mutations in the dimer interface could disrupt the formation
of a high affinity complex. It may therefore be anticipated
that the analogous dimer interface region of gpl 30 (formed
from the AB loop and strand E of D2) may also include
sites of receptor—receptor recognition. It is of interest,
therefore, that amongst the few species-conserved residues
exhibiting significant access to solvent, five (Glu213,
Leu214, Lys219, Gln265 and Asp266) are located in this
region (Figure 4), suggesting that they may be involved
in the formation of the receptor dimer interface.

Conclusions

The gpl30-CHR structure reported here is the first for an
unliganded receptor in this superfamily. As discussed
previously, the observed, L—shaped, quaternary structure
and the nature of the interdomain linker region imply that
there is little domain reorientation on ligand binding.
Gpl30 is competent to bind several different ligands; the
current structure implies that it does so with essentially
identical global structure. Conformational variability in the
ligand—binding loops could be envisaged as one potential
mechanism for such adaptability in ligand recognition.
Indeed, the BC loop of D2 in hGHR adopts a different
conformation on binding site I or site II of hGH (de Vos
et al., 1992). The unliganded structure of gpl30, however,
provides little indication of any potential for such a
mechanism, with the D2 BC loop showing a single rigid
conformation. Clearly the structure of unliganded gpl30—
Cl-lR represents only the first stage in studies of these
recognition events. A comparison of the conformations of
various interdomain linkers with that of the N-terminal

portion of the polypeptide in gplSO-CHR does, however,
provide some pointers to the structure/function of cytokine
receptors containing an additional Ig—like domain. The
gpl30 lg—Dl linker bears closest similarity in relative
position and overall conformation to that of the linker
between variable and constant domains in the light chain

of Fab NEW (Saul and Poljak, 1992, comparison not
shown). The implied positioning of the gpl30 lg-like
domain is fully consistent with previously proposed models
for this domain’s role in multimeric recognition complexes
(e.g. Simpson er al., 1997), but a detailed analysis must
await further structural studies.

Materials and methods

Native and selenomethionyl protein production
Full details of the expression, purification and functional characterization
of gplSO-CHR are reported elsewhere (D.Staunton. K.R.Hudson and
].K.Heath, in preparation). Briefly, the 25 kDa CHR of human g13130
(residues 100303) was expressed as a folded fusion protein secreted
into the periplasmic space of Eco/i by the pMALp2 expression vector
(New England Biolabs). Purification of the MBPigp130-CHR protein
fusion was achieved by ion exchange chromatography. The fusion protein
was cut with rhinovirus 3c protease and the gplSO-CHR separated from
the MBP by high resolution ion exchange chromatography. The activity
of the purified gplSO—CHR was determined by its ability to bind the
cytokine OSM as followed by surface plasmon resonance analysis
(BIAcore).

The selenomethionyl form (SeMet-gplSO-CHR) was produced by
similar methods but in the presence of selenomethionine-enriched media.
As for the native protein. the gplBO-CHR fragment fused with MBP
was expressed in Ecoli strain HVVlllO using the pMALpZ vector. The
bacteria were grown in defined medium prepared as described by
LeMaster and Richards (1985). A 50 ml pre—culture grown in LeMaster’s
medium supplemented with 1 mg/ml thiamine and 50 ug/ml carbenicillin
was used to innoculate 4 l of media additionally supplemented with
50 mg/l seleno-L-methionine (Sigma). The bacteria grew at 37°C with
a doubling time of ~150 min. At an absorbance of 1.5/cm (at 600 nm). the
culture was induced with 0.1 mM isopropyl-B-D-thiogalactopyranoside
(IPTG) and the incubation temperature reduced to 25°C. The cultures
were harvested after a further 3 h of growth when the absorbance had
reached 3.0/cm. The purification was performed as for the native protein
except that an additional step of amylose resin (New England Biolabs)
affinity chromatography was introduced after the initial ion exchange to
remove contaminating proteins from the fusion protein and all buffers
contained 1 mM dithiothreitol and l ntVl EDTA to prevent oxidation of
the selenomethionine.

Mass determinations by electrospray ionization mass spectrometry
were performed on a VG BioQ mass spectrometer. Analysis of the
gpl30-CHR was consistent with a polypeptide of the expected sequence
(calculated mass 25 210 Da, observed mass 25 209 i 5 Da). Gp130-
CHR contains two methionine residues, and a comparison of the
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measured mass of the selenoderivative indicated that the SeMet-gp130-
CHR had 95% seleno-L-methionine incorporation in place of normal
methionine. Forms corresponding to mono— and non-substituted gp130-
CHR were not detected in the purified sample. The SelVIet-gp130-CHR
had an affinity for OSM identical to that of the native gp130-CHR, with
a dissociation constant of 50 n1\/[ as followed by surface plasmon
resonance analysis (BIAcore).

Crystallization
Both wild—type and SeMet-gp130-CHR were crystallized at 4°C using
the hanging drop vapour diffusion method over a reservoir solution
containing 1.842.] M ammonium sulfate, 0.1 M Tris pH 8.0. Typically,
1.5 ul of the protein solution (12 mg/ml in 20 mM Tris pH 8.0) was
mixed with an equal volume of the reservoir solution. SeMet-gp130-
CHR crystals were slightly smaller than wild-type (0.7><0.4><0.2 mm3)
but, when exposed to synchrotron radiation, showed ordered Bragg
diffraction to about the same resolution (2 A). The crystals are of the
C2221 space group with unit cell dimensions a : 84.48 A. b : 132.29 A
and c — 121.93 A. There are two molecules per asymmetric unit and
the crystal solvent content is ~62%.

Data collection
All data sets were collected using synchrotron radiation. Crystals used
for eiyo-crystallographic data collection were transfered to mother liquor
containing 25% glycerol, flash—cooled in liquid propane and stored at
470°C in liquid nitrogen. Data for MAD-based phase determination
were collected from one cryo-cooled SeMet-gp130-CHR crystal at the
BM14 beam line of the ESRF. The characteristics of the Se absorption
edge for this crystal were determined by a fluorescence scan, and five
wavelengths were selected for data collection at points corresponding to
the peak (maXimum f’, l» = 0.9790 A), inflection point (minimum f’,
it = 0.9791 A), and two remote energies, below at it = 0.9793 A and
above the absorption edge at it : 0.9535 A. A fifth data set was collected
just above the maximum f’ at l. = 0.9789 A. Diffraction data sets were
collected, at each wavelength in turn. over the same 950 (1) range as 0.5°
osc111ation images using a CCD detector (Hammersley et al., 1994; Moy,
1994). A single wavelength (it. = 1.03 A) high resolution (2 A) data set
subsequently was collected as 1° oscillation images from a cryo-cooled
wild-type gpl30—CHR crystal at the same beam line using an imaging
plate detector (MarResearch 30 cm diameter).

The diffraction data were automdexed and integrated us1ng program
DENZO. Data at each wavelength were scaled separately and merged
(preserving Bjivoet pairs for the MAD data) using SCALEPACK
(Otwinowski and Minor, 1997). Crystallographic data collection statistics
are reported in Table 1.

Structure determination
The Se positions were determined from the SeMet-gpl30—CHR data sets
by manual inspection of difference and anomalous Patterson syntheses
and confirmed using the program SHELX (Sheldrick et al, 1993). The
four Se sites were refined in program MLPHARE. and MAD phases
were calculated to 2.9 A resolution (figure of merit 0.48). An initial
map based on these phases and Fobs from the it : 0.9791 A data set
showed clear electron density for both copies of gp130-CHR in the
asymmetric unit. Density modification using solvent flattening and
histogram matching procedures as implemented in the program DM
(Cow tan, 1994; CCP4 suite of programs) yielded a high quality electron
density map which was used in the interactive graphics program 0
(Jones et (ll, 1991) to trace the gpl30-CHR structure (Figures 1 and 3B).

Refinement and structural analysis
Refinement was carried out using standard protocols in the program
X-PLOR (Branger, 1992). A model for copy 1 of the two molecules in
the asymmetric unit was built using program 0 and a model for copy 2
generated from these coordinates by application of non-crystallographic
symmetry operators. The model was refined initially at 2.5 A resolution
against the SeMet-gp130-CHR 7i. 2 0.9535 data set. Tight non-crystallo-
graphic symmetry restraints were maintained between the two molecules,
and 7.5% of the data were reserved for Rfm monitoring. Once available,
the 2.0 A resolution native data set was used for all subsequent refinement
with an extension of the test array for the cross-validation. Inclusion of
a bulk solvent correction allowed all measured data for 30042.0 A
resolution to be used. In the final stages of refinement, non-crystallo-
graphic symmetry restraints were released and ordered water molecules
were modelled.

For one of the copies in the asymmetric unit, significant electron
density is present for all 204 residues of the human gp130-CHR plus
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Table II. gp130-CHR structural refinement statistics 

Resolution range (A) 3(L20
Completeness (%) 95.0
No. of reflections (_F>0) 44 627
Rm (% 21.5
Rfm‘c (%) 25.0
No. of non-hydrogen atoms

Protein 3359
Water 287
Sulfate 30

R.m.s.d. from ideality
Bond lengths (A) 0.006
Bond angles (C) 1.40
Diliedrals (O) 25.36
Improper (c) 1.11

Average ll-factor (A2)Main chain 195
Side chain 203
Water 19.1

RELVst = ZIIFObSI 4 IFcalcll/ZIFObSI.
Rm is as for Rem, but calculated for a test set comprising reflections
not used in the refinement (7. 970).

all three N-terminal residues and eight of the C-terminal residues derived
from the expression construct. The second copy is less well ordered,
lacking clear electron density for the N-terminal residues up to and
including gp130 residue Ser100 and gp130 residues 2127213 in a loop
region of the second domain; seven residues from the expression
construct are visible at the C-terminus of this molecule. For this final

model, no non-glycine residues fall in the disallowed regions of the
Ramachandran plot. Refinement and model statistics are reported in
Table 11.

Atomic coordinates
Atomic coordinates for gpl30-CHR have been deposited with the Protein
Data Bank, Brookhaven National Laboratory, USA.
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chronic obstructive pulmonary disease (CUPEH4 (iii 1). Studies
from our laboratory and others have demonstrated that I}—‘.3 rue—
diates its tissue effects by activatintI a broad artaV (1idownstream
target genes, including Cllefllill‘iiilfis) matrix inetalloproteinases
(MMPs), TGF—Bl. and chitiuascs 027316). The importance of ii..-
6x-typc cytokines in the gene.ation of the effects of li.-—l3, however.
have not been inch Dated.

lL—li is a multifunctional {Lo—type cytokine with diverse bio-

logic: propeiif. including the ability to stimulate hemopuiesis,thombopoic rticeaer/ocv[opinesis and bone resorption; reg--
ulttte macrophage differentiation: and confer mucosal preotectin
after chemotherapy and 1adiat1011 therapy (3'1 ,..._). These effects
are irradiated by a 11111 titncric receptor that containsa ligand-bind-
ing (11 suhunit, ll.— l lRtr, 1ndthc ubiquitous 1‘3 subunit, gpl 30, that
triggers innocellular signaling (18, '23. 24). Previous studies from
our laboratory and otters de111011stratedthat like l1.-l31l..-ll, is
expressed in an exaggerated fashion in ‘he clV'srcguiated T112 re—
sponse in the asthmatic airway (25). Although llal can inhibit
Thl responses. inh.b1t the p1od11ction of lhi-rclatcd cytolrincs
such as Elf-13., and s. titt inflammation in 11 Thl direction (23. 36
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Materials and Methods

()V‘erexpw mini: rmn V‘genir mice

(TC! (LIL-1 F5 transgenic mice were generated in our laboratory, bred onto a
(757131.171 background. and used in these studies. The e 111ir. use the Clara
cell 10-kDa protein tC‘Cl 11) promoter to target 11.-1 3 to the in. g. The meth-
ods us. to generate and Chaiaett . these mice were ties 11 p1 eV
(30). In 1 ' modeling system. IL—lj caused a ii1o1101111c1ear r
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nopltil-r'n'h tissue inflammatory response alveolar enlargement. sulie
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and death. as previously described (12. 13, 30).

1L-1 11111-111111 mice (11-1 111114") were p1'i1vi1 it 11)» Dis. 1... 11.01111 and C.
Glenn Begeley(‘Nalter and Eliza Hall Institute “11.011121, Australia) (31, 32)
These mice were bred for more eight generations onto a CWBL/Ei
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gent 1121c: ound. (110-11 13 mice M 1 W'i" ' ' and 111111" ’
loci we ' ted by breeding the lL—13 transgenic -T_;2) mice with the
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  115d :30. 3"., Litter 31:11ontrot W"1 mice with t 1+,1.1.‘ or without (WP)
1L-l 113.111 loci were used as contr)ls.
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described (12. 13). The supernatatns w
let Weie determinedas prevxnu'.

ete st 11red at 7201.. until used.

Lung volume and mepin1mgczrz'r: assessments

A1111 tals were anesthetized. the heir was cannu1nted. and the lungs were
removed d intla d with PBS at 25- 1‘111.'lltc size ot eech lttr _ was eval-
uated Via vo‘ me displacement a 11 alveolar stze ' estimated from
mean ".111rd th.rt the airspace. as prevlms '3; described 1); our lab/011."
tory tl;,,. Chord lengthi1. creases with alve(>.ar enlarg ent.

  
    

 

 
  

  

Tan 
Histologic evalim

Aninals wee killed, a niedian sternotornv was performed. and right heart
perfusion was accomplished with calcnim— and '11"gne:sinrn—fr 1". PBS. The

heart and lungs we'e then removed en bloc, intlr , .'.t 25 cm pressure withforntah . formalin, embedded in pan
athn, sectioned, and sta ned.1—lALE., M.allorys i'ri'.‘ln'orne, and periodic 11c—
id- Schitt' with diastase stains were performed at 1'ale University School of
1‘1e11icine.

  
    

”(RNA analysis  
1rhe le‘Tels or thVA encodir 1L-tl and lL~l 1km were evaluated with a.

contrnert RlNase protection assay {ED Rionuant; BD Biosciences) as

described by the manufacturer. Other mENA levels were .V‘aluated byRT—PCR analys' 1reviously de ' iners 11 Ve d ltave''11:31:11
described preV1 (l2.13. 15, 1'6). For e ch t .e. the optimal nun:-
hers of cycles that will produce a quantitv of 1,1 okine product that is

ectly proportional to die quantity 01 input :RNA was determined ex—vlly {3-Actin was used as an internal standard. Amplified PCP.
products were detectedusing ethidinrn b1'ornide "e'. elecnophoresis. qua...'1‘-
titated electronically. andconfirmed by nucleotide sequencing.

  
 

 

  
 

 
 
 

.1’ 12,111.17, Cher
   (trim: nf IL nes

  EAL 11.43 . d cheirtokine 1e s were itttantitated using commercial
E1.,.lSA kits (R611) Systems) according to the nautit'actnrer's instructions.

11111111411111?ismcheriiisrry
 01~Smooth muscle at't‘

by immunohisto'
n and .111yos'n. Fl chain staining cel1s were evaluata

")7 as previt described by our 'iratory 1T 1 "     
\—

'l‘he primary Ahs were. Obtained from Dalzofiytontatio . hp? 'ficity was
 

assessed by comparing the staining of serial sections that were incubated in
the presence and the absence of the primary Ab.

 

 
 

11..-ll AND PA'l'IlOGENBSlS OF {11-1. PEEKQTYPF.

Q1111 niificnl1.1m {if I1mg ca]1.1gen

Collagen content was determined biochemicallt: by quantifying total sol— 
 

 
uble co 3 using the Sircol collagen assa' ntBiocolort according to
the in ifacturer‘s instructions 1’ l."1 .The data are expr. 
content of the entire right'lung Collagen wasalso assessed morphorneui--
call‘f using. picosirins red staini g, pert 011111311 as described WreViously by
our laboratory {15). These dat.. are ‘x ‘ressed as the per'.‘ ' or" the

01‘} with 91.2'OSIX' 1'60 staintng.

  
 

   

Quannfirminn of HA
  The levels or" BAL HA were 1111:;

' ated PIA—binding protein as described preV‘i
es were coated with HA by combining rooster 111 111 HA, 1sarho~
1—lCl. and 1-1 singles wer i11'.'Ltl,:tt d with hiritinvlattal HA-

binding protein tor l h and then added to thewells. The plate was 1hen
agitated. washed. developed 1111111 HRP~.tre1‘aVidin, and exposed to perm
ox. .se substrate for 30 min. OD at 4-05 11.. was eV‘aluatt . Samples were
compared with :1 simultaneously performed standard curve.

d usingr a 111111 etilive ELlSA usingr
Ullsly (5.. 35) Mic

   
 

 
   

   
    

TG 7-15 bioasmy

 
The levels of total and bioactive TGIF-[31 were evvaluated by F)LISA (11.3.1)
3 1111:1111) using unheated and acid—treated 3A1. tlni (is according to the
1.anufactnter's instinctions.

[Murine 2.10% 02 exposure

Adu1t (.5- to 8-wl<~nltl Tg" and '1‘g 1 mice with WT or null rn."'ant 11.41.1101
loci were exposed to room air (controisl or continuously to 100’}: 02 in a
Plexig1as chamber as previously de ed (19 K). 1111 protocols were
reviewed and approved'oy the institui iai. animal care and use contriittee
at Yale University School of Medicine.

 

  
  

5.1m's‘r'{es

Normal1v distributed data re expressel as the mean 1‘. SEM and asss3ssed
tor significance by Student :1 .ftest or sNOVA as appropria . Data that
were not normally distributed ere assessed for s1 nificance 1g the W'il»
coxon rank-sum test.

 

   

Results

Effect of IL—IS’ on IL—U and IL-HR expression
Stti- .es were undertaken to define thee il'ec is (it: 11,- 13 on 11:1 1 and 

its receptor components in 11111111113 lung. These studies demon—
strated that transgenic lL--.13 is a pate it st1111111121101 (11' the expres-
sion of IL 11 and [L 11110.. These effeest were ieadilV'.1pparent at
all time points evaluated (1 ~4- ino; Fig... and data not shown). The
induction of ll.1—l1 was associated with similar increase: in the

levels of rnRNA encoding other [Fro—type cytokines. includinr1
11.41 a 1} LIF (Fi-g l). A modest'1111:.ewe in 1311.13 0 expression was
also 11 *tVfid (Fig. 1,1 Siirtilar alterations in M—CSF. Git/FCSF,
stem cell factor 132111111 GAFDH. however, were not found The

alterations in 11—1 .1an weie also atleeasst)11'.mially specific. because

 
 

 
 

mi 11911.! 33 + ' +

11111.1 w
3)»? ”"

(131.1311 ... _
1113-18 a» , ‘

an LR
"8.5114131

A 13

ll'_- 13 regulation 01 lL-l Ike: and 1L~ll. Lungs were ob-FlGURE 1.

tained from 7411041111 (1.16m 1,-1.3 ”"1g and l‘g ' mice, and the levels of
trLRNA encoding the noted cytekines, proteins, and receptors were evalu—

using RNase protection. Each lane represents an individual animal.
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comparable alterations in the expression of ll.—-6Ra and lFN-A/Rrr
were not observed (Fig. l). These studies demonstrate that £L—l3 is
a potent stimulator of lL—ll and the a subunit of its receptor in
murine lung.

Role of IL-IH-E signaling in IL- i3-~induced inflmnmation

To address the import- ce of lL—ll in the pathogenesis of IL~ l3-
inrluced tissue inflammation, CClO-IL-l3 transgenic mice were

hred with lL~l an/"l 7' mice. The inflammatory responses in ll,.~l3
Tg" mice with ‘v‘r’T and null ll..»-l l Roe loci were tl compared. As
previously reported (l2, 30), lL—l3 was a potent stimulator of tis—
sue inflammation that caused a progressive increase in the accu-

 

mulation of macrophages, lymphocytes, and eosinophils in the tis-
sues and EAL lluids of lel 3 lg l mice with normal {lo-l erx loci.
In the absence of lLvllRu, an impressive decrease in this inflam—
inatory response was noted. ln 2— and 4nrno~old mice, impressive
ecreases in BAL total cell. macrophage, and eosinophil recov ry

were noted (Fig. 2, A and B). A sir
firm was apparent (Fig, 2C and

data not shown). in BAL and tissues, compensatory increases in

 
 

‘larly, impressive decrease in
tissue inflammatory cell accumu

Role of ZL-IiRa in {LU-induced chemo/cine elaboration

Previous studies from our laboratory demonstrated that lL-l3 in—
' e alteration: 

  

duces its  
'n part via the induction or" a wide array
 

”M.{Allfixer-New(atMy
ammup‘vie ii. ., ,

 
 
 

  

 

3.83,EicilRecovery1x”
....... an“).

no l»:'vx9tmc_z»x~3
  
 

 
FIGURE 2.. Role of lL-lant in li,,—l3—iuduced inflanunation. A and 8,
The EAL cell recoveries of TngL—llRor’l/l' mice (l T. TgVIL—l chf’l”
mice ([3), Tgl'lll..-lanr ”’4' mice (E). and 'l‘g'l/llfl lRo "" mice (T) at
2 (A) and 4 (Bl mo oiage compared The histologic effects in 4vmo—old
mice are illustrated in C (original magnification, XlO). *1}; <3 0,0l.
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of CC cheruokiries (l2). To investigate the mechanism liy which
lZL—lchr deficiency diminished lL-lS—induced inflammation, we
compared the expression of selected chernokines in LIL-13 Tgl’
mice with WT and null Ila—llRu loci. In Tg mice with WT or
null anlle loci, the levels of mRNA encoding MCP—l/CCLE,
MCF—ZI'CCLB, h/lCF—SICCL7. MIP-ln'lCCl_.~3. MIP—lB/CCL4,
MIPS/CXC 4—1/3, MlPala/CCLZO, Cl I’CCLC’J, eotax.n/CCL-l l,

eotaxin—Z/CCLZI, and thymus and acovation—regulated chemokine
(TARCVCCLU were comparable and in many cases were near or
below the limits of detection of our assays (Fig. 3.4.}. As previously
reported (l2, 37), [L—l3 increased the levels of mRNA encoding
these chernokine moieties in Tg mice with WT Il.-—lll{rr loci
(Fig. 3A). In contrast, in the absence of IL—llRor, the ability of
Il.,-l3 to induce MCP--l/CCLZ, MCP-2iCCL8, lvlCP-—3/CCL7,
MIP—la/CCLB, MIP-lfi/CCIA, MlP—B/CXCLEWS, M [P-Sn',’
CCLZD, C ltl/CCIb, eotaxin/CCLl l, cotaxin—Z’CCLZL, and

TARC/CCLl7 was markedly diminished (Fig. 3A). in 'iccot'd with
these ml‘i: lA alterations, comparable alterations in BAL lVlCP—l/
CCLZ, MlP—la/CCli—B, and eotaxin/CCL-ll protein were ob—
served (Fig. 3 3—D). Thus, Hrl l Ra plays an essential role in the
stimulation of selected chemokines by ll..-l3.

 
 

 

Role of IL—URO. in IL-i'j-z‘ndacedfibrosis and HA and
myofibmblast accumulation

Quantitative morphornetric, lr-iocheinical. and irnmunohistoehein-
i' l approaches were used to define the role of lL—-l lRor in lL—-l3-- 

 ‘ accu run la— 
induced 1,
tion. In these studies, we compared these collagen, HA, and
cellular parameters in lL-l3 Tgl’ mice with ‘WT and null lL—llRa
loci. Similar amounts of collagen and BAL, HA and similar numn

ilmonary fihrr is and HA and myofihrohl

hers of anti-smooth muscle actin—staining parenchymal cells were
noted in lungs from WT litterrnate conti mice and lL—llltu"""
animals (Fig. 4). ln WT mice, lL—l3 caused an impressive '
in lung collagen content (Pig. 4, A and B) and EAL, HA levels (Fig.
4C) tli : could he easily determined by histochemical and bio»
chemical measurement techniques. ln addition, IL—l3 increased the

 
[621546

 

accumulation of parenchymal myoliliroblasr-like cells that con~
tained anti—smooth muscle acti i, h it id not stain with Abs against
smooth muscle mg‘ositt (Fig. 41') and data not shown}. In contrast,
the levels of IL—l3-induced collagen and HA were significantly
reduced in lungs from Tg'l mice with nul vs WT lL-l erx loci
(Fig. 4, A—C). Myofibroblast accumulation was similarly decreased

in lungs from lL-—l3 ’llglillsullliufi’ui mice coiiitiared with Tg‘Y
llxllR-a' ‘ / ‘ animals (Fig. 41)). Interestingly, the anti—smooth
muscle actin stair in}; of vascular smooth muscle cells was not
altered ii the absence of Ill—l lRu' (Fig. 4D). Thus, Ila-ll signaling
plays a critical role in anlB—induced tissue tilt-r r-sis and 11A and
myofibrohlast accumulation.

Role oflLJlRa' in IL—13—inducm’ production and arrzivazion of
TGF- [31.1

Previous studies from our laboratory demonstrated that the filirotic
ellmts of ll..-l3 are mediated by its ability to induce and activate
TGF—I’Sl and that this activation is mediated to a great extent by
WIMP-9 (15). To define the importance of IL-llRoz in these re
sponses, we evaluated the TOP—Bl production of Tg " mice with
WT and null Il..»-llRa' loci. in mice v ’ith :1 Vi”? l1r‘1lI{fX locus,

li—lB was a potent stimulator of the levels of mRNA encoding
’l'GF-Bl, ’l”(}I-l--f32, and 'l‘GF—lfl (Fig. 5A). Eli-l3 also augmented
MMF-El mENA accumulation (Fig. 5A). In accord with these ob—
servations, [luv-l3 incre .d the levels of spontaneouslv activated
and total TGF—fil protein in BAL fluids from these animals (Fig.

 

I
5 B and L). In all case‘, these inductive effects appeared to be
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FIGURE 3. Role of TL-lerx in {‘46
11.413111111101311 chem-3ki11e 3111111111} ram”,
11111 A Comparison of the leve1s of , 1immune

HIRNA encoding the noted chemo~ TQBC'
1' .s in lungs from 1‘37 and TgT ,' ... , ,, ' aurasmice Wi1h +I+ and "’I’" 1L-11R11 _

. , ‘ 13131211111001. 87D, 1. of MCP-‘l '
MlP-la. and cotax rotcin were as—

sesser‘i 11y E1 lSA in BAT. fin1r1s from
Z-mo—old (E1) an 4—1110-01d (fl)

mice. The evaluati in A are repre— w
s13. alive (11' it 1 ' evalijatious. (.2 111:1B D. Each value is the mean : SEM
of evaluations in a minimum of ti'v‘e 25-11
111106. e 3':

1;; 1.1.115
’7' 151%>1:«
S n11)

$11

1': .2m3h-fl..2r.22§:-*mii: (11.111313: 2. «-
li.-‘i$;{w +34» —~1'~

11:-1 1 [3205216161121 11, necauge the levels (>1111RNA encoding TSP--1,—132. and ~33 11rd MM13—9 and the production and activz tion of
TGF— 181 were sign

. 1 5). Thus, 11-43 stimulates and activates TUE-131 and induces
production (11" the TSP—131 actiV ator, MMP—Q, via an iL—llRw—de—
pendetn mechanism.

  
teaiitly decreased in EL— 1 iRu—nnli 11'111tartt mice

 

Role of'IL- IIR02' In {1-2’3-indmea' aIvt'm'ar IemrjacIing

To define the roiets) of iL— 1111111 in the pathogenesis of 113—13»
induced alveoiar ternodeiing, we co11111a1‘e'1the alterations in lung

Vt'olime and alveolar size in [L-l3 T 13' mice with WT and 111111{1.411301 loci. In accord with 1 rev(his observations (1’ ,iL»-13

caused an impressive increase'in these parameters in inn; from
mice with WT {L-11Ra 111131 (Fifi 6 A and B) 111 contrast these
effects 01" IL—lS were significantiv diminished in mice M111 111111
IL—i 11201 loci (Fig1 6., A and B}. Thas, {L—liRu plays 21 key role111
this remodenng respouse.

  
or: hang {)I‘OIC'OS .1 1.1 MIL-31110: deficit

 3’

To determine whether'1 deficiency of TL~11R11 could rtiodniate the
I}..-’13—indiiced aiveoi11 phenotype h" decreasingr1the production of
respiratory proteases, we compared the ievels of mRNA encoding
iuttgureievant MMPs 21nd (:211hepsins in W'T and iL»-11R(1<”T mice.
As note" above (Fig. 5.41), 11:13 is a potent stimulator of MMPVQ,
2.1121 this inductive event was n‘eeiiateri via an 1L-11Rm-dependetn
pathway As shown in Fig. 6C IL—13 was also a potent stimulator
01 MM?-’1. WIMP-12. tissue inhibitor of MM? (1“11111311. Titnp-Z,
Ti1np-3, Timp-L’L, cathepsin K, cathepsin S cathensin B, and ('21-
thepsin L. interestingly, the ind1211011 of MMP2 MMP 12
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Titan-i to --4.ct21hepsin K, and cannepsin 13 W21s decreased in the
absence of [L-ilRo; (17111.6(,1 Thus, in the setting of a deficiency
01 11. 11R11,1L—i3is unable to 0ptin1211iV' .51

 
innilate 11111g proteases.

Rule of 11:] 117131.}! ('1'! IL~13~innd€tI mucus melapIus't'a
Stt' hes were next 11.1-11R11

pla"ed an important role in the pathogenesis ot iL—l3-indiieed mn—
cus 111etap‘1asia. 111 these studies we compared mt1"in gene expres-
sion in Tg" mice with WT and null TL—iiRLr loci. The expression
of gob-5, 11 ca} 111-acti1V'211ted (Ihintide channel invoiveti in the 11111--
Cus response 138,1 was aiso evahia‘ted. In lungs 110111 Tg mice
withWt'‘ 01111111 IL—11‘1i61‘1oei, the levelssetexpression of Mac—5211:
and gob-5 wete at or near the limits of de.1ection in 01.1.1~ assay (Fig
7). in contrast, 113—113 was a potent at 'nuiator (.11: nine—SACand
go‘ —5 in marine hing (Fig. 7)- Interest 11113; the stimulat'-ion 01
11111L5AC.11d not1—.gene expression were dirtiinisi'1ed'1i1 Tg mice
with 111111 11111111111 IL-t 11202 101.1 (Fig, 7'}. ihese studiesdemonstrate
mat [Lil plays an important role in the pathogenesis of TL-l3
51111111121111.111 of mnein 211111 gob-5 gene expression.

undertaken to (1e161111i 1e VV'11e111e1
 

 

 

 
   

Role of ID] 1R0. in IL-r'i-z'nduced respiratory death

in CC I 0413—1 3 Tg"’
1:1 result, these mice die prematureiy from a librodestmctive, in»
fiatnrriatory alveolar tilting process that abrogams normal respira-
tory function (12). To define the role (11~ 11.413111 in this 11112.1
response, we compared the survival of [L13 Tg ' mice with WT

21111111 IL-—i‘1§x<x loci11g mice with 11,-:- 11201’ I" 10-1 st211ted to
(lie at ,2. 1111) days 01 age, and 1110017 (31: these animals were, dead by
4.11110 ofage (Fig 8). As sltown in Fig. 8, adeficieney of [bulb];

mice, progressive hing pathology is noted. As
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FIGURE 4. Ro1e of ll~11Ro‘inll- lf‘l—inrluter lihm-

sis and HA and myofi'orohlast accumulation. lhe colla-
of la. D from 4—mo-old Ila-13 Tg ’ and TgI

+/ ._.. and "2'" 1L-llRor loci were compared
using Picosirius Red (A) and Sirchol (B) collagen eval-
uations. C. HA content of BAL fluids from Tg" and
Tg+ mice with WT and null lL-llliizr loci. D, Comparn
ison of «Jr-smooth muscle actin stainii g of lungs from
/ . o-olrl lI_.—1.3 'l‘g tuice with +/+ and "I"
loc'. AC, Each value represents the mean : SEM of
evaluations in a minimum of five mice. 1), Representa—

.:o
x

  "firms:mix-2r3:Total-51w{is}
grim C(ll‘il’   

 
in

mice wit. a
 
 

 
 
   

Five of tour similar evaluations. 421'; < 0.137; *ik, [I <
0.“ll. l.1,) none detected.

significantly improved the survival of these animals, with Tg I/IL—
llRuIi 7 animalsoegittniug to die at "‘5. 5 mo of age and many
miimals living to 7.8 mo of age (lug. 8,3. I rus lL—I le plays a
critical role in the pathogenesis of the 1L—1 luced pathologies
t tat lead to the death of these animals.

1,)1.1:

Roi[6 0 1—12 URL); in IL-I3-indut'ed pmwezion in 100% 0:

Previous studies from our lahoratory demonstrated that. lL»-l.3 con»-
fers an impressive level of cytoprotcction in the context of hyper-
oxia~induced ‘ ite lung injury (19). To define the role of lL--l lRu
in this protectir response, we compared the survival of Tg ‘ and
Tg mice with W'l‘ and null IL—l Illa loci in 100% ()2. ‘I l nice
died after 4.6 days ofexposure to 108% 0: (Fig. 9). Interestingly,
lLI—l lRa mice were more susceptible to 100% 02 than their
WT litter-mate controls. dying after 2.3 days oi exposure to 100%
()2. As des "bed previously (363, EL 13 '13 I mice with WT ll.—
l erx loci lived for an extended interval, with many of these an-
in als living for 8 12 days in hyperoxia (Fig. 9}. Interestingly. a
deficiency of IL-llRar did not significantly alter this protective

response (Fig. 9). Together, these studies demonstrate that [L-
lRa plays a impor-tunt role in regulating the response of other-

wise normal mice to hyperoxia. Thev also demonstrate tat IL—
ll Roz does not play a significant rolein the cytoproter ion that
conferred hy ll..~l3

 

 

 

 

 

Eltr! 0} Il- IIRUL r}
efipresrlen

 :i-t'mry on Ill-13 production and Vii-1'k’}!!{)i’

I‘r deficiency ot ll ll Ra could modify the .ll..-l3-induced pheno~
type by alterinv lL l3 preoitct tion or the expression of the subunits
that, make upnthe ll_~13R. To address the tornier. we compaed the
levels or” ll..~l T5 in Iii/3‘1. from Tg mice with WT and null ll..~l lRoz
loci. As shown in Fig. ltM, a deficiency of lL~l lRo did not alter
the levels of transgenic IL—l3 protein. To address the receptor is-
site, we compared the levels (It expression 01. lL—4Ra and ll..-
lSRal, Whiich make up the signaling lL—IBR complex, and the
decoy receptor lL--l3Rn€2 in mice with WT and null lL—l err loci.
1. to levels of mRNA. encoding [Em-4R1]: ll_~l3-Rurl . and ll..~l3 Ron?

" ' mice with “("1 and null-I1:I lRa loci werecomparable and
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were at or below the limits of detection of our assays (Fig. 108).

As previouslv reported {393, lL—l 3 wr- potent stimulator of each
 

ot these moieties (Fig. 1083.111 these experiments ac ictency ol‘
lL—l an caused only mode alterationsin the levels ot expression
of [billia' and IL-l3Rorl (Fig. 103). lmpm‘tantly, in the absence of
IL-llRm, the levels of expression of 11.. HRQLZ were not aug-
mented (Fig ‘03).Infact modest decreasesin die levels of ex—

{Siression of ti dear/o) ter:.ptor were noted. lhese studies demon--r..te that the ameliorii nof the lL-13 phenotype that is seen in
IL-l l Roz-null mi‘e is not due toa decr e in IL- l3 production a
decrease in IL-l3Rorl-11.41301 receptorexpression, or an increase
in expression .-’l the IL lI‘RaZ decoy rece: tor.

 

 

Discussion

Because lid—13 and llrll are juxtaposed in inflammatory tissues,
studies were undertaken to define the relationship( s) between these
important: re;-gulatIciy moieties. These studies demonstrate that
11:13is potent stimulator oi lL—l l and IL-l llfin‘ Tl ey also lem-
onstrate that lL—-l3-—induced inflammation. HA accumulation. myo-
fibrohlast accumulation, tissue fibrosis, alveolar remodeling, inu—
cin gene expression, .rtd respiratory l'aihn'e and death were all
diminished in lL—l3 Tg mice with null mutations of lL—llRa.
Lastly they demonsrae that Il.-— l3i::unahle to optirnall‘J stimulate
inflammatory chemokiries, Jioteases and mmin genes andis un~
able to fullv stimulate and activate TGF—Bl in the absence of IL,-
llRo These studies define a previously unappreciated mechanism
of regulation oi lL—ll and lL—llRoI. cause ILI-ll is the onlv
loiown ligand for the lL—lllltr—gplBt) receptor complex, these
studies also define a previously unappreciated role for lLr-l lRoz.
and presumably for IL-ll. in the pathogenesis of lL—l3~induced
tissue responses.

llj-l.t I 'as discovered as an Elf-o-lilte molecule that stimulated

the proliferation of IL-6—dependent pl:.smacyloina cells (403. Sub-
sequent investigation has iocuserl to a gr.ar extent on the.. Elects ol:
exogenously administered rIL—ll and its role as a potential ther—
apeutic agent. These studies highlighted impressive ell'ects ol'
lL~l l on. platelets which is the basis for thee approval oft1.l..~.ll by
the U.5 Food and Drug Administration asa treatment 1hat fosters
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FIGURE 5. Role of lL—llRa in IL-l3 stimulation of TGF-fi moieties and
MrMP-Q. Lungs were obtained from T9!" and 'l'g" mice with +/+ and .,,,::,
“3‘1! lRo. loci. The it: e! of mRNA encoding TCanf-l moieties and WIMP—9‘
were assessed by RT-PCR (K P» and the levels of hioaetive (B) and total (C)
TGF— [31 were evaluated by ELISA. A. Representative of four similar eval—
taiious. B and C, Values represent the [1‘ 'an ’t' SEE/E of evaluatixivn in a

 iiiinimu ii of five mice that were Either 2 I; ) or 4 (E) mo of age.

ylatelet reconstitution after bone marrow ablative the any (l7, l8).
Th2y also defined the ability of recombinant and transgenic: ll..-l l
to earlier cytoprotection and inhibit inflammation (hiring states of
Iriueosal/tissue injuif,r (27', 28., 33, 41 43), These studies did not,
however, address in detail the roles of endogenous lL-ll and lL—ll
signaling in the generation of tissue inflammatory and extraossen
ous remodeling responses. The present studies provide a new level
of insight into the biolngy of ll..-l] by demonstrating that in ad-
dition to the protective effects of high concen rations of exogenous
lL—l l, endogenous lL—ll has important pminflammatoi’y effects a
sites (if ll..—13-metliated tissue inflammation. in the a‘nse ice 0t

lL—ll signaling, the ability of lL—l3 to induce lyniphocytic and
eosinophilic tissue inflammation was markedly diminished. in ac—
cord with these findings. in the absence of ILvl lRoz. llfl3 was
also unable to optimally stimulate the production of the proinflani-
matory ehemokines (MCP- l i’CCli-E, MCP- 'CCLR, MCP—Tl/
(ICL’I Mll‘»—la/CCE..3, Milk] ,SXCCIA, Mill" IL‘XCLZVVIi. MIP-
3a/CCL20, C lO/CCLK'), eotaXiniCCLl l, eotaxin 2, and TARC/

CELW) that :re known to play essential roles in the generation 01"
lL—iS—induceti responses (l2a 37). These are the first studies to
tiemnnstrate an important pi'oinliarmnatnry role for ll..-l NIL-l lRoz
in T112 inflammation and the first to demonstrate an important role
for lL—ll/anllRa in the inductinn of ThZ—fccused Chemokines.
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FIGURE (I. Role of lL~l lRii in ll —

Lungs we ‘ obtained from Tb
loci. A and B. Lungs were fixed to pressure. and lung volume (A) and chord

id. C, Levels of mRNA encoding the noted proteases
and antiproteases were evaluated; representative of four similar evalua-
tions. A and B. Values represent, the mean ft: SEM of evaluations in a,

  

 length (3) were asses

minimum of five mice that were either 2 (E) or 4 (E) mo of age. as. I) <5. 00].

When combined with prior studies that demonstrate that mage-
nous lL—ll can prevent inflammation, the finaings indicate that
ll~ll has complex, context—specific elects on T112 inflammation
with the ability to augment and prevent these important responses.
in many ways this is analogous to TGIF—{3, which can] have similar
bidirectional moriulatoty effects (4477746). This is an intriguing

CC 5“» ”:43 2
ILJJRQ:

 
 

 

Muenster

tinhaf‘.

5 . 9mm:

FlGURE 7. Role of lL—l chr in lifts stimulation of mucin and gob—5
gene expression. Lungs were obtained from 'l‘g" and Tg'F “ice with l /' I
and 7/7 IL-llRa loci. The levels of iiiRNA encoding MUC-iac and
gebé were then e :aluated. This experiment is representative of [our sini—
ila: evaluations.
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“CURE 3. Role of lL—llRa in IL Linduced respiratory failure and
death. The figure compares the survival of TgT/lL-llllnfl“ mice {0).
Tg"."lL-11Rd”"" mice (Cl), Tg"/IL--lch¢'"" mice (8). and Tg'l/IL-

llEa / tiiice (El. Each valuereprjsertts the survival of a n ' urnum o‘ mice. The s with + .I’ l elm locr are super—

 

1‘

   t.

imposed on one another. \- Z7 < 010::

analogy. becaitse V1711rtfrom our laboratory and othershas deni~
onstrated ihatlL~ll isp
cel1s and tissues (lit 4149').

Tissue fibrosis is a prominent feature 1' asthmr‘i. airway re—
rnodeli 11g and a major cause of morbidity and mortality in a variety
of other pulmonary and extrapulmonary disorders The T112 c1'to—
lrine liypothes av 'T" '

 

 z,gests that fibrosis is the result oi 111?.-dortn--
nated tissue inflammation and that [L l3 is the mator mediator o1
th hbroti responses (l, f1, 30, 50). we have previously deni—
onstrated that ll..—l3 induces pulmonary fibrosis by inducing and
activating 'l‘GF—fil ('13). ‘We also demonstrated that this induction
and activation are mediated at least. in part by l‘V/lth'P—l/C(1.2 and
WIMP—9. r‘espectiv (l2, iii}. The p dies add to our un—
derstanding of the pathogen :ot this impottant .1 nioUenic path—
way by demonstrating that lL—l lRa‘ plays a critical rolein both

1onses In re absence ol' IL-lllhv the. fibrotic eilects ol' lL--l .3

were markedly diminished. in addition the induction o1MMP—9

the stimulation 01' M(P- l/'(C1.2. and the induction andactivation
of TGF— Bl were all markedly decreased These ObSClvations in
cornbt-inat-on with previous reports In at our laboratory demon-
strating that TGF—pl is a potent stimulator of llL— ll (18, 471149)
'indicate an amplificat'on pathwav that can be a"tivated iii fibrotic
tissues. During Th.. inflammation. ll..—l3 can stimmitlteil_.-ll and
lL-lll'ioz, which would. in turn, contribute to the inuctir:1 ot'

MCP-l/CCL’Z and MMP—9. This would augment the production
and actiVation oi Ti1F 9l whicit would teed back to further stim—

ulate the. production ot' lL-—l 1 This amplification loop could con-
tribute to the chronicity, progression, and/or severity of puhnonary
and extt'apulrnonat'y t'ihrotic disorders.

Myofibroblasts are increasingly believed to play an essentially
role in tissue Iibrotic responses (all. Although-their tisssue source
is still open to interpretation (52). their ability to accumulate and
produce collagen and other matrix molecules at sites 01' injury and
repair is rtoV' well ac :epted (fill. it is also well known that myo-
fibroblast accumulation and activation at sites (11' injury and repair
are diiven in part by TSP—fill (45. El). Our Studies demonstrate

1at ll: l3 induce 1 tnyot'ibroblast accumulation and tissue fibrosis.
and that: lL—lan' plays an essential role in these inductive events.
These findings are in accord with previous studies from our lab—
oratory that demonstrated that transgenic lL- ll causes pturnonat'y
fibrosis and myofibroblast accumulation ('53). Additional experi-
ritentation Will he required to tieteii‘nirie wl1etl1er the iriahilit'y to
induce myofibroblast accumulation in the absence of lLrllRor is
. e direct. result (11' a defect. in lL-l 1R signaling or tlte result of the
important role that iL~l err plays in the induction and activation
of 'IGFBl

  

  
4.;(“Eli St
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otently induced by 'l'GF—tll inavariety or"
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FlGURE 9. Role of IL-l ‘ ROY ' 1 IL—l'l-induced cytoprotertion in h-ypo'er
oxia. Tg’ Tg" mice ' h 1,’+ and ~ / ~ IL—l 1R0; loci were placed111
room air or in JOOD/L- Oz. and survivalwas assessed The figure compares
the survival of TgT/lL-ll'flfl"' mice {0) ’II—tlRo: mice (Ll)
Tg"/lL—llRa"'" it '-:e (E). and Tg’lll ' rnice (E) Each value
represents the survival of. minimum of five mice. as 1)5.0.05.

 

  
  

(I

In addittion to its welldocumented ability to induce eosinophilic
inflammation mucus meta lasia. and airway hyper“responsiveness
(2,1" .305. s dies. from our laboratory and others have. also high-

lighted the ability of lL—l3 to induce alveolar remodeling and alter
protease/antiprotease balancein the lunv (l3). The la e" the re--
stilt of the ability of lL-lS to stimulate MMPs and cathepsins and
inhibit Oil antitrvpsirt {l3} Surprisinglythcine-"hanisms of these
inductive events have not been defi1ed. The present spidies ad—
dress t1 issue by demonstrating that lL—l lRa {and presumably
ll1.-l it play essential rol :s in the ability of ll..—l,3 to caus : alveolar
enlargement and induce MMPs and cathepsins. because all three

d in ll..-l3 tr; sgen'
ll-—l l'Ror. Previous studies trot

that lL—ll has the ability to cause alveolar enlargement by block—
ing lung r wth and development (54). When combined with the
present s sdies it is (ilfihl that ll - ll can at-te1' aiveolar structtne 1Jia

developmental and nondevelopmental pathways The develop—
ment--derr--ende.nt alter111 1(ins ate paitictilarly relevant to the alveola'
enlargement thatis seen in pediatric patients with hronchopulmo-
nary dysplasia '55,}, In contrast. the developnientx-independertt ell-
teots have inte es ' g: implications with regard to the pathogenesis
of pulmonary emphysema and chronic obstructive pulinoiiat;vndis-
:ase. This is particulaly .r‘mbtttg because the siihepithelial i~
brosts and B c1ll and'lcell—rich nodules that hve recentl1 been

described in tissues from patients with advanced COPD (56) are
similar in many ways to suliepi helial fibre-tic response and B cell-
and T cell-rich nodules described by our laboratory itt Il..-l] trans--
genie mice (131 in addition, polymorphisms in lL-ll have re—

vex'

 

  

 

were decr mice that were deliciertt in   

 atorv also demonstra‘ted

  

 

  

 
cently been shown to l:-
(57). These findings also have important implications for other
diseases. such as pei'iorlorttitis. idiopathic pulmonary fibrosis
scleroderma) and hepatic fibrosis, in which protease alterations and

the exaggerated productior of {11—13 or [L it have beenn1tell Stall, 58).

The ability to induce goblet cell hypertrophy and riiucus meta—
plasia is one of the most potent airV'ay etlects ot' ll-l3 (5‘)) De-
spite this potency. the mechanism oflthis response is poorly un~
derstood. It is clear. however, that ll..-l3 induces mucus metaplasia
via a different mechanism than intiam mation and fibrosis. This can

be readily appreciated in studies that demo :atrate that mucus rneta»
plasia is not altered, Whereas inflammation and fibrosis are de-
creased by interventions that ahlnte and/or neutralize specific Che--
moltines, chemokine receptor“. or TGF—Bl (l2 l5, 37). An
interesting l'eature in our stt1die5:is the derrtonstratio that in the
absence of IE.-l l Ra, the ability oi {TL—ls to stimulate mucin genes
is significantly decreeassed. This is the hrst manipulation of lL~l3 in

ociateil V 'ith the development of COPD
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FHHJRE ill. ll.—l 1R0 regulation :11" EAT. 11.471 :111riil.—13R subunit ex-
pression. EAL
with 44+ and . 1.. lJ~llRa. loci. lhc vacls of BAJ 11.. 13 (AJ and 11
cut"oditw 11-1312 subunits (B) were evaluated. B Repies

.10

 uids and lungs were obtained from 'l‘g" and Tgl' mice
RNA

JVB .. 10 H
.M at eval—

1110 of age.

  

   1
 similar evaluations. The "ethics 111A represent, the 111ean ;..

'mu111 of live mice that Ware 2 , 01 4 (E1,r
 nations 111 a 1111

  

vivo that simultaneously alters inflammation, fibrosis, and mucus
responses. These studies demonstrate that Elf-Jilin! plays an im-
portant role in the pathogenesis. of ll.—13—ind11ced mucus alter—
211'(ms. it is important to poin out, however, that the role of 1L-
1'1Ra1n mucus metaplasiais likely to be quite complex, because
teh overexpression o- 11." ll by 'tsell' did not in' ce mucus meta-
plasia'1n the 11111tine airway 153). Thus, 114-1er1 51 ilingp"Ilavs an
important role in JL—l3 stimulation of mucin genes. but is not
sutticient for the 111(luctio11 01 :11.way mucus metaplasia

In our studies the ability of 11—15 to induce inflammation. 11-
hrosis, HA. accumulation, alveolar remodeling, and respiratory
failure and death was decreased in mice that were deficient in
{1.1Rrx. These alterations could be the result of a decrease in the

prod1ction of transgenic lL—J3, a decrease i:1 ll 13 s1g11ali11g, or a
tlec1 .11:;e in Elf-13 eliectm' pathway activation. lhe'tiist two options
we not likely. because similar levels of BAL IL—13 and similar
evels of expression (11' the decoy receptor {lg-131202,; were seen in

mice With Wild-type and 111111 L-JJRw loci. Additional support
comes from the specificity of the alterations thH. were 11'.-e , be—
cause ll.—l?l»-in(luced cytoprotectinn i11 hyperoxia was not altered'n1n
JL—l lRoz—defi'cient animals. The dcCiease 1n IL~l3 eilector path—
way activation could be cause nyaatleast two mechanisms, f11s..
11.—‘11 could be an important .11get of and mediator of the tissue
effects of lL—J.3. Alternatively, lL~ll could regulate the survival of
critical 11.43 target cells that are involvedin the pathogenesis of
lI.»-‘13»-i11duce(l inflammation, remodeling, and cytoltine. p.11tease,
$15: mania responses. Regardless, exaggerated 1L-13 production
has been implicated in the pathogenesis of a variety (11' disorders,
including asthma, COPD, pulmonary fibrosis, sclei‘oderma, hepatic
fibrosis, and nodular sclei'osing Hodgkin‘s disease (177 ‘J. The

he effector responses of 11-43 in these

 

   

 
 present studies 511‘}ng ‘

disorders may he beneficially controlled by interventions that

ll..-ll AND J’A'l'll()GENJ€SlS OF {LI-l3 Pl‘lENQ'i‘YPE

block ll.—-l 119.11 and/or {L-l ‘1. This establishes the lJ.--‘1 1-11-1-1 1 R11

pathway aSa‘7 worthwhile site for investigations designed to iden—
tit'y therapeutic1. r*11ts that can he used to treat these and other
ll.~l3-1nediaterl diso1de1s.
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Interleukin-11: Review of Molecular, Cell Biology, and Clinical Use

By Xunxiang Du and David A. Williams

IRST ISOLATED IN 1990, interleukin—11 (IL—1 1) has
proven to be a fascinating cytokine with pleiotropic

effects on multiple tissues. Initially characterized as a hema-
topoietic cytokine with thrombopoietic activity, IL-ll has
now been shown to be expressed and have activity in multi-
ple other tissues, including brain, spinal cord neurons, gut,
and testis. Yet to date, the physiologic role of this protein
remains unknown. Our laboratory has recently generated a
mutated allele of lL-ll in the mouse germline (X.D. and
D.A.W., unpublished results, January 1997) and future stud-
ies of homozygous IL-1 1 —deficient mice derived from these
founder animals should illuminate the function(s) of this
protein in vivo. In this article, we update current understand—
ing of the biology of IL—1 1, concentrating on data published
after the last comprehensive review published in 1994.1

CLONING AND GENOMIC CHARACTERIZATION

Human IL-11 was cloned in 1990 and details of this clon-

ing and early work on IL—11 have been summarized pre—
viously.1 More recently the murine IL—11 cDNA was cloned
using an expression library generated from a lipopolysaccha-
ride (LPS)-induced murine fetal thymic cell line (T2).2 The
murine lL-ll cDNA shares 80% homology with human IL-
11 at the nucleotide level.2 Both human and murine IL-ll

genomic sequences consist of 5 exons and 4 introns and
have been mapped to chromosome 19 at band 19q13.3—q13.4
and to the centromeric region of chromosome 7, respec—
tivelyz‘3 (and M. McAndrew-l—Iill and D.A.W., unpublished
results, June 1996). The 5’-fianking region of the human
IL-ll gene contains several DNA motifs postulated to be
involved in transcriptional control. A “TATA” box-like se-
quence, TATATAA, is located 180 nucleotides upstream
from the translation initiation codon ATG.3 A 10—bp pro—
moter sequence (5’ GGTGAGTCAG 3’) in this region con-
tains an activator protein-l (AP-l) site (underlined). .lunD/
AP-l complexes are responsible for the basal-level transcrip-
tion of IL-11 gene in bone marrow (BM) fibroblast cells.4
There are two polyadenylation sites located in the 3’ untrans-
lated region (UTR) at nucleotide positions 6762 and 5591
and these alternative sites give rise to the 2.5— and 1.5—kb
IL—11 mRNA transcripts expressed in several IL—laiin—
duced cell lines}5

PROTEIN CHARACTERIZATION

IL-ll precursor protein consists of 199 amino acids (aa),
including a 21-aa leader sequence. The theoretical molecular

Blood, Vol 89, No 11 (June 1), 1997: pp 3897-3908

weights of recombinant human (rh) and murine IL—11 are
|9,l44 daltons6 and |9,l54 daltons,2 respectively. Mature
human and primate IL-ll protein share 94% identity whereas
human and murine proteins share 88% identity in the amino
acid sequence.”7 Although IL-11 is rich in proline residues
(12%) and lacks cysteine residues (ie, lacks potential disul-
fide bonds), hIL—11 is highly helical (57% i 1%) and is
thermally stable (melting temperature [Tm] = 90°C).8 Ac-
cording to the structural model proposed by Czupryn et al,8
lL-ll contains a four-helix bundle topology (denoted A-D)
whereby methionine residue 58 (Metsg) and lysines (Lys41
and Lys”) are located on the surface of the protein. Chemical
modifications (alkylation or site—directed mutagenesis) of the
Met58 residue results in a 25—fold decrease in in vitro bioac—

tivity of rhIL-11. Chemical modification of the Lys41 and
Lys98 results in a 3-fold decrease in bioactivity. rhIL-ll
lacking the four carboxyl-terminal residues has a 25-fold
lower bioactivity and elimination of 8 or more carboxyl-
terminal residues completely abolishes activity.9 The C-ter-
minus of rhIL—l 1 is predicted to be helical and to be involved
in the primary receptor binding site (site I). Important resi—
dues contributing to receptor binding in this site include
Arglso, His153, Asp“, Trp'GS, and Argmg.8 Met58 is potentially
involved in the receptor binding. In the region between Pro13
and Lys“, there are a number of residues (including Pro”,
Glu'fi, Leu”, Leu”, Arg”, Leu”, Thr“, Arg”, Leu“, and
Mg”) that are critical for the bioactivity of IL—11 and may
constitute part of a gp130 binding site (site II).8 Lys41 and
Lysgg, as well as positively charged arginine residues, which
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Table 1. Tissue/Cell Types Expressing IL-11

Tissue Cell Type/Cell Lines Inducers

CNS Hippocampal neurons (H1977)10 lLe'la
Spinal motor and sympathetic neurons10
Astrocytic glioblastoma (U373, U87)153 |L-1,fl, PMA, calcium inophore

Thymus Myeloid? (T2)2 LPS
Lung Fibroblast (MRCS, CCL202)16

Epithelial (9HTE, A549)15’17
Muscle cells

Bone Fibroblast (P-34, KM102)5'7'71
Osteosarcoma cell linesia'32
Osteoblasts6

Chondrocyte, synoviocyte“
Vein endothelial cells32
Fibroblast

Trophoblast ITPA3071)5

Con hective tissues

Uterus

Endometriotic & endometrial tissues

Skin Keratinocyte166
Melanoma cell lines'67

lLe'la, TGFifim, PMA, RSV, Ca’Vcalmodulin
Rhinovirus, parainfluehza type 3, histamine (H.)
lL-la, TGF—fll
lL-lu, PMA, PKC
lL-la, TGF—fll, PTH, PTHrP, cAMP, PKC
lLe'la, TGF’Bi, TNFeoz, PGE7, PTH, 1a, 25(0H)7D3
|L-1,€, TGF—fl., PMA, PKC
|L-1a, TGF—flm, PMA
lL-la, PTHrP
lLe'la, PMA164,165

Sarcoidosis (multinucleated giant cells)166
Testis Hound spermatidsm

are found on the exposed face of helix C, may also be in—
volved in receptor binding site II.9

REGULATION OF GENE EXPRESSION

IL-1 1 is expressed in vivo in a wide range of normal adult
murine tissues (including hematopoietic tissues) as detected
by reverse transcriptase—polymerase chain reaction (RT—
PCR).10 IL—11 is detected by in situ hybridization in neurons
of the central nervous system (CNS) and in developing sper-
matogonia of testis, where expression is developmentally
regulated.10 As summarized in Table l, IL-ll gene expres-
sion is observed in a variety of cells of mesenchymal origin.
Expression in these cells can be modulated by several in-
flammatory cytokines and agonists as well as hormones, ei—
ther alone or synergistically. Signaling pathways involved
in induction of IL-l I expression vary between different cell
types. For instance, IL-ll gene expression induced by IL-
lcv and phorbol myristate acetate (PMA) in PU-34 cells is
regulated mostly at the posttranscriptional level by increased
IL-ll mRNA stabilization. IL-la—induced IL-ll mRNA

stabilization in these cells is effected through a tyrosine ki—
nase pathway, whereas PMA-induced IL-ll mRNA stabili-
7ation is dependent on I—I7-scnsitive serine/threonine kinases
and protein kinase C (PKC) pathways. There are multiple
regions (eg, 5’UTR, coding region, and 3’UTR) within the
IL-ll mRNA involved in IL-la— and PMA-induced IL-ll

mRNA stabilization. In addition, the presence of ATTTA
motifs in the 3’—UTR of IL—11 mRNA may function as an
RNA destabilizing sequence.“1 Heparin, one of the extracel-
lular matrix components that can trans-repress AP-l—medi-
ated gene transcription, can also destabilize IL-ll mRNA
after both IL-lut and PMA induction in PU-34 cells through
competition for mRNA binding proteins.12 PKC-mediated
signaling events may also be involved in the induction of
IL—11 in connective tissues and osteosarcoma cell lines.“14

Induction of IL-l l mRNA in these cells by the protein syn-

thesis inhibitor, cyclohexamide, suggests that transcription
of IL-l | is negatively regulated by protein(s) with short half-
lives.14 In contrast to BM fibroblast cells, stimulation of IL-
11 gene expression by IL-la, transforming growth factor-
fil (TGF-fll) and TGF-62 in respiratory epithelial and fi-
broblast cells is likely to be transcriptionally regulated's’16 via
a pathway that is largely calmodulin—dependent and PKC—
independent.16 In addition, increased intracellular calcium
and inhibition of Na+/I—I+ pump activity can induce IL-l l
mRNA accumulation in lung fibroblast cells. The synergistic
effect of histamine and TGF-fil in induction of IL-11 in
human lung fibroblasts is, to a great extent, transcriptionally
regulated and dependent on H, receptors and a calcium/
calmodulin—dependent activation pathway. '7 Thus, regulation
of IL-11 expression is complex and cell/tissue specific.

HEMATOPOIETIC EFFECTS OF lL—11

Progenitor cells. IL-ll acts synergistically with other
early and late acting growth factors to stimulate various
stages and lineages of hematopoiesis. In synergy with IL-
3,18'Z° IL—4,”"22 IL—7, IL—lZ,”25 IL—13,26 stem cell factor

(SCF),27 fit3 ligand,28 and granulocyte-macrophage colony-
stimulating factor (GM-CSF),27 IL-l | stimulates the prolif-
eration of primitive stem cells, multipotential and committed
progenitor cells from various sources including cord
blood,”30 BM,1’3°'33 and peripheral blood34 in different cul-
ture systemsfx'm’35 This proliferation appears to be due to
the entry of a quiescent (GU) population of these cells into
active cell cycle18 as well as shortening of the cell-cycle time
in some cells.36 In combination with other cytokines present
in hematopoietic microenvironment, IL-ll may increase
commitment of primitive stem cells into the multilineage
progenitor compartment and stimulate proliferation and dif-
ferentiation of committed progenitor cells.37 This observation
is consistent with published data showing that ex vivo expan—
sion of murine BM cells with the cytokines III-3, Ill-6, IL-
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11, and SCF is associated with impaired engraftment of ex-
panded cells in both normal and irradiated host.“39 However,
ex vivo expansion of BM cells using IL—11 and SCF can
enhance short-term engraftment potential and such expanded
cells have been shown to sustain hematopoiesis during serial
transplants in lethally irradiated mice.40 ln addition, chronic
expression of IL-11 in hematopoietic cells via retroviral-
mediated gene transfer appears to be associated with mainte-
nance of a primitive population of cells after serial trans—
plantation.“ The contradictory results from these studies
may be due to different cytokine combinations or concentra-
tions used in expansion of BM cells in vitro. Although in
vivo IL-ll increases the cycling rates and absolute number
of myeloid progenitors in both BM and spleen of normal
mice,“ it has no effects on peripheral leukocyte counts when
administered to normal rodents”44 and nonhuman pri—
mates.4S

Megakaryncympniesis and thrnmhncympniesis. lL-l l
acts synergistically with lL-3, thrombopoietin (TPO) (also
termed megakaryocyte growth and development factor
[MGDF 1),“‘47 or SCF48 to stimulate various stages of mega-
karyocytopoiesis and thrombopoiesis in both murine”50 and
humans"53 BM cells. In vivo treatment with IL—11 results

in marked stimulation of megakaryocytopoiesis in rodents,
nonhuman primates,43'45‘54 and humansfif’6 (see also below),
including the production, differentiation, and maturation of
megakaryocytes. In the presence of soluble c-Mpl (the recep-
tor for TPO), megakaryocyte colony formation and acetyl-
cholinesterease (AchE) activities induced by IL—11 alone or
in combination with IL—3 or SCF are reduced.48 Anti—TPO

antiserum can also reduce IL-l l—stimulated megakarocyte
colony formation by 90%, whereas anti—IL-3 antiserum ef-
fects a 28% reduction in colony formation.57 These studies
suggest that IL-11 effects on megakaryocytopoiesis and
thrombopoiesis may be mediated in part via TPO. Recently,
Weich et al573 have shown that IL—lla chain mRNA was

detected in purified human CD4 la(+), CD 14(7) megakaryo-
cyte precursors. Further, incubation of purified cells with
rhlL-ll led to rapid phosphorylation of the gpl30 subunit of
the IL- 11 receptor, indicating direct activation of the receptor
signaling subunit by IL— 1 1. IL—11 and TPO can also synergis—
tically stimulate the proliferation of dormant multilineage
progenitors by shortening G0, and this effect can be com-
pletely abrogated by addition of ACKZ, a neutralizing anti-
body to c-kit, the receptor of SCF,SK suggesting that the
synergistic effects of IL-11 and TPO 0n multilineage cells
may be mediated in part by SCF/c—kit interactions.

Erythropoiesis. IL-1 1 alone or in combination with other
cytokines (IL-3, SCF, or erythropoietin [Epo]) can stimulate
multiple stages of erythropoiesis using murine and human
BM cells and fetal liver cells as targets."32’59 The in vitro
effect of IL—11 on burst—forming unit—erythroid (BFU—E) for—
mation cannot be abrogated by antibodies against SCF, IL-
3, or granuloeyte-macrophage CSF (GM-CSF), suggesting
a direct effect of IL-11 on human and murine erythroid
progenitors.60 In vivo studies of cytokine administration indi-
cate that IL—11 and SCF may increase the input from a
multilineage cell compartment into the erythroid lineage,
whereas IL-l l and Epo may stimulate further amplification

3899

of erythroid cells. Moreover, IL-11 and SCF may lead to a
redistribution of erythroid cells from BM t0 spleen.61

Myclopoiesis. IL—ll also modulates the differentiation
and maturation of myeloid progenitor cells. IL-11 in combi-
nation with SCF stimulates myeloid colony formation from
murine LinT/Sca 1+ BM cells. These colonies are composed
mostly of granulocytes and myeloid blasts. The combination
of IL-11 with IL-13 or IL-4 can reduce the proportion of
granulocytes and blasts in myeloid colonies, with a concomi—
tant increase in macrophages.26 Combination treatment with
IL-l I, SCF, and G-CSF in the newborn rat has been shown

to significantly increase peripheral neutrophil countsfiz‘63
Lymphopoiesis. IL-11 in combination with SCF or IL-4

effectively supports the generation of B cells in primary
cultures of BM cells from S-fluorouracil (5-FU)—treated
mice.23’54’63 Similar effects have been seen with flt3/fik—2

ligand66 using unfractionated murine fetal liver cells and with
SCF and Ill-7 in fractionated cells.67 IL-l I and IL-4 can also

reverse the inhibitory effect of lL-3 on early B-lymphocyte
development.6g The promotion of B-cell differentiation may
be mediated by T cellsfwg’7D

Effects on hematopoietic microenvironment. IL—11 was
originally isolated from cells derived from the hematopoietic
microenvironment (HM)5'7’7"72 and may act as a paracrine
or autocrine growth factor in this environment. Addition of
IL-11 to human long-term BM culture (LTBMC) signifi-
cantly increases the cellularity of the adherent cells, inhibits
adipose accumulation in adherent cells, and leads to en-
hanced hematopoiesis.73 Addition of IL—11 and SCF to bone
marrow cultures derived from aplastic anemia patients sig—
nificantly enhances the formation of an adherent stromal
layer,74 suggesting that IL-11 may have therapeutic value in
aplastic anemia patients with defects in the HM. BM fibro-
blast growth can also be stimulated by the presence of mega-
karyocytes and the evolution of myelofibrosis is often linked
with abnormal megakaryocytopoiesis. IL—1 1 has been shown
to modulate megakaryocyte-dependent BM fibroblast stimu-
lation.75’76 E-ll with other cytokines has been shown to
mobilize primitive hematopoietic stem/progenitor cells both
in vitro“7 and in vivo.77 Treatment with IL-11 and SCF can

enhance mobilization of long-term repopulating cells from
the BM to the spleen and from the BM to the blood of
splenectomized mice.77

NONHEMATOPOIETIC EFFECTS OF |L—‘I1

Efieets nflL- I] (m epithelial cells. As mentioned above,
alveolar and bronchial epithelial cells produce large amounts
of IL-11. The upregulation of IL-11 production by inflam-
matory cytokines, respiratory syncytial virus (RSV), and reti-
noic acid (RA) suggests that IL—11 may play an important
role in pulmonary inflammation.15 IL—11 and m—llRa are
also expressed in epithelial cells of the gastrointestinal (GI)
tract.”79 In vitro studies show that IL-11 can directly interact
with GI epithelial cells and reversibly inhibit proliferation
of the intestinal crypt stem cell lines (IEC-6 and IEC-l 8).““5'
Thus, IL-ll may be involved in the normal growth control
of GI epithelial cells. IL—lliinduced decrease in prolifera—
tion of these cells may due to prolongation of the Gl-S phase
transition which is also associated with accumulation of the
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1ypophosphorylated form of the retinoblastoma susceptibil-
ity gene product (pRB).EH In addition, IL—ll has been found
0 enhance GI absorption of iron in rats, which does not

appear to be related to changes in erythropoiesis.82
Osteoclastogenesis. IL-11 in combination with 1a,25-di-

1ydroxyvitamin D 3 [la,25(OH)2 D3] and parathyroid hormone
(PTH) has been shown to stimulate osteoclast development and
inhibit bone nodule formation in BM cultures and cocultures

of BM with calvaria cells.’M4 Osteoblasts are important regula-
ors of osteoclast-mediated bone resorption. The requirement
of the presence of stromal/osteoblastic cells in IL-1 1 —induced
osteoclast development suggests that the effect of lL—ll may
3e mediated through the stimulation of other factors derived
"rom stromal/osteoblastic cells.85 The osteoblast—dependent
done-resorptive activity of lL-I I can be inhibited by the caleito-
nin and cyclo-oxygenase inhibitor, indomethacin. Neutralizing
antibody to IL-11 can partially negate the bone resorptive ef-
~ects of PTH and block IL-l, tumor necrosis factor (TNF ), and
1a,25(OH)2Dn, -induced osteoclast development.83 IL-ll can be
induced in both human and murine primary osteoblasts as well
as osteoblast—like osteosarcoma cell lines (Table 1).13 Primary
osteoblasts express both IL—1 1R0: and gp130 mRNA, and
gp130 mRNA can be upregulated by IL-1, PTH, and
101,25(OH)2D3 .86 Mature osteoclasts also express IL-l lRa
mRNA. These studies suggest that lL-ll is an important osteo-
blast—derived paracrine regulator of bone metabolism and that
both bone-forming and bone-resorbing cells are potential tar-
gets of IL-11 action.$6

Neurogenesis. Du et a11U recently showed that IL—11
mRNA is expressed in hippocampal neuronal cells and in
motor and sympathetic neurons of the spinal cord. Exoge-
nous lL-l l stimulates the proliferation of hippocampal neu-
ronal progenitor cells (Hl9-7) in a dose-dependent fashion.10
In addition, it has been previously shown that lL-ll and
several other hematopoietic growth factors are survival and/
or differentiation factors for murine fetal hippocampal neu-
ronal progenitors (MK31).87 The production of IL-11 by al-
veolar and bronchial epithelial cells[5 may further suggest
that IL—11 is an important survival factor for sensory and
motor neurons because the subepithelial space of lung is rich
in nervous innervation and lL-l l stimulates production of
substance P from sympathetic neurons.88 Previous investiga-
tors have speculated that mechanisms regulating the prolifer-
ation and differentiation of neural and hematopoietic cells
may be similar?”4

Other eflects.

 

IL-ll has also been shown to have other

nonhematopoietie activities"32 such as stimulation of acute
phase reactants both in vitro”96 and in vivo,55 inhibition
of adipogenesisf’n97 induction of a febrile response,98 and
modulation of extra cellular matrix (ECM) metabolism,”
which may have a protective effect on connective tissues or
could be involved in the pathogenesis of liver fibrosis and
cirrhosis.” In several in vitro cell culture systems, IL-ll
appears to reduce pro-inflammatory cytokine expression,
particularly the release of tumor necrosis factor-a (TNF-a)
by monocytes/macrophages.993’99b

RECEPTOR AND SIGNAL TRANSDUCTION

IL-1 1, like IL-6, oneostatin M (05M), leukemia inhibitory
factor (HF), and ciliary neurotrophic factor (CNTF), uses

DU AND WILLIAMS

the gp130 receptor common subunit for receptor function
(Fig 1).100 Hilton et al101 have cloned the murine IL-ll recep-
tor a—chain (IL—1 lRac) by using a degenerate oligonucleotide
probe corresponding to the conserved S-aa motif Trp-Ser-
Xaa-Trp-Ser (WSXWS) in the hematopoietin receptor fam-
ily. The extracellular region of lL-llRa shares sequence
similarity to the a-chains of IL-6 and CNTF receptors (24%
and 22% aa identity, respectively). The human IL—1 lRa
cDNA isolated by Nandurkar et al102 predicts a 422—aa pro—
tein and shares 85% and 84% nucleotide and aa identity with
the murine lL-l lRa. The extracellular region of human IL-
llRa contains a hematopoietin domain with conserved cys-
teine residues and the WSXWS motif. The residue ‘X’ dif-

fers between the human and murine receptors. There are two
isoforms of human IL-1 1 receptor a-chain which differ in the
cytoplasmic domain. One isoform of human IL—ll receptor,
similar to the human HAS and murine IL-11 receptors, has
a short cytoplasmic domain (IL-l lRal). The other isoform,
similar to the human CNTF receptor, lacks this domain (1L-
11Ru2). The functional significance of differences between
the two isoforms are not known yet. IL-6, CNTF, and IL-
11 receptor a—chains overall share 32% identity among extra—
cellular domains and are also structurally related. There is
42% identity between the C-terminal cytokine-receptor—like
domains of IL-lanl and CNTFan.103 The genomic struc-
ture of hIL-l lRal consists of 12 exons and 12 introns within

a 9-kb genomic region. Human IL-l lRw gene is located on
chromosome 9 band 9p13, where the CNTFR gene is also
located.104 Robb et al105 have recently reported the structure
of the murine IL—l lRa gene, which contains 14 exons. Evi—
dence suggests the use of alternative first exons in a develop-
mentally regulated fashion.105 A second murine lL-llRa—
like locus (IL-11Ra2) has been reported with sequence ho-
mology to exons 2-13 of IL-1 lRozl.105 This locus appears to
be present in only some strains of mice.

Binding of IL—11 ligand to either human or murine IL—
llRa occurs at low affinity and, although necessary, is not
sufficient for signal transduction. The generation of a high-
affinity lL-ll receptor capable of generating a biologic sig-
nal requires coexpression of the IL-llRui and gp130.'{""”2
IL—llRa mRNA is detectable in several murine cell lines,

including 3T3—L1 cells, BAd stromal cells, the embryonic
carcinoma cell line PCI3, and factor-dependent hematopoi-
etic cell lines li'DCP-l and D35. A wide range of primary
tissues express IL-llRui mRNA, including hematopoietic
tissues (BM, spleen, and thymus), liver, brain, heart, kidney,
muscle, and salivary gland as well as cells of the GI
tractjg‘lm’105 Human IL-ll receptor mRNA is expressed in
myeloid (K562), megakaryocytic (Mo7E), and erythroid
(TF1) leukemia cell lines as well as osteosarcoma cell lines
(MG-63 and Saos-Z).103

As mentioned above, gp130 is the common subunit of the
IL-6, OSM, LIF, and CNTF as well as IL-11 receptors.1°6’
'09 Binding of IL-1 1 to specific cell-surface IL-l anz receptor
induces heterodimerization, tyrosine phosphorylation,”"‘111
and activation of gpl30.1°5"°&112 The activated IL-ll recep-
tor- gp130 complex probably activates tyrosine kinases of
the Janus kinase (Jak) family (Fig 1).”114 Hill has also
been shown to promote the formation of the active GTP-

Ex. 2001 - Page1320



Ex. 2001 - Page1321

From www.cloodjoumalorg by guest on July 13, 2015. For personal use only,

|L-11 REVIEW

 

Phosphollpase D

Phosphatidic Acid

Fig 1. Possible signaling pathways mediated by
|L-11.

bound form of Ras115 and induce the tyrosine phosphoryla-
tion and activation of mitogen-activated protein kinase
(MAPK),116 a key downstream signaling target of Ras. After
activation of IL—11 receptor by IL—11 binding, JakZ forms a
complex with the adapter protein, growth factor receptor
binding protein 2 (Grb2), and gpl 30, thus bringing SOS
(Son Of Sevenless) to the plasma membrane where Ras is
located, hence activating Ras and initiating the Ras signaling
pathway.llS In addition to use of gpl30 as a common subunit
in signal transduction, the association of Jak and Ras signal—
ing pathways on stimulation with IL—11 and similar cyto—
kines is another unique feature of this family of cytokines.
IL-11 and other eytokines using gpl30 as a signal transducer
can trigger the activation of MAPKs and the 85- 92-kD
ribosomal protein S6 kinase (pp°”""), which is followed by
activation of a set of common primary response genes (Egr-
lor TIS 8. TTP or TIS 11, Jim B and 3CH134, which encodes

a phosphatase which can inactivate MAPKs).”6’”7 Src—fam—
ily protein tyrosine kinases, including Fyn, Yes, and Src,
may also play an important role in IL-ll signaling. Jak2 and
Fyn are transiently associated with Grb2 upon stimulation
with IL-ll,HS suggesting that IL-ll—induced signaling in
the Ras/MAPK pathway is partly through Fyn. Stimulation
of 3T3—L1 cells with IL—11 results in a threefold increase in

tyrosine phosphorylation of p62yes and a 15-fold increase in
phosphorylation of palm.”8

In addition to MAPK phosphatase (3CH134), the ubiqui-
tous tyrosine phosphatase Syp also associates with gpl30
and Jak2 in response to IL-11 stimulation.119 Herbimycin A,
which is a tyrosine kinase inhibitor, can block the activation
of MAPK and pp90r5k induced by IL—1 1.116 A serine/threo—
nine kinase inhibitor H7, which may act on signaling path-
ways downstream of pp90‘5k, can inhibit pp90’5k activity,
suggesting H7-sensitive kinases are crucial in IL-ll signal-
ing.I '6" '7 Lipid second messengers are also involved in IL-ll
signal transduction. IL- 11 treatment in 3T3-L1 cells activates
phospholipase D to produce phosphatidic acid (PA). In—
creased levels of PA enhance tyrosine phosphorylation of
MAPKs and transduce some signals in this cell line.120 IL-
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ll—induced phosphorylation of tyrosine kinases and H7-
sensitive kinases are PKC-independent and cAMP-, cGMP-,
and calcium/calmodulin—independent.l“1‘” IL-11 and other
cytokines sharing the signal transducing subunit, gp130, can
activate acute—phase response factor (APRF) by tyrosine
phosphorylation in variety of cell types. This transcriptional
factor is antigenically and functionally related to members
of the signal transducer and activator of transcription (STAT)
family, especially STAT91. STAT91 and related proteins
were originally identified as interferon—activated transcrip—
tional factors. This suggests a central role APRF in gp130—
mediated signaling.‘21 IL-ll also stimulates tyrosine phos-
phorylation and nuclear translocation of STAT91 and a re-
lated 89-kD protein.117 The possible signaling pathways me-
diated by IL-11 are summarized in Fig 1.

PRECLINICAL STUDIES

Syngeneic BM transplant (BMT) models. Administration
of IL-l l accelerates recovery of megakaryopoiesis and mye-
lopoiesis in BMT mice (Table 2).122 Enhanced recovery of
these lineages is associated with significantly decreased mor-
tality and morbidity from lethal exogenous infection with
Pseudomonas aeruginosa and decreased mouse-tail bleeding
time. ”3 BMT recipient mice treated with the combination of
IL-11 and SCF show shortened periods of cytopenia in all
myeloid lineages.124 Lethally irradiated mice transplanted
with syngeneic BM cells infected with a retrovirus express-
ing the human IL-ll cDNA demonstrate similar hematologi-
cal changes as seen in BMT recipient mice treated with rhIL-
11 until day 28 post BMT.125 However, in one such study,
while elevated peripheral platelet counts were sustained
chronically, no changes in peripheral erythrocyte or leuko-
cyte counts were observed long term despite a greater than
20-fold increase in splenic myeloid progenitor content. Two
of 20 secondary recipients of BM cells transduced with a
retrovirus expressing hIL-ll cDNA developed myeloid leu-
kemia. All mice showed systemic effects of chronic IL—ll
exposure (Table 2).”6‘127 A recent study has shown that ec—
topic expression of murinc lL-ll via a retrovirus vector
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Table 2. Effects of |L-11 on Cytoablative Preclinical Models
Models Peripheral Blood Bone Marrow Spleen Thymus GI Tract Other

BMTW'127 WBC‘l, Ni CFU-mix‘l CFU-mix Myeloid leukemia
PltT CFUeGM‘l CFUVGMT Body weightl
Reticulocyte‘l CFUeMKT CFUVMKT Hyperactive state
Psaudomonas Ccllularity‘ Cellularity‘l Thymic atrophy

acruginosa LDEU‘l Inflammation
Tail bleeding timel Acuteephase proteinl

Sublethalm'mi WBCT Cellularityi Cellularityl Pneumonitis
Pltl Tr & Becell Tr & Becell functionl

function
Chemotherapy‘z'fifi' 29' 33 WBCT, NT PltT Cellularity‘ tCellularityT .lFrequeney, severity TSurvival

Hctl CFU-mixl SRBC-specific and duration of
Pancytopenial CFU-GMT plaque oral mucositis
SRBC-specific Abl BFU-Ei Forming cellsT

CFU-mix, GM,
BFU-ET

Chemoradiation Late recovery of BFU-Ei BFU-E, CFU- TMitotic index & TRecovery of
therapyn'l“ Plt & Hct CFU-GMT GM & CFU- PCNA* cells in spermatogenesis

Mild TPlt at early CFU-MKT MK? at day 15 crypts TSurvival
stage at day 15 & 30 postirradiation .lApoptosis
postirradiation postirradiation

Abbreviations: CFU-mix, colony-forming unit-mix; CFU-GM, colony-forming unit-granulocyte/macrophage; CFU-MK, colony-forming unit-megakaryocyte,‘ WBC, white
blood cells; N, neutrophils; Plt, platelets; Hct, hematocrit; SRBC, sheep red blood cell; PCNA, proliferating cell nuclear antigen.

accelerated recovery of platelets and leukocytes (neutro-
phils) in secondary and tertiary BMT mice. This study also
suggests that Hill expression in vivo may enhance mainte—
nance of primitive hematopoietic stem cells.41

Sublet/ml radiation (non-EMT) models. in contrast to
the effects in BMT models, lL-ll treatment has little effect
on progenitor compartments in sublethally (600 cGy) irradi-
ated mice.122 IL-ll treatment was shown to restore thymus
and spleen cell numbers as well as T— and B—cell mitogen
responsiveness in mice exposed to 200 cGy irradiation (Ta—
ble 2). Sublethal irradiated dogs (200 cGy) treated with IL-1 1
show a modest trend toward faster platelet recovery. Some of
the dogs in this study demonstrated pneumonitis, the etiology
of which is unclear.‘ZR

Chemotherapy models. Chemotherapy is often associ-
ated with blood cytopenias and immunosuppression as well
as GI mucosal damage. IL—ll treatment significantly reduces
chemotherapy related morbidity and mortalitym'133 and is
associated with accelerated recovery of both hematopoie-
sis”132 and the immune response”70 in different chemother-
apy preclinical models (Table 2). Mortality associated with
repeated doses of S-FU is abrogated by pretreatment with
IL—11 and SCF, but not by infusion with BM cells, sug—
gesting that in this model IL-11 and SCF pretreatment may
protect tissues other than hematopoietic tissues adversely
affected by chemotherapy.129 In a hamster model of oral
mucositis, IL-ll decreases the frequency, severity, and dura-
tion of oral mucositis in a dose-dependent fashionm’133 with
little changes on BM cellularity, strengthening the sugges—
tion that the protective mechanism of IL—11 on mucositis is
due, at least in part, to effects on epithelial and/or connective
tissues.133

Combined chemo-/radiation therapy models. IL-ll ad-
ministration markedly decreases morbidity and mortality due
to sepsis by endogenous gut organisms79 and accelerates
recovery of spermatogenesis1U in mice treated with combined
chemo—/radiation therapy (S—FU and sublethal irradiation).
The increased survival is associated with increased prolifera-

tion of crypt cells and decreased apoptosis of villous/crypt
cells.134 The seemingly contradictory effects of IL-11 on G1
crypt cell proliferation seen in in vitro7x’x” and in vivo79 stud—
ies may be due to distinctly different effects on damaged
versus undamaged cell populations: inhibition of prolifera-
tion before damage (seen in in vitro cell lines) and stimula-
tion of proliferation post damage (seen in in vivo models of
gut cell damage). This explanation is supported by the find-
ing that pretreatment of mice with IL—1 1 followed by irradia—
tion is associated with significant increases in the survival
of intestinal crypt stem cells.135 In addition, recent studies
show pretreatment of mice with IL-11 significantly reduces
ischemia/reperfusion-induced small-bowel injury.136 The ef-
fect of IL-1 1 on combined chemo-lradiation therapy—in-
duced gut mucosal damage may prove to be important in
clinical use in cancer chemotherapy and BM transplant pro—
tocols in the future. The effects of IL—11 on cytoablative
preclinical models are summarized in Table 2.

Other GI disease models. Acute colitis caused by chemi-
cal damage and chronic inflammatory bowel disease in
transgenic animals expressing human HLA-B27 and 52-mi-
croglobulin are improved at both the gross and microscopic
level by administration of IL—1 1.131 IL—ll treatment has pro—
liferative effects on intestinal mucosa in mice after ischemic

bowel necrosis,136 in a murine burn model,137 and in a rat

short-bowel model.138 in all of these models, significantly
increased survival rates are seen in mice treated with IL-1 1.

IL-ll treatment also increases peripheral lymphocyte counts
and decreases enteric bacterial translocation in both bowel

ischemia and systemic burn models.
Sepsis models. Pretreatment with IL-11 significantly re-

duces mortality in a murine model of toxic shock syn-
drome139 and in experimental group B streptococcal (GBS)
sepsis in neonatal rats.I40 Endogenous IL-ll may play a
role in the pathophysiologic response of neonatal animals to
bacterial sepsis and associated thrombocytopenia.140 In a rab—
bit model of endotoxemia, IL—1 1 treatment prevents hypoten—
si on and decreases GI mucosal damage induced by lipopoly-
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saccharide (LPS)."” The anti-inflammatory effects of IL-11
on both murine and rabbit models of endotoxemia appears
to be due to inhibition of the production of proinflammatory
mediators through effects on macrophages.142

IL—1‘I AND DISEASES

IL—ll acts as a synergistic factor with IL—3, GM—CSF, and
SCF to stimulate proliferation of human primary leukemia
cells, myeloid leukemia cell 1ines,‘43‘144 megakaryoblastic
cell lines,143 and erythroleukemic cell lines108 and to stimu-
late leukemic blast colony formation.m"44 IL-11 mRNA ex-
pression in leukemic cells and inhibition of leukemic cell
growth by IL—11 antisense oligonucleotides suggest that IL—
11 may function as an autocrine growth factor in leukemic
cell lines.l44’145 Although IL-ll stimulates the proliferation
of murine plasmacytoma cellss‘146 and murine hybridoma
cells,m'149 the effect of IL-11 on the growth of human my-
eloma/plasmacytoma cells is controversial. IL-ll has no ef-
fect on the growth of freshly isolated human plasmacytoma
cellsm’150 However, IL—11 can stimulate proliferation in two
of eight human myeloma cell lines tested so farmfii151 As
expected, anti-gp130 monoclonal antibodies can inhibit
growth stimulation by IL-11 in human myeloma cell lines.152
The plasmacytoma growth inhibitor restrictin-P (also called
activin A, follicle-stimulating hormone releasing protein, or
erythroid differentiation factor), another growth regulatory
protein derived from BM stromal, can inhibit the growth of
IL-1 l—stimulated murine hybridoma cells.153

HUMAN STUDIES AND CLINICAL TRIALS

IL-ll has now been evaluated in several human clinical

trials. In the initial phase I trial, women with advanced-stage
breast cancer undergoing high-dose chemotherapy were
treated with increasing doses of IL-11 (up to 100 ug/kg/d)
both before therapy and after each of four cycles of combined
chemotherapy. IL—ll administration was associated with a
dose—dependent trend toward increased platelet counts, and
patients receiving rhIL-ll at doses >25 ng/kg/d showed
attenuated postchemotherapy thrombocytopenia after the
first and second cycles.55 Increased peripheral platelet counts
were associate with both stimulation of platelet production
and megakaryocyte maturation, as evidenced by increased
numbers of BM colony—forming unit—megakaryocyte (CFU—
MK), increased megakaryocyte numbers, and higher mega-
karyocyte ploidy.56 In contrast to effects seen in various
preclinic studies, 1L-11 treatment in this trial had no signifi-
cant effect on leukopenia or neutropenia due to chemother-
apy.53 However, IL-ll treatment was associated with in-
creased BM cellularity, and increased numbers and cycling
of immature erythroid and myeloid precusors.56

IL-ll treatment in these patients was well tolerated at
doses of 10 to 50 ng/kg/d. The most common side effect
noted was a reversible anemia. The anemia was non—dose-

related and decreases of m20% in hematocrits, possibly due
to increased plasma volume, were seen?”54 Other reversible
side effects included arthralgias, myalgias, fatigue, nausea,
headache, and edema. Unlike many other cytokines, IL—11
treatment was not associated with an increased incidence of
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fever. IL—11 administration increased the plasma concentra-
tions of acute-phase reactants, including C-reactive protein,
fibrinogen, and haptoglobin at all doses.55

In several phase I/II trials, IL—11 has also been well toler—
ated in doses up to 50 ng/kg/d and appears to be a promising
agent for accelerating hematopoietic recovery after multiple
cancer therapies. The combined administration of IL-11 with
G—CSF (5 ng/kg/d) in breast cancer patients receiving high-
dose cyclophosphamide, 1,3-bis(2-chloroethyl)- 1 -nitro-
sourea (BCNU), and thiotepa followed by autologous BMT
effectively accelerates both peripheral neutrophil and platelet
recoveries.155 In a phase I/II trial in children with solid tu—
mors or lymphoma, IL—11 (50 ng/kg/d) and G—CSF (10 ng/
kg/d) administration after ICE (ifosfamide, carboplatin, and
etoposide) chemotherapy appears to decrease the median
number of platelet transfusions required (12 v 2), and reduces
the days to recovery of both neutrophils (21 v 17.5 days)
and platelets (27 v 22 days) when compared to ICE + G-
CSF alone.156 Preliminary results from both trials cited above
have not been reported in full at this point and it is not clear
whether these differences are significant.

A multicenter, randomized, placebo—controlled IL—ll
phase II clinical trial has been conducted in 93 cancer pa-
tients who had received at least one platelet transfusion dur-
ing a prior chemotherapy cycle (secondary prophylaxis de-
sign). These patients were given an additional cycle of the
same chemotherapy without dose reduction and were ran-
domized to receive either rhIL-11 (at a dose of 25 or 50 ng/
kg) or placebo. The patients treated with rhIL—ll in this
phase II study were less likely to require platelet transfusions
than the patients receiving placebo. For the patients treated
with IL-11 at 25 rig/kg and 50 rig/kg, 30% (8 of 27) required
no platelet transfusions compared to 1 of 27 patients treated
with placebo. This difference was statistically significant (P
< .05). The median number of platelet transfusions required
among the groups treated with 50 rig/kg, 25 rig/kg, and
placebo was 1, 2, and 3, respectively. The profile of side
effects was similar to that seen in phase I studies. Most side
effects were mild to moderate in severity and were reversible
after IL—1 1 treatment was discontinuedf’v’lsg Based on obser-

vations of the potent effects of IL-11 in models of gut dam-
age, a major advantage of IL—11 may be the simultaneous
effects of the cytokine on both BM and GI toxicities of
chemotherapy and irradiation. A dose—escalating phase I/II
randomized placebo-controlled human study examining the
effects of IL-11 in patients with Crohn’s disease has recently
been completed.168 Based on the results of this trial, addi-
tional trials in Crohn’s disease and in chemotherapy-induced
mucositis are anticipated (Genetics Institute, personal com-
munication, James Kaye, October 1996).

The recent cloning of the ligand for c-mpl provides
another, and potentially very useful, therapeutic approach to
thrombocytopenic states. Early trials with TPO (also termed
MGDF) appear promising and it will require multiple trials
in various pathologic conditions to determine optimal cyto—
kine combinations to enhance recovery of hematopoietic lin—
eages with the least side effects. At the present time it would
appear that IL—11 will be a useful thrombopoietin and may
be uniquely useful in stimulating the recovery of the BM and
the GI tract simultaneously after therapy-induced damage.

159-[62
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interleukin-mo and interleukin-xii: same same but

different

Abstract: The pleiotropic physiological functions of

interleukin (ill-)6 type cytoiiines range from embryonic

development and tissue hornoeostasis to neuronal devel-

opment and T cell differentiation. in contrast, imbalance

of the well—controlled cytol<ine signaling network leads

to chronic inflammatory diseases and cancer iii-6 and

lL-ll both signal through a hornodirner of the ubiquitously

expressed ti-receptor glycoproteln 130 (gplEOil. Specific-

ity is gained through an individual le-é/lL-l'l ctr-receptor,

which does not directly participate in signal transduc-

tion, although the initial cytokine binding event to the

o—receptor leads to the final complex formation with the

fi-receptors. Both cytokines activate the same down-

stream signaling; pathways, which are predominantly the

mitogen-activated protein kinase (MAPhl-cascacle and the

lanus hinase/signal transducer and activator of transcrip-

tion Gait/STAT) pathway. However, recent studies have

highlighted divergent roles of the two related cytolrines.
Here, we will discuss how the biochemical similarities are

translated into unique and non-redundant functions of

ll.—ti and lL-ll in vivo and illustrate strategies for cytokine-

specific therapeutic intervention.

Keywords: gpiSO; lL—li receptor: 1L6 receptor; interleukin
ll; interleukin 6; STA'l‘B.
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introduction: limo family of

cytolrines in health and disease

interleukin (ll.—)r‘i tyne cytol<ines play integral roles in

numerous physiologic and pathophysiologic processes.

On one hand they are engaged in development and tissue

homeostasis, and on the other hand critically involved

in immunity, infection and inflammation. 'l‘heir partly

overlapping and redundant spectrum of actions, ranging

from specific functions during embryonic development

or hematopoiesis, is accompanied by distinct functions

that can he pinpointed to one specific family member and

cannot be fulfilled by the other members.

The interleukin (lb-)6 family of cytol<ir1es consists of

ill—ti, lL-ll, ill-27, 11-30, ill-ill, oncostatin M (08M), leul<e~

mia inhibitory factor (LIP), cardiolrophin-‘l (CT-l), cardio-

trophin—like cylohine (CLCL ciliary neurotrophic factor

(Gill?) and neuropoeitin {NP-l). With the exception of

ill-Big all of these cytokines engage a homo- or heterodi-

mer of the ubiquitously expressed signal-transducing

[i—receptor glycoprotein 130 (gplBO). Recently, the hetero—

dimeric cytokine lL-jBS, which is composed of EBB (also

a part of lL-Z?) and p35 (also a part of lLulZL has also

been shown to signal via $313130, being therefore a shared

member of the lL--6 and lL--12 cytolrine families (Collison

et al.. 2012}. Formation of the individual cytokine signal-

ing complexes on the cellular membrane triggers activa-

tion of the major downstream signaling pathways lanus

kinase/signal transducer and activator of transcription

(lak/S'sz’lTi'}, the mitogen-activated protein hinase (MAPK)

pathway and (to a minor extent) the phosphatidyl-inosi-
lol—Zl-ldnase (WEB-cascade. in this review, we will focus

on the two family members lbs and lL—ll, which both

signal via a ngO homoclimer {for detailed information

concerning signal transduction of all lL»6 family members

see for example (Heinrich ct al., 2003; Eulcnteld ct al.,
2012; Garhers ct al.. 2012; Mohr et al., 2012)}.

The lL-é family members 1L6 and lL-ll are four-hel-

ical bundle cytolrincs with an up—uudown-down topol—

ogy. Both proteins are transcribed with a canonical signal

peptide that ensures efficient secretion from cells. The
mature form of lL—6 consists of l8} amino acids, whereas

ll.—ll encodes a mature protein of 17.8 amino acid residues.

lL-6 and ill-ll share little sequr‘rce homology (about 22%.}

even though they both transduce signals via a hornodimer

of two gp130 lit-receptor molecules, whereas all other Ill-6
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type cytoltines bincl to gent)-Lll3l{/GSMR/WSX-i hetero-

dimers or in the case of lit-31 to GplZiO—like receptor (GPL)

and OSMR (Bazan, 1989, 1990). lL-6 and iL-ll cannot bind

to the ubiquitously esxpressed gpl’jtb in the absence of a

specificity factor, the so-called tic-receptors (the-R and

ill-11R) (Figure 1), Accordingly, expression of the {boil ancl
lL~iiR determines whether ll_~6, lL~il or both can activate

a cell, Like ill-6 and ll_.—ll, the extracellular domains of

lL-iiR and lL~6R show low sequence identity of about 215%

(Curtis et al,, 1997), inter-species comparison of the lL-6R
and ll.—11R between mice and humans however reveals a

sequence identity of about 82% and 52%, respective ya

lL-6 signaling shows a remarkable species—specificity. as
human list-6 can activate both the murine and the human

ill-6R, whereas murine ill-6 acts solely on the marine

lL~6R (lostoclc et al., 2001; Garbers et al., 2011‘). Species-

speciiicity for ill-il/lL—lllt has not been analyzed thus far,

Crystal structures of the cytolcine/receptor complex have

been solved for [L6 in complex with thrill and gpiBO

(Chow et al., 2001; Boulanger et al., 2003], and the sig-

naling corriplexes formed with lL-6/lll—6li and ll_.—ll /lL—l 1R

appear to have similar conformations and dynamics in the

membrane-proximal regions (Matadeen ct al 2007; Xu

ct at, 2010; Lupardus et al, 2011). Site i of ill-6 and lL—ii

are binding sites towards lL-6R and lL-iiR, respectively,

whereas site ii and site ill of lL»6 and lit-11 are binding

sites towards gpiBO.
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Figure 3. Receptor composition for lL-6 and lL-‘li signaling via the
li—receptor srrburiiligr:130.lL—6 has two mechanisms of cellular
activation.

lL—6 classic signaling requires lL—6 bindingto a membrane-associ—
ated receptor (urea). in trans-signaling, IL-6 activates cells lacking
merrrhranehouncl lL—6R through an lL-6/sll~6R complex, which
binds directly to the ubiquitously expressed gp130.'i'o date, only
lL-‘li classic but not trans-signaling was described.
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The lL-6ll is mainly expressed on hepatocytes and

some leukocytes, including macrophages, monocytes,

neutrophils, B- and '1‘ cells (Chalaris et al, 2011):. lL-iiR

has been found on lymphocytes, ,l-l—cells, macrophages,

endothelial ceihs, hematopoetic cells and osteoclasts

{Figure 2) (Priioczhi and Ernst, 20] 0). '1‘his list is, however,

certainly far from being complete, and the future will

iopeiuily bring a more comprehensive list of cells th at. are

esponsive to lL-é ancl lL-ll. For instance, alpha cells of

the pancreas have been shown to express lL-rSR and list-6

controls expression alpha cell mass and thereby glucagon

'evel and glucose homeostasis (Ellingsgaarcl et al., 2008).

iltiniately, this shows that some cells are responsive to

L6 and lL-ll and some are exclusively targeted by lL-é or

ls-ii. Detailed analysis of how cells shape their receptor

expression profiles are missing, but it is likely that cells can

'noclulate their ability to respond to the cytol<ines ill-6 and

Lil. Two papers have shown consistently that the syn-

thetic glucocorticoid dexanrethasohe is capable oi tip—reg

ulating lL~6R mRNA (Rose-John et al., 1990: Sayers et ah.

1:990), and this was recently also confirmed on the protein

level (Ladcnburger et al.. 2010). interestingly, interleukin

2 {lL-Z) has been shown to regulate THU differentiation

by inducing down—regulation of the ill-6R ancl gratin) on T

cells, therefore liniriitirlgr the ability of iL-—6 to induce Tl—ii7

cells {Lian et al., 2011). Furthermore, activated CD4‘ T cells

were shown to lose membrane-hound il.-—6R via a process

called ectodornain shedding mediated by ADAM pretenses

{Briso et ai., 2008:, Scheiler et ah, 20iia}. Mechanisms that

 

 
Figure 2 Distinct and combined cellular expression of iL—6R and
lt-ilR.

The Venn diagram illustrates cell types mentioned in this review that
either only express limit (left part), only HAIR (right part), or are
known to express lL-iSR as well as lL-11R (overlapping middle part).
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