
Ex. 2001 - Page982

10

15

25

30

35

WO 2014/121325 PCT/AU2014/000083

73

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

In one example, the Fe region is an IgG4 Fe region (1.e., from an IgG4 constant

region), e.g., a human [gG4 Fe region. Sequences ofsuitable [gG4 Fe 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 exchangeor 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 (hal f-moleculc) 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 cxchange occurs naturally iz vive and can be induced in vitro 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 e7 al.,

Sequences of Protcins of Immunological Interest Washington DC United States

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

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

(Kabat et al., Scquences of Protcins of Immunological Intcrest Washington DC Unitcd

States Department of Health and Human Services, 2001 and Edelmanet 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 Pro243 of human IgG1

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

be aligned with the IgG1 sequence by placing the first and last cysteine residues

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

example WO2010/080538).
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Additional examples of stabilized IgG4 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 leucine

(e.g., as described in WO2006/033386). 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 Icucine 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 Fe region is a region modified to have reduced effector

function, Le., a “non-immunostimulatory Fe region”. For example, the Fc region is an

IgG1 Fe region comprising a substitution at one or more positions selected from the

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

IgGl Fe 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,

A3308 and P331S (Armouret al, Eur J Immunol. 29:2613-2624, 1999; Shiclds et al., J

Biol Chem. 276(9):6591-604, 2001). Additional examples of non-immunostimulatory

I'c regions are described, for example, in Dall'Acquaef al., J dmmunol. 177 : 1129-1138

2006; and/or Hezarch J Virol ;75: 12161-12168, 2001).

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

least one Cy2 domain from an IgG4 antibody and at least one Cy3 domain from an

TgG1 antibody, wherein the Fe region comprises a substitution al onc 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 WO2010/085682).

Exemplary substitutions include 240F, 262L, 264T, 266F, 297Q, 299A, 299K, 307P,

309K, 309M,309P, 323F, 3998S, and 427F.

Enhancing Effector Function

In one example, an 1L-11Ra-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 Fe region (a native

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

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

complement dependent cytotoxicity; antibody-dependent-ccll-mediated cytotoxicity

(ADCC); antibody-dependent-cell-phagocytosis (ADCP); and B-cell activation.
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In one example, an IL-11Ra-binding protein of the present disclosure binds to

IL-11Ro 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 [L-11Ra-binding protein remains bound to the IL-11Ra 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-11Ra-binding protein of the present disclosure is capable

of inducing enhanced effector function, e.g., by virtue of a modified Fe 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 Fe region. Enhancing effector function induced by a IL-11Ra-

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

effects, e.g., by not only blocking the action of IL-11Re but also by killing or depleting

cclls causing a condition, c.g., by killing auto-reactive T cclls.

In one example, the Fe region of an IL-11Ra-binding protein of the disclosure is

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

the Fe 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 numberof 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 Fe

region binds with greater affinity to one or more FcyRs, such as FcyRIIT. In one

example, the Fe 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 aminoacid substitutions $239D/I332E, numbered according to the EU index

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

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

wild-type Kc region. In one example, the Kc region comprises the following amino acid

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

This Fe region has about 138 fold increase in affinity for FeyRII]a compared to a wild-

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

wild-type Fc region.
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Additional aminoacid substitutions that increase ability of a Fe region to induce

effector function are known in the art and/or described, for example, in US6737056 or
US7317091.

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

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

by mammaliancells typically comprise a branched, biantennary oligosaccharide that is

generally attached by an N-linkage to Asn297 of the Cy2 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

GlcNAcin the “stem” ofthe biantennary oligosaccharide structure. In some examples,

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

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

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

for producing afucosylated antibodics include, cxpressing the antibody or antigen

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

(FUTS8)(e.g., as described in Yumane-Ohnuki et al., Biotechnol. Bioengineer. 87: 614-

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

expressing a small interfering RNA against PUTS (e.g., as described in Mori ef al,

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: 300-310, 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 TI] (GnT-IID (e.g., as

described in Umanaet al., Nat. Biotechnol. 17: 176-180, 1999).

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

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

derived stem cells for the production of viral vaccines, WO2008/129058; Recombinant

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

IL-l1Ro-binding proteins of the present disclosure also include those with

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

Fe 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-11Ro-binding proteins with at least one galactose residue in the

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

have improved CDC function. Such proteins are described, e.g., in WO1997/30087 and
WO01999/22764.

Ex. 2001 - Page985



Ex. 2001 - Page986

10

20

25

30

35

WO 2014/121325 PCT/AU2014/000083

77

IL-11Roa-binding proteins can also comprise a Fe region capable of inducing

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

having enhanced CDCactivity (Natsumeet al., Cancer Res. 68: 3863-3872, 2008).

IL-11Ro-binding proteins can also or alternatively be fused to or conjugated to

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

virtue of binding to CD3 or CD16.

Methodsfor determining effector function are knownin the art. In one example,

the level of ADCC activity is assessed using a Cr release assay, an europium release
assay or a 5S release assay. In each of these assays, cells expressing IL-11Ra are
cultured with one or more ofthe recited compounds for a time and under conditions

sufficient for the compound to be taken up by the cell. In the case of a § release
assay, the cells can be cultured with *5§-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 IL-1 1Ra-binding

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

The amount of ter, europium and/or 35§ 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 8&3: 7059-7063, 1986 and

Bruggemannet al., J. Exp. Med. 166: 1351-1361, 1987.

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

ACTI™ 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 TL-11Ra-binding protein ts

assessed by determining, its affinity for one or more FcyRs, e.g., as described in
US7317091.

Clq binding assays mayalso be carried out to confirm that the IL-1 1Ra-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).

Additional Modifications

The present disclosure also contemplates additional modifications to an antibody

or IL-11Ra-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 Fe region

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

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

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

comparedto its affinity at about pH 7.4, whichfacilitates the re-release of Fc into blood

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

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

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

T2548 and T266F or M252Y, $254T and T256E or H433K and N434F according to

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

described, for example, in US20070135620 or US7083784.

Exemplary IL-1 1Ra-Binding Proteins

Exemplary variable region containing [L-11Ra-binding proteins produced by
the inventors are described in Table 1.

Table 1: Sequences of exemplary IL-11Ro-binding proteins

Antibody Name V_ amino acid|Vy amino acid

SEQ ID NO SEQ ID NO
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Protein Production

In one example, an IL-11Ra-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/oras is knownintheart.

Recombinant Expression

In another example, an IL-11Ra-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

mycloma cclls that do not otherwise produce the protcin. Exemplary cells used for

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

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

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

Associates and Wiley-Interscience (1988, including all updates until present) or

Sambrook ef al., 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 knownin theart, see, e.g., US4816567 or US5530101.

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, ¢.g., in response to a developmental and/or external stimulus, or in a Ussuc

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 sequencesinclude prokaryotic secretion signals (c.g., pelB, alkaline

phosphatase, penicillinase, Ipp, or heat-stable enterotoxin IJ), 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 cytomegalovirus

immediate early promoter (CMV-IE), human elongation factor 1-@ promoter (EF1),

small nuclear RNA promoters (Ula and U1/b), a-myosin heavy chain promoter, Simian

virus 40 promoter (SV40), Rous sarcoma virus promoter (RSV), Adenovirus majorlate

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

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 kidneyline (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 pasioris, Saccharomyces
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cerevisiae and S. pombe, include, but are not limited to, the ADH/ promoter, the GAL/

promoter, the GAL4 promoter, the CUP/ promoter, the PHOS promoter, the nmt

promoter, the RPR/ promoter, or the TEF/ 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. Mcansfor

introducing recombinant DNAinto cells include microinjection, transfection mediated

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

(Gibco, MD, USA)and/or cell fectin (Gibco, 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 protcin may be cultured in a varicly of media,

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

(Sigma), Minimal Essential Medium (MEM), (Sigma), RPMI-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 of Proteins

Methodsfor isolating a protein are knownin the art and/or described herein.

Where an IL-1 1Ra-binding protein is secreted into culture medium, supernatants

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

protein concentrationfilter, for example, an Amicon or Millipore Pellicon ultrafiltration

unit. A protcase inhibitor such as PMSF maybe included in any of the foregoing stcps

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 IL-11Ra-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

W0O99/57134 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

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

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

purified using methods knownin theart, 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 cluting the bound protein. Alternatively, or in addition a

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

Conjugates

In one example, an IL-11Ra-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, a protein, a compoundthat increases the half life of the

IL-11Ra-binding protein in a subject and mixtures thereof.

The other compound can be directly or indirectly bound to the IL-11Re-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-90 or indium-111), a

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

therapeutic compound (e.g., a chemotherapeutic or an anti-inflammatory), a colloid

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

scrum albumin binding peptide), a protcin (c.g., a protcin comprising an antigen

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

life of the IL-11Ra-binding protein in a subject (e.g., polyethylene glycol or other water

soluble polymer having this activity) and mixtures thereof. Exemplary compoundsthat

can be conjugated to a IL-11Re-binding protein of the disclosure and methods for such

conjugation are known in the art and described, for example, in WO2010/059821.

The IL-11Ra-binding protein may be conjugated to nanoparticles (for example

as reviewed in Kogan e/ al., Nanomedicine (Lond). 2: 287-306, 2007). The

nanoparticles may be metallic nanoparticles.

The IL-11Ra-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 IL-11Ra-binding

protein of the present disclosure are listed in Table 2.
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Table 2. Compounds useful in conjugation.

Radioisotopes (either 137 1257 107 S37. 157 "So, PAs : Sec, Oy By
directly or indirectly) "Ru,Pd, 1™Rh, 1°!Rh, 1Sb, ?8Ba, THe, 711At

2Pb 109pq Wy oy Soy
212,2p: 153 169 oa

Bi, Sm, Eu,
67 75 16 TF IL 13 15 18 188

Cu, “Br, “Br, Br,Tc, ''C, '°N, '°O, '8T, '88Re,
203 64, 105 198 1 177

Pb, “Cu,1°Rh, ?8Au, Ag or 17’Lu

Half life extenders Polyethylene glycol

Glycerol

Glucose

Fluorescent probes Phycoerythrin (PE)

Allophycocyanin (APC)
Alexa Fluor 488

Cy5.5

Biologics fluorescent proteins such as Renilla luciferase, GFP

immune modulators or proteins, such as cytokines,

c.g., an interferon
toxins

an immunoglobulin or antibody or antibody variable

region

half life extenders such as albumin or antibody

variable regions or peptides that bind to albumin

Chemotherapeutics Taxol
5-FU

Doxorubicin

Idarubicin

Assaying Activity of an IL-11Ro-Binding Protein

Binding to IL-11Ra and Mutants Thereof

Tt will be apparent to the skilled artisan from the disclosure herein that some TL-

11Ra-binding proteins of the present disclosure bind to the extracellular region (e.g., a

region as described herein) of hIL-11Re and to specific mutant forms of extracellular

region of hIL-11Ra (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 IL-11Ra.
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Methods for assessing binding to a protein are knowninthe art, e.g., as described in

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

Verlag, 1994). Such a method generally involves immobilizing the IL-11Ro-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-11Roa-binding protein can be labeled and the antigen

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

surface plasmon resonanceassays can be used.

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

protein to hIL-11Re 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-11Ra-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 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:96 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 lowerthan it binds to a polypeptide of

SEQ ID NO: 85.

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

SEQ ID NO: 86at 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 1L-11Ra sequence or a region thereof comprising

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

IL-11Ro-binding protein is then contacted to each peptide and the peptide(s) to whichit

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 cpitope.

Alternatively, or in addition, amino acid residues within IL-11Ro are mutated,

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

acids, and mutations that reduce or prevent binding of the IL-11Ra-binding protein are

determined. Any mutation that reduces or prevents binding of the IL-11Ra-binding

protein is likely to be within the epitope boundbythe IL-1 1Ra-binding protein.

Tn this regard, as shown herein, mutation of the valine at position 117 of TL-11R

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-11R

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

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

IL-11Roe-binding protein involved substituting a region of hIL-11Re with the

corresponding region of a form of IL-11Ra to which the IL-11Ra-binding protein does

not bind (e.g., mIL-11Ra). If the IL-11Ra-binding protein does not bind to the mutant

form of IL-11Ra, 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 IL-11Re or a region thereof to an immobilized IL-11Ra-binding protein of the

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

remains bound to the immobilized IL-11Ra-binding protein are then isolated and

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

A further method involves converting hydrogens in IL-11Ra or a region thereof

to deutrons and binding the resulting protein to an immobilized IL-11Ra-binding

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

the IL-11Ra 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 from conversion to hydrogen by the binding of an IL-11Ra-binding

protein described herein.

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

affinity constant (Kp) of an immobilized IL-11Ra-binding protein for IL-11Ro or an
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epitope thereof is determined. The "Kd" or "Ka" or “Kp” for an IL-11Ra-binding

protein is in one example measured bya radiolabeled or fluorescently-labeled IL-11Ra

binding assay. In the case of a “Kd”, this assay equilibrates the IL-11Ro-binding

protein with a minimal concentration oflabeled IL-11Ra in the presence ofa titration

series of unlabeled IL-11Ra. Following washing to remove unbound IL-11Rqa, the

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

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

plasmon resonance assays, e.g., using BlAcore surface plasmon resonance (BJAcore,

Inc., Piscataway, NJ) with immobilized IL-11Rqa or a region thereof or immobilized IL-

11Ra-binding protein.

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

Kp G.c., a Kp value lower than) than antibody 8E2, because they are likely lo compete

for binding to IL-11Ra.

Determining Competitive Binding

Assays for determining a protein that competitively inhibits binding of antibody

8E2 and/or 8D10 and/or 814 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-11Roa-binding protein

are then mixed and contacted with TL-11Ro 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 IL-11Ra, region or cells in the absence of the IL-

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

test IL-11Ra-binding protein compared to the absence of the IL-1 1Ra-binding protein,

the TL-11Ra-binding protein is considered to competitively inhibit binding of the

antibody to IL-11Ra.

Optionally, the test IL-1 1Roa-binding protein is conjugated to different label to

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

IL-11Roe-binding protein to IL-11Raor the region thereofor the cell.

In another example, the IL-11Ra-binding protein is permitted to bind to IL-

11Ro 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-11Re, region or cell with

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

11Ra-binding protein compared to in the absence of the IL-11Ra-binding protein
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indicates that the protein competitively inhibits binding of the antibody to IL-11Ra. A

reciprocal assay can also be performed using labeled IL-1 1Ra-binding protein and first

allowing the antibody to bind to IL-11Rea. In this case, a reduced amountof labeled IL-

11Ra-binding protein bound to LL-11Rqain the presence ofthe antibody compared to in

the absence of the antibody indicates that the IL-|1Ro-binding protein competitively

inhibits binding of the antibody to IL-11Ra.

Any ofthe foregoing assays can be performed with a mutant form of IL-11Ra

and/or SEQ ID NO:3 and/or SEQ ID NO: 85 and/or an extracellular region of IL-11Ra

to which 8E2 and/or 8D10 and/or 8E4 binds, c.g., as described hercin.

Determining Neutralization

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

IL-11 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-11 binding to IL-11Re.

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

using labeled IL-11 and/or labeled IL-11Re-binding protein.

In a further example, the IL-11Ra-binding protein reduces proliferation of cells

(e.g., BaF3 cells) expressing IL-11Roa and gp130 (e.g., cells modified to express the

both proteins) which are cultured in the presence of IL-11. Cells (c.g., about 1x 10*
cell) are cultured in the presence of IL-11 (e.g., between about 0.3ng/mL to about

S5ng/mL (such as 0.3ng/mL or 0.5ng/mL or Sng/mL for hIL-11 or 0.5ng/mL or 5ng/mL

for cynoIL-11) or between about Ing/mL to about Sng/mL (such as Ing/mL or 3 ng/mL

or 5ng/mL) for mIL-11) and the presence or absence ofa test IL-1 1Ra-binding protein.

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

MTT reduction and/or thymidine incorporation. An IL-11Ro-binding protein that

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

IL-11Ro-binding protein is considered to neutralize IL-11R signaling. By testing

multiple concentrations of the TL-11Ra-binding protein an [Cs9 is determined, i.e., a

concentration at which 50% of the maximuminhibition of cell proliferation occurs.

ICso of 1Oug/ml or less. In one example, the ICso is 9p1g/ml or less. For example, the

ICso is 8pg/ml or less. For example, the ICs) is 7ug/ml or less. For example, the ICs)

is 64g/ml or less. For example, the ICso is S5jg/ml or less. For example, the ICso is

4ug/ml or less. For example, the ICs is 3p1g/ml or less. In one example, relating to

each of the foregoing examples, the ICs5_ can be 1Opg/ml or more or 1Ong/m1l 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 et al, BMC Biotechnol, 12: 8, 2012: and

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

T10 cells, proliferation can be measured by colorimetrically detecting reduction ofthe

tetrazolium compound, 4-[3-(4-iodophenyl)-2-(4-nitrophenyl)-2H-5-tetrazolio]-1,3-

benzene disulfonate (WST-1).

In a further example, the ability of the IL-11Ra-binding protein to suppress IL-

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

blood) are contacted with TL-11 in the presence or absence of the IL-11Ra-binding

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

CD235a expressing cells, e.g., using FACS. An IL-11Ra-binding protein that reduces

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

IL-11Ro-binding protein is considered to neutralize IL-11 signaling.

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

TL-11-mediated STAT3 phosporylation is assessed. For cxample, cclls expressing IL-

11Ro and gp130 are cultured in the presence of IL-11 in the presence or absence ofthe

IL-11Ro-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 IL-11Ra-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 cancercells (e.g.,

AGN or MKN45 gastric cancer cells) arc cultured in the presence of TL-11 in the

presence or absence of the IL-11Ra-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 ef al., Int J Biol Sci., 8: 383-393, 2012 and

Kimura et al, Leukemia, 13: 1018-1027, 1999.

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

by the present disclosure.
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Determining Effector Function

As discussed herein, some IL-!1Ra-binding proteins of the present disclosure

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

function). Methods for assessing ADCCactivity are knownintheart.

In one example, the level of ADCC activity is assessed using a *'Cr release
assay, an curopium release assay or a *’S release assay. In each ofthese assays, cells
expressing IL-11R are cultured with one or more of the recited compoundsfor a time

and under conditions sufficient for the compoundto be taken up bythe cell. In the case

of a *S§ release assay, cells expressing IL-11Ra can be cultured with *°S-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 IL-11Ra-binding protein and in the presence of immune effector cells,

e.g., peripheral blood mononuclear cells (PBMC) and/or NK cells. The amount of "Cy,
europium and/or **§ in cell culture medium is then detected, andlittle or no change in
the presence of the IL-11Ra-binding protein compared to in the absence of IL-11Ra-

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

amount compared to in the absence of the IL-11Ra-binding protein (or increased

compared to in the presence of IL-11Re-binding protein comprising an 1gG1 Fe 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,ef

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

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

ACTI™ nonradioactive cytotoxicity assay for flow cytometry (CcllTcchnology, Inc.

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

Clq binding assays mayalso be carried out to confirm that the IL-1 1Ra-binding

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

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

Methods 202: 163, 1996).

Determining HalfLife

Some IL-11Ra-binding proteins encompassed by the present disclosure have an

improved half-life, e.g., are modified to extend their half-life compared to IL-11Ra-

binding proteins that are unmodified. Methods for determining an IL-11Roa-binding

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

the ability of an IL-11Ro-binding protein to bind to a neonatal Fe receptor (FcRn) is
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assessed. In this regard, increased binding affinity for FeRn increases the serum half-

life of the IL-11Ra-binding protein (see for example, Kim et al, Eur J Immunol,

24:2429, 1994).

The half-life of an IL-11Ra-binding protein of the disclosure can also be

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

et al, Eur J of Immunol 24:542, 1994. According to this method radiolabeled IL-11Ra-

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

phase and beta phase. For the determination of the in vivo 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 Efficacy

Assays for assessing therapeutic cfficacy are described hercinabove in relation

to determining neutralization by an IL-1 1Ra-binding protein.

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

using an in vivo assay.

For example, the IL-11Ro-binding protein is tested in an animal model of

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

426: 454-460), ral type TT collagen arthritis modcl, mouse type TT 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 IL-11Ra-binding protein to reduce one or more symptoms of arthritis,

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

An IL-11Ra-binding protein that reduces a symptom ofarthritis is considered useful for

treating this condition or an JTL-11-mediated condition (e.g., an TL-11-mediated

inflammatory condition).

The IL-11Ra-binding protein can also or alternatively be tested in a model of

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-

11Ra-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-

11Ra-binding protein that reduces lung inflammation and/or the number of neutrophils

is considered useful for treating lung inflammation or COPD or an IL-11-mediated
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condition (e.g., an IL-11-mediated inflammatory condition, such as an IL-11-mediated

inflammatory ling condition).

The IL-11Ro-binding protein can also or alternatively be tested in a Th?2-

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

modelof allergic asthma is the mouse OVA-model, e.g., as described in Wanget al, J.

Immunol. 165: 2222, 2000. Following induction of inflammation, an IL-1 1Ro-binding

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

eosinophils in bronchoalveolar lavage fluid (BAL), mucussecretion and/or goblet cell

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

ovine model of inflammatory asthma as described in WO2002/098216, a mouse model

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

Crit Care Med 172: 314-321, 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

etal., Am J Physiol Lung Cell Mol Physiol 289: L413-L418, 2005).

The IL-11Ra-binding protein can additionally or alternatively be tested in a

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

mutant of gp130 (gp130°"°7""7°7") develop gastric tumors Jenkins et al, Blood 109:
2380-2388, 2007). Mice (e.g., eight week old mice) are treated with an IL-11Ra-

binding protein and the number and/or weight of gastric polyps assessed. An IL-11Ra-

binding protcin that reduccs polyp size and/or weight is considered uscful for treating

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

ep130%SYS
sodium sulfate (DSS) essentially as described in Greten (et al, Cell, 178: 285-296,

2004) to induce colon cancerprior to treatment with the IL-11Ra-bindingprotein.

mice are treated with azoxymethane (AOM) followed by dextran

The IL-11Ra-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 autoimmuneor 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.
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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 discase associated with neutrophil infiltration. For cxample, 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 cxample, 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 discasc, chronic kidney discasc, chronic pulmonary inflammation, intestinal

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

cachexia is associated with or caused by cancer.

In one cxample, the condition is a bone condition, c.g., caused by insufficient

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

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

tesorplion/damage caused by canccr(c.g., mctaslastic bone cancer, mycloma or Paget's

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

chemotherapy, hormone ablation or hormoneinhibition).

In one cxample, the condition is cancer. Excmplary cancers include

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

cancer, osteosarcoma, endometrial cancer or ovarian cancer.

In one example, the subjectis 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

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

corticosteroid and/or an immunosuppressant and/or cyclophosphamide and and/or

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

CD20 antibody and/or an anti-IL6 antibody and/or an anti-CD22 antibody.
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Compositions

In some examples, an IL-11Ra-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

carricrs, or by any other convenicnt dosage form. The term “parenicral” as used herein

includes subcutaneous, intravenous, intramuscular, intraperitoneal, intrathecal,

intraventricular, intrasternal, and intracranial injection or infusion techniques.

Methods for preparing an IL-11Ra-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 U.S. Pharmacopcia: National

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

The pharmaceutical compositions of this disclosure are particularly useful for

parentcral 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-11Roa-binding protein dissolved in a

pharmaccutically acceptable carricr, for cxample an aqucous carricr. A varicty of

aqueouscarriers 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 buffcring agents, toxicily 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-11Ra-binding

proteins of the present disclosure in these formulations can vary widcly, 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 mayalso 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-1 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. Pharmaceutical "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 IL-11Ra-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-11Ra-binding protein of the present
disclosure.

Combination Therapies

In one example, an IL-11Ra-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 therapcutic 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 corticostcroid, such as

prednisone and/or prednisolone. Alternatively, or additionally, the other compoundis

methotrexate. Alternatively, or additionally, the other compoundis cyclophosphamide.

Alternatively, or additionally, the other compound is mycophenolate mofctil.

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

rituximab or ofatumumab). Alternatively, or additionally, the other compoundis an

anti-CD22 antibody (c.g., cpratuzumab). Altcrnatively, or additionally, the other

compoundis 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-Ig). 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 IL-11Ra-binding proteins of the present disclosure will

vary depending on the specific an IL-11Roa-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 uscful 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 EDs, 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 cffective dose can be estimated initially from ccll

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

plasma concentration range that includes the ICsp (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

chromatography.

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

prophylactically or therapeutically effective amountof a protein described herein.

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

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

the subject and/or that reduces or inhibits one or more symptomsof 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 IL-11Ra-

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-11Ra-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-11Ra-binding protein(s), rather the present disclosure

encompasses any amount of the IL-11Re-binding protein(s) sufficient to achieve the

stated result in a subject.

For in vivo administration of the IL-11Ra-binding protein described herein,

normal dosage amounts may vary from about 10ng/kg up to about 100mg/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 sustaincd until a desired suppression of symptomsis achieved.

In some examples, the IL-11Ro-binding protein is administered at an initial (or

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

to about 10mg/kg, or about Img/kg or about 2mg/kg or 5mg/kg. The IL-11Ra-binding

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

0.0lmg/kg to about 2mg/kg, such as from about 0.05mg/kg to about lmg/kg, for

example, from about 0.1mg/kg to about Img/kg, such as about 0.1mg/kg or O.5mg/kg

or lmg/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 TL-11Ra-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 O.lmg/kg to about 20mg/kg, for example,

between about 0.I1mg/kg to about 10mg/kg, such as between about 0.1mg/kg to about

2meg/kg. For example, the IL-11Ra-binding protein is administered at a dose of

between about 0.01mg/kg to about S5mg/kg, such as from about 0.1mg/kg to about

2me/kg, such as about 0.2mg/kg or 0.3mg/kg or 0.5mg/kg or Img/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 11 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-11Ra-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-11Ra-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-11Ra-binding protein according to the methods ofthe

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

recipient's physiological condition, whether the purpose of the administration 1s

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

administration of an IL-11Ra-binding protein may be essentially continuous over a

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

after developmentof a condition.

IL-11Ra Detection Assays

The following assays can be performed with an IL-11Ra-binding protein of the

disclosure, e.g., an IL-11Ra-binding protein conjugated to a detectable label as

discussed herein. Detection of IL-11Re 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-11Ra 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 immunoassayis, for example, an ELISA or FLISA.

In one form such an assay involves immobilizing an IL-1 1Ro-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 IL-11Re-binding protein and TL-11Ra or

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

remove any unbound protein in the sample, an IL-11Ro-binding protein that binds to

IL-11Ro at a distinct epitope or binds to a different antigen on a cell is brought into

direct contact with the captured IL-11Re 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-galactosidase) 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-chloro-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
clectrochemiluminescenceasthe 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 IL-11Ra or cell expressing

same is determined using a surface plasmon resonance detector (e.g., BIAcore™, 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

US20030124619); a lateral flow devices (e.g., as described in US20040228761 or

US20040265926); a fluorescence polarizaiion immunoassay (FPIA c.g., as described in

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

US5571728 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-11Ra or cell

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

control sample in an assay ofthe 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 knownnot to suffer from a condition associated with IL-11Ra, e.g.,

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

level of IL-11Ra 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 LL-11Roa in a control sample, e.g., using a method described herein.

In one example, a sample [rom 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-11Ra-binding protein of the disclosure or expression construct(s)

encoding same;

(ii) a cell of the disclosure; or

(iii) apharmaceutical composition of the disclosure.

In the case of a kit for detecting IL-11Ra, the kit can additionally comprise a

detection means, e.g., linked to a IL-1 1Ra-binding protein ofthe disclosure.

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

comprise a pharmaccutically acccpLable 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 includesthe following non-limiting Examples.
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Non-Liniting Examples
Materials and Methods

Phage display

HumanIL-11Re specific antibodies were isolated from a human Fab-phagemid

antibodylibrary. Phage that bound to immobilized hIL-11Ra-Fe (R&D Systems Cat.

No. 1977-MR) were cluted in the presence of cither wildtype hIL-11 or a hIL-11

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

reformatted to human IgG4antibodies.

IL-11 responsive cell proliferation assay

hIL-11, cynoIL-11 and mIL-11 responsive BaF3 cell lines were used to test the

ability of antibodies to block TIL-11 bioactivity. The mIL-11 responsive BaF3 cell line
is described in WO2009/052588.

hIL-11 and cynoIL-11 responsive BaF3 cell lines were stably transfected with

constructs encoding wild-type human and cynolL-11Ra, respectively, and human

gp130 and cynomolgus monkey gp130, respectively. Cells were selected by growth in

media containing hIL-11 or cynoIL-11 and clonal cell lines were derived by limit

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

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

presence of hIL-11 or cyno IL-11. One hIL-11 responsive clone and one cynoIL-11

responsive clone were cach selected for analysis of antibodics.

IL-11 responsive BaF3 cells were seeded at about 1 x 10* cells/well in 96 well
plates in RPMI/10%FCS/Glutamax/PenStrep in the presence of a submaximal

concentration of TL-11 (hIL-11: 0.3ng/mL or 0.5ng/mL or Sng/mL; mIL-11: Ing/mL,

3ng/mL or Sng/mL; cyno IL-11: 0.5ng/mL or 5ng/mL) and increasing concentrations of

purified monoclonal antibodies or a hIL-11 mutein (comprising SEQ ID NO: 110 and

having a N-terminal hexa HIS tag) in a total volume of 200uL/well. Cells were initially

cultured in the presence of antibody or hIL-11 mutein for 30 minutes prior to addition

of cytokine. Cells were cultured for about 48-50 hours at 37°C and pulsed with *H-
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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Affinity maturation ofantibody 8E2

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

encoding the Vy and Vy, of 8E2 were inserted into a phagemid construct to encode a

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

amino acid residues) in all CDRs, except CDR-L2, with TAA stop codons. Libraries

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

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

Kunkel mutagenesis method (Kunkel ef al.. Methods in Enzymology: 154: 367-382,

1987) with mutagenic oligonucleotides designed to simullancously repair the stop

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

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-11R mutant polypeptides

Various soluble forms of IL-11R comprising regions of hIL-11R and mJL-11R

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

the binding of antibodics 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 cach antibody was captured at between 0.2ug/ml and 0.5u.g/ml1

every cycle for 120 seconds. IL-11 receptors were injected over captured antibodies at

varying concentrations, ranging from 1uM 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 byfitting binding curves of
each interaction to a 1:1 Kinetic Model.

Antibedy binding to point mutants ofsoluble hIL-11R

Various point mutants of soluble forms of IL-11R were produced in which

amino acids from mIL-11 were introduced into a soluble form of hIL-11 (SEQ ID NO:

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

to the SEQ ID 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

areference. IL-11 receptors were injected over the captured antibodics 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-11 signaling in cancercells

DLD-1 (colorectal cancer cell line) and MKN-28 (gastric cancer cell line) cells

were stimulated with increasing concentrations of hIL-11 for 15 minutes or incubated

in the presence of increasing concentrations of 8E2 anti-IL-11R or BM4isotype control

antibodies prior to stimulation with huIL-11 (50 ng/ml). Cells were fixed and

permeabilized then stained with PE-conjugated anti-phosphoSTAT-3 antibodics. Cclls

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

Example |: Antibody isolation and characterization

Three antibodies, 8E2, 8D10 and 8E4, were isolated from a Fab-phagemid

antibody library based on their ability to inhibit hIL-11 dependent transfected BaF3 cell

 

proliferation. 8E4 also inhibited mouse IL-1 1 dependent BaF3 ccll proliferation.

8E2, 8D10 and 8E4 boundto cells transfected with hIL-11Ra or cynoIL-11Ra.

8E4, but not 8E2 and 8D10, bound to cells transfected with mIL-11Ra.

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

differential scanning calorimetry (with a Tm of between 69.8°C and 76.6°C compared

to between 63.2°C and 71.4°C for 8D10 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-11R was assessed by Biacore andrelative ability to inhibit hIL-

11 induced proliferation of BaF3 cells was determined. Results are shown in Table 3.
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Table 3: Characteristics of affinity matured antibodies
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hu8E2-TS-91

hu8E2-TS-66

hu8E2-TS-115

hu8E2-TS-101

hu8E2-TS-104

hu8E2-TS-97

hu8E2-TS- 107

hu8E2-TS-108

  

0.34

2.84

0.26

0.19

0.28

0.26

0.20

0.12

o Noa NS a sa es 2DB

4.73E-09

7T.AGE-09

7.35E-10

7.85E-10

9.95E-10

1.22E-09

1.29E-09

1.93E-09

mAb! ICs (ug/ml)” Fold increase
in potency
relative to 8E2

hu8E2-TS-82 SE-0°

hu8E2-TS-79 0.21 2.13E-09

hu8E2-TS-88 0.36 2.25E-09

hu8E2-TS-71 0.29 2.49E-09

hu8E2-TS-76 0.32 2.73E-09

hu8E2-TS-92 0.18 3.20E-09

hu8E2-TS-69 1.46 3.56E-09

hu8E2-TS-89 0.12 4.50E-09

 

hu8E2-TS-151 0.26 2.42E-10

4

2

3

3

0

8

4

3

1.4

1.3

5

7

wl

2

1.6

A

4

1.6

 

 

 

 

 

 

 

 

 

 

 

  hu8E2-TS-136

hu8E2-TS-143 039satoe-to[6
hu8E2-TS- 140 0.42 4.71E-10 1.5

hu8E2-TS-133 0.23 5.13E-10 4.1

hu8E2-TS-134 0.22 5.20E-10 4.3

hu8E2-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

hu8E?2-TS-22 1 0.20 6.34F-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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hu8E2-TS-213* >

0.00000000900

 1.2

 

 

 

 

 

 

 

 

 

 

 

 

  
hu8E2-TS-306

hu8E2-TS-307

hu8E2-TS-305

hu8E2-TS-311(0.00sfooe-09low
hu8E2-TS-312

hu8E2-TS-310

hu8E2-TS-303

hu8E2-TS-313

hu8E2-TS-322

hu8E2-TS-7

hu8E2-TS-20 130szsde-tofoo
hu8E2-TS-6

hu8E2-TS-4fo31sjoset0loo
hu8E2-TS-14

hu8E2-TS-21 0.31 2.30E-10

hu8E2-TS-17 0.35 3.90E-10 2.3

hu8E2-TS-103

hu8E2-TS-22

hu8E2-TS-2 0.26 5.29E-10 7.9

hu8E2-TS-29 0.33 1.06E-09 2.5

hu8E2-TS-9 0.68 2.29E-09 3.1

hu8E2?-TS-32 0.41 9.56E-09 2A

hu8E2-TS-13 NP NP

hu8E2-TS-51 0.28 4.55E-10 3.6

hu8E2-TS-55 0.21 4.83E-10 A8

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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mAb! 1Csp (ug/ml)? KD (M)° Fold—increase
in potency
relative to 8E2 

 

  hu8E2 WT 4.54E-09

hu8E2 WT 2 5.03E-09

Mean hu8E2 WT (n=2) N/D 4.78E-09
  
 

t Sequence of antibody Vy and V_ as set out in Table 1|
* Potency ((ug/ml) as determined in BaF Human IL-11Rcell proliferation assay
* Biacore data generated at pH 8.5 and 37°C

NP means no potency; N/D means not determined

* some heterogeneity observed, an accurate Kp difficult to determine

Ten affinity matured antibodies, (TS-306, TS-2. TS-4, TS-7, TS-14, TS-51, TS-

101, TS-108, TS-134 and TS-136,) were selected based on their improved ability to

inhibit hIL-11 induced proliferation in BaF3 cclls in comparison to 8E2, 8D10 and 8E4,

and their improved affinity to human IL-11Ra@ compared to 8E2. CDR sequence was

also considered in selecting these affinity matured antibodies. Some clones which had

a CDR sequenceclose to or the same as the relevant consensus sequence wereselected.

These antibodies were tested for inhibition of human, cyno and/or mouse IL-11-

induced proliferation of BaF3 cells transfected with human, cyno or mouse IL-11R.

Binding to human and cyno IL-11R transfected cells and measurement of mean

fluorescence intensity by flow cytometry was also performed. Compared to the parcntal

8E2 clone, each of the selected clones more potently inhibited hIL-11 and cyno-IL-11-

inducedproliferation and bound with greater affinity to human and cyno IL-11R.

Example 2: Comparison of antagonism by hIL-11 mutein and antibodies
 

The antagonistic activity of several antibodies was compared to that of a hIL-11

mutein (comprising SEQ ID NO:110 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-11R and human gp130 and 0.3ng/mL human IL-11. Results are presented in
Table 4.
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Table 4: Comparison of IL-11 signaling antagonism between anti-IL11R antibodies
and a hIL-11 mutein 

 

 

 

 

 

 

 

 

 

 

 

 

  
average IC50|SD
nM nM

8E2 2,24 0.73

8E4 5.84 5.61

8D10 0.43 0.46

8E2-TS-5 I 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 hIL-11 mutein 19.39 14.51 

The data presented in Table 4 indicate that all antibodies tested inhibit IL-11

5 signaling more effectively than the hIL-11 mutein. Dueto the large difference in

molecular weight between the mutein and the antibodies, TCs9 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-11Ra and may recognize the same region of hIL-
11Ra.

Domain swapping (murine-human) Biacore data showed that at least amino

acids 111-215 (Fn type 3 domain 1) of hIL-11Ra (SEQ ID NO: 1) was required for 8E2

15 and 8D10 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-11 receptors to antibodies.

Sequence “i4___82__ sD10 aes SEQIDNO:86|weakbinding[WB| NBstrongbinding
SEQ ID NO: 87

SEQ ID NO: 88

SEQ ID NO: 89 weak binding N/B weak binding

SEQ ID NO: 3

SEQ ID NO: 90 N/A N/B N/B strong binding
 

N/A:not assessed

N/B: noor ablated binding

4E5 is a mouse monoclonal antibody with strong binding affinity to mouse IL-11Ra.

In the results presented in Table 5, reference to “strong binding’ indicates

affinities (Kp) of about 10nM or lower. Reference to “weak binding” indicates

affinities (Kp) of about 50nM or higher.

Twenty cight 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-11Ra

were made by replacing the native human amino acid with the corresponding mouse

amino acid residue. Five mutants of a truncated hIL-11R (SEQ ID NO:85) (P65S,

K66OR, L101S, V117E, A178S) 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 8D10. 8E2 and 8E10 binding

was shownto be reduced in V117E transfected cells by flow cytometry.

Flow data were confirmed by Biacore. All Biacore sensorgramsfitted well to a

1:1 binding model and the derived Kpvalues are given in Table 6.
The V117E mutant did not bind to 8E2 and 8D10 at the concentrations used in

this assay, and a Kp 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 Kp of just over twofold when compared

to WT D1/2 (SEQ ID NO: 85) for antibodies 8E2 and 8D10, indicating some

involvement of this residue in antibody binding.

The mutants V117E and K66R also bound to antibody 8E4 with a significantly

loweraffinity than WT D1/2 (SEQ ID NO: 85). These residues may contribute to the

binding interaction of antibody 8E4 with hIL-11Ra.
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ANOVAand Tukey’s Multiple Comparisons tests indicated that both V95E and

K44Raffinities were significantly different (p<0.05) to WT D1/2 (SEQ ID NO:85) for
all antibodies tested.

All of the mutant forms of IL-11R 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: Affinities of antibodies for point mutants of soluble human IL-11Ra (SEQ ID

NO:85)

KD (nM)

poBE sE4 sD10

1 2.9 0 
2

K66R (SEQ ID NO: 96) 2.44 0.13 5.6 + 0.1 1.3 + 0.09

L101(SEQ ID NO: 98) 17+ 0.03 .98 + 0.06

VII7E(SEQIDNO:95) |*|5.54 0.1
SEQ ID NO: 85 1.0, 1.1 3.2, 3.7 0.57. 0.69

P65S8 (SEQ ID NO: 97) 1.08 + 0.02 2.71+0.1 0.67 + 0.02

SEQ ID NO: 85 1.0 + 0.04 2.78 + 0.08 0.58 + 0.03

A178S (SEQ ID NO: 99) 1.1+0.05 2.63 + 0.1 0.6 + 0.03

SEQ ID NO: 3 1.8 + 0.06 4.0+0.1 1.0 + 0.03

Affinities of antibodies for various receptor mutants. N=2 for WT D1/2 (SEQ ID NO:

85), both values are shown. All other values are mean + SE. N=3 for WT F/L (SEQ

ID NO: 3), N=4 for all others. Values highlighted in bold have Kp values significantly

different to WT D1/2 (p<0.05). Positions of mutations are relative to SEQ ID NO:1. *

indicates undetectable binding.

Example 4: Comparative data
 

A non-neutralizing anti-IL-11R antibody (4D12; commercially available

antibody from Santa Cruz) was shownto bind to human IL-11Ra by ELISA. 4D12 was
shownto bind to BaF3 cells transfected with human |L-11Ro and was shownto bind to

293 cells transfected with human or mouse IL-11Ra.

4D 12 did not neutralize human or mouse IL-11 induced cellular proliferation in

BaF3 cells incubated with 0.5ng/mL hIL-11 or 3ng/mL mIL-11R.

Competition ELISAs were uses to show that 4D12 does not compete for binding
to IL-11Ra with either 8D10 or 8E2.
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Example 5: Anti-IL-L1R antibodies inhibit IL-11 signaling in cancer cells

As shown in Figure 4, TL-11 induces phosphorylation of STAT-3 in DLD-1

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:

l. An IL-11Ra-binding protein comprising an antigen binding domain of an

antibody, wherein the antigen binding domain bindsto or specifically binds to IL-11Ra

and neutralizes IL-11 signaling, and wherein the antigen binding domain is capable of

binding to hIL-11Rqe and cynoIL-11Ra.

2. An IL-11Ra-binding protein comprising an antigen binding domain of an

antibody, wherein the antigen binding domain bindsto or specifically binds to IL-11Ra

and neutralizes TL-11 signaling and the protein inhibits TL-11-mediated proliferation of

BaF3cells expressing IL-11Ra and gp130 with an ICso of 10ug/ml]orless.

3. An IL-11Rae-binding protein comprising an antigen binding domain of an

antibody, wherein the antigen binding domainbindsto or specifically binds to IL-11Ra

and neutralizes IL-11 signaling and the level of binding of the IL-11Ra-binding protein

to a polypeptide of SEQ ID NO:86 or 89 is lower than the level of binding of the IL-

11Roa-binding to a polypeptide of SEQ ID NO:3 and/or 85.

4. The IL-11Re-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-11Ra-binding protein comprising an antigen binding domain of an

antibody, wherein the antigen binding domainbindsto or specifically binds to IL-11Ra

and neutralizes IL-11 signaling and the antigen binding domain binds to an epitope

comprising residues within the first fibronectin TIT domain of TL-11Ra.

6. The IL-11Ra-binding protein of claim 5, wherein the epitope comprises residues

within the immunoglobulin-like domain andthefirst fibronectin ITT domain of IL-1 1Re

7. An IL-11Ra-binding protein comprising an antigen binding domain of an

antibody, wherein the antigen binding domain bindsto or specifically binds to TL-11Ra

and neutralizes IL-11 signaling and wherein the protein competitively inhibits binding

of antibody 8E2 (comprising a heavy chain comprising a sequenceset 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
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NO: 94 and a light chain comprising a sequence set forth in SEQ ID NO: 93) toa

polypeptide of SEQ ID NO:3 and/or 85.

8. An IL-11Ra-binding protein comprising an antigen binding domain of an

antibody, wherein the antigen binding domain bindsto or specifically binds to IL-11Ra

and neutralizes IL-11 signaling and wherein the level of binding of the IL-11Ra-

binding protein to a polypeptide of SEQ ID NO:95 is lower thanthe level of binding of

the IL-1 1Ra-binding protein to a polypeptide of SEQ ID NO: 85.

9. The IL-11Ra-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 sect 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 scquencc sct 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-11Roa-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

(il) a polypeptide of SEQ ID NO: 98; and/or

(iii) a polypeptide of SEQ ID NO: 99.

11. An IL-11Roa-binding protein comprising an antigen binding domain of an

antibody, wherein the antigen binding domain bindsto or specifically binds to IL-11Ra

and neutralizes TL-11 signaling and wherein the antigen binding domain comprises at
least one of:

(4) a Vy comprising a complementarity determining region (CDR) 1 comprising a

sequenceat least about 40% identical to a sequence set forth between aminoacids 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;

(il) a Vy 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 Vy, comprising a CDR1 comprising a sequence at least about 45% identical to

a sequence set forth between aminoacids 24-34 of SEQ ID NO: 5, a CDR2 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 Vy, comprising a sequence at least about 94% identical to a sequenceset forth

in SEQ ID NO:5;

(v) a Vy comprising a CDR1 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 Vy comprising a sequenceset forth in SEQ ID NO:74;

(vit) a Vy comprising a CDR1 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 sect forth between

amino acids 91-101 of SEQ ID NO: 73;

(vill) a Vp comprising a sequenceset forth in SEQ ID NO:73;

(ix) a Vy comprising a CDR1 comprising a scquenccesect forth between aminoacids

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 Vy comprising a sequenceset forth in SEQ ID NO:76;

(xi) a Vy comprising a CDR1 comprising a sequence set forth between amino acids

24-34 of SEQ ID NO: 75, a CDR2 comprising a sequence sct 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 V,_ comprising a sequence set forth in SEQ ID NO:75;

(xiii) a Vy as set forth in (i) and a V{_asset forth in (iii);

(xiv) a Vz asset forth in (i) and a V_asset forth in (iv);

(xv) a Vyas set forth in (i) and a V__ asset forth in (i114);

(xvi) a Vy as set forth in (ii) and a V1 as set forth in (iv);

(xvii) a Vg as set forth in (v) and a V_1_ asset forth in (vii);

(xviii) a Vy as set forth in (v) and a V,_ asset forth in (viii);

(xix) a Vy as set forth in (vi) and a Vy as set forth in (vii);

(xx) a Vyas Set forth in (vi) and a V_ as set forth in (viii),

  
(xxi) a Vy asset forth in (ix) and a V,, as set forth in (xi);
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(xxii) a Vq as set forth in (ix) and a Vy as set forth in (xii);

(xxiii) a Vy as set forth in (x) and a V__ as set forth in (x1); or

(xxiv) a Vy as set forth in (x) and a Vy as set forth in (xii).

12. The IL-11Roa-binding protein of claim 112, wherein the antigen binding domain

comprises:

(i) a Vy comprising a sequence set forth in SEQ ID NO: 71 and a Vy comprising a

sequence set forth in SEQ ID NO:35; or

(i1) a Vy comprising a sequence set forth in SEQ ID NO: 72 and a V, comprising a

sequenceset forth in SEQ ID NO: 36.

13. An IL-11Rae-binding protein comprising an antigen binding domain of an

antibody, wherein the antigen binding domainbindsto or specifically binds to IL-11Ra

and neutralizes IL-11 signaling and wherein the antigen binding domain comprises:

(i) a Vy comprising CDRs 1, 2 and 3 of a sequencesct forth in SEQ ID NO: 37

(optionally, also comprising the amino acid N-terminal to CDR1) and a Vy, comprising

CDRs1, 2 and 3 of a sequence set forth in SEQ ID NO:5;

(Gi) a Vy comprising a sequencesct forth in SEQ ID NO: 37 and a V,, comprising a

sequenceset forth in SEQ ID NO:5;

(iii) a Vy comprising CDRs 1, 2 and 3 of a sequence set forth in SEQ ID NO: 38

(optionally, also comprising the amino acid N-terminal to CDR1) and a V,, comprising

CDRs1, 2 and 3 of a sequence set forth in SEQ ID NO:5;

(iv) a Vy comprising a sequence set forth in SEQ ID NO:38 and a Vy comprising a

sequencesct forth in SEQ ID NO:5;

(v) a Vy 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 V, comprising

CDRs1, 2 and 3 of a sequenceset forth in SEQ TD NO: 5;

(vi) a Vy comprising a sequence set forth in SEQ ID NO: 39 and a Vy comprising a

sequenceset forth in SEQ ID NO:5;

(vii) a Vy comprising CDRs 1, 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 Vz, comprising

CDRs1, 2 and 3 of a sequence set forth in SEQ ID NO:5;

(vili) a Vy comprising a sequenceset forth in SEQ ID NO: 40 and a V,, comprising a

sequence set forth in SEQ ID NO:5;
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(ix) a Vy comprising CDRs 1, 2 and 3 of a sequence set forth in SEQ ID NO: 41

(optionally, also comprising the amino acid N-terminal to CDR1) and a Vy, comprising

CDRs1, 2 and 3 of a sequenceset forth in SEQ ID NO:5;

(x) a Vy comprising a sequenceset forth in SEQ ID NO: 41 and a Vy comprising a

sequenceset forth in SEQ ID NO:5;

(xt) a Vy comprising CDRs 1, 2 and 3 of a sequence set forth in SEQ ID NO: 42

(optionally, also comprising the amino acid N-terminal to CDR1) and a Vy, comprising

CDRs1, 2 and 3 of a sequenceset forth in SEQ ID NO: 5;

(x1) a Vy comprising a sequence set forth in SEQ ID NO: 42 and a V, comprising a

sequenceset forth in SEQ ID NO:5;

(xii) a Vy 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 CDR1) and a V,, comprising

CDRs1, 2 and 3 of a sequence set forth in SEQ ID NO: 5;

(xiv) a Vy comprising a sequenceset forth in SEQ ID NO:43 and a Vy comprising a

sequence set forth in SEQ ID NO: 5;

(xv) a Vy 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 CDR1) and a V, comprising

CDRs1, 2 and 3 of a sequenceset forth in SEQ ID NO: 5;

(xvi) a Vy comprising a sequence set forth in SEQ ID NO: 44 and a Vy, comprising a

sequenceset forth in SEQ ID NO:5;

(xvii) a Vy comprising CDRs |, 2 and 3 of a sequence set forth in SEQ ID NO: 45

(optionally, also comprising the amino acid N-terminal to CDR1) and a Vy, comprising

CDRs1, 2 and 3 of a sequenceset forth in SEQ ID NO:5;

(xviii) a Vy comprising a sequencesct forth in SEQ ID NO:45 and a V,, comprising a

sequenceset forth in SEQ ID NO:5;

(xix) a Vy 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 CDR1) and a V,, comprising

CDRs1, 2 and 3 of a sequence set forth in SEQ ID NO:5;

(xx) a Vy comprising a sequence set forth in SEQ ID NO:46 and a Vy comprising a

sequenceset forth in SEQ ID NO:5;

(xxi) a Vy comprising CDRs 1, 2 and 3 of a sequence set forth in SEQ ID NO: 47

(optionally, also comprising the amino acid N-terminal to CDR1) and a V, comprising

CDRs1, 2 and 3 of a sequenceset forth in SEQ ID NO: 5;

(xxii) a Vy comprising a sequence set forth in SEQ ID NO:47 and a Vy comprising a

sequenceset forth in SEQ ID NO: 5;
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(xxiii) a Vy comprising CDRs 1, 2 and 3 of a sequence set forth in SEQ ID NO: 48

(optionally, also comprising the amino acid N-terminal to CDR1) and a Vy, comprising

CDRs1, 2 and 3 of a sequenceset forth in SEQ ID NO:5;

(Xxiv) a Vy comprising a sequence set forth in SEQ ID NO: 48 and a Vy comprising a

sequenceset forth in SEQ ID NO:5;

(xxv) a Vy comprising CDRs 1, 2 and 3 of a sequenceset forth in SEQ ID NO: 49

(optionally, also comprising the amino acid N-terminal to CDR1) and a Vy, comprising

CDRs1, 2 and 3 of a sequenceset forth in SEQ ID NO: 5;

(xxvi) a Vy comprising a sequence set forth in SEQ ID NO: 49 and a V, comprising a

sequenceset forth in SEQ ID NO:5;

(xxvil)a Vy 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 CDR1) and a V,, comprising

CDRs1, 2 and 3 of a sequence set forth in SEQ ID NO: 5;

(Xxvili) a Vy comprising a sequence set forth in SEQ ID NO: 50 and a V__ comprising

a sequence set forth in SEQ ID NO: 5;

(xxix) a Vy 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 CDR1) and a V, comprising

CDRs1, 2 and 3 of a sequenceset forth in SEQ ID NO: 5;

(xxx) a Vy comprising a sequence set forth in SEQ ID NO: 51 and a Vy, comprising a

sequenceset forth in SEQ ID NO:5;

(xxxi) a Vy comprising CDRs |, 2 and 3 of a sequence set forth in SEQ ID NO: 52

(optionally, also comprising the amino acid N-terminal to CDR1) and a Vy, comprising

CDRs1, 2 and 3 of a sequenceset forth in SEQ ID NO:5;

(xxxiil)a Vy comprising a sequencesct forth in SEQ ID NO: 52 and a Vi, comprising a

sequenceset forth in SEQ ID NO:5;

(Xxxill) a Vy comprising CDRs1, 2 and 3 of a sequence set forth in SEQ ID NO: 53

(optionally, also comprising the amino acid N-terminal to CDR1) and a V,, comprising

CDRs1, 2 and 3 of a sequence set forth in SEQ ID NO:5;

(Xxxiv) a Vy comprising a sequenceset forth in SEQ ID NO: 53 and a Vi, comprising

a sequence set forth in SEQ ID NO: 5;

(xxxv)a Vy comprising CDRs 1, 2 and 3 of a sequence set forth in SEQ ID NO: 54

(optionally, also comprising the amino acid N-terminal to CDR1) and a V, comprising

CDRs1, 2 and 3 of a sequenceset forth in SEQ ID NO: 5;

(xxxvi) a Vy comprising a sequenceset forth in SEQ ID NO: 54 and a V1, comprising

a sequence set forth in SEQ ID NO:5;
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(xxxvii) a Vy comprising CDRs 1, 2 and 3 of a sequenceset forth in SEQ ID NO: 55

(optionally, also comprising the amino acid N-terminal to CDR1) and a Vy, comprising

CDRs1, 2 and 3 of a sequenceset forth in SEQ ID NO:5;

(XxXvVili) a Vy Comprising a sequence set forth in SEQ ID NO: 55 and a Vy, comprising

a sequenceset forth in SEQ ID NO: 5;

(sxxix) a Vy comprising CDRs 1, 2 and 3 of a scquence set forth in SEQ ID NO: 56

(optionally, also comprising the amino acid N-terminal to CDR1) and a Vy, comprising

CDRs1, 2 and 3 of a sequenceset forth in SEQ ID NO: 5;

(xD a Vy comprising a sequence set forth in SEQ ID NO: 56 and a V, comprising a

sequenceset forth in SEQ ID NO:5;

(xl) a Vy 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 V,, comprising

CDRs1, 2 and 3 of a sequence set forth in SEQ ID NO: 5;

(xlii) a Vy comprising a sequenceset forth in SEQ ID NO: 57 and a Vy comprising a

sequence set forth in SEQ ID NO: 5;

(xliii) a Vy 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 CDR1) and a V, comprising

CDRs1, 2 and 3 of a sequenceset forth in SEQ ID NO: 5;

(xliv) a Vy comprising a sequence set forth in SEQ ID NO: 58 and a Vy, comprising a

sequenceset forth in SEQ ID NO:5;

(xlv) a Vy comprising CDRs |, 2 and 3 of a sequence set forth in SEQ ID NO: 59

(optionally, also comprising the amino acid N-terminal to CDR1) and a Vy, comprising

CDRs1, 2 and 3 of a sequenceset forth in SEQ ID NO:5;

(xlvi) a Vy comprising a sequencesct forth in SEQ ID NO: 59 and a Vi, comprising a

sequenceset forth in SEQ ID NO:5;

(xlvii) a Vy 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 CDR1) and a V,, comprising

CDRs1, 2 and 3 of a sequence set forth in SEQ ID NO:5;

(xlviiija Vy comprising a sequence set forth in SEQ ID NO:60 and a Vy comprising a

sequenceset forth in SEQ ID NO:5;

(xlix) a Vy 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 CDR1) and a V, comprising

CDRs1, 2 and 3 of a sequenceset forth in SEQ ID NO: 5;

(1) a Vy comprising a sequence set forth in SEQ ID NO:61 and a Vy comprising a

sequenceset forth in SEQ ID NO: 5;

Ex. 2001 - Page1026



Ex. 2001 - Page1027

10

15

25

30

35

WO 2014/121325 PCT/AU2014/000083

118

(11) a Vy comprising CDRs 1, 2 and 3 of a sequence set forth in SEQ ID NO: 62

(optionally, also comprising the amino acid N-terminal to CDR1) and a Vy, comprising

CDRs1, 2 and 3 of a sequenceset forth in SEQ ID NO:5;

(ii) a Vy comprising a sequenceset forth in SEQ ID NO: 62 and a Vy comprising a

sequenceset forth in SEQ ID NO:5;

(ii) a Vy comprising CDRs1, 2 and 3 of a sequence set forth in SEQ ID NO: 63

(optionally, also comprising the amino acid N-terminal to CDR1) and a Vy, comprising

CDRs1, 2 and 3 of a sequenceset forth in SEQ ID NO: 5;

(liv) a Vy comprising a sequencesect forth in SEQ ID NO: 63 and a V, comprising a

sequenceset forth in SEQ ID NO:5;

(lv) a Vy comprising CDRs 1, 2 and 3 of a sequence set forth in SEQ ID NO: 64

(optionally, also comprising the amino acid N-terminal to CDR1) and a V,, comprising

CDRs1, 2 and 3 of a sequence set forth in SEQ ID NO: 5;

(ivi) a Vy comprising a sequenceset forth in SEQ ID NO:64 and a Vy comprising a

sequence set forth in SEQ ID NO: 5;

(lvii) a Vy comprising CDRs 1, 2 and 3 of a sequence set forth in SEQ ID NO: 65

(optionally, also comprising the amino acid N-terminal to CDR1) and a V, comprising

CDRs1, 2 and 3 of a sequenceset forth in SEQ ID NO: 5;

(viii) a Vy comprising a sequence set forth in SEQ ID NO: 65 and a Vy, comprising a

sequenceset forth in SEQ ID NO:5;

(ix) a Vy comprising CDRs |, 2 and 3 of a sequence set forth in SEQ ID NO: 66

(optionally, also comprising the amino acid N-terminal to CDR1) and a Vy, comprising

CDRs1, 2 and 3 of a sequenceset forth in SEQ ID NO:5;

(Ix) a Vy comprising a sequencesct forth in SEQ ID NO:66 and a V,, comprising a

sequenceset forth in SEQ ID NO:5;

(xi) a Vy comprising CDRs 1, 2 and 3 of a sequence set forth in SEQ ID NO: 67

(optionally, also comprising the amino acid N-terminal to CDR1) and a V,, comprising

CDRs1, 2 and 3 of a sequence set forth in SEQ ID NO:5;

(1xii) a Vy comprising a sequence set forth in SEQ ID NO:67 and a Vy comprising a

sequenceset forth in SEQ ID NO:5;

(xiii) a Vy comprising CDRs 1, 2 and 3 of a sequence set forth in SEQ ID NO: 68

(optionally, also comprising the amino acid N-terminal to CDR1) and a V, comprising

CDRs1, 2 and 3 of a sequenceset forth in SEQ ID NO: 5;

(lxiv) a Vy comprising a sequence set forth in SEQ ID NO:68 and a Vy comprising a

sequenceset forth in SEQ ID NO: 5;
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(iIxv) a Vy comprising CDRs 1, 2 and 3 of a sequence set forth in SEQ ID NO: 69

(optionally, also comprising the amino acid N-terminal to CDR1) and a Vy, comprising

CDRs1, 2 and 3 of a sequenceset forth in SEQ ID NO:5;

(xvi) a Vy comprising a sequenceset forth in SEQ ID NO: 69 and a Vy comprising a

sequenceset forth in SEQ ID NO:5;

(lxviil) a Vy 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 CDR1) and a Vy, comprising

CDRs1, 2 and 3 of a sequenceset forth in SEQ ID NO: 5;

(xvila Vy comprising a sequence set forth in SEQ ID NO: 37 and a V, comprising a

sequenceset forth in SEQ ID NO:5;

(1xix) a Vy 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 CDR1) and a V,, comprising

CDRs1, 2 and 3 of a sequence set forth in SEQ ID NO: 5;

(xx) a Vy comprising a sequence set forth in SEQ ID NO: 70 and a Vy comprising a

sequence set forth in SEQ ID NO: 5;

(xxi) a Vy 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 V, comprising

CDRs1, 2 and 3 of a sequenceset forth in SEQ ID NO:6;

(1xxii) a Vy comprising a sequence set forth in SEQ ID NO: 37 and a V;, comprising a

sequenceset forth in SEQ ID NO:6;

(xxitija Vy comprising CDRs |, 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 Vy, comprising

CDRs1, 2 and 3 of a sequenceset forth in SEQ ID NO:7;

(Ixxiv)a Vy comprising a sequencesct forth in SEQ ID NO: 37 and a V,, comprising a

sequenceset forth in SEQ ID NO:7;

(xxv) a Vy 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 V,, comprising

CDRs1, 2 and 3 of a sequence set forth in SEQ ID NO:8;

(ixxvija Vy comprising a sequence set forth in SEQ ID NO: 37 and a Vy comprising a

sequenceset forth in SEQ ID NO:8;

(xxvii) a Vy 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 V, comprising

CDRs1, 2 and 3 of a sequenceset forth in SEQ ID NO:9;

(xxviii) a Vy comprising a sequence set forth in SEQ ID NO: 37 and a V1 comprising

a sequence set forth in SEQ ID NO:9;
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(ixxix)a Vy 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 Vy, comprising

CDRs1, 2 and 3 of a sequenceset forth in SEQ ID NO:10;

(xxx) a Vy comprising a sequence set forth in SEQ ID NO: 37 and a Vy, comprising a

sequenceset forth in SEQ ID NO:10;

(Ixxxi)a Vy 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 Vy, comprising

CDRs1, 2 and 3 of a sequenceset forth in SEQ ID NO:11;

(Ixxxil) a Vy comprising a sequence set forth in SEQ ID NO: 37 and a Vy, comprising

a sequence set forth in SEQ ID NO:11;

(xxxili) a Vy 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 V,, comprising

CDRs1, 2 and 3 of a sequence set forth in SEQ ID NO:12;

(xxxiv) a Vy comprising a sequence set forth in SEQ ID NO: 37 and a V_,_ comprising

a sequenceset forth in SEQ ID NO:12;

(Ixxxv) a Vy 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 V, comprising

CDRs1, 2 and 3 of a sequenceset forth in SEQ ID NO: 13;

(Ixxxvi) a Vy comprising a sequence set forth in SEQ ID NO: 37 and a V;, comprising

a sequence set forth in SEQ ID NO:13;

(xxxvii) a Vy 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 Vy, comprising

CDRs1, 2 and 3 of a sequenceset forth in SEQ ID NO:14;

(Ixxxviii)a Vy comprising a sequenceset forth in SEQ ID NO: 37 and a V,, comprising

a sequence set forth in SEQ ID NO:14;

(Ixxxix) a Vy 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 V,, comprising

CDRs1, 2 and 3 of a sequenceset forth in SEQ ID NO:15;

(xc) a Vy comprising a sequenceset forth in SEQ ID NO: 37 and a Vy comprising a

sequenceset forth in SEQ ID NO: 1[5;

(xci) a Vy 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 V, comprising

CDRs |, 2 and 3 of a sequenceset forth in SEQ ID NO:16;

(xciil) a Vy comprising a sequence set forth in SEQ ID NO: 37 and a Vy comprising a

sequenceset forth in SEQ ID NO: 16;
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(xcili) a Vy 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 Vy, comprising

CDRs1, 2 and 3 of a sequenceset forth in SEQ ID NO:17;

(xciv) a Vy comprising a sequence set forth in SEQ ID NO: 37 and a Vy comprising a

sequenceset forth in SEQ ID NO:17;

(xcv) a Vy 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 Vy, comprising

CDRs1, 2 and 3 of a sequenceset forth in SEQ ID NO:18;

(xevi) a Vy comprising a sequence set forth in SEQ ID NO: 37 and a V, comprising a

sequenceset forth in SEQ ID NO: 18;

(xcvii)a Vy 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 V,, comprising

CDRs1, 2 and 3 of a sequence set forth in SEQ ID NO:19;

(xcviii) a Vy comprising a sequence set forth in SEQ ID NO: 37 and a V_,_ comprising

a sequenceset forth in SEQ ID NO:19;

(xcix) a Vy 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 V, comprising

CDRs1, 2 and 3 of a sequenceset forth in SEQ ID NO: 20;

(c) a Vy comprising a sequence set forth in SEQ ID NO: 37 and a V7, comprising a

sequenceset forth in SEQ ID NO:20;

(ci) a Vy 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 Vy, comprising

CDRs1, 2 and 3 of a sequenceset forth in SEQ ID NO: 21;

(cii) a Vy comprising a sequencesct forth in SEQ ID NO: 37 and a Vi, comprising a

sequenceset forth in SEQ ID NO:21;

(cili) a Vy 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 V,, comprising

CDRs1, 2 and 3 of a sequenceset forth in SEQ ID NO:22;

(civ) a Vy comprising a sequenceset forth in SEQ ID NO: 37 and a Vy comprising a

sequenceset forth in SEQ ID NO: 22;

(cv) a Vy 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 V, comprising

CDRs |, 2 and 3 of a sequenceset forth in SEQ ID NO:23;

(cvi) a Vy comprising a sequence set forth in SEQ ID NO: 37 and a Vy comprising a

sequenceset forth in SEQ ID NO: 23;
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(cvii) a Vy 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 Vy, comprising

CDRs1, 2 and 3 of a sequenceset forth in SEQ ID NO:24;

(cvili) a Vy Comprising a sequence set forth in SEQ ID NO: 37 and a Vy, comprising a

sequenceset forth in SEQ ID NO: 24;

(cix) a Vy 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 Vy, comprising

CDRs1, 2 and 3 of a sequenceset forth in SEQ ID NO:25;

(cx) a Vy comprising a sequence sect forth in SEQ ID NO: 37 and a V, comprising a

sequenceset forth in SEQ ID NO: 25;

(cxi) a Vy 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 V,, comprising

CDRs1, 2 and 3 of a sequence set forth in SEQ ID NO:26;

(cCxii) a Vy comprising a sequenceset forth in SEQ ID NO:37 and a Vy comprising a

sequence sct forth in SEQ ID NO:26;

(cxili) a Vy 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 V, comprising

CDRs1, 2 and 3 of a sequenceset forth in SEQ ID NO: 27;

(cxiv) a Vy comprising a sequence set forth in SEQ ID NO: 37 and a Vy, comprising a

sequenceset forth in SEQ ID NO:27;

(cxv) a Vy comprising CDRs |, 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 Vy, comprising

CDRs1, 2 and 3 of a sequenceset forth in SEQ ID NO:28;

(cxvi) a Vy comprising a sequencesct forth in SEQ ID NO:37 and a Vi, comprising a

sequenceset forth in SEQ ID NO:28;

(cxvil)a Vy 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 V,, comprising

CDRs1, 2 and 3 of a sequenceset forth in SEQ ID NO:29;

(Cxvili) a Vy comprising a sequenceset forth in SEQ ID NO: 37 and a V1, comprising

a sequenceset forth in SEQ ID NO: 29;

(cxix) a Vy 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 V, comprising

CDRs |, 2 and 3 of a sequenceset forth in SEQ ID NO:30;

(Cxx) a Vy comprising a sequence set forth in SEQ ID NO: 37 and a Vy comprising a

sequenceset forth in SEQ ID NO: 30;
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(cxxi) a Vy 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 Vy, comprising

CDRs1, 2 and 3 of a sequenceset forth in SEQ ID NO:31;

(CxXxil) a Wy comprising a sequence set forth in SEQ ID NO: 37 and a Vy comprising a

sequenceset forth in SEQ ID NO:31;

(cxxili) a Vy comprising CDRs 1, 2 and 3 of a scquence set forth in SEQ ID NO: 37

(optionally, also comprising the amino acid N-terminal to CDR1) and a Vy, comprising

CDRs1, 2 and 3 of a sequenceset forth in SEQ ID NO:32;

(cxxiv) a Vy comprising a sequence set forth in SEQ ID NO: 37 and a Vy, comprising

a sequence set forth in SEQ ID NO:32;

(Cxxv) a Vy 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 V,, comprising

CDRs1, 2 and 3 of a sequence set forth in SEQ ID NO:33;

(CXXvi) a Vy comprising a sequence set forth in SEQ ID NO: 37 and a V_,_ comprising

a sequenceset forth in SEQ ID NO:33;

(cxxvii) a Vy 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 V, comprising

CDRs1, 2 and 3 of a sequenceset forth in SEQ ID NO:34; or

(cxxviii) a Vy comprising a sequence set forth in SEQ ID NO: 37 and a V;, comprising

a sequenceset forth in SEQ ID NO:34.

14. An IL-11Ra-binding protein comprising an antigen binding domain of an

antibody, wherein the antigen binding domain bindsto or specifically binds to IL-11Ra

and neutralizes IL-1 1 signaling and whercinthe antigen binding domain compriscs:

(i) a Vy comprising CDRs 1, 2 and 3 of a sequence set forth in SEQ ID NO: 49

(optionally, also comprising the amino acid N-terminal to CDR1) and a V, comprising

CDRs1, 2 and 3 of a sequenceset forth in SEQ TD NO: 5;

(ii) a Vy comprising a sequence set forth in SEQ ID NO: 49 and a Vy comprising a

sequenceset forth in SEQ ID NO:5;

(iii) a Vy 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 CDR1) and a Vz, comprising

CDRs1, 2 and 3 of a sequence set forth in SEQ ID NO:5;

(iv) a Vy comprising a sequenceset forth in SEQ ID NO: 53 and a V,, comprising a

sequence set forth in SEQ ID NO:5;
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(v) a Vy 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 Vy, comprising

CDRs1, 2 and 3 of a sequenceset forth in SEQ ID NO:5;

(vi) a Vy comprising a sequenceset forth in SEQ ID NO: 57 and a Vy comprising a

sequenceset forth in SEQ ID NO:5;

(vit) a Vy 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 CDR1) and a Vy, comprising

CDRs1, 2 and 3 of a sequenceset forth in SEQ ID NO: 5;

(viii) a Vy comprising a sequence sect forth in SEQ ID NO: 58 and a V_ comprising a

sequenceset forth in SEQ ID NO:5;

(ix) a Vy 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 V,, comprising

CDRs1, 2 and 3 of a sequence set forth in SEQ ID NO:8;

(x) a Vy comprising a sequence set forth in SEQ ID NO: 37 and a Vy comprising a

sequence set forth in SEQ ID NO:8;

(xi) a Vy 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 V, comprising

CDRs1, 2 and 3 of a sequenceset forth in SEQ ID NO: 15;

(xii) a Vy comprising a sequence set forth in SEQ ID NO: 37 and a V;, comprising a

sequenceset forth in SEQ ID NO:15;

(xii) a Vy comprising CDRs |, 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 Vy, comprising

CDRs1, 2 and 3 of a sequenceset forth in SEQ ID NO:16;

(xiv) a Vy comprising a sequencesct forth in SEQ ID NO: 37 and a Vi, comprising a

sequenceset forth in SEQ ID NO: 16;

(xv) a Vy 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 V,, comprising

CDRs1, 2 and 3 of a sequenceset forth in SEQ ID NO:18;

(xvi) a Vy comprising a sequence set forth in SEQ ID NO: 37 and a Vy comprising a

sequenceset forth in SEQ ID NO: 18;

(xvii) a Vy 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 V, comprising

CDRs1, 2 and 3 of a sequenceset forth in SEQ ID NO:29; or

(xviii) a Vy comprising a sequence set forth in SEQ ID NO: 37 and a Vy comprising a

sequenceset forth in SEQ ID NO: 29.
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15. The IL-11Re-binding protein of any one of claims 1 to 14 comprising at least a

heavy chain variable region (Vy) and a light chain variable region (V1), wherein the Vy

and Vy, bind to form a Fv comprising an antigen binding domain, wherein the Vy and

the Vy are in a single polypeptide chain or the Vz and Vy are in separate polypeptide
chains.

16. The IL-11Roa-binding protein of claim 15, wherein if the Vy and Vy are in a

single polypeptide chain, the protein is:

(i) a single chain Fv fragment (scFv);

(ii) a dimeric scFv (di-scFv);

(iii) one of (4) or Gi) linked to a constant region of an antibody, Fe or a heavy chain

constant domain (Cy) 2 and/or Cy3; or

(iv)—one of G)orGi) linked to a protein that binds to an immuneeffectorcell, or

if the Vy and V_ are in separate polypeptide chains the protein is:

(i) a diabody;

(ii) a triabody;

(ill) a tetrabody;

(iv) a Fab;

{(v) a F(ab’);

(v1) a Fy;

(vii) one of(i) to (vi) linked to a constant region of an antibody, Fe or a heavy chain

constant domain (Cy) 2 and/or Cy3;

(viii) one of(i) to (vi) Linked to a protein that binds to an immuneeffector cell; or

(ix) an antibody.

17. An antibody that binds to IL-11Ra and neutralizes IL-11 signaling, the antibody

comprising:

(i) a Vy comprising CDRs 1, 2 and 3 of a sequence set forth in SEQ ID NO: 49

(optionally, also comprising the amino acid N-terminal to CDR1) and a V, comprising

CDRs1, 2 and 3 of a sequenceset forth in SEQ TID NO: 5;

(il) a Vy comprising a sequence set forth in SEQ ID NO: 49 and a Vy comprising a

sequenceset forth in SEQ ID NO:5;

(iil) a Vy comprising CDRs1, 2 and 3 of a sequence set forth in SEQ ID NO: 53

(optionally, also comprising the amino acid N-terminal to CDR1) and a V, comprising

CDRs1, 2 and 3 of a sequence set forth in SEQ ID NO: 5;
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(iv) a Vy comprising a sequenceset forth in SEQ ID NO: 53 and a Vy comprising a

sequenceset forth in SEQ ID NO:5;

(v) a Vy 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 Vy, comprising

CDRs1, 2 and 3 of a sequence set forth in SEQ ID NO:5;

(vi) a Vy comprising a sequencesect forth in SEQ ID NO: 57 and a V, comprising a

sequenceset forth in SEQ ID NO:5;

(vii) a Vy 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 CDR1) and a V, comprising

CDRs1, 2 and 3 of a sequence set forth in SEQ ID NO: 5;

(vill) a Vy comprising a sequence set forth in SEQ ID NO: 58 and a Vy comprising a

sequencesct forth in SEQ ID NO:5;

(ix) a Vy 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 V, comprising

CDRs1, 2 and 3 of a sequenceset forth in SEQ ID NO:8;

(x) a Vy comprising a sequence set forth in SEQ ID NO: 37 and a Vy comprising a

sequence set forth in SEQ ID NO:8;

(xi) a Vy 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 Vy, comprising

CDRs1, 2 and 3 of a sequenceset forth in SEQ ID NO:15;

(xii) a Vy comprising a sequencesectforth in SEQ ID NO: 37 and a Vi, comprising a

sequenceset forth in SEQ ID NO: 15;

(xili) a Vy 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 V,, comprising

CDRs1, 2 and 3 of a sequenceset forth in SEQ ID NO:16;

(xiv) a Vy comprising a sequence set forth in SEQ ID NO: 37 and a Vy comprising a

sequence set forth in SEQ ID NO: 16;

(xv) a Vy 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 V, comprising

CDRs|, 2 and 3 of a sequenceset forth in SEQ ID NO:18;

(xvi) a Vy comprising a sequence set forth in SEQ ID NO: 37 and a Vy comprising a

sequenceset forth in SEQ ID NO:18;

(xvil) a Vy comprising CDRs1, 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 V, comprising

CDRs1, 2 and 3 of a sequence set forth in SEQ ID NO: 29;or
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(Xvili) a Vy Comprising a sequence set forth in SEQ ID NO: 37 and a Vy comprising a

sequenceset forth in SEQ ID NO: 29.

18. The IL-11Ra-binding protein of any one ofclaims 1 to 16 or the antibody of

claim 17, which is conjugated to another compound.

19. A nucleic acid encoding the IL-11Ra-binding protein of any one of claims | 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 TL-11Re-binding protein of any

one of claims 1 to 16 or the antibody of claim 17.

22 A composition comprising an IL-11Ra@-binding protein of any one of claims 1 to

16 or 18 orthe 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-11Ra-binding protein of any one ofclaims

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-11Ro-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-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 in medicine.

26. Use of the IL-11Ra-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 IL-1 1-
mediated condition.

27. 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 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 IL-11-mediated condition associated with a cell expressing IL-11Ra, the method

comprising detecting im vivo the IL-11Roa-binding protein of claim 18 or the antibody

of claim 18 bound to the IL-11Ra expressing cell, if present, wherein the IL-11Ra-

binding protein or antibody is conjugated to a detectabletag.

29, The method of claim 28 additionally comprising administering the IL-11Ra-

binding protein or antibody to the subject.

30. A method for detecting IL-11Ra or a cell expressing same in a sample, the

method comprising contacting the sample with the IL-11Roa-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-11Re or a

cell expressing same in the sample.

31. A method for diagnosing or prognosing a IL-11Ra-mediated condition, the

method comprising performing the method of claim 30 to detect IL-11Ra or a cell

expressing same, wherein detection of the IL-11Ra or cell expressing same is

diagnostic or prognostic of the condition.

32. The method of any onc of claims 23, 28 or 31 or the use of claim 26 or the IL-

11Ra-binding protein or the antibody or the composition for use of claim 27, wherein

the IL-11-mediated condition is an autoimmune condition, an inflammatory condition,

a wasting condition, a bone condition or a cancer.
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CcDR3

SE2 GVPSRFSGSGSCTOPTETISSLOPSZSTATYYC) OOYDNL FOPGTRVOIK SEQ ID NO: 5

LS-3C03 GVPS2PSGSGSGYTORPTETISSLOPSILATY YC) OOYENL EGPGUKVOLK SHO 1D NO: 6
TS-3C5 GVPSRPSGSGSGTOFTPTISSLOPESDIATYYC|) OOYDNL FGPGTKVOIK SEQ ID NO: 7
TS 3C6 GVPSRFSGSGSGTIFTFTISSLOPS0IATYYC| OOYENL FGPGTKVOIK SEQ ID NO: 8
TS-3C7 GVPSRFSGSGSGTOFPTFTISSLOPSSIATYYC!) OOYDNL FGPGURVOIK SEQ ID NO: 9
TS-316 CVPSAFSCSCSCTOIFTFTISSLQOPSDIATYYC! QOYDNL FOPCTKVOIK SEQ ID NO: 1
TS-311 GVPSRFSGSGSGTIFTFTISSLOPSIIATYYO| QOYENL FGPGTKVOIK SEQ ID NO: 1
TS GVPSAPSGSGSGTOFTPTISSLOPZSIATYYC! OOYDNL FPGPGTEKVOIK SEQ ID NO: 1
TS GVPSRFSCGSGSGTOFTFTISSLOPEDIATYYS| QOYDENL FOPGTEKEVOIK SEQ ID NO: 1
Is GVPSRFSGSGSGTIFTFTISSLOPSZIIATYYC) QOYENL FGPGTKVOIK SEQ ID NO: 1
TS GVPSRFPSCGSGSCTOFTEPTISSLOPZDIATYYC! QOAEDO POPGTEVOIK SEQ ID NO: 1
TS GVPSAFSGSGSGTIFTFTISSLQOPSDIATYYC! QOOHEFO FGPGTKVOIK SEQ ID NO: 1
Ts GVPSRFSGSGSGTIFTEFTIESLOPSOIATYYC! EOFESO 5S FGPGTKVOIK SEO ID NO: 1
TS GVPSAFSGSGSGTIFTFTISSLOPSZDIATYYC! QOHENOD FGPGTKVOIK SEQ ID NO: 1
Is GVPSRFSGSGSCTOIFTFTISSLOPZDIATYYC|] QQAEEQ FGPGTKVODIK SEQ ID NO: 1
TS GVPSRESGSGSCGTIFTFTISSLOPZ0DLIATYYC) QQNETO FGPGTKVOIK SEQ ID NA: 2
TS GVPSRFSGSGSGTOFTFTISSLOPZDIATYYC! QOHDND FGPGTKVOIK SEQ ID NO: 2
Vs GVPSRESC SLOP VE VTLSSLOPAILATYYC! SQFESO FOPGIKVIOLK SEQ 1D NO: 2
TS GVPSRFSGSGSGTIFTFPTISSLOPZIIATYYC! OONESO FGPGTKVOIK SEQ ID NO: 2
TS GVPSRFSGSGSGTIFTFTISSLOPZDIATYYC! OOSESO FGPGTKVOIIK SEQ ID NO: 2
Ts GVPSRPSOSGSOTOIPTPTISSLOPZDIATYYC] QOFETO FOPGTEVOIK SEQ ID NO: 2
TS GVPSAFSGSGSGTIFPTFTISSLOPSDIATYYC! QOSEEO FGPGTKVOIK SEQ ID NO: 2
TS GVPSARFSGSGSCTIFPTEFTISSLOPSDIATYYC) TOWETO FGPGTRVOIK SEQ ID NO: 2
TS GVPSR2FPSGSGSGTOIFTFPTISSLOPEDIATYYC] QOYESO FGPGTKVOIK SEQ ID NO: 2
TS GVPSRFSGSGSGTOIFPTFTISSLOPSIIATYYC! QQYESO FGPGTKVOIK SEQ ID NO: 2
TS-5SE GVPSRFPSGSGSGTOFTPTISSLOPZOIATYYC! OOYETO FGPGTKVOIK SEQ ID NO: 3
TS-57 GVPSRFSGSGSGTOFTFTISSLOPS0IATYYC! QOYETO FGPGTKVOIK SEQ ID NO: 3
LS-5SE GVPSAPSGSGSGTOPTETISCSLOPAILATY YC) QOYEIO ¢ ‘PE GPGVKVOLK SEQ Lb NO: 3
TS-6E GVPSRFSGSGSGTOFTFTIESLOPSDIATYYSO! QOYDTQ FGPGTKVOIK SEQ ID NO: 3
Is-64 GVPSRFSGSGSGIIJFTFIISSLOPS0IATYYC| QOYESO FGPGTIRVOIK SEQ ID NO: 3

Consensus GVPSRFSGSGSGTOIFTFTISSLOPZIIATYYC) XOXRKX
YONL
AEDO

F

FGPGTKVOIK SEQ ID NO: 3

OBABPoOXK oOArPrHYwWHXSs
&
T

 
Figure 3A Continued
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CDRI1 CDR2

822 DIQ@MTOSPSSLEASVGDAVTITC |QASQD INNYLN|WYOQOKPGKAPKLLIY

TS-3C6 DIQMIQSPSSLSASVGDAVTITC |Q@ASQD VOKYVE|WYQQKPGKAPKLLIY PASNLOT
TS-2 DIQOMTOSPSSLEASVGDRVTITC |GASOD INNYLN|WYOOK?PGKACKLLIY PASNLOT
Ts-4 DIGMTOSPSSLSASVGDRVTITC |QOASOD INNYLN|WYOOKPGKAPKLLIY PASNLOT
TS-7 DIOMIOSPSSLSASVGDRVTITC |QOASOD INNYLN|WYOOKPGKAPKLLIY PASNLOT
TS-14 DIQOMIOSPSSLEASVGDAVTITC |QASQD INNYLN|WYQQKPGKAPKLLIY PASNLOT
ts-sl DLOMLIOSPSSLEASVGDRVILTC [QASOD LNNYLN|WYQOQOKPGKASKLLILY ASNLOY

Consensus DIQOMTIQOSPSSLEASVGDRVTITC |QASQD KXXXYXX|WYQQKPGKAPKLLIY PASNLOT
LbBK LN
VNMN VE
 

CDR3

Ba2 GVPSREFSGSGSGTOFIELTISSWOPEDLATY YC! QOYDNL SPIT RGIGTKVELK SkQO 1D NO: 5

TS-3C6 GVPSRFSGSGSGTDFTFTISSLQOPEDIATYYC) QOYDNL FGPGTKVLIIK SEQ ID NO: B
TS-2 GVPSRFSGSGSGTDFTFTISSLOPEDIATY YC] QOAEDO FGPGTKVCIE SEQ ID NO: 12
Ts-4 GVPSRFSGSGSGTDFTFTISS.LQPEDIATYYC! QQHEFO FGPGTKVCIK SEQ ID NO: 1
TS-7 GVPSRFSGSGS5GTDFTFTIS&S.LOPEDIATYYC] QQHENQ FGPGTKVLCIE SEQ ID NO: 1
Its-14 GVPSRFSGSGSGTDEFLELISS OPEDLATY YC) OOHDNO PGPGTKVLIEK SHO 1D NO: 2
TSs-51 GVPSRFSGSGSOTDFTFTISE.QOPBDIATYYC! QQYESQ FPO?POGTKYLIEK SEQ ID NO: 2

Consensus GVPSRFSGSGSGTDFTFTISS WOPEDIATYYC] QOXXKX FGPGTKVLCIK SEQ ID NO: 3
YONT:
AEDOQ
HOF

Ne3

 
Figure 3B
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CDR3

Sa2 RFTISRDNSKNTLYLOMNSLRAED TAVYYCAK G WGSFDL| WGRGTLVTVSS SEQ ID NO:

‘tT RELTLISRDNSKNILYLOMNSLRAEDTAVYYCAK! GPG WGSEDL]WGAGTLYVIVSS SHO LE NO:
T RFTISRDNSKNTLYLQMNSLRAED TAVYYCAK G WGSFDL| WGR2GTLVTVSS SEQ ID NO;
T RFTISRDNSKENTLYLOMNSLRABDTAVYYCAK WGSFDL|]WGRGTLVTVSS SEQ ID NO:
T RFTISRDNSKNTLYLOMNSLRAEBDTAVYYCAK G WGSFDL|WGRGTLVTVSS SHO ID NO:
TS-7E RFTISRDNSKNTLYLQOMNSLRABDTAVYYCAK WGSFDL|] WORGTLYVTVSS SEQ IE Noa:
TS 82 RFTISRDNSKNTLYLOMNSLRAEDTAVYYCAK WGSFDL|] WGRGTLVTVSS SEQ IE No:
TS-86& RFTISRDNSKNTLYLOMNSLRABDTAVYYCARK WGSFDL|]WGRGTLVTVSS SHO ID NO:
TS-8E RFTISRDNSKNTLYLOMNSLRABEDTAVYYCAR WGSFDL|]WGRGTLVTVSS SEQ ID No:
TS-91 RFTISRDNSKNTILYLOMNSLRAEDTAVYYCAK WGSFDL|] WGRGTLVTVSS SEQ IE No:
TS-92 RFTISRDNSKNTLYLOMNSLRAEDTAVYYCAK WGSFDL|]WGRGTLVTVSS SEQ ID NO:
T RFTISRDNSENTLYLQOMNSLRAEDTAVYYCAK WGSFDL|]WGAGTLVTVSS SEQ ID NO:
T RFTISRDNSKNTLYLOMNSLRAEBEDTAVYYCAK WGSFDL] WGRGTLVTVSS SEQ ID NO:

RELTLSRDONSKNILYLOMNSLRABEDTAVYYCAK] GPG WGSEDL]IWGRGTLYVIYVSS SHO LE NO:
RFTISRDNSKNTLYLOMNSLRAEDTAVYYCAK G WGSFDL|WORGTLVTVSS SEQ IE NO:
RFTISRDNSENTLYLQOMNSLRAEDTAVYYCAK WGSFDL|] WGRGTLVTVSS SEQ ID No:
RETISRONSENTLYLOMNSLRAEDTAVYYCAK WGSFDL|]|WGRGTLVTVS3S SEQ ID No:
RFTISRDNSKNTLYLOMNSLRAEBEDTAVYYCAK WGSFDL|] WGRGTLVTVSS SEQ IE NO:
RFTISRDNSENTILYLOMNSLRALDTAVYYCAK WGMPDL|] WGRGTLYVTVSS SEQ ILE No:
RFTISRDNSKNTLYLOMNSLRAEDTAVYYCAK WGRFDL|]WGRGTLVTVSS SEQ ID NO:
RFTISRDNSKNTLYLOMNSLRAEDTAVYYCAK WGLFDL|WCRCTLVTVSS SEQ ILD NO:
REILSRONSKNILYLOMNSLRABED TAVY YCAK WGLEDL]WGRGTLYVIVSS SEQ LE NO:
REFTISRDNSKNTLYLOMNSLRAEDTAVYYCAK WGRFDL|WGA2GTLVTVSS SEQ ID NO:
RFTISRDNSENTLYLOMNSLRAEDTAVYYCAK WGLFDL| WGRGTLVTVSS SEQ ID NO:
RFTISRDNSENTLYLOMNSLRABDTAVYYCAK WGLFDL| WGR2GTLVTVSS SEQ ID NO:
RFTISRDNSKNTLYLOMNSLRAEDTAVYYCAK WGRFDL|WGRGTLVTVSS SEQ ID NO:
RFTISRDNSKNTLYLQOMNSLRAEBEDTAVYYCAK WGRFDL|] WORGTLVTVSS SEQ IE NO:
RFEFTISRDNSENTLYLOMNSLRAEDTAVYYCAK WGOFAV| WGR2GTLVTVSS SEQ ID NO:
RFTISRDNSENTLYLOMNSLRAED TAVYYCAK WGSPFPWF|WGRGTLVTVSS SEQ ID NO;
RFTISRDNSKNTLYLOMNSLRABDTAVYYCAK G WGSFWC|WGROCTLVTVSS SEQ ID NO:
RFTIISRDNGKNILYLOMNSLRABDTAVYYCAK G WGSFWE] WGRGTLVTVSS SHO IE NO:
RFTISRDNSKNTLYLOMNSLRAEDTAVYYCAK WGSFWY|WGRGTLVTVSS SEQ ID NO:
RFTISRDNSENTLYLOMNSLRABDTAVYYCAK WGOTFAY] WGROTLVTVSS SEQ IT NO:
RELTLSRONSKNILYLOMNSLRABDTAVYYCAK] GPG WGSEWIL]WGRGTLVIVSS SHO LE NO:

Canrsensus RFTISRDNSKNTLYLOMNSLRABDTAVYYCAK WGXFXX|WGRGTLVIVSS SEQ IP No:
DL
AV
WE

go
E
Y
T
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fMORL CDR2

SE2 EVOLLESGGGLVOPGGSLRLSCAASGFTF S$ WVROAPGKGLEWVS I VPSGGH TCYADSVK

Ts-101 EVOLLESGGGLVOPGGSLRLSCAASGETE S$ WYSM™T JWVROAPGKGLEWVS I VPWGOL TOYADSVE
TS-108 EVQLLESGGGLVQPGGSLRALSCAASGETF S WYSMT |WYRQOAPGKGLEWVS I VPWGTL TQYADSVK
TS 134 EVQOLLESGGGLVQPGGSLRLSCAASGEFTF S WYSMT JWYROQAPGKGLEWVS I VPSGGH TQCYADSVK
TS-136 EVOLLESGGGLVOPGGSLRLSCAASGFTF S$ WVROAPGKGLEWVS I VPSGGH TCYADSVK

consensus EVOLLESGGGLVQ@PGGSLRLSCAASGFTF $ WVROAPGKGLEWVS I VPXGXX TOGYADSVK
S GH
Wo oOL

T 
 

CER3

EZ RELLSRONSKNILYLOMNSLRABD TAVYYCAK) GPG WGSEUL] WGRGILVTY SEQ Lb NO:

Ts-101 RFTISREONSKNTLYLQOMNSLRABDTAVYYCAR!] G?G WGSFDL]|WGRGTLVTVES SEG ID NO:
TS-108 RFTISREONSENTLYLOMNSLRABDTAVYYCAK!] GPG WGSFOL|]WGRGTLVTVES SEQ ID NO:
TS-134 RFTISRDNSKENTLYLOMNSLRAEDTAVYYCAK] PSD WGLFDL|WGRGTLVTVES SEQ ID NO:
TS-134 RFTTSRUNSKNTTLYTLOMNSTRARNTAVYYCARK] PTD WGRFOT| WGRGTILVTVESS SFO TD NO:

Consensus RE TISRDNSKNTLYLOMNSLRAEDTAVYYCAK se WGXFDL| WCRCTLVTVES SEQ ID NO:
s
L
R

dx
G 

Figure 3D

Ex. 2001 - Page1045



Ex. 2001 - Page1046

WO 2014/121325

pSTATS(%max)

pSTATS(eomax)
19°

o_D-4

10"

mAb (ug/n}

102

9/9

 
 

1°

PETATS0%roa

pSTATS(%8meas)

PCT/AU2014/000083

  
  ° ‘

wT ag)
-a)

hull-11 agin

MKN-28

125 A

100

fb

50 5
2b

+ .
wn 19 ay

Ex. 2001 - Page1046



Ex. 2001 - Page1047

 

INTERNATIONAL SEARCH REPORT International application No.
PCT/AU2014/000083 
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Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)
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Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to
claim No.
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 X|Further documentsare listed in the continuation of Box C X|Sec patent family annex

* Special categories of cited documents:
"A" document defining the general state of the art whichis not "wT later document published after the international filing date or priority date and not in

considered to be of particular relevance conflict with the application but cited to understand the principle or theory
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"E" earlicr application or patent but published on orafter the "x" documentof particular relevance; the claimed invention cannot be considered novel
international filing date or cannot be considered to involve an inventive step when the documentis takenalone

“L" document which may throw doubis on priority claims) or ny documest of paruicular relevance; the claimed invention cannot be considered to
whichis cited to establish the publication date of another involve an inventive step when the document is combined with one or more other
citation or other special reason (as specified) such documents, such cembination beirg obvious to a person skilled ir the art

"oO" documentreferring to anora! disclosure, use, exhibition . _
or other means "& documeat memberof the same patent family

"Pp" document published prior to the international filing date
but later than the priority date claimed
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Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

 
 

Category*

US 2009/0202533 Al (BACAet al) 13 August 2009
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A Whole Document 1, 3-32

BLANC,C.et al “tnonoclonal antibodies against the human interleukin-11 receptor
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1-32A Whole Document
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Tnternational Patent Classification:

CO07K 16/24 (2006.01) A61K 39/00 (2006.01)
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Treatment of Fibrosis

Field of the Invention

The presentinvention relates to the diagnosis and treatmentoffibrosis.

Backgroundto the Invention

Fibrosis is an essential processthat is a critical part of wound healing. Excessivefibrosis

is commonin many rare and commondisease conditions and is important in disease

pathogenesis. Diseases characterized by excessivefibrosis 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

approachesto fibrosis arestill an unmet medical need.

The real physiological role of Interleukin 11 (IL-11) remains unclear. IL-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 TGF£1 or tissue injury can induce IL-11 expression (Zhu, M.et al. IL-11

Attenuates Liver Ischemia/Reperfusion Injury (IRI) through STAT3 Signaling Pathwayin

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 IL-11 in fibrosis is not clear from the published literature. IL-11 is thought to

be importantfor fibrosis and inflammation in the lung (Tang, W.et al. Targeted

expression of IL-11 in the murine airway causes lymphocytic inflammation, bronchial

remodeling, and airways obstruction. J. Clin. Invest. 98, 2845-53 (1996)) and its

expressionlevel is correlated with collagen levels in the skin (Toda, M.et al. Polarized in

vivo expression of IL-11 and IL-17 between acute and chronic skin lesions. Journal of
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Allergy and Clinical Immunology 111, 875-881 (2003)) and the respiratory system (Molet,

S., Hamid, Q. & Hamilos, D. I|L-11 and IL-17 expression in nasal polyps: Relationship to

collagen deposition and suppression byintranasalfluticasone propionate. The

Laryngoscope 113, (2003); Minshall et al. IL-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 IL-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 IL-11 exhibits the

postconditioning effects against ischemia-reperfusion injury via STATSin the heart.

American Journal of Physiology. Heart and circulatory physiology 303, H569—77 (2012))

and kidney (Stangou, M. et al. Effect of IL-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 IL-11 in general, is thought to be regulation of RNA expression of MRNAlevels

via STAT3-mediated transcription (Zhu, M. et al. IL-11 Attenuates Liver

Ischemia/Reperfusion Injury (IRI) 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 IL-11 to have

a pro-fibrotic action. The present invention is particularly concernedwith inhibiting the

pro-fibrotic action of IL-11. Embodiments of the invention concern inhibition or prevention

of the IL-11 mediated pro-fibrotic signal, e.g. as mediated by binding of IL-11 to an IL-11

receptor.
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In some embodiments an agent capableof inhibiting the action of IL-11 may prevent or

reduce the binding of IL-11 to an IL-11 receptor.

In some embodiments an agent capable of inhibiting the action of IL-11 maybind IL-11 to

form a complex comprising the agent and IL-11. The complex may be a non-covalent or

covalent complex. In some embodiments, the formation of the agent:IL-11 complex may

prevent or reducethe ability of IL-11 to bind to an IL-11 receptor. In some embodiments

such prevention or reduction may be the result of a reduction of the productive binding of

IL-11 to an IL-11 receptor, i.e. reduction in the ability of |L-11 to initiate IL-11 receptor

mediated signalling. In some embodiments formation of the agent:IL-11 complex may

sequester IL-11 away from the IL-11 receptor, thereby preventing or reducing the contact

of IL-11 with an IL-11 receptor and/or preventing or reducing the amountof IL-11

available for binding to an IL-11 receptor. In some embodiments the agent may be a

decoy receptor.

In some embodiments an agent capable of inhibiting the action of IL-11 maybind to an IL-

11 receptor. An agent that binds an IL-11 receptor may prevent or reduce the ability of IL-

11 to bind to an IL-11 receptor (IL-11R).

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 IL-11 or an IL-11 receptor (IL-11R).

In one aspect of the present invention an agent capable of inhibiting the action of

Interleukin 11 (IL-11) for use in a methodof treating or preventing fibrosis is provided.

In another aspect of the present invention the use of an agent capableof inhibiting the

action of IL-11 in the manufacture of a medicamentfor use in a method of treating or

preventing fibrosis is provided.

In another aspect of the present invention a method oftreating 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 IL-11.
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In some embodiments the agent capable of inhibiting the action of IL-11 is an agent

capable of preventing or reducing the binding of IL-11 to an IL-11 receptor.

In some embodiments the agent capableof inhibiting the action of IL-11 is an IL-11

binding agent. IL-11 binding agents may be selected from the group consisting of: an

antibody, polypeptide, peptide, oligonucleotide, aptamer or small molecule. In some

embodiments the IL-11 binding agent is an antibody. In some embodiments the IL-11

binding agent is a decoy receptor.

In some embodiments the agent capableof inhibiting the action of IL-11 is an IL-11

receptor (IL-11R) binding agent. IL-11R binding agents may be selected from the group

consisting of: an antibody, polypeptide, peptide, oligonucleotide, aptamer or small

molecule. In some embodiments the IL-11R binding agent is an antibody.

In another aspect of the present invention an agent capable of preventing or reducing the

expression of IL-11 or IL-11R for use in a methodof 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 IL-11 or IL-11R in the manufacture of a medicamentfor usein

a methodof 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 IL-11 or IL-11R.

In some embodiments the agent capable of preventing or reducing the expressionof |IL-

11 or IL-11R is a small molecule or oligonucleotide.

In some embodiments the fibrosis to be treated or preventedis fibrosis of the heart, liver

or kidney. In some embodimentsthefibrosis to be treated or preventedis fibrosis of the

eye. In some embodimentsthefibrosis 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 embodimentsthefibrosis is in the liver and is associated with
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chronic liver diseaseorliver 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 IL-11 or IL-11R expression is upregulated. In some

embodiments the method of treating or preventing comprises administering a said agent

to a subject in which IL-11 or IL-11R expression has been determined to be upregulated.

In some embodiments the method of treating or preventing comprises determining

whetherIL-11 or IL-11R expression is upregulated in the subject and administering a said

agent to a subject in which IL-11 or IL-11R 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 ofinhibiting the

action of IL-11 is provided, the method comprising determining, optionally in vitro,

whetherIL-11 or IL-11R expression is upregulated in the subject.

In another aspect of the present invention a method of selecting a subject for the

treatment or prevention offibrosis with an agent capableofinhibiting the action of IL-11 is

provided, the method comprising determining, optionally in vitro, whether IL-11 or IL-11R

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 IL-11 or IL-11R in a sample obtained from the subject.

In some embodiments the methodis a method of confirming a diagnosisoffibrosis in a

subject suspected of having fibrosis.

In some embodiments the method further comprises selecting the subject for treatment

with an agent capable ofinhibiting the action of IL-11 or with an agent capable of

preventing or reducing the expression of IL-11 or IL-11R.

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 IL-11 or IL-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 capableof inhibiting the action of IL-11 or with an agent capable of

preventing or reducing the expression of IL-11 or IL-11R.

The method may further comprise selecting a subject determined to have upregulated IL-

11 or IL-11R for treatment with an agent capable ofinhibiting the action of IL-11 or with

an agent capable of preventing or reducing the expression of IL-11 or IL-11R.

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 IL-11R expression, or of upregulation of IL-11 or IL-11R activity.

In some embodiments the method is a method of confirming a diagnosis offibrosis ina

subject suspected of having fibrosis.

In some embodiments the method further comprises selecting the subject for treatment

with an agent capable ofinhibiting the action of IL-11 or with an agent capable of

preventing or reducing the expression of IL-11 or IL-11R.

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 IL-11 or IL-11R expression, or of upregulation of IL-11 or IL-11R 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 IL-11 and inhibits IL-11 mediated signalling

In another aspect, of the present invention a method of treating fibrosis in a subjectis

provided, the method comprising:

(i) determining, optionally fn vitro, whether IL-11 or an Interleukin 11 receptor (IL-

11R) expression is upregulated in the subject; and
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(ii) administering to a subject in which IL-11 or IL-11R expression is upregulated a

therapeutically effective amountof an anti-IL-11 antibody, wherein the anti-IL-11 antibody

binds to IL-11 and inhibits IL-11 mediated signalling.

In another aspect, of the present invention a method of treating fibrosis in a subjectis

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-11) or Interleukin 11 receptor (IL-11R)

expressionoractivity;

(ii) selecting a subject for treatment based on the determinationin (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 IL-11 and inhibits IL-11

mediated signalling.

Description

IL-11 and IL-11 receptor

Interleukin 11 (IL-11), also known as adipogenesis inhibitory factor, is a pleiotropic

cytokine and a memberofthe IL-6 family of cytokines that includes IL-6, IL-11, IL-27, IL-

31, oncostatin, leukemia inhibitory factor (LIF), cardiotrophin-1 (CT-1), cardiotrophin-like

cytokine (CLC), ciliary neurotrophic factor (CNTF) and neuropoetin (NP-1).

IL-11 is transcribed with a canonical signal peptide that ensuresefficient secretion from

cells. The immature form of human IL-11 is a 199 amino acid polypeptide whereas the

mature form of IL-11 encodes a protein of 178 amino acid residues (Garbers and

Scheller., Biol. Chem. 2013; 394(9):1145-1161). The human IL-11 amino acid sequence

is available under UniProt accession no. P20809 (P20809.1 Gl:124294). Recombinant

human IL-11 (oprelvekin) is also commercially available. IL-11 from other species,

including mouse,rat, pig, cow, several species of bonyfish and primates, have also been

cloned and sequenced.

In this specification IL-11 refers to an IL-11 from any species and includes isoforms,

fragments, variants or homologues of an IL-11 from any species. In preferred

embodiments the species is human (Homo sapiens). |soforms, fragments, variants or

homologues of an IL-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 sequenceidentity to the amino acid sequence of immature or mature

IL-11 from a given species, e.g. human. Isoforms, fragments, variants or homologues of

an IL-11 may optionally be characterised by ability to bind IL-11Ra (preferably from the

same species) and stimulate signal transduction in cells expressing IL-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 IL-11 may be of any length (by number of amino

acids), although may optionally be at least 25% of the length of mature IL-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 IL-11. A fragment of IL-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, 190 or 195 amino acids

IL-11 signals through a homodimerof the ubiquitously expressed B-receptor glycoprotein

130 (gp130; also known as glycoprotein 130, IL6ST, IL6-beta or CD130). Gp130 is a

transmembraneprotein that forms one subunit of the type | cytokine receptor with the IL-6

receptor family. Specificity is gained through an individual IL-11 a-receptor (IL-11Ra),

which does not directly participate in signal transduction, although theinitial cytokine

binding eventto the a-receptor leads to the final complex formation with the B-receptors.

IL-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 comprisesthe Ig-like domain D1, and the

fibronectin-type III domains D2 and D3 of gp 130. The amino acid sequence of human

gp130 is available from Genbank accession no. NP_002175.2.

Human IL-11Ra is a 422 amino acid polypeptide (Genbank accession no.

NP_001136256.1 GIl:218505839) and shares ~85% nucleotide and amino acid sequence

identity with the murine IL-11Ra (Du and Williams., Blood Vol, 89, No,11, June 1, 1997).

Twoisoforms of IL-11Ra have been reported, whichdiffer in the cytoplasmic domain (Du

and Williams, supra). The IL-11 receptor a-chain (IL-11Ra) shares manystructural and

functional similarities with the IL-6 receptor a-chain (IL-6Ra). 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/STATsignaling pathway.

IL-11Ra bindsits ligand with a low affinity (Kd ~10 nmol/L) and aloneis 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-11Ra and gp130

(Curtis et al (Blood 1997 Dec 1;90 (11):4403-12; Hilton et al., EMBO J 13:4765, 1994;

Nandurkaret al., Oncogene 12:585, 1996). Binding of IL-11 to cell-surface IL-11Ra

induces heterodimerization, tyrosine phosphorylation, activation of go130 and MAPK

and/or Jak/STATsignalling as described above.

The receptor binding sites on murine IL-11 have been mapped and threesites — sites|, Il

andIll - identified. Binding to go130 is reduced by substitutions in the site II region and

by substitutions in the site Ill region. Site II] mutants show no detectable agonist activity

and have IL-11Ra antagonist activity (Cytokine Inhibitors Chapter 8; edited by Gennaro

Ciliberto and Rocco Savino, Marcel Dekker, Inc. 2001).

In principle, a soluble IL-11Ra can also form biologically active soluble complexeswith IL-

11 (Pflanz et al., 1999 FEBS Lett, 450, 117-122) raising the possibility that, similar to IL-6,

IL-11 may in someinstances bind soluble IL-11Ra 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 IL-11 receptor alpha chain (sIL-11R) and examined

signaling in cells expressing gp130. In the presence of gp130 but not transmembraneIL-

11R the sIL-11R mediated IL-11 dependentdifferentiation of M1 leukemic cells and

proliferation in Ba/F3 cells and early intracellular events including phosphorylation of

gp130, STAT3 and SHP2similar to signalling through transmembrane IL-11R.

In this specification an IL-11 receptor (IL-11R) refers to a polypeptide capable of binding

IL-11 and inducing signal transductionin cells expressing gp130. An IL-11 receptor may

be from any species and includes isoforms, fragments, variants or homologuesof an IL-

11 receptor from any species. In preferred embodiments the species is human (Homo

sapiens). In some embodiments the IL-11 receptor may be IL-11Ra. Isoforms, fragments,

variants or homologues of an IL-11Ra 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 sequenceidentity to the amino acid sequenceof IL-11Ra from

a given species, e.g. human. Isoforms, fragments, variants or homologues of an IL-11Ra

may optionally be characterised by ability to bind IL-11 (preferably from the same

species) and stimulate signal transduction in cells expressing the IL-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 an IL-11 receptor may be of any length (by

numberof amino acids), although may optionally be at least 25% of the length of the

mature IL-11Ra 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 IL-11Ra. A

fragment of an IL-11 receptor fragment may have a minimum length of 10 aminoacids,

and a maximum length of one of 15, 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 IL-11

The IL-11 signaling pathway offers multiple routes for inhibition of IL-11 signaling. For

example, inhibition may be achieved by preventing or reducing the binding of IL-11 to an

IL-11 receptor. As a result, suitable agents may target either IL-11 or its receptor.

In some embodiments agents capable of inhibiting the action of IL-11 may bind to IL-11

and prevent or reduce IL-11 mediated signalling, e.g. through an IL-11 receptor. In some

embodiments agents capable ofinhibiting the action of IL-11 may bind to the IL-11

receptor and prevent or reduce IL-11 stimulated signalling.

Agentsthat bind to IL-11 mayinhibit IL-11 mediated signalling by blocking the binding of

IL-11 to an IL-11 receptor and/or by reducing the amountof IL-11 available to bind to its

receptor. Suitable IL-11 binding agents may be IL-11 inhibitors or IL-11 antagonists.

IL-11 binding agents, e.g. anti-IL-11 antibodies, according to the present invention may

exhibit at least one of the following properties:

a) Bind to human IL-11 with a Kp of 1uM orless, preferably one of < 1M, $

100nM, $10nM, s1nM or $100pM;

b) Inhibit IL-11 mediated signalling via the IL-11Ra receptor, e.g. in a cell based

assay in which the cells co-express IL-11Ra and gp130. Suitable cell based

assays are °H-thymidine incorporation and Ba/F3 cell proliferation assays
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described in e.g. Curtis et al. Blood, 1997, 90(11) and Karpovichet al. Mol.

Hum. Reprod. 2003 9(2): 75-80. For example, |Cso for an IL-11 binding agent

may be determined by culturing Ba/F3 cells expressing IL-11Ra and gp130in

the presence of human IL-11 and the IL-11 binding agent, and measuring 3H-

thymidine incorporation into DNA. Suitable IL-11 binding agents may exhibit

an |Cs50 of 10 ug/ml or less, preferably one of = 5 ug/ml, = 4 ug/ml, <= 3.5 ug/ml,

= 3 ug/mli, $2 ug/ml, = 1 ug/ml, = 0.9 ug/ml, s 0.8 ug/ml, = 0.7 ug/ml, < 0.6

ug/ml, or = 0.5 ug/ml in such an assay.

c) 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 andcell 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 TGF81 and myofibroblast generation is monitored, e.g. by measuring

aSMaAlevels.

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 IL-11 or TGFB1 and collagen and/or

periostin gene or protein expression is measured.

IL-11 binding agents may beof any kind, but in some embodiments an IL-11 binding

agent may be an antibody, polypeptide, peptide, oligonucleotide, aptamer or small

molecule.

Suitable anti-IL-11 antibodies will preferably bind to IL-11 (the antigen), preferably human

IL-11, and may have a dissociation constant (Kp) of one of s 1uM, s 100nM, <10nM,

=1nM or $100pM. Binding affinity of an antibodyforits target is often described in terms

of its dissociation constant (Kp). Binding affinity can be measured by methods knownin

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-IL-11 antibodies may be antagonist antibodies thatinhibit or reduce a biological

activity of IL-11.

Anti-IL-11 antibodies may be neutralising antibodies that neutralise the biological effect of

IL-11, e.g. its ability to stimulate productive signalling via an IL-11 receptor.

Neutralising activity may be measuredbyability to neutralise IL-11 induced proliferation in

the T11 mouse plasmacytomacell line (Nordan, R. P. ef a/. (1987) J. Immunol. 139:813).

Examples of knownanti-IL-11 antibodies include monoclonal antibody clone 6D9A,clone

KT8 (Abbiotec), clone M3103F11 (BioLegend), clone 1F1, clone 3C6 (Abnova

Corporation), clone GF1 (LifeSpan Biosciences), clone 13455 (Source BioScience) and

clone 22626 (R & D Systems, used in Bockhornet al. Nat. Commun. (2013) 4(0):1393;

Monoclonal Mouse IgG2a; Catalog No. MAB218; 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, IL-6, CNTF, LIF, OSM, CLC or CT-1.

Peptide or polypeptide based IL-11 binding agents may be based on the IL-11 receptor,

e.g. a IL-11 binding fragment of an IL-11 receptor. In one embodiment, suitable IL-11

binding agents may comprise an IL-11 binding fragmentof the IL-11Ra chain, and may

preferably be soluble and/or exclude one or more,orall, 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 IL-11

receptor alpha chain (sIL-11R) was capable of antagonizing the activity of IL-11 when

tested on cells expressing the transmembrane |IL-11R and gp130. They proposedthat the

observed IL-11 antagonism by the sIL-11R dependsonlimiting numbers of go130

molecules on cells already expressing the transmembrane IL-11R.

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 VEGFreceptor (De-Chao Yuet al., Molecular Therapy (2012);

20 5, 938-947; Konner and Dupont Clin Colorectal Cancer 2004 Oct;4 Suppl 2:S81-5).
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As such, in some embodiments an IL-11 binding agent may be provided in the form of a

decoy receptor, e.g. a soluble IL-11 receptor. Competition for IL-11 provided by a decoy

receptor has been reported to lead to IL-11 antagonist action (Curtis et al., supra).

Decoy IL-11 receptors preferably bind IL-11 and/or IL-11 containing complexes, and

thereby make these species unavailable for binding to gp130, IL-11Ra and/or gp130:IL-

11Ra receptors. As such, they act as ‘decoy’ receptors for IL-11 and IL-11 containing

complexes, much in the same waythat etanercept acts as a decoy receptor for TNFa.IL-

11 mediated signalling is reduced as comparedto the level of signalling in the absence of

the decoy receptor.

Decoy IL-11 receptors preferably bind to IL-11 through one or more cytokine binding

modules (CBMs). The CBMsare,or are derived from or homologousto, the CBMsof

naturally occurring receptor molecules for IL-11. For example, decoy IL-11 receptors may

comprise, or consist of, one or more CBMs whichare from, are derived from or

homologousto the CBM of gp130 and/or IL-11Ra.

In some embodiments, a decoy IL-11 receptor may comprise, or consist of, an amino acid

sequence corresponding to the cytokine binding module of go130. In some embodiments,

a decoy IL-11 receptor may comprise an amino acid sequence correspondingto the

cytokine binding module of IL-11Ra. Herein, an amino acid sequence which ‘corresponds’

to a reference region or sequence of a given peptide/polypeptide has at least 60%, e.g.

oneof at least 65%, 70%, 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%,

98% or 99% sequenceidentity to the amino acid sequenceof the reference

region/sequence. The gp130, IL-11Ra and IL-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 IL-11, e.g. with binding

affinity of at least 100uM or less, optionally one of 10UM orless, 1M or less, 100nM or

less, or about 1 to 100nM. In some embodiments a decoy receptor may comprise all or

part of the IL-11 binding domain and mayoptionally 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 IL-11 binding agent may be provided in the form of a small

molecule inhibitor of IL-11, e.g. IL-11 inhibitor described in Lay et al., Int. J. Oncol. (2012);

41(2): 759-764.

Agents that bind to an IL-11 receptor (IL-11R) may inhibit IL-11 mediated signalling by

blocking the binding of IL-11 to an IL-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 IL-11R is IL-11Ra and suitable binding agents

may bind the IL-11Ra polypeptide and maybeinhibitors or antagonists of IL-11Ra.

IL-11R binding agents, e.g. anti-IL-11R antibodies, according to the presentinvention

may exhibit at least one of the following properties:

(a) Bind to human IL-11R with a Kp of 1M or less, preferably one of Ss 1uM, s

100nM, <10nM, <inM or <100pM;

(b) Inhibit IL-11R signalling, e.g. in a cell based assay in which the cells co-express

IL-11Ra and gp130. Suitable cell based assays are 7H-thymidine incorporation

and Ba/F3cell 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,

ICso for an IL-11R binding agent may be determined by culturing Ba/F3 cells

expressing IL-11Ra and gp130 in the presence of human IL-11 and the IL-11R

binding agent, and measuring *H-thymidine incorporation into DNA. Suitable IL-

11R binding agents may exhibit an ICso of 10 ug/ml or less, preferably one of = 5

ug/ml, = 4 ug/ml, <= 3.5 ug/ml, = 3 ug/ml, = 2 ug/ml, = 1 ug/ml, <= 0.9 pg/ml, < 0.8

ug/ml, = 0.7 ug/ml, = 0.6 ug/ml, or = 0.5 ug/ml in such an assay.

(c ~~ 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 andcell 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 whereinfibroblasts are stimulated with IL-11 or

TGF81 and myofibroblast generation is monitored, e.g. by measuring aSMA

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.
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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 IL-11 or TGFB1 and collagen and/or periostin gene

or protein expression is measured.

IL-11R binding agents may be of any kind, but in some embodiments an IL-11R binding

agent maybe an antibody, polypeptide, peptide, oligonucleotide, aptamer or small

molecule.

Suitable anti-IL-11R antibodies will preferably bind to IL-11R (the antigen), preferably

human IL-11R, and may havea dissociation constant (Kp) of one of Ss 1uM, s 100nM,

=10nM, $1nM or $100pM. Bindingaffinity of an antibodyforits target is often described

in termsof its dissociation constant (Kp). Binding affinity can be measured by methods

knownin the art, such as by Surface Plasmon Resonance (SPR), or by a radiclabeled

antigen binding assay (RIA) performed with the Fab version of the antibody and antigen

molecule.

Anti-IL-11R antibodies may be antagonistantibodies that inhibit or reduce a biological

activity of IL-11R. Anti-IL-11R antibodies may be antagonist antibodies thatinhibit or

reduce any function of IL-11R, in particular signalling. For example, antagonist IL-11R

antibodies may inhibit or prevent binding of IL-11 to IL-11R, or may inhibit or prevent

association of IL-11Ra with gp130 to form a functional receptor complex capable of

productive signalling, e.g. in response to IL-11 binding.

Anti-IL-11R antibodies may be neutralising antibodies that neutralise the biological effect

of IL-11R, e.g. its ability to initiate productive signalling mediated by binding of IL-11.

Neutralising activity may be measuredby ability to neutralise IL-11 induced proliferation in

the T11 mouse plasmacytomacell line (Nordan, R. P. ef a/. (1987) J. Immunol. 139:813).
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Examples of knownanti-IL-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 IL-11R binding agents may be based on IL-11, e.g. mutant,

variant or binding fragment of IL-11. Suitable peptide or polypeptide based agents may

bind to IL-11R in a mannerthat does not lead to initiation of signal transduction or

produces sub-optimal signaling. IL-11 mutants of this kind may act as competitive

inhibitors of endogenousIL-11.

For example, W147Ais an IL-11 antagonist in which the amino acid 147 is mutated from

a tryptophanto an alanine, which destroys the so-called‘site III’ of IL-11. This mutant can

bind to the IL-11R, but engagement of the gp130 homodimerfails, resulting in efficient

blockade of IL-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):739-746)

also report the generation of an IL-11 antagonist mutant (a “mutein”) capable of

specifically inhibiting the binding of IL-11 to IL-11Ra.

Menkhorstet al (Biology of Reproduction May 1, 2009 vol.80 no.5 920-927) describe a

PEGylated IL-11 antagonist, PEGIL11A (CSL Limited, Parkvill, Victoria, Australia) which

is effective to inhibit IL-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-11) capable of

binding to IL-11Ra.

In some embodiments an IL-11R binding agent may be provided in the form of a small

molecule inhibitor of IL-11R.

The inventors haveidentified that upregulation of IL-11 expression is consistent with the

molecular mechanism of fibrosis and that inhibition of IL-11 activity leads to a reduction in

the molecularbasis 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 IL-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 IL-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 IL-11 in rheumatoid synovial cells upon treatment with indomethacin,

dexamethasoneorinterferon-gamma(IFNy).

In some embodiments an agent capable of preventing or reducing the expression of IL-11

may be an oligonucleotide capable of repressing or silencing expression of IL-11.

Accordingly, the present invention also includes the use of techniques knownin the art for

the therapeutic down regulation of IL-11 expression. These include the use of antisense

oligonucleotides and RNAinterference (RNAi). As in other aspects of the present

invention, these techniques may be usedin the treatmentoffibrosis.

Accordingly, in one aspect of the present invention a methodof 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 IL-11, wherein the agent comprises a vector comprising a

therapeutic oligonucleotide capable of repressing or silencing expression of IL-11.

In another aspect of the present invention a methodof 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 IL-11, wherein the agent comprises an oligonucleotide vector, optionally a

viral vector, encoding a therapeutic oligonucleotide capable of being expressedin cells of

the subject, the expressed therapeutic oligonucleotide being capable of repressing or

silencing expression of IL-11.
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The ability of an agent to prevent or reduce the expression of IL-11 may be assayed by

determining the ability of the agent to inhibit IL-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 IL-11 or TGFB1, and IL-11 gene or protein expression is measured.

Reducing the amountof IL-11R available for binding to IL-11 and initiation of productive

signalling provides an alternative means of reducing the level of IL-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 IL-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 IL-11R.

Accordingly, the present invention also includes the use of techniques knownin the art for

the therapeutic down regulation of IL-11R expression. These include the use of

antisense oligonucleotides and RNAinterference (RNAi). As in other aspects of the

presentinvention, these techniques may be usedin the treatmentof fibrosis.

Accordingly, in one aspect of the present invention a methodof 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 IL-11R, wherein the agent comprises a vector comprising a

therapeutic oligonucleotide capable of repressing or silencing expression of IL-11R.

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 IL-11R, wherein the agent comprises an oligonucleotide vector, optionally a

viral vector, encoding a therapeutic oligonucleotide capable of being expressedin cells of

the subject, the expressed therapeutic oligonucleotide being capable of repressing or

silencing expression of IL-11R.
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The ability of an agent to prevent or reduce the expression of IL-11R may be assayed by

determining the ability of the agent to inhibit IL-11R 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 IL-11 or TGFB1, and IL-11R gene or protein expression is measured.

In preferred embodiments, the IL-11R may be IL-11Ra.

Antibodies

In this specification “antibody” includes a fragmentor 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 techniquesin 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 knowntechniques, 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 Neubergeret al (1988, 8th International

Biotechnology Symposium Part 2, 792-799).

Monoclonal antibodies (mAbs) are useful in the methods of the invention and are a

homogenouspopulation 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 Knownin theart.

Antigen binding fragments of antibodies, such as Fab and Fabz2 fragments may also be

used/provided as can genetically engineered antibodies and antibody fragments. The
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variable heavy (Vu) and variable light (VL) domains of the antibody are involved in antigen

recognition, a factfirst 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 humanorigin such that the resultant

antibody retains the antigenic specificity of the rodent parented antibody (Morrison etal

(1984) Proc. Natl. Acad. Sd. USA 81, 6851-6855).

That antigenic specificity is conferred by variable domains andis 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 Vy and VL

partner domainsare 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 techniquesinvolved 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 Vy 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 meanthat the

said antibodies and F(ab')2 fragments have two antigen combiningsites. In contrast, Fab,

Fv, ScFv and dAb fragments are monovalent, having only one antigen combining site.

Synthetic antibodies which bind to IL-11 or IL-11R may also be made using phage display

technology as is well Knownin theart.

Antibodies may be produced by a processof affinity maturation in which a modified

antibody is generated that has an improvementin the affinity of the antibody for antigen,

compared to an unmodified parent antibody. Affinity-matured antibodies may be produced

by procedures knownin the art, e.g., Marks ef al.,Rio/Technology 10:779-783 (1992);

Barbaset al. Proc Nat. Acad. Sci. USA 91:3809-3813 (1994); Schier et al. Gene 169:147-
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155 (1995); Yelton ef al. J. Immunol. 155:1994-2004 (1995); Jackson et a/., J. Immunol.

154(7):331 0-15 9 (1995); and Hawkinset al, J. Mol. Biol. 226:889-896 (1992).

Antibodies according to the present invention preferably exhibit specific binding to IL-11

or IL-11R. An antibody that specifically binds to a target molecule preferably binds the

target with greateraffinity, and/or with greater duration than it binds to othertargets. 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 IL-11 or IL-11R with a Kothat 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 Kp of the antibody towards another target molecule, e.g.

another memberof the IL-11 family such as IL-6 or the IL-6 receptor. This may optionally

be one ofat 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 ora

coloured molecule or a fluorescent molecule or a molecule which can be readily detected

in any other way. Suitable detectable molecules include fluorescentproteins, luciferase,

enzyme substrates, and radiolabels. The binding moiety may bedirectly 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 whichis itself labelled.

Alternatively, the second antibody may have boundtoit 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 antigensis IL-11 or IL-11R, the bi-specific antibody

comprising a fragment as described herein that binds to IL-11 or IL-11R. 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 Vu and VL of a IL-11 or IL-

11R binding antibody or antibody fragment, and a Vy and V_ 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 referencein its entirety. For example,a bispecific

antibody or bispecific antigen binding fragment maybea bispecific antibody conjugate

(e.g. an lgG2, F(ab’)2 or CovX-Body), a bispecific IgG or IgG-like molecule (e.g. an IgG,

scFva.-lg, lgG-scFv, scFv-lgG, DVD-lg, IgG-sVD, sVD-IgG,2 in 1-lgG, mAb?, or

Tandemab common LC), an asymmetric bispecific IgG or IgG-like molecule (e.g. a kih

IgG, kih lgG common LC, CrossMab, kih lgG-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 Cx3 fusion protein (e.g. a taFv-Fc, Di-diabody, scDb-

Cu3, scFv-Fe-scFv, HCAb-VHH, scFv-kih-Fe, or scFv-kih-Cy3), or a bispecific fusion

protein (e.g. a scFv2-albumin, scDb-albumin, taFv-toxin, DNL-Fabs, DNL-Fab.4-lgG, DNL-

Fab,-lgG-cytokinez). See in particular Figure 2 of Kontermann MAbs 2012, 4(2): 182-19.

Methodsfor 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. 14:1V:2.13:2.13.1—2.13.16, which is hereby

incorporated by referencein 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-linked bispecific F(ab)2 heterodimers.

Other methodsfor producing bispecific antibodies include fusing antibody-producing

hybridomase.g. with polyethylene glycol, to produce a quadromacell 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:IV: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 makebispecific antibodies, Methods Mol. Med. 2000;

40:333-339.

For example, a DNA construct encoding the light and heavy chain variable domainsfor

the two antigen binding domains(i.e. the light and heavy chain variable domainsfor the

antigen binding domain capable of binding IL-11 or IL-11R, and the light and heavy chain

variable domainsfor the antigen binding domain capable of binding to another target

protein), and including sequences encoding a suitable linker or dimerization domain

betweenthe 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 hostcell), and expressed

recombinantbispecific antibody can then optionally be purified.

Aptamers

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

aptameridentified to date is a non-naturally occurring molecule.

Aptamers to a given target(e.g. IL-11 or IL-11R) may be identified and/or produced by

the method of Systematic Evolution of Ligands by EXponential enrichment (SELEX™),

Aptamers and SELEX are described in Tuerk and Gold (Systematic evolution of ligands

by exponential enrichment: RNAligands to bacteriophage T4 DNA polymerase. Science.

1990 Aug 3;249(4968):505-10) and in WO91/19813.

Aptamers may be DNA or RNA molecules and maybe 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 mayinclude modification at the 2’ position of ribose.

Aptamers may be synthesised by methods which are well knownto 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

nucleotideis 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 Ka’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 absenceof a target molecule.

Aptamers according to the present invention may be providedin 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 IL-11 or IL-11R 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.

Wherethe 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 sequencesfor IL-11 (e.g. the known mRNA sequences

available from GenBank® under accession no.s: BC012506.1 Gl:15341754 (human),

BC134354.1 Gl:126632002 (mouse), AF347935.1 GI:13549072 (rat)) and IL-11R (e.g.

the known mRNA sequencesavailable from GenBank® under accession no.s:

NM_001142784.2 Gl:391353394 (human), NM_001163401.1 Gl:254281268 (mouse),

NM_139116.1 Gl:20806172 (rat)), oligonucleotides may be designed to repress or

silence the expression of IL-11 or IL-11R. Such oligonucleotides may have anylength,

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 IL-11 or IL-11R mRNA. The complementary region of

the nucleotide sequence mayhaveanylength, 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 IL-11 or IL-11R expression will preferably result in a decreasein the

quantity of IL-11 or IL-11R expressed by a cell, e.g. by a fibroblast or myofibroblast. For

example, in a given cell the repression of IL-11 or IL-11R by administration of a suitable

nucleic acid will result in a decrease in the quantity of IL-11 or IL-11R 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%. Alevel 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 RNAsin targeting of heterochromatin complexes

and epigenetic gene silencing at specific chromosomal loci has been demonstrated.

Double-stranded RNA (dsRNA)-dependentposttranscriptional silencing, also known as

RNAinterference (RNAi), is a phenomenonin which dsRNA complexes can target

specific genes of homologyfor silencing in a short period of time. It acts as a signal to

promote degradation of MRNA with sequenceidentity. A 20-nt siRNA is generally long

enoughto induce gene-specific silencing, but short enough to evade host response. The

decreasein 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 andIII clinical trials for a numberof indications (Nature 2009 Jan 22;

457(7228):426-433).

In the art, these RNA sequencesare 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 andeither

triggering MRNAelimination (RNAi) or arresting mRNAtranslation into protein. siRNA

are derived by processing of long double stranded RNAsand whenfoundin nature are

typically of exogenousorigin. Micro-interfering RNAs (miRNA) are endogenously

encoded small non-coding RNAs,derived by processing of short hairpins. Both siRNA

and miRNAcaninhibit the translation of mRNAs bearing partially complimentary target

sequences without RNA cleavage and degrade mRNAsbearing fully complementary

sequences.

Accordingly, the present invention provides the use of oligonucleotide sequencesfor

down-regulating the expression of IL-11 or IL-17R.

siRNAligandsare 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 mRNAtarget and sothat

the siRNAis short enough to reduce a host response.

miRNAligands are typically single stranded and haveregionsthat 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 sequencethat codesfor

a miRNAgeneis longer than the miRNA. This DNA sequenceincludes the miRNA
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sequenceand an approximate reverse complement. When this DNA sequenceis

transcribed into a single-stranded RNA molecule, the miRNA sequenceandits reverse-

complementbase pair to form a partially double stranded RNA segment. The design of

microRNA sequencesis 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 dTdT 3' overhang.

Based onthe 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 sequencescan be synthetically produced and added

exogenously to cause gene downregulation or produced using expression systems(e.g.

vectors). In a preferred embodimentthe siRNAis synthesized synthetically.

Longer double stranded RNAs may be processedin thecell 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(Shinagawaetal., Genes

and Dev., 17, 1340-5, 2003).

Anotheralternative is the expression of a short hairpin RNA molecule (shRNA)in the cell.

shRNAsare more stable than synthetic sIRNAs. A shRNAconsists of short inverted

repeats separated by a small loop sequence. One inverted repeat is complimentary to

the genetarget. In the cell the shRNA is processed by DICER into a siRNA which

degradesthe target gene mRNA and suppresses expression. In a preferred embodiment

the shRNAis produced endogenously (within a cell) by transcription from a vector.

shRNAs may be producedwithin a cell by transfecting the cell with a vector encoding the

shRNA sequence undercontrol of a RNA polymeraseIII promoter such as the human H1

or 7SK promoter or a RNA polymeraseII promoter. Alternatively, the shRNA may be
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synthesised exogenously (/n 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 IL-11 or IL-11R. Preferably, the shRNA sequenceis between 40 and 100

basesin length, more preferably between 40 and 70 basesin length. The stem of the

hairpin is preferably between 19 and 30 basepairs 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 IL-11 or IL-11R.

In one embodiment, the siRNA, longer dsRNA or miRNAis produced endogenously

(within a cell) by transcription from a vector. The vector may be introduced into the cell in

any of the ways knownin the art. Optionally, expression of the RNA sequence can be

regulated using a tissue specific (e.g. heart, liver, kidney or eye specific) promoter. Ina

further embodiment, the siRNA, longer dsRNA or miRNAis produced exogenously (in

vitro) by transcription from a vector.

Suitable vectors may be oligonucleotide vectors configured to expressthe oligonucleotide

agent capable of IL-11 or IL-11R repression. Such vectors may beviral vectors or

plasmid vectors. The therapeutic oligonucleotide may be incorporated in the genomeof a

viral vector and be operably linked to a regulatory sequence, e.g. promoter, which drives

its expression. The term “operably linked” mayincludethe 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 underthe influence or control of

the regulatory sequence. Thus a regulatory sequenceis operably linked to a selected

nucleotide sequenceif the regulatory sequenceis capable of effecting transcription of a

nucleotide sequence which formspart orall of the selected nucleotide sequence.

Viral vectors encoding promoter-expressed siRNA sequences are knownin 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 (Shenet 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 IL-11 or IL-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 sequencein both the sense

and antisense orientation, such that when expressed as RNAthe 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 knownin the art. Linkages between nucleotides

may be phosphodiester bondsoralternatives, 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 (ora salt) or alkyl (1-12C) and R6is alkyl (1-9C) is joined to adjacent nucleotides

through-O-or-S-.

Modified nucleotide bases can be usedin addition to the naturally occurring bases, and

may confer advantageous properties on siRNA molecules containing them.

For example, modified bases mayincrease thestability 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 groupat the 5'position. Thus

modified nucleotides may also include 2'substituted sugars such as 2'-O-methyl- ; 2'-O-

alkyl ; 2'-O-allyl ; 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 knownin the art and include alkylated purines and pyrimidines,

acylated purines and pyrimidines, and other heterocycles. These classes of pyrimidines

and purines are knownin the art and include pseudoisocytosine, N4,N4-ethanocytosine,

8-hydroxy-N6-methyladenine, 4-acetylcytosine,5-(carboxyhydroxylmethyl) uracil, 5

fluorouracil, 5-bromouracil, 5-carboxymethylaminomethyl-2-thiouracil, 5-

carboxymethylaminomethyl uracil, dinydrouracil, inosine, N6-isopentyl-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-

mannosylqueosine, 5-methoxycarbonylmethyluracil, Smethoxyuracil, 2 methylthio-N6-

isopentenyladenine, uracil-5-oxyacetic acid methyl ester, psueouracil, 2-thiocytosine, 5-

methyl-2 thiouracil, 2-thiouracil, 4-thiouracil, Smethyluracil, N-uracil-5-oxyacetic acid

methylester, uracil 5-oxyacetic acid, queosine, 2-thiocytosine, 5-propyluracil, 5-

propylcytosine, 5-ethyluracil, 5ethylcytosine, 5-butyluracil, 5-pentyluracil, 5-

pentylcytosine, and 2,6,diaminopurine, methylpsuedouracil, 1-methylguanine, 1-

methylcytosine.

Methodsrelating to the use of RNAi to silence genes in C. elegans, Drosophila, plants,

and mammals are knownin 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); WO0129058; WO9932619, 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 IL-11 or

IL-11R, of suppressing IL-11 or IL-11R expression by RNAi.

The nucleic acid may have substantial sequence identity to a portion of IL-11 or IL-11R

mRNA, as defined in GenBank accession no. NM_000641.3 GI:391353405 (IL-11) or

U32324.1 GI:975336 (IL-11R), or the complementary sequence to said MRNA.
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The nucleic acid may be a double-stranded siRNA. (Asthe 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 RNAtakesthe form of a hairpin when the

complementary portions hybridise with each other. In a mammaliancell, the hairpin

structure may be cleaved from the molecule by the enzyme DICER,to yield twodistinct,

but hybridised, RNA molecules.

In some preferred embodiments, the nucleic acid is generally targeted to the sequence of

one of SEQ ID NOs2 to 5 (IL-11; Figure 11) or to one of SEQ ID NOs7 to 10 (IL-11R;

Figure 12).

Only single-stranded(i.e. non self-hybridised) regions of an MRNAtranscript are

expected to be suitable targets for RNAi. It is therefore proposed that other sequences

very close in the IL-11 or IL-11R mRNAtranscript to the sequence represented by one of

SEQ ID NOs2 to 5 or 7 to 10 mayalso besuitable targets for RNAi. Such target

sequencesare preferably 17-23 nucleotides in length and preferably overlap one of SEQ

ID NOs 2 to 5 or 7 to 10 byat 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 NOs2 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 IL-11 or IL-11R, 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 NOs2 to 5 or 7 to 10.

By “generally targeted” the nucleic acid may target a sequencethat overlaps with SEQ ID

NOs 2 to 5o0r7 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 NOs2 to 5

or 7 to 10 (preferably from 17-23 nucleotides in length), but is otherwise identical to one

of SEQ ID NOs 2 to 5 or 7 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 MRNAofIL-

11 o0rIL-11R. It is expected, however, that the presence of even a single mismatchis

likely to lead to reduced efficiency, so the absence of mismatchesis preferred. When

present, 3’ overhangs may be excluded from the consideration of the numberof

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 mRNAand 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 shownin 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 shownin Figure 14 (IL-11R; SEQ ID NOs

15 to 18).

However,it is also expected that slightly shorter or longer sequences directed to the

same region of IL-11 or IL-11R mRNA will also be effective. In particular, it is expected

that double-stranded sequences between 17 and 23 bpin 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 hasno 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., 2001c). For this reason, DNA

dinucleotides may be preferred.

Whenpresent, the dinucleotide overhangs may be symmetrical to each other, though this

is not essential. Indeed, the 3’ overhang of the sense (upper) strandis irrelevant for RNAi

activity, as it does not participate in MRNA recognition and degradation (Elbashiretal.,

2001a, 2001b, 2001c).
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While RNAi experiments in Drosophila show that antisense 3’ overhangs mayparticipate

in MRNA recognition and targeting (Elbashir et al. 2001c), 3’ overhangs do not appearto

be necessary for RNAiactivity of SIRNA in mammalian cells. Incorrect annealing of 3’

overhangsis therefore thought to havelittle effect in mammalian cells (Elbashiretal.

2001c; Czaudernaet al. 2003).

Any dinucleotide overhang maytherefore be used in the antisense strand of the siRNA.

Nevertheless, the dinucleotide is preferably -UU or —UG (or —-TT or —-TG if the overhangis

DNA), more preferably -UU (or -TT). The —UU (or —TT) dinucleotide overhang is most

effective and is consistent with (i.e. capable of forming part of) the RNA polymeraseIII

end of transcription signal (the terminator signal is TTTTT). Accordingly, this dinucleotide

is most preferred. The dinucleotides AA, CC and GG mayalso 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 componentstrand 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 otherin vitro to form

the aforementioned double-stranded siRNAs, which may then be introduced into cells.

The invention also provides DNAthat, when transcribed in a mammaiian 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, e.g. including a sequence

selected from the group consisting of SEQ ID No.s 11 to 14 or 15 to 18 or a sequence

that differs from any one of the aforementioned sequencesby 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 spacerwill 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,

recommendedfor 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

NOs 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

DICERto yield a double-stranded siRNA as described above, in which one or each

strand of the hybridised dsRNAincludes a 3’ overhang.

Techniquesfor the synthesis of the nucleic acids of the invention are of course well

knownin 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-lll promoter (H1) and

a Ts 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).

Anothersuitable system is described in Shin et al. (RNA, 2009 May; 15(5): 898-910),

which uses another polymerase-lll promoter (U6).

The double-stranded siRNAsof the invention may be introduced into mammalian cells jn

vitro or in vivo using known techniques, as described below, to suppress expressionof IL-

11 or IL-11R.
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Similarly, transcription vectors containing the DNAsof the invention may beintroduced

into tumourcells in vitro or in vivo using known techniques, as described below,for

transient or stable expression of RNA, again to suppress expression of IL-11 or IL-11R.

Accordingly, the invention also provides a method of suppressing IL-11 or IL-11R

expression in a mammalian, e.g. human, cell, the method comprising administering to the

cell a double-stranded siRNAof the invention or a transcription vector of the invention.

Similarly, the invention further provides a methodof treating fibrosis, the method

comprising administering to a subject a double-stranded siRNAof the invention or a

transcription vector of the invention.

The invention further provides the double-stranded siRNAsof the invention and the

transcription vectors of the invention, for use in a methodof treatment, preferably a

method of treating fibrosis.

The invention further provides the use of the double-stranded siRNAsof the invention and

the transcription vectors of the invention in the preparation of a medicamentfor the

treatment offibrosis.

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 methodssuitable for the administration of sIRNA duplexes and DNA

vectors of the invention are well knownin 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 whetherthe nucleic acid is transferred into

cultured cells in vitro or in vivo in the cells of a patient. Techniquessuitable for the

transfer of nucleic acid into mammalian cells fn vitro include the use ofliposomes,

electroporation, microinjection, cell fusion, DEAE dextran and calcium phosphate

precipitation. /n vivo gene transfer techniquesinclude transfection with viral (typically
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retroviral) vectors and viral coat protein-liposome mediated transfection (Dzau etal.

(2003) Trends in Biotechnology 11, 205-210).

In particular, suitable techniquesfor 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 oncogenesin malignant cells by RNA

interference--new hopefor a highly specific cancer treatment? Cancer Cell. 2:167-8.

Hannon, G.J. 2002. RNAinterference. Nature. 418:244-51. McManus, M.T., and P.A.

Sharp. 2002. Genesilencing in mammals by small interfering RNAs. Nat Rev Genet.

3:737-47. Scherr, M., M.A. Morgan, and M. Eder. 2003b. Genesilencing 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 siRNAfor inhibition of gene expression in

postnatal mice. Nat Genet. 32:107-8. Paul, C.P., P.D. Good, |. Winer, and D.R. Engelke.

2002. Effective expression of small interfering RNA in humancells. Nat Biotechnol.

20:505-8. Song, E., S.K. Lee, J. Wang, N. Ince, N. Ouyang, J. Min, J. Chen, P. Shankar,

and J. Lieberman. 2003. RNAinterference 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 siRNAsin adult mice. J Mol Biol. 327:761-6.

Virus mediated transfer: Abbas-Terki, T., W. Blanco-Bose, N. Deglon, W. Pralong, and P.

Aebischer. 2002. Lentiviral-mediated RNAinterference. Hum Gene Ther. 13:2197-201.

Barton, G.M., and R. Medzhitov. 2002. Retroviral delivery of small interfering RNA into

primary cells. Proc Natl Acad Sci US 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 approachesto HIV infection. Am J Pharmacogenomics.

2:245-52. Matta, H., B. Hozayev, R. Tomar, P. Chugh, and P.M. Chaudhary. 2003. Use of

lentiviral vectors for delivery of small interfering RNA. CancerBiol Ther. 2:206-10. Qin,

X.F., D.S. An, |.S. Chen, and D. Baltimore. 2003. Inhibiting HIV-1 infection in human T

cells by lentiviral-mediated delivery of small interfering RNA against CCRS5. Proc Natl

Acad Sci US 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 S.N. 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 siRNAto the target cells are based on nanoparticles or

nanocapsules such as those described in US patent numbers 6,649,192B and

5,843,509B.

Formulations

In therapeutic applications, agents capable of inhibiting the action of IL-11 or agents

capable of preventing or reducing the expression of IL-11 or IL-11R are preferably

formulated as a medicament or pharmaceutical together with one or more other

pharmaceutically acceptable ingredients well knownto thoseskilled 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 subjectin

question (e.g., human) without excessivetoxicity, 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 knownin the art of pharmacy.

Such methodsinclude 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. Injectable formulations

may comprise the selected agentin 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 dosageetc, is within the responsibility of

general practitioners and other medical doctors, and typically takes accountof the

disorderto be treated, the condition of the individual patient, the site of delivery, the

method of administration and other factors knownto 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 usedherein, “fibrosis” refers to the formation of excessfibrous 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 strandsorfibers, which may be

arrangedirregularly or aligned. The ECMof 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)

whichis greater than the amount of connective tissue present at that location in the

absenceoffibrosis, 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 absenceoffibrosis, e.g. under normal, non-pathological conditions.

The cellular and molecular mechanismsof 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 responsetotissue injury, damaged cells and leukocytes produce pro-fibrotic factors

such as TGFB, IL-13 and PDGF,which activate fibroblasts to aSMA-expressing

myofibroblasts, and recruit myofibroblasts to the site of injury. Myofibroblasts produce a

large amountof 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

excessfibrous 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, é.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 asbestosfibres orsilica.

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

mayinvolve 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 embodimentsfibrosis is of the

atrium and/or ventricles of the heart. Treatment or prevention of atrial or ventricular

fibrosis may help reducerisk or onsetofatrial 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 notlimited to: respiratory conditions such as pulmonary fibrosis, cystic

fibrosis, idiopathic pulmonary fibrosis, progressive massivefibrosis, scleroderma,

obliterative bronchiolitis, Hermansky-Pudlak syndrome, asbestosis, silicosis, chronic

pulmonary hypertension, AIDS associated pulmonary hypertension, sarcoidosis, tumor

stromain 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 glomerular fibrosis, atheroscierosis, 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 pulmonary fibrosis, atrial

fibrillation, ventricularfibrillation, 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.

Treaiment, prevention or alleviation of fibrosis according to the present invention may be

of fibrosis that is associated with an upregulation of IL-11, e.g. an upregulation of IL-11 in

cells or tissue in which the fibrosis occurs or may occur, or upregulation of extracellular

IL-71 or IL-77R.

Treatmentoralleviation 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 developmentof the

fibrosis. In some embodiments treatmentoralleviation may lead to an improvementin

the fibrosis, e.g. a reduction in the amount of deposited collagenfibres.

Prevention of fibrosis may refer to prevention of a worsening of the condition or

prevention of the developmentof 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, butis

more preferably human. The subject may be male or female. The subject may be a

patient.

Sample

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 maybe 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 IL-11 expression levels.

Samples may be used to determine the upregulation of IL-11 or IL-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 bea 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 cardiacfibroblasts 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):517)

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 eyetissue, e.g. they may be corneal fibroblasts.

Upregulation of IL-11 or IL-11R expression
 

Some aspects and embodiments of the present invention concern detection of expression

of IL-11 or IL-11R, 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 IL-11 or IL-11R (as a protein or oligonucleotide encoding

the respective IL-11 or IL-11R) and detection of such upregulation as an indicator of

suitability for treatment with an agent capable of inhibiting the action of IL-11 or with an

agent capable of preventing or reducing the expression of IL-11 or IL-11R.

Upregulation of IL-11 or IL-11R expression comprises expression of IL-11 or IL-11R ata

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 IL-11 or IL-11R

in a cell or tissue. A comparison may be made betweenthelevel of IL-11 or IL-11R

expression in a cell or tissue sample from a subject and a reference level of IL-11 or IL-

11R, e.g. a value or range of values representing a normal level of expression of IL-11 or

IL-11R for the same or corresponding cell or tissue type. In some embodiments reference

levels may be determined by detecting IL-11 or |L-11R expressionin a control sample,

€.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 IL-11 or IL-11R may be considered to be present

whenthe 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 oneofat 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.

IL-11 or IL-11R expression levels may be determined by one of a numberof knownin

vitro assay techniques, such as PCR basedassays, 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 IL-11 or

IL-11R in a sample by contacting the sample with an agent capable of binding IL-11 or IL-

11R and detecting the formation of a complex of the agent and IL-11 or IL-11R. The

agent may be anysuitable binding molecule, e.g. an antibody, polypeptide, peptide,

oligonucleotide, aptamer or small molecule, and may optionally be labelled to permit

detection, ¢.g. visualisation, of the complexes formed. Suitable labels and meansfor their

detection are well known to thosein 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. °2P, °°P, °°S), 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 knownto those of skill in the art and can be selected to

correspondwith 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 IL-11 or IL-11R in a sample.

Quantified amounts of IL-11 or IL-11R from a test sample may be compared with

reference values, and the comparison used to determine whether the test sample

contains an amountof IL-11 or IL-11R that is higher or lower than that of the reference

value to a selected degreeof statistical significance.

Quantification of detected IL-11 or IL-11R may be used to determine up- or down-

regulation or amplification of genes encoding IL-11 or IL-11R. In cases wherethetest

sample containsfibrotic cells, such up-regulation, down-regulation or amplification may

be comparedto a reference value to determine whetheranystatistically significant

difference is present.

Subject selection

A subject may be selected for treatment based on a determination that the subject has an

upregulated level of IL-11 or IL-11R expression. IL-11 or IL-11R may therefore act as a

markerof a fibrosis that is suitable for treatment with an agent capable of inhibiting the

action of IL-11 or with an agent capable of preventing or reducing the expression of IL-11

or IL-11R.
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Upregulation maybein a giventissue or in selected cells from a given tissue. A preferred

tissue may be oneof heart, liver or kidney. A preferred tissue may be eye. A preferred

cell type may befibroblasts 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 IL-11 or IL-11R.

Determination of IL-11 or |L-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 treatmentforfibrosis by

administration of an agent capableof inhibiting the action of IL-11 or an agent capable of

preventing or reducing the expression of IL-11 or IL-11R.

In some embodiments a subject may have been diagnosed with fibrosis, be suspected of

having fibrosis or be consideredat risk of developing fibrosis andit 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 IL-11 or IL-11R.

In such embodiments, the suitability of the subject for such treatment may be determined

by determining whether IL-11 or IL-11R expression is upregulated in the subject. In some

embodiments, IL-11 or IL-11R expression is locally or systemically upregulated in the

subject.

Diagnosis and Prognosis

The detection of upregulation of |L-11 or IL-11R expression may also be used ina

method of diagnosing fibrosis or the risk of developing fibrosis in a subject, and in

methodsof prognosing or predicting a subject's response to treatment with an agent

capableof inhibiting the action of IL-11 or an agent capable of preventing or reducing the

expression of IL-11 or IL-11R.

In some embodiments a subject may be suspected of having fibrosis, e.g. based on the

presenceof other symptomsindicative of fibrosis in the subject’s bodyorin 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 IL-11 or IL-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 capableof inhibiting the action of IL-11 or an agent capable of

preventing or reducing the expression of IL-11 or IL-11R.

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 IL-11 or IL-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 capableof inhibiting the

action of IL-11 or an agent capable of preventing or reducing the expression of IL-11 or

IL-11R.

In some aspects methods of diagnosis or methods of prognosing or predicting a subject's

responseto treatment with an agent capable of inhibiting the action of IL-11 or an agent

capable of preventing or reducing the expression of IL-11 or IL-11R may not require

determination of IL-11 or IL-11R levels, but may be based on determining genetic factors

in the subject that are predictive of upregulation of |L-11 or IL-11R expression,or

upregulation of IL-11 or IL-11R activity. Such genetic factors may include the

determination of genetic mutations, single nucleotide polymorphisms (SNPs) or gene

amplification in IL-11 and/or IL-11R that are correlated with and/or predictive of

upregulation of IL-11 or IL-11R expression or activity or IL-11 mediated signaling activity.

The use of genetic factors to predict predisposition to a disease state or response to

treatment is knownin the art, e.g. see Peter Starkel Gut 2008;57:440-442; Wrightet al.,

Mol. Cell. Biol. March 2010 vol. 30 no. 6 1411-1420.

Genetic factors may be assayed by methods knownto thoseof 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 maybe classified as being at risk of

developing fibrosis, and/or a subject may be identified as being suitable for treatment with

an agent capable ofinhibiting the action of IL-11 or an agent capable of preventing or

reducing the expression of IL-11 or IL-11R.
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Some methods may comprise determination of the presence of one or more SNPslinked

to secretion of IL-11 or susceptibility to developmentof fibrosis. SNPs are usually bi-

allelic and therefore can be readily determined using one of a numberof conventional

assays knownto thoseof 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 QuantBiol 2003. 68: 69-78; Matsuzaki etal.,

Parallel Genotyping of Over 10,000 SNPsusing 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 IL-11 secretion or susceptibility to development

of fibrosis.

Accordingly, in one aspect of the present invention a method for screening a subjectis

provided, the method comprising:

obtaining a nucleic acid sample from the subject;

determining whichallele is present in the sample at the polymorphic nucleotide

position of one or more of the SNPslisted 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

rP20.8.

The determining step may comprise determining whether the minorallele is present in the

sample at the selected polymorphic nucleotide position. It may comprise determining

whether O, 1 or 2 minoralleles are present.

The screening method maybe,or form part of, a method for determining susceptibility of

the subject to developmentof 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 subjectis

determined to have a minorallele 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 (IL-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

Ex. 2001 - Page1098



Ex. 2001 - Page1099

10

15

20

25

30

35

WO 2017/103108 PCT/EP2016/081430

48

for fibrosis in the subject or to prevent developmentor progressionoffibrosis in the

subject.

SNPsthat may be determined include one or more of the SNPslisted in Figure 33, Figure

34, or Figure 35. In some embodiments the method may comprise determining one or

more of the SNPslisted in Figure 33. In some embodiments the method may comprise

determining one or more of the SNPslisted in Figure 34. In some embodiments the

method may comprise determining one or more of the SNPslisted in Figure 35. SNPs

may be selected for determination as having a low P value or FDR(false discovery rate).

In some embodiments SNPsare selected as being good predictors of responseto anti-IL-

11 treatment based on regulation of VSTstim in frans (Figures 33). In some embodiments

a method may comprise determining whichallele 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 responseto anti-IL-11

treatment based on regulation VSTstim-VSTunstim in cis (Figure 34).

In some embodiments SNPsare selected as being good predictors of responseto 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 chromosome11 (in a so-called LD block), and are therefore

very commonly co-inherited.

The squareof the correlation of gene frequencies(r*) reflects the degreeof linkage

disequilibrium (LD) between two SNPs.As a result of LD between SNPsin 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 usedin

the art to identify pairwise tagging/proxy SNPsis an r* value of 0.8 (Wangetal. 2005,

Nat. Rev. Genet. 6(2): 109-18; Barrett et al. 2006, Nat Genet., 38 (6): 659-662). The

genotype of a given SNP cantherefore be inferred by determining the genotype of a

tagging/proxy SNP in linkage disequilibrium with an value = 0.8.
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The nucleotide sequence of SNPsis indicated using the “rs” number. Thefull sequence

is available from the National Center for biotechnology Information (NCBI) database of

single nucleotide polymorphisms (dbSNP) accessible at:

https://www.ncbi.nim.nih.gov/snp.

Methodsof diagnosis or prognosis may be performed/n 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 presentfor the in vitro method of diagnosis or

prognosis to be performed and therefore the method may be one whichis not practised

on the humanor 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 combinationis 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 beillustrated, by way of

example, with reference to the accompanying figures. Further aspects and embodiments

will be apparent to thoseskilled in the art. All documents mentionedin this text are

incorporated herein by reference.

Throughoutthis 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 appendedclaims, 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 experimentsillustrating the principles of the invention will now be

discussed with reference to the accompanying figures in which:

Figure 1. TGFB1 stimulation upregulates IL-11 in fibroblasts. Primary fibroblasts

were derived from humanatrial tissue of 80 individuals and incubated for 24h with and

without TGFB1 (Sng/ml). (a) Chart showing IL-11 was the most upregulated gene in

TGFB1 stimulated fibroblasts compared to 11,433 expressed genes (FPKM 2 0.5). (b)

Chart showing IL-11 expression significantly increased more than 8-fold on average after

fibroblast activation with TGFB1 (FDR = 9.1x10°'°). (c) Chart showing RT-qPCR

confirmed IL-11 RNA expression-based fold changes (TGFB1+ / TGFB1-; R?=0.94) and

(d) Chart showing ELISA detected a significant increase in IL-11 protein secreted by

stimulated fibroblasts.

Figure 2. Humanatrial fibroblasts were incubated either with 5 ng/ml TGFB1 or 5

ng/ml IL-11 for 24 hours. Charts show cell staining for (a) a-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. IL-11 was

found to increase the myofibroblast ratio and induce the production of collagen and

periostin at a similar rate as TGFB1 signaling. This experiment was repeated a numberof

times with similar results.
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Figure 3. Inhibition of IL-11 with a neutralizing antibody prevents TGFB1-induced

fibrosis. Humanatrial fibroblasts were stimulated with TGFB1 (5ng/ml), TGFB1 and an

antibody against IL-11 or TGFB1 and an isotype control. Charts and photographs show

cell stained after 24 hours for (a) a-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 IL-11, TGFB1-

stimulated fibroblasts have a decreased ratio of myofibroblasts, are less proliferative and

expressless collagen and periostin compared to control cells. This showsthat IL-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 IL-11 in fibroblasts. Primary fibroblasts

were derived from humanatrial tissue of 80 individuals and incubated for 24h with and

without TGFB1 (Sng/ml). (a) Chart showing IL-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 transcriptomeprofiling. (b) Chart showing

IL-11 expression in non-stimulated (TGF-B -) and stimulated (TGF-8 +) primary human

fibroblasts compared to all humantissues 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 IL-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, IL11-expressing, fibroblasts.

Figure 5. IL-11 acts as an autocrine factor on fibroblasts and inducesits own

expression via translational regulation alone. Primary fibroblasts were stimulated with

TGF-B for 24 hours. (a) Chart showing IL-11 RNA expression increased significantly

(FDR = 9.1x10°'25) more than 8-fold on average across 80 individuals. (b) Chart showing

results of an ELISA assay confirming a significant increase in IL-11 protein secreted by

stimulated fibroblasts (t-test). (c) Chart showing incubation of primary fibroblasts with IL-

11 does not increase IL-11 RNA levels (RT-qPCR). (d) Chart showing incubation of

primary fibroblasts with IL-11 induces IL-11 protein secretion significantly (Dunnett) as

detected by ELISA. Adjusted P-values are given as **** P < 0.0001.
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Figure 6. IL-11 drives proliferation and activation of fibroblasts as well as

extracellular matrix production and is required for the TGFB1-mediatedfibrotic response.

Cardiacfibroblasts derived from 3 individuals were incubated for 24h with TGFB1 (5

ng/ml), IL-11 (5 ng/ml) or TGFB1 and a neutralizing IL-11/control antibody. Charts and

photographs show results of cell staining following incubation for (a) a-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 IL-6 (d), TIMP1 (6) and MMP2(f) as assessed via ELISA. Fluorescence

was normalized to the control group without stimulation and the mean with standard

deviation is plotted. IL-11 induces a fibrotic responseat similar levels as TGFB1 and

inhibition of IL-11 rescues the TGFB1 phenotype onthe protein level. Adjusted P-values

are given as * P < 0.05, ** P < 0.01, *** P < 0.001 or **** P < 0.0001 of experimental

groups comparedto unstimulated cells (Dunnett). Outliers were removed (ROUT, Q =

2%).

Figure 7. IL-11 promotes collagen protein synthesis and stalls the pro-fibrotic effect

of TGFRB1 at the RNA level. Cardiac fibroblasts derived from 3 individuals were incubated

for 24h with TGFB1 (5 ng/ml), IL-11 (5 ng/ml) or TGFB1 and a neutralizing IL-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.IL-11 induces a

fibrotic response at similar levels as TGF£1 only at the protein level. Higher expression of

Collagen RNAtranscripts by TGFB1 did not lead to increased protein production if IL-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. IL-11 is a fibrosis marker and activator across multiple tissues. Expression

of IL-11 can be induced bya diverse set of upstream pro-fibrotic stimulants in addition to

TGFB1. (a) Chart showing effect of TGF81 on IL-11 expression. (b) Chart showing ET-1

(Endothelin) upregulates IL-11 in hepatic and pulmonaryfibroblasts; (c) Chart showing

PDGF (platelet derived growth factor) induces IL-11 expression in renal fibroblasts. IL-11
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RNAlevels were measured by RT-gPCR; adjusted P-values are given as * P < 0.05, ** P

< 0.01 or **** P < 0.0001 (Dunnett). To investigate the systemic effect of IL-11, saline only

(grey) or recombinant IL-11 (black) was injected 6 times a week in C57BL/6 mice

(200ug/kg). Collagen content in tissue was assessed with a hydroxyproline assay

(QuickZyme) on the protein level and the results are shownin chart (d). Tissues of

animals treated with riL-11 have higher collagen protein content than controls (ANOVA;

p= 0.012). (e) Photographs of western blot showing aSMaAlevels are increasedin the

kidney and heart of IL-11 treated mice, indicating the presence of myofibroblasts.

Figure 9. Diagram illustrating role of IL-11 as an essential regulatorof the fibrotic

response. IL-11 is an essential regulator required for the fibrotic response. In response to

tissue damageorchronic inflammation, cytokines such as TGFB1, ET-1 or PDGF are

released to upregulate the transcription of fibrosis marker genes. The autocrine agentIL-

11 is then produced in response to these upstream stimuli to ensureefficient translation

of upregulated transcripts into functionally relevant proteins in a cell-specific manner.

Inhibition of IL-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 responseto pro-

fibrotic cytokines ANG2 (Angiotensin Il), PDGF and ET-1. Cardiac fibroblasts were

incubated for 24h with ANG2, PDGFor ET-1 and a neutralizing IL-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 IL-11 is neutralized with an antibody. P-values are given as: **** P < 0.0001

(t-test).

Figure 11. Nucleotide sequence of human IL-11, taken from Genbank accession

numbergi|391353405|ref[NM_000641.3 (Homo sapiens interleukin 11 (IL11), transcript

variant 1, Mrna) [SEQ ID NO:1]. Underlined sequence encodes IL-11 mRNA. Shaded

sequences were usedfor design of IL-11 knockdown siRNA and are shown separately as

SEQ ID NOs 2 to 5. SEQ ID NOs3 and 4 overlap with each other within SEQ ID NO:1.

Figure 12. Nucleotide sequence of human |IL-11Ra, taken from Genbank

accession numbergi|975336|gb|U32324.1|HSU32324 (Humaninterleukin-11 receptor

alpha chain mRNA, complete cds) [SEQ ID NO:6]. Underlined sequence encodesIL-
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11Ra mRNA. Shaded sequences were used for design of IL-11Ra knockdown siRNA

and are shown separately as SEQ ID NOs7 to 10.

Figure 13. Table showing siRNA sequences [SEQ ID NOs11 to 14] for

knockdownof IL-11.

Figure 14. Table showing siRNA sequences [SEQ ID NOs15 to 18] for

knockdownof IL-11Ra.

Figure 15. Chart showing siRNA knockdownof IL-11Ra in HEK cells.

Figure 16. Graph showing read depth for whole transcriptome sequencing of human

atrial fioroblasts 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 ofthe tissue of origin (humanatrial 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 IL-11 expressionin fibroblasts in response

to stimulation with TGFB1. (A and B) Graphs showing fold change in gene expression in

fibrosis; IL-11 is the most upregulated gene in response to TGFB1 treatment. (C) IL-11

secretion by fibroblasts in response to stimulation with TGFB1. (D) Comparison of IL-11

gene expressionin tissues of healthy individuals and in atrial fibroblasts, with or without

TGFB1 stimulation. (E) Correspondenceof fold change in IL-11 expression as determined

by RNA-seq vs. qPCR.

Figure 19. Graphs showing induction of IL-11 secretion in primary fibroblasts by

various profibrotic cytokines, as determined by ELISA. (A) TGFB1, ET-1, Angll, PDGF,

OSM and IL-13 induce IL-11 secretion, and IL-11 also induces IL-11 expression ina

positive feedback loop. (B) Graph showing that the ELISA only detects native IL-11

secreted from cells, and does not detect recombinant IL-11 used for the IL-11 stimulation

condition. (C) and (D) Cells were stimulated with recombinant IL-11, IL-11 RNA was

measured and the native IL-11 protein level was measuredin the cell culture supernatant

by ELISAatthe indicated time points.
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Figure 20. Graphs and images showing myofibroblast generation from, and

production of ECM and cytokine expressionby,atrial fibroblasts in response to

stimulation with TGFB1 or IL-11. (A) myofibroblast generation and ECM production by

primary atrial fibroblasts following stimulation with TGFB1 or IL-11, as measured by

fluorescence microscopyfollowing staining for a a-SMA,collagen or periostin. (B)

Collagen content of cell culture supernatant as determined by Sirius Red staining.

Secretion of the fibrosis markers (C) IL-6, (D) TIMP1 and (E) MMP2 as measured by

ELISA.(F) Activation of murine fibroblasts by stimulation with human or mouse

recombinant IL-11. * P < 0.05, ** P < 0.01, *** P < 0.001, **** P < 0.0001 [Mean + SD,

Dunnett].

Figure 21. Graphs showing the profibrotic effect of IL-11. (A) Mouse fibroblasts from

different tissues of origin can be activated by IL-11 and display increased ECM

production. [Mean + SD, Dunnett]. Injection of mice with recombinant IL-11 or Angll

results in (B) an increase in organ weight [Mean + SEM], and (C) an increasein collagen

content (as determined by HPA assay). * P < 0.05, ** P < 0.01, *** P < 0.001, **** P <

0.0001 [Mean + SD, Dunnett].

Figure 22. Graphs and images showing that IL-11 is required the pro-fibrotic effects of

TGFB£1 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-IL-11 antibody or isotype control IgG, as measured by fluorescence

microscopyfollowing staining for (A) o-SMA, (B) EdU or (C)Periostin. (D to F) Secretion

of the fibrosis markers (D) IL-6, (E) TIMP1, and (F) MMP2 wasanalysed by ELISA.

Fluorescence was normalized to the control group without stimulation. [Mean + 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 IL-11 on

collagen production triggered by TGFB1. Collagen production by cardiacfibroblasts with

or without stimulation with TGFB1, and in the presence/absenceof neutralising anti-IL-11

antibody or isotype control IgG, as determined by (A) Operetta assay or (B) Sirius Red

staining. [Mean + SD, Dunnett] * P < 0.05, ** P < 0.01, *** P < 0.001 or **** P < 0.0001.

Figure 24. Graphs showingtheability of various IL-11 and IL-11Ra antagonists to

inhibit fibrosis. Humanatrial fibroblasts were treated with neutralizing antibody againstIL-

11, neutralizing antibody against IL-11Ra, decoy IL-11 receptor molecule that bindsto IL-
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11, siRNA that downregulates IL-11 expression or siRNA that downregulates IL-11RA

expression and the effect on the TGFB1-driven pro-fibrotic responsein fibroblasts fn vitro

was analysed. [Mean + SD, Dunnett] * P < 0.05, ** P < 0.01, *** P < 0.001 or **** P <

0.0001.

Figure 25. Bar charts showing the responseof fibroblasts from IL-11-RA knockout

mice to pro-fibrotic treatment. Fibroblasts derived from IL-11RA WT (+/+), Heterozygous

(+/-) and Homozygousnull (-/-) mice were incubated for 24h with TGFB1, IL-11 or Angll

(5 ng/ml). (A) Percentage of myofibroblasts as determined by analysis aSMA content, (B)

Percentageproliferating cells as determined by staining for EdU, (C) Collagen content

and (D) ECM production as measured by detection of periostin [Mean + SD].

Figure 26. Graphs showing the effect of IL-11 neutralisation on fibrosis in response to

various pro-fibrotic stimuli. Fibroblasts were cultured in vifro in the presence/absence of

various different pro-fibrotic factors, and in the presence/absenceof neutralising anti-IL-

11 antibody or pan anti-TGFB antibody (A) Collagen production and (B) myofibroblast

generation as determined by analysis of aSMA expression. [Mean + SD, Dunnett] * P <

0.05, ** P < 0.01, *** P < 0.001 or **** P < 0.0001.

Figure 27. Bar charts showing expression of markersoffibrosis in the atrium and

heart of WT and IL-11RA (-/-) animals following treatment with Angll treatment. (A)

Collagen content, as measured by hydroxyproline assay. (B) Collagen (Col1A2)

expression. (C) aSMA (ACTA2) expression. (D) Fibronectin (Fn1) expression.

Figure 28. Graphs showing the effect of IL-11RA knockout on folate-induced kidney

fibrosis as measured by collagen contentin kidneytissue.

Figure 29. Schematics of the experimental procedures for analysing fibrosis in (A)

lung, (B) skin and (C) eye for IL-11RA -/- mice as compared to IL-11RA +/+ mice.

Figure 30. Scatterplots showing fold change in gene expression. (A) Fold changesin

gene expressionin fibroblasts following stimulation with TGF®@1, IL-11 or TGFB1 and IL-

11. (B) Fold changes in gene expressionin fibroblasts obtained from IL-11RA+/+ and IL-

11RA-/- mice following stimulation with TGFB1.
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Figure 31. Photographs showing the effect of IL-11RA knockout on wound healing

and fibrosis in the eye following trabeculectomy(filtration surgery). (A) Eye sections of IL-

11RA+/+ (WT) and IL-11RA-/- (KO) animals 7 days afterfiltration surgery. (B) Maturation

of collagen fibres as evaluated by picro-sirius red/polarization light technique (Szendrdi et

al. 1984, Acta Morphol Hung 32, 47-55); more fibrosis is observed in WT mice than KO

mice.

Figure 32. Graphs showingthe effect of decoy IL-11 receptors on fibrosis in response

to stimulation with TGFR1. Fibroblasts were cultured in vitro in the presence/absence of

TGFB1 (5 ng/ml), in the presence or absence of (A) D11R1 (Decoy Receptor 50aa

Linker) or (B) D11R2 (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 aSMA expression.

Figure 33. Table showing SNPs regulation of IL-11 VSTstm in trans.

Figure 34. Table showing SNPsregulation of IL-11 VSTstim — VSTunstim in cis.

Figure 35. Table showing SNPsregulation of IL-11 VSTstim — VSTunstim in frans.

Figures 36A, 36B, 36C and 36D Charts showing regulation of IL-11 response bylocal

SNPs. The RNAof unstimulated and stimulated (TGFB1, 5ng/ml, 24h) fibroblasts derived

from 69 genotypedindividuals was sequenced. Samples were grouped according to

genotype andthe increasein IL-11 expression (VST-stim-VSTunstin) WaS Compared between

groups with 0, 1 or 2 minoralleles.

Figure 37. Charts showing regulation of IL-11 response by distant SNPs. The

RNAof 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 IL11 expression (VSTstin-VSTunstin) WaS Compared between groups

with 0, or 1 minorallele.

Figures 38A, 38B, 38C and 38D. Graphs showing that IL-11 is required the pro-fibrotic

effects of TGF£1 in liver fibroblasts. Activation and proliferation of primary humanliver

fibroblasts, with or without stimulation with TGFB1, and in the presence/absence of

neutralising anti-IL-11 antibody or isotype control IgG, as measured by analysis of the
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proportion of (A) a-SMA positive cells, (B) EdU positive cells, (C) Collagen positive cells

and (D) Periostin positive cells as compared to the unstimulated cells (Baseline). [Mean +

SD, Dunnett] * P < 0.05, ** P < 0.01, *** P < 0.001 or **** P < 0.0001.

Figure 39. Bar chart showing that IL-11 is required for the pro-fibrotic effects of

TGF£1 in skin fibroblasts. Activation of mouse skin fibroblasts, with or without stimulation

with TGFB1, and in the presence/absenceof neutralising anti-IL-11 antibody, as

measured by analysis of the percentage of a-SMApositive cells (activated fibroblasts).

Figure 40. Bar chart showinglung fibroblast cell migration with and without IL-11

signalling. Migration of lung fibroblasts from IL-11RA+/+ (WT) and IL-11RA-/- (KO)

animals was analysed in an in vitro scratch assay without stimulus, or in the presence of

TGFB£1 or IL-11.

Examples

Example 1

The fibrotic response is characterized by widespread molecular changesin activated

residentfibroblasts. To establish the role of IL-11 as a key markerofthis 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 (TGFB1)

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.

IL-11 expression wassignificantly induced in response to TGFB1 treatment with RNA

levels increasing as much 30x (> 8x on average). IL-11 expression was higher than

expression of all other individual genes (Figures 1a,b), meaning that of the ~11,500

genes expressedin fibroblasts IL-11 is the most markedly upregulated. This upregulation

IL-11 was confirmed with RT-qPCRas well as ELISA experiments (Figures 1c,d),

indicating increased production and release of IL-11 protein in activated fibroblasts is the

main drivers of fibrosis.
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To assess whetherIL-11 acts as an autocrine signaling factor that drives fibrosis, we

incubated non-stimulated atrial fibroblasts with recombinant IL-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.

IL-11 activated fibroblasts also differentiated into c0-SMA+ myofibroblasts (Figure 2).

In addition to its pro-fibrotic function, I|L-11 was also found to playacritical role in the

TGFB1 induced fibrotic responseitself. Inhibition of IL-11 with a neutralising anti- human

IL-11 monoclonal antibody (Monoclonal Mouse IgG; 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

IL-11 antibody was present(Figure 3).

Weshowedthat IL-11 neutralizing antibodies prevent TGFB1-induced fibroblast

activation.

Example2

Inflammation and tissue damage stimulates a dynamic processthat 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 changesin activated resident fibroblasts that can be induced by TGFB1, a

multifunctional cytokine that is released by local and infiltrating cells.

To identify key markersof this transition we assessed and ranked global RNA expression

differences via transcriptome sequencingin atrial fibroblasts derived from 80 individuals

before and 24 hours after TGFB1 treatment. As discussed in Example 1, IL-11 expression

wassignificantly upregulated in activated fibroblasts and we showedforthefirst time that

the IL-11 transcriptional responseis higher than the transcriptional responseof all other

individual genes regulatedin fibrosis (Figure 4a). Comparison of the IL-11 expression

level in our model system to various human tissuesindicated that high IL-11 levels were

also very specific for the fibrotic response (Figure 4b), making it an ideal markerto

assessthe extent of fibrosis in the human body.
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To further assess whether IL-11 acts as an autocrine signaling factor that drivesfibrosis,

we confirmed that an upregulation of IL-11 RNA (Figure 5a) lead to an increasein IL-11

secretion (Figure 5b) from atrial fibroblasts. Incubation of fibroblasts with IL-11 did not

increase IL-11 RNA expression (Figure 5c), but lead to an increase in IL-11 secretion

from the cells (Figure 5d). This shows that IL-11 is having an autocrine effect on

fibroblasts that regulates the production of IL-11 protein at the translational level.

Wethen incubatedatrial fibroblasts with TGFB1, recombinant IL-11 or TGFB1 and a

neutralising anti- human IL-11 monoclonal antibody (Monoclonal Mouse IgGz2a; 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 increasein activated fibroblasts (aSMA-positive cells), periostin production and cell

proliferation at a similar level for both TGFB1 and IL-11 stimulated fibroblasts. In addition

to its pro-fibrotic function, IL-11 was also found to play a critical role in the TGF81 fibrosis

itself. The pro-fibrotic effect of TGFB1 was inhibited when we neutralized IL-11 with the

antibody (Figures 6a-c). The same pattern was observed when we monitored the

secretion of fibrosis markers such as IL6, MMP2 and TIMP1 (Figures 6d-f).

Wethen monitored the deposition of collagen, the pathognomonic hallmarkof the fibrotic

response, using a numberof assays across several regulatory levels of gene expression.

TGFB1 was found to increaseintracellular collagen (Figure 7a), secreted collagen (Figure

7b) as well as collagen RNAlevels (Figure 7c) as expected. The responseto IL-11 was

only observedat the protein level (Figure 7a,b) and not on the RNAlevel (Figure 7c).

Stimulation with TGFQ@1 in parallel to inhibiting IL-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 IL-11 in fibrosis downstream of multiple pro-fibrotic

stimuli, we assessed IL-11 expression acrossfibroblast populations derived from four

different tissues in response to TGF@1 (Figure 8a), ET-1, (Figure 8b) and PDGF (Figure

8c). We also administered recombinant IL-11 systemically to C57BL/6 mice and

monitored collagen and aSMA 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 aSMAprotein levels (Figure 8e).
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Our findings demonstrate a novel and central role for IL-11 in fibrosis and, most

importantly, show that IL-11 is downstream of the key pro-fibrotic stimuli across several

tissues. These results show that IL-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-IL-11 antibodies inhibit pro-fibrotic stimuli

In experiments similar to those described in respect of Figure 3c,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 IL-11 mRNA expression, each of ANG2, PDGF and ET-1

induced IL-11 protein expression. Inhibition of |L-11 with a neutralising anti- human IL-11

monoclonal antibody (Monoclonal Mouse IgGz2a; Clone #22626; Catalog No. MAB218;

R&D Systems, MN, USA) blocked the pro-fibrotic effect of each of these pro-fibrotic

stimuli (Figure 10) indicating IL-11 to be the central effector of the major pro-fibrotic

stimuli (TGFB1, ANG2, PDGF and ET-1).

Example4:IL-11Rknockdown

HEK cells were transfected (24h) with non-targeting (NT) siRNA or one of four different

siRNAs against the IL11RA1 receptor (siRNAs 5-8; Figure 14; SEQ ID NOs 15 to 18).

RNA wasextracted and assayed for IL11RA1 mRNA expression by qPCR.Data are

shownin Figure 15 as MRNA expression levels relative to the control (NT).

Example 5: A role for IL-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

underwentcardiac bypass surgery at the National Heart Centre Singapore. Cells were

cultured in vifro 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 (humanatrial 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 17C) was detectedin the fibroblast cell culture samples.

Markersfor fibroblasts COL1A2 (Figure 17D) and ACTA2 (Figure 17E) were highly

expressed comparedto the tissue of origin.

Next, the RNA-seg 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-myofibroblasttransition.

The results are shownin Figures 18A to 18E. Across the 10000+ genes expressedin the

fibroblasts, IL-11 was the most strongly upregulated gene in responseto stimulation with

TGFB1, and on average across the 160 individuals was upregulated more than 10-fold

(Figure 18A).

Upregulation of IL-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 IL-11 in other tissues of healthy individuals, this response was

observed to be highly specific to activated fibroblasts (Figure 18D). Various fold changes

of IL-11 RNA expression were also confirmed by qPCR analysis (Figure 18E).

Next, fibroblasts were cultured in vifro and stimulated with several other known pro-

fibrotic factors: ET-1, ANGII, PDGF, OSM andIL-13, and also with human recombinant

IL-11. For analysing upregulation of IL-11 produced in responseto stimulation with IL-11,

it was confirmed that the ELISA wasonly able to detect native IL-11 secreted from cells

and does not detect recombinant IL-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 IL-11

secretion from fibroblasts. IL-11 is shown to act in an autocrine loopin fibroblasts, which

can result in an upregulation of IL-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 Bicol Chem 394, 1145-1161), which is proposed to ensure the continued

survival and growth of lung and breast cancercells (Grivennikov and Karin, 2008 Cancer

Cell 13, 7-9).

No increase in IL-11 RNA level was detected in responseto stimulation with IL-11 (Figure

19D). Unlike TGFB1, which increases IL-11 expression at both the RNA andprotein level,

therefore IL-11 seems to upregulate IL-11 expression only at the post-transcriptional

level.

5.2 |L-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 fn vitro with recombinant IL-11, and the fraction of myofibroblasts (aSMA-

positive cells) and extracellular matrix production was analysed.

The expression of aSMA,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 a-SMAcontent 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 assessedfor

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 shownin Figures 20A to 20F. TGFR1 activated fibroblasts and increased

ECM production (Figure 20A). Unexpectedly, and in contrast with the anti-fibrotic role

described for IL-11 in heart tissue in the scientific literature, recombinant IL-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 IL-11 and TGFB1 cytokines also significantly increased the

secretion of pro-fibrotic markers IL-6, TIMP1 and MMP2 (Figures 20B to 20E), and toa

similar level.

The inventors hypothesized that the contradiction between the present finding that IL-11

is profibrotic in heart tissue and the antifibrotic role described in the literature might be
 

related to the use of human IL-11 in rodents in those previous studies (Obanaetal.,

2010, 2012; Stangou et al., 2011; Trepicchio and Dorner, 1998).

To investigate this hypothesis, serial dilutions of both human and mouse |L-11 were

performed, and the activation of humanatrial fibroblasts was monitored (Figure 20F). No

activation of fibroblasts was observed at low concentrations of human IL-11 on mouse

cells, suggesting that previous insights into IL-11 function may in part be due to IL-11-

non-specific observations.

5.3 IL-11 has a profibrotic role in fibrosis of a variety of tissues

To test whetherthe profibrotic action of IL-11 was specific to atrial fibroblasts, human

fibroblasts derived from several different tissues (heart, lung, skin, kidney and liver) were

cultured in vifro, stimulated with human IL-11, and fibroblast activation and ECM

production was analysed as described above. Increasedfibroblast activation and

production of ECM was observed as compared to non-stimulated cultures in fibroblasts

derived from eachofthe tissues analysed.

5.3.1 Liverfibrosis

To test whether IL-11 signalling is importantin liver fibrosis, human primary liver

fibroblasts (Cell Biologics, Cat#: H-6019) were cultured at low passagein wells of 96-well

plates and either not stimulated, stimulated with TGFB1 (Sng/ml, 24h), IL-11 (5 ng/ml,

24h) or incubated with both TGFB1 (5 ng/ml) and a neutralising IL-11 antibody (2 ug/ml),

or TGFB1 (5 ng/ml) and an Isotype control antibody. Fibroblast activation (aSMApositive
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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 humanliver fibroblasts are shown in Figures

38A to 38D. IL-11 was foundto activate liver fibroblasts, and IL-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-IL-11 antibody.

5.3.2 Skin fibrosis

To test whether IL-11 signalling is important in skin fibrosis, primary mouse skin

fibroblasts were cultured at low passagein wells of 96-well plates and either not

stimulated, stimulated with TGFB1 (S5ng/ml, 24h) or incubated for 24h with both TGFB1 (5

ng/ml) and a neutralising IL-11 antibody (2 ug/ml). Fibroblast activation (ASMA 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-IL-11 antibody.

5.3.3 Fibrosis in multiple organs

Next, mouse recombinant IL-11 was injected (100ug/kg, 3 days/week, 28 days) into mice

to test whetherIL-11 can drive global tissue fibrosis in vivo.

The results are shown in Figure 21. Comparedto injection of Angll (a cytokine that

causes an elevation in blood pressure and hypertrophy of the heart), IL-11 also increased

the heart weight but also kidney, lung and liver weight indexed to body weight (Figure

21B). 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 6C). Expression of fibrosis marker genes ACTA2

(= aSMA), Colia1, Col3a1, Fn1, Mmp2 and Timp1 wasalso detected by qPCR analysis

of RNAisolated from heart, kidney, lung and livertissues of these animals.

Example 6: Therapeutic potential of IL-11/IL-11R antagonism

6.1 Inhibition of the fibrotic response using neutralising antagonists of IL-11/IL-11R
 

Next it was investigated whether the autocrine loop of IL-11 secretion was required for the

pro-fibrotic effect of TGFB1 on fibroblasts.
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IL-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 absenceof the antibody, and

fibroblast activation, the proportion of proliferating cells and ECM production and markers

of the fibrotic response were measured.

Briefly, atrial fioroblasts derived from 3 individuals were incubated for 24h with TGFB1 (5

ng/ml) or TGFB1 in the presence of neutralising anti-IL-11 antibody or isotype control

antibody. Following incubation, cells were stained for aSMAto determinethe 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

eachindividual. Secretion of the fibrosis markers IL-6, TIMP1 and MMP2 wasalso

analysed by ELISA. Fluorescence was normalized to the control group without

stimulation.

The results are shownin Figures 22A to 22F. IL-11 inhibition was found to ameliorate

TGF£1-inducedfibrosis, and it was shownthat IL-11 is essential for the pro-fibrotic effect

of TGFB1. Inhibition of IL-11 was found to ‘rescue’ the TGFB1 phenotypeat the protein

level.

Collagen production was also analysed. Cardiac fibroblasts derived from 3 individuals

were incubated for 24h with TGFB1 (5 ng/ml) or TGFB1 and a neutralizing IL-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 shownin Figures 23A and 23B, and confirm the anti-fibrotic effect of

inhibition of IL-11 using a neutralising antibody.

Next, the ability of several other IL-11/IL-11R antagonists to inhibit fibrosis was analysed

in vitro using theatrial fibroblast, TGF61-induced myofibroblast transition assay described

herein above.

Briefly, humanatrial fibroblasts cells were cultured fn vitro, stimulated for 24h with TGFB1

(5 ng/ml) or left unstimulated, in the presence/absence of: (i) neutralising anti-IL-11
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antibody,(ii) a IL-11RA-gp130 fusion protein (iii) neutralising anti-IL-11RA antibody,(iv)

treatment with siRNA directed against IL-11 or (v) treatment with siRNA directed against

IL-11RA. The proportion of activated fibroblasts (myofibroblasts) was analysed by

evaluating aSMA content as described above.

The results are shownin Figure 24. Each of the antagonists of IL-11/IL-11R signalling

wasfound to be able to abrogate TGFB1-mediated profibrotic response.

Example 7: In vivo confirmation of a profibrotic role for IL-11/IL-11R signalling

7.1 In vitro studies using cells derived from IL-11RA gene knock-out mice

All mice were bred and housedin the same room and provided food and wateradlibitum.

Mice lacking functional alleles for IL-11Ra (IL-11RA1 KO mice) were on C57BI/6 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 IL-11/IL-11R signalling, primary

fibroblasts were generated from IL-11RA gene knock-out mice and incubated with

primary fibroblast cells harvested from IL-11RA+/+ (i.e. wildtype), IL-11RA+/- (i.e.

heterozygous knockout) and IL-11RA-/- (i.e. homozygous Knockout) animals with TGFB1,

IL-11 or Angll. Activation and proliferation of fibroblasts and ECM production was

analysed.

Fibroblasts derived from |L-11RA+/+, IL-11RA+/- and IL-11RA-/- mice were incubated for

24 hours with TGFB1, IL-11 or Angll (5 ng/ml). Following incubation, cells were stained

for aSMA 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 shownin Figures 25A to 25D. IL-11RA-/- mice were found not to respond

to pro-fibrotic stimuli. These results suggested that IL-11 signalling is also required for

Angll-induced fibrosis.

Next, it was investigated whetherthis wasalso true for other pro-fibrotic cytokines.

Briefly, fibroblasts were cultured in vitro in the presence/absenceof various different pro-

fibrotic factors (ANG2, ET-1 or PDGF), and in the presence/absence of neutralising anti-
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IL-11 antibody or pan anti-TGFB antibody. After 24 hours, collagen production bythe cells

was determined by analysis using the Operetta system as described above, and

myofibroblast generation was determined by analysis of aSMA expression as described

above.

The results are shown in Figures 26A and 26B. IL-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 IL-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 IL-

11RA (-/-) Knockout mice were grown at low passage on a plastic surface until they

formed a uniform cell monolayer. A scratch was then createdin the cell layer, and cell

migration close to the scratch was monitored, either in the absenceof stimulation, orin

the presence of TGFB1 or IL-11. Images captured at images at the two timepoints of

immediately after creating the scratch and at 24h were used to determine the area

coveredbycells, and the rate of migration was compared between WT and KO

fibroblasts. Cell migration (area in the scratch covered bycells after 24h) was normalized

to the migration rate of WT cells without stimulus.

The results are shownin Figure 40. Lung fibroblasts derived from WT mice were shown

to migrate faster in the presence of TGFB1 and IL-11, indicating a pro-fibrotic effect of

both cytokines in lung fibroblasts. Cells lacking IL-11 signalling derived from KO mice

migrated more slowly as compared to WTcells. They also did not migrate faster in the

presence of TGFB1. The scratch assay revealed thatlung fibroblasts lacking IL-11

signalling have a decreasecell migration rate both in the presence of TGFB1 or IL-11,

and at baseline. Thus, inhibition of IL-11 signalling is anti-fibrotic in the lung.

7.2 Heart fibrosis

Ex. 2001 - Page1119



Ex. 2001 - Page1120

10

15

20

25

30

35

WO 2017/103108 PCT/EP2016/081430

69

The efficacy of IL-11 inhibition to treat fibrotic disorders was investigated in vivo. A mouse

modelfor cardiac fibrosis, in which fibrosis is induced by treatment with Angll, was used

to investigate whether IL-11RA -/- mice were protected from cardiacfibrosis.

Briefly, a pump was implanted, and wildtype (WT) IL-11RA(+/+) and knockout (KO) IL-

11RA(-/-) mice were treated with Angll (2mg/kKg/day) for 28 days. At the end of the

experiment, collagen content was assessedin the atria of the mice using a calorimetric

hydroxyproline-based assaykit, and the level of RNA expression of the markers or

fibrosis Col1A2, aSMA (ACTA2) and fibronectin (Fn1) were analysed by qPCR.

The results are shownin Figures 27A to 27D. The IL-11RA-/- mice were found to be

protected from the profibrotic effects of Angll.

7.3 Kidney fibrosis

A mouse modelfor kidney fibrosis was established in wildtype (WT) IL-11RA(+/+) and

knockout (KO) IL-11RA(-/-) mice by intraperitoneal injection of folic acid (180mg/kg)in

vehicle (0.3M NaHCOs); control mice were administered vehicle alone. Kidneys were

removed 28 days post-injection, weighed and eitherfixed in 10% neutral-buffered

formalin for Masson’s trichrome and Sirius staining or snap-frozen for collagen assay,

RNA,andprotein studies.

Total RNA was extracted from the snap-frozen kidney using Trizol reagent (Invitrogen)

and Qiagen TissueLyzer method followed by RNeasy column (Qiagen) purification. The

cDNA wasprepared using iScriptTM cDNAsynthesiskit, in which each reaction

contained 1g of total RNA, as per the manufacturer's instructions. Quantitative RT-PCR

gene expression analysis was performed ontriplicate 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 amountof total collagen in the hydrolysate was

quantified based on the colorimetric detection of hydroxyproline using QuickzymeTotal

Collagen assay kit (Quickzyme Biosciences) as per the manufacturer's instructions.

The results of the analysis are shownin Figure 28. Folate-induced kidneyfibrosis is

shown to be dependent on IL-11 mediated signalling. A significant increase in collagen
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contentin kidney tissue was observedin IL-11RA+/+ mice, indicative of kidney fibrosis.

No significant increase in collagen content was observedin IL-11RA -/- mice. Animals

deficient for IL-11 signalling had significantly less collagen deposition in kidneys after

toxic injury as comparedto wild type animals.

7.4 Lungfibrosis

IL-11 is confirmed as a key mediatoroffibrosis in the lung, skin and eyein furtherin vivo

models using the IL-11RA -/- knockout mice. Schematics of the experiments are shownin

Figures 29A to 29C.

To analyse pulmonary fibrosis, IL-11RA -/- mice and IL-11RA +/+ mice are treated by

intratracheal administration of bleomycin on day 0 to establish a fibrotic responsein the

lung (pulmonary fibrosis). Fibrosis of the lung develops by 21 days, at which point

animals are sacrificed and analysedfor differencesin fibrosis markers between animals

with and without IL-11 signalling. IL-11RA -/- mice have a reducedfibrotic responsein

lung tissue as comparedto IL-11RA +/+ mice, as evidenced by reduced expression of

markersoffibrosis.

7.5 Skin fibrosis

To analysefibrosis of the skin, IL-11RA -/- mice and IL-11RA +/+ mice are treated by

subcutaneous administration of bleomycin on day O to establish a fibrotic responsein the

skin. Fibrosis of the skin develops by 28 days, at which point animals are sacrificed and

analysedfordifferences in fibrosis markers between animals with and without IL-11

signalling. IL-11RA -/- mice have a reducedfibrotic response in skin tissue as compared

to IL-11RA +/+ mice, as evidenced by reduced expression of markersoffibrosis.

7.6 Eye fibrosis

To analysefibrosis in the eye, IL-11RA -/- mice and IL-11RA +/+ mice undergo

trabeculectomy on day0 to initiate a wound healing responsein the eye. Fibrosis of the

eye develops within 7 days. The fibrotic response is measured and compared between

the IL-11RA -/- mice and IL-11RA +/+ mice. IL-11RA -/- mice have a reduced fibrotic

responsein eye tissue as compared to IL-11RA +/+ mice, as evidenced by reduced

expression of markers of fibrosis.
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7.7 Othertissues

The effect of IL-11RA knockouton fibrosis is also analysed in mouse models offibrosis

for other tissues, such as theliver, bowel, and is also analysed in a model relevant to

multiorgan (i.e. systemic) fibrosis. The fibrotic response is measured and compared

betweenthe IL-11RA -/- mice and IL-11RA +/+ mice. IL-11RA -/- mice have a reduced

fibrotic response as comparedto IL-11RA +/+ mice, as evidenced by reduced expression

of markersoffibrosis.

Example 8: Analysis of the molecular mechanisms underlying IL-11-mediated

induction of fibrosis

The canonical modeof action of IL-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.

STATS activation is observed following stimulation with IL-11. However, when fibroblasts

are incubated with TGFB1, only activation of the canonical SMAD pathway and ERK

pathways is seen, and activation of STATSis not observed, even in spite of the fact that

iL-11 is secreted in response to TGFB1. Only ERK activation is common to both TGFB1

and IL-17 signal transduction.

Cross-talk between TGFB1 and IL-6 signalling has previously been described, wherein

TGFB1 blocks the activation of STATS by IL-6 (Walia et al., 2003 FASEB J. 17, 2130—

2132). Given the close relationship between IL-6 and IL-11, similar cross-talk may be

observed for IL-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 markerproteins in

responseto IL-11, which would suggest STATS as the underlying signalling pathwayfor

IL-11 mediated profibrotic processes. Fibroblasts were incubated for 24 hours either

without stimulus, or in the presence of TGF£B1, IL-11 or TGFB1 and IL-11.

The results are shown in Figure 30A. TGFB1 induced the expression of collagen, ACTA2

(aSMA) and other fibrosis marker at the RNA level. However, IL-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 IL-11-

regulated RNA expression. Both TGFB1 and IL-11 regulate an almost completely different

set of genes on the RNAlevel.

Whilst TGFB1 increases IL-11 secretion, the target genes of IL-11 are not regulated when

both TGFB1 and IL-i1 are present. This suggests that TGFB1 upregulates IL-11 and

simultaneously blocks the canonical IL-11-driven regulation of RNA expression via

STATS, similar to what is known about the interaction of TGFB1 and IL-6 pathways (Walia

et al., 2003 FASEB J. 17, 2130-2132).

Wealso analysed whether RNA expression differences induced by TGF81 are dependent

on IL-11 signalling, by analysing changes in RNA expressionin fibroblasts obtained from

IL-1 1RA -/- mice as compared to IL-17RA +/+ mice. RNA expression regulated by TGFB1

is still observed when IL-11RA knockout cells were stimulated with TGFB1, and RNA

levels of ASMA,collagen etc. were still upregulated in the absence of IL-11 signalling (in

IL-11RA -/- fibroblasts). When the pro-fibrotic effect of IL-11 and the anti-fibrotic effect of

IL-11 inhibition was investigated jn vitro, reduced expression of markers of fibrosis was

only observed at the protein level, not at the transcriptional level as determined by gPCR.

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 pathwaysarelikely to be important for signalling for all known

pro-fibrotic cytokines, and that IL-11 is a post-transcriptional regulator whichis essential

for fibrosis.

Example 9: Human anti-human IL-11 antibodies

Fully human anti-human |L-11 antibodies were developed via phagedisplay.

Recombinant humanIL-11 (Cat. No. Z03108-1) and recombinant murine IL-11 (Cat. No.

203052-1) were obtained from GenScript (NJ, USA). Recombinant human IL-11 was

expressed in CHO cells, both as an Fc-tagged version and a tag-free version. Tag-free

murine IL-11 was expressed in HEK293cells.

IL-11 bioactivity of recombinant human IL-11 and mouse IL-11 was confirmed by in vitro

analysis using primary fibroblast cell cultures.
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Recombinant, biotinylated human IL-11 and murine IL-11 were also prepared by

biotinylation of the recombinant human IL-11 and murine IL-11 molecules, according to

standard methods.

Antibodies capable of binding to both human IL-11 and murine IL-11 (i.e. cross-reactive

antibodies) were identified by phage display using a human naivelibrary by panning

using biotinylated and non-biotinylated recombinant human and murine IL-11, based on

16 different panning strategies.

The phagedisplay 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 IL-11 and murine IL-11 by ELISA.Briefly, the respective

antigen was coated to wells of an ELISA plate, the cell culture supernatant containing the

respective scFv was addedat a 1:2 dilution, and binding was detected.

The results of the ELISA analysis revealed:

e 8scFV capable of binding only to humanIL-11;

e 6scFv capable of binding to murine IL-11 only;

e 32 scFv displaying only weak binding to human/murine IL-11, with a high

signal to noise ratio, and;

e 40 scFv having cross-reactivity for both human IL-11 and murine IL-11.

From these 86 scFV, 56 candidates were selected for further functional characterisation.

For further analyses, the scFV were cloned into scFV-Fc formatin E. coli.

The VH and VL sequencesof the antibodies were cloned into expression vectors for the

generation of scFv-Fe (human |gG1) antibodies. The vectors were transiently expressed

in mammalian cells cultured in serum-free media, and isolated by protein A purification.

Example 10: Functional characterisation of human anti-human IL-11 antibodies

The antibodies described in Example 9 were analysedin in vitro assaysfor their ability to

(i) inhibit human IL-11-mediated signalling, and (ii) inhibit mouse IL-11-mediated

signalling. The affinity of the antibodies for human IL-11 was also analysed by ELISA.
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10.1 Ability to inhibit human IL-11 mediated signalling

To investigate ability to neutralise human IL-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 absenceofthe anti-IL-11 antibodies. TGFG61 promotes the

expression of IL-11, which in turn drives the transistion of quiescentfibroblasts to

activated, aSMA-positive fibroblasts. It has previously been shownthat neutralising IL-11

prevents TGFB1-induced transition to activated, aSMA-positive fibroblasts.

Expression of aSMA was analysed with the Operetta High-Content Imaging System in an

automated high-throughputfashion.

In non-stimulated cultures, ~29.7% (= 1) of the fibroblasts were aSMA-positive, activated

fibroblasts at the end of the 24 hour culture period, whilst ~52% (= 1.81) of fibroblasts

were aSMA-positive in cultures that were stimulated with TGFB1 in the absence ofanti-

IL-11 antibodies.

Anti-IL-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 aSMA-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 IL-11.

A commercial monoclonal mouse anti-IL-11 antibody (Monoclonal Mouse IlgG2A; Clone

#22626; Catalog No. MAB218; R&D Systems, MN, USA) wasalso analysed for ability to

inhibit signalling by human IL-11 in the experiments. This antibody was found to be able

to reduce the percentage of activated fibroblasts to 28.3% (=0.99).

Several of the clones neutralised signalling by human IL-11 to a greater extent than the

commercially available mouseanti-IL-11 antibody (industry standard.

10.2 Ability to inhibit mouse IL-11 mediated signalling
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The ability of the human antibodies to inhibit mouse IL-11-mediated signalling was also

investigated, following the same procedure as described in section 10.1 above, but using

mouse dermalfibroblasts instead of humanatrial fibroblasts.

After 24 hours in culture, about 31.8% (=1) of non-stimulated cells in culture were

activated fibroblasts. Stimulation with TGFB1 resulted in a ~2-fold increase in the

percentage ofactivated fibroblasts (68.8% = 2.16) as compared to non-stimulated

cultures.

The antibodies were demonstrated to be capable of neutralising signalling mediated by

mouse IL-11. Monoclonal Mouse IgG2A clone #22626, catalog No. MAB218 anti-IL-11

antibody wasalso analysed for ability to inhibit signalling by mouse IL-11. This antibody

was found to be able to reduce the percentageof activated fibroblasts to 39.4% (=1.24).

Several of the clones neutralised signalling by mouse IL-11 to a greater extent than the

commercially available mouseanti-IL-11 antibody (industry standard).

10.3 Analysis of antibody affinity for human IL-11
 

The human anti-human IL-11 antibodies were analysed fortheir affinity of binding to

human IL-11 by ELISA assay.

Recombinant human IL-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 IgG 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 Hornbecket 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 assessthe bindingaffinity of primary ScFv-Fc

antibodies at 50% of effective concentration (ECso) as previously described (Unverdorben

et al., (2016) MAbs 8, 120-128.). ELISA plates were coated with 1 ug/mL of recombinant

human IL-11 overnight at 4°C and remaining binding sites were blocked with 2 % BSA in

PBS. ScFv-Fc antibodies werediluted 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 IgG (Fc-specific) antibody.

Following 2 hours of incubation with the detection antibody, 100 ul of TMB substrate was

added for 15 mins and chromogenic reaction stopped with 100 ul of 2M H2SO,.

Absorbance reading was measured at 450 nm with reference wavelength correction at

570 nm. Data werefitted 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.

The same materials and procedures as described above were performed to determine

the affinity of binding for the murine monoclonal anti-IL-11 antibodies, with the exception

that HRP-conjugated anti-mouse IgG (H&L) was used instead of HRP-conjugated anti-

human IgG.

The same materials and procedures as described above were performed to determine

the affinity of binding for the human monoclonal anti-IL-11 antibodies and murine

monoclonal anti-IL-11 antibodies to recombinant murine IL-11 obtained from Genscript.

The results of the ELISA assays were used to determine ECso valuesfor the antibodies.

10.4 Ability to inhibit human IL-11 mediated signalling in a variety of tissues
 

Ability of the antibodies to neutralise IL-11-mediated signalling in fibroblasts obtained

from a variety of different tissues is investigated, essentially as described in section 10.1

exceptthat instead of cardiac atrial humanfibroblasts, humanfibroblasts derived from

liver, lung, kidney, eye, skin, pancreas, spleen, bowel, brain, and bone marrow are used

for the experiments.

Anti-IL-11 antibodies are demonstrated to be capable of neutralising signalling in

fibroblasts derived from the variousdifferent tissues, as determined by observation of a

relative decrease in the proportion of aSMA-positive fibroblasts at the end of the 24h
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culture period in the presenceof the anti-IL-11 antibodies as comparedto culture in the

absenceof the antibodies.

Example 11: Inhibition of fibrosis in vivo using anti-IL-11 antibodies 

The therapeutic utility of the anti-human IL-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-IL-11 antibodies, or control antibodies, are administered to different

groups of mice by intravenous injection. At the end of the experiment, collagen contentis

assessedin the atria of the mice using a calorimetric hydroxyproline-based assaykit, and

the level of RNA expression of the markers orfibrosis Col1A2, aSMA (ACTA2) and

fibronectin (Fn1) were analysed by qPCR.

Mice treated with neutralising anti-IL-11 antibodies have a reducedfibrotic responsein

heart tissue as compared to mice treated with control antibodies, as evidenced by

reduced expression of markersof fibrosis.

11.2 Kidneyfibrosis

A mouse modelfor kidney fibrosis is established, in which fibrosis is induced by

intraperitoneal injection of folic acid (180mg/kg) in vehicle (0.3M NaHCQs); control mice

were administered vehicle alone.

Neutralising anti-IL-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 RNAis 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 iScript™TM cDNA synthesiskit, in which each reaction contained 1ug of

total RNA, as per the manufacturer’s instructions. Quantitative RT-PCR gene expression

analysis is performed ontriplicate 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 mRNAexpression level and the 2-

AACt methodis used to calculate the fold-change. The snap-frozen kidneys are subjected

to acid hydrolysis by heating in 6M HCl at a concentration of 50 mg/ml (95°C,20 hours).

The amountof 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-IL-11 antibodies have a reducedfibrotic responsein

kidney tissue as compared to mice treated with control antibodies, as evidenced by

reduced expression of markersof 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-IL-11 antibodies, or control antibodies, are administered to different

groups of mice by intravenous injection. Mice are sacrificed at day 21, and analysed for

differencesin fibrosis markers.

Mice treated with neutralising anti-IL-11 antibodies have a reducedfibrotic responsein

lung tissue as compared to mice treated with control antibodies, as evidenced by reduced

expression of markers offibrosis.

11.4 Skin fibrosis

Mice are treated by subcutaneous administration of bleomycin on day 0 to establish a

fibrotic responsein the skin.

Neutralising anti-IL-11 antibodies, or control antibodies, are administered to different

groups of micebyintravenousinjection. Mice are sacrificed at day 21, and analysed for

differencesin fibrosis markers.

Mice treated with neutralising anti-IL-11 antibodies have a reducedfibrotic responsein

skin tissue as compared to mice treated with control antibodies, as evidenced by reduced

expression of markers offibrosis.
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11.5 Eyefibrosis

Mice undergo trabeculectomy on day 0 to initiate a wound healing responsein the eye.

Neutralising anti-IL-11 antibodies, or control antibodies, are administered to different

groups of mice by intravenousinjection, and fibrosis is monitored in the eye tissue.

Mice treated with neutralising anti-IL-11 antibodies have a reducedfibrotic responsein

eye tissue as comparedto mice treated with control antibodies, as evidenced by reduced

expression of markersoffibrosis.

11.6 Othertissues

The effect of treatment with neutralising anti-IL-11 antibodies on fibrosis is also analysed

in mouse modelsof 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-IL-11 antibodies have a reduced fibrotic response as

compared to mice treated with control antibodies, as evidenced by reduced expression of

markersoffibrosis.

Example 12: Anti-human IL-11Ra antibodies

Mouse monoclonal antibodies directed against human IL-11Ra protein were generated as

follows.

cDNA encoding the amino acid for human IL-11Ra 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 werecollected

from mice after a series of immunisations, and tested in flow cytometry on HEK cells

which had beentransiently transfected with human IL-11Ra expression plasmids (cell

surface expression of human IL-11Ra by transiently transfected HEK cells was confirmed

with anti-tag antibodies recognising a tag added to the N-terminus of the |L-11Ra protein).

Antibody-producing cells were isolated from the mice and fused with mouse myeloma

cells (Ag8) according to standard procedures.
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Hybridomas producing antibodies specific for IL-11Ra were identified by screening for

ability to bind to IL-11Ra expressing HEK cells by flow cytometry.

Cell pellets of positive hybridoma cells were prepared using an RNAprotection agent

(RNAlater, cat. #AM7020 by ThermoFisher Scientific) and further processed for

sequencing of the variable domainsof the antibodies.

Sequencing was performed using BigDye® Terminator v3.1 Cycle Sequencingkit (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 CodonCodeAligner

(CodonCode Corporation). Mixed base calls were resolved by automatically assigning the

most prevalent basecall to the mixed base calls. Prevalence was determined by both

frequency of a base call and the individual quality of the basecalls.

In total, 17 mouse monoclonal anti-human IL-11Ra antibody clones were generated.

Example 13: Functional characterisation of anti-human IL-11Ra antibodies

13.1. Ability to inhibit human IL-11/1L-11R mediated signalling

To investigate the ability of the anti-IL-11Ra antibodies to neutralise human IL-11/IL-11R

 

mediated signalling, cardiac atrial humanfibroblasts were cultured in wells of 96-well

plates in the presence of TGFB1 (5 ng/ml) for 24 hours, in the presence or absenceof the

anti-IL-11Ra antibodies. This profibrotic stimulus promotes the expression of IL-11, which

in turn drives the transistion of quiescentfibroblasts to activated, aSMA-positive

fibroblasts. It has previously been shownthat neutralising IL-11 prevents TGFB1-induced

transition to activated, aSMA-positive fibroblasts.

Anti-IL-11Ra antibodies (2 ug/ml) were addedto fibroblast cultures that were stimulated

with TGFB1, and at the end of the 24 hour culture period, the percentage of aSMA-

positive fibroblasts was determined. The percentages were normalised based on the

percentage of aSMA-positive fibroblasts observedin cultures of fibroblasts which had not

been stimulated with TGFB1.

Expression of aSMA wasanalysed with the Operetta High-Content Imaging System in an

automated high-throughputfashion.
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Stimulation with TGFB1 resulted in a 1.58 fold increase in the number of aSMA-positive,

activated fibroblasts at the end of the 24 hour culture period in the absence ofanti-IL-

11Ra antibodies.

A commercial monoclonal mouse anti-IL-11 antibody (Monoclonal Mouse IgG2A; Clone

#22626; Catalog No. MAB218; R&D Systems, MN, USA) wasincluded as a control. This

antibody was found to be able to reduce the percentageof activated fibroblasts to 0.89

fold of the percentageof activated fibroblasts in unstimulated cultures (i.e. in the absence

of stimulation with TGFB1).

The anti-IL-11Ra antibodies were found to be able to inhibit IL-11/IL-11R signalling in

human fibroblasts, and several were able to inhibit IL-11/IL-11R signalling to a greater

extent than the monoclonal mouseanti-IL-11 antibody.

13.2 Ability to inhibit mouse IL-11 mediated signalling
 

The ability of the anti-IL-11Ra antibodies to inhibit mouse IL-11-mediated signalling was

also investigated, following the same procedure as described in section 13.1 above, but

using mouseatrial fibroblasts instead of humanatrial fibroblasts.

Stimulation with TGFB1 resulted in a 2.24 fold increase in the number of aSMA-positive,

activated fibroblasts at the end of the 24 hour culture period in the absenceofanti-IL-

11Ra antibodies.

The commercial monoclonal mouseanti-IL-11 antibody (Monoclonal Mouse IgG2A; Clone

#22626; Catalog No. MAB218; R&D Systems, MN, USA) wasincluded 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-IL-11Ra antibodies were found to be able to inhibit IL-11/IL-11R signalling in

mousefibroblasts, and several were ableto inhibit IL-11/IL-11R signalling to a greater

extent than the monoclonal mouseanti-IL-11 antibody.

13.3. Screening for ability to bind IL-11Ra
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The mouse hybridomas producing anti-human IL-11Ra antibodies were sub-cloned, and

cell culture supernatant from the subcloned hybridomas was analysed by “mix-and-

measure” iQue assayfor(i) ability to bind to human IL-11Ra, and(ii) cross reactivity for

antigen other than IL-11Ra.

Briefly, labelled control cells (not expressing IL-11Ra at the cell surface) and unlabelled

target cells expressing human IL-11Raat their surface (following transient transfection

with a plasmid encoding a FLAG-tagged human IL-11Ra) were mixed together with the

cell culture supernatant (containing mouse-anti-IL-11Ra 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, IL-11Ra expressing cells indicated ability of the mouse-anti-

IL-11Ra antibodies to bind to IL-11Ra. Detection of the secondary antibody on the

labelled, control cells indicated cross-reactivity of the mouse-anti-IL-11Ra antibodies for

target other than IL-11Ra.

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 wasable to bind to

human IL-11Ra, and which recognisedthis target with high specificity.

13.4 Analysis of antibody affinity for human IL-11Ra
 

The anti-human IL-11Ra antibodies are analysed fortheir affinity of binding to human |L-

11Ra by ELISA assay.

Recombinant human IL-11Ra is obtained from Genscript and Horseradish peroxidase

(HRP)-conjugated anti-human IgG (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 peroxidein 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 NanoQuantis used to measure absorbance.
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Criss-cross serial dilution analysis was performed as described by Hornbecket 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 assessthe binding affinity of the mouse anti-IL-11Ra

antibodies at 50% of effective concentration (ECso) as previously described (Unverdorben

et al., (2016) MAbs 8, 120—128.). ELISA plates are coated with 1 ug/mL of recombinant

human IL-11Ra 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 IgG antibody. Following 2

hours of incubation with the detection antibody, 100 ul of TMB substrate is added for 15

mins and chromogenic reaction stopped with 100 ul of 2 M H2SO,. Absorbance readingis

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-

responsecurveto determineindividual EC50 values.

13.5 Ability to inhibit human IL-11/IL-11R signalling in a variety of tissues

Ability of the antibodies to neutralise IL-11/IL-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, humanfibroblasts derived from liver, lung,

kidney, eye, skin, pancreas, spleen, bowel, brain, and bone marrow are used for the

experiments.

Anti-IL-11Ra antibodies are demonstrated to be capable of neutralising IL-11/IL-11R

signalling in fibroblasts derived from the variousdifferent tissues, as determined by

observation of a relative decrease in the proportion of aSMA-positive fibroblasts at the

end of the 24 h culture period in the presence of the anti-IL-11Ra antibodies as compared

to culture in the absenceof the antibodies.

Example 14: Inhibition of fibrosis in vivo using anti-IL-11Ra antibodies

The therapeutic utility of the anti-human IL-11Ra 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-IL-11Ra antibodies, or control antibodies, are administered to different

groups of mice by intravenous injection. At the end of the experiment, collagen content is

assessedin the atria of the mice using a calorimetric hydroxyproline-based assay kit, and

the level of RNA expression of the markers orfibrosis Col1A2, aSMA (ACTA2) and

fibronectin (Fn1) were analysed by qPCR.

Mice treated with neutralising anti-IL-11Ra antibodies have a reducedfibrotic response in

heart tissue as compared to mice treated with control antibodies, as evidenced by

reduced expression of markersof fibrosis.

14.2 Kidneyfibrosis

A mouse modelfor kidney fibrosis is established, in which fibrosis is induced by

intraperitoneal injection of folic acid (180mg/kg) in vehicle (0.3M NaHCQs); control mice

were administered vehicle alone.

Neutralising anti-IL-11Ra 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 RNAis 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 synthesiskit, in which each reaction contained 1yg of

total RNA, as per the manufacturer’s instructions. Quantitative RT-PCR gene expression

analysis is performed ontriplicate 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 mRNAexpression level and the 2-

AACt methodis used to calculate the fold-change. The snap-frozen kidneys are subjected

to acid hydrolysis by heating in 6M HCl at a concentration of 50 mg/ml (95°C,20 hours).

The amountof 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-IL-11Ra antibodies have a reducedfibrotic response in

kidney tissue as compared to mice treated with control antibodies, as evidenced by

reduced expression of markersoffibrosis.

14.3 Lung fibrosis

Mice are treated by intratracheal administration of bleomycin on day 0 to establish a

fibrotic responsein the lung (pulmonary fibrosis).

Neutralising anti-IL-11Ra antibodies, or control antibodies, are administered to different

groups of mice by intravenous injection. Mice are sacrificed at day 21, and analysed for

differencesin fibrosis markers.

Mice treated with neutralising anti-IL-11Ra antibodies have a reducedfibrotic response in

lung tissue as compared to mice treated with control antibodies, as evidenced by reduced

expression of markers offibrosis.

14.4 Skin fibrosis

Mice are treated by subcutaneous administration of bleomycin on day O to establish a

fibrotic responsein the skin.

Neutralising anti-IL-11Ra antibodies, or control antibodies, are administered to different

groups of mice by intravenous injection. Mice are sacrificed at day 21, and analysed for

differencesin fibrosis markers.

Mice treated with neutralising anti-IL-11Ra antibodies have a reducedfibrotic response in

skin tissue as compared to mice treated with control antibodies, as evidenced by reduced

expression of markers offibrosis.

14.5 Evefibrosis

Mice undergo trabeculectomy on day 0 to initiate a wound healing responsein the eye.

Neutralising anti-IL-11Ra antibodies, or control antibodies, are administered to different

groups of mice by intravenous injection, andfibrosis is monitored in the eye tissue.
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Mice treated with neutralising anti-IL-11Ra antibodies have a reduced fibrotic responsein

eye tissue as compared to mice treated with control antibodies, as evidenced by reduced

expression of markers offibrosis.

14.6 Other tissues

The effect of treatment with neutralising anti-IL-11Ra antibodies on fibrosis is also

analysed in mouse modelsoffibrosis for other tissues, such as theliver, kidney, bowel,

and is also analysed in a model relevant to multiorgan (i.e. systemic) fibrosis.

Mice treated with neutralising anti-IL-11Ra antibodies have a reducedfibrotic response as

comparedto mice treated with control antibodies, as evidenced by reduced expression of

markersoffibrosis.

Example 15: Decoy IL-11 Receptors

15.1 Decoy IL-11 Receptor constructs

Decoy IL-11 Receptor molecules were designed and cloned into the pTT5 vectorfor

recombinant expression in 293-6Ecells.

Briefly, an insert for the plasmid comprising cDNA encodingthe 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 encodingthe ligand binding domains D2 and D3 of

human IL-11Ra, followed by cDNA encoding the FLAG tag. The cDNAinsert

incorporated a leader sequence, Kozak sequencesat the 5’ end, and included a 5’ EcoRI

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 IL-11 receptor molecule having either a 50 amino

acid or 33 amino acid sequence are respectively designated Decoy IL-11 Receptor 1

(D11R1) and Decoy IL-11 Receptor 2 (D11R2).

15.2. Decoy IL-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 FreeStyle™ 293 Expression Medium (Life

Technologies, Carlsbad, CA, USA). Celis were maintained in Erlenmeyer Flasks (Corning

inc., Acton, MA) at 37°C with 5% CQOz 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 dayof transfection, DNA and transfection reagent were mixed

at an optimal ratio and then addedinto the flask with cells ready for transfection. The

recombinant plasmids encoding D11R1 and D11R2 weretransiently 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-PAGEand Western blot using Rabbit anti-FLAG polyclonal Ab (GenScript,

Cat.No.A00170) to confirm expression of the FLAG-tagged decoy IL-11 receptor

molecules.

The purified species were quantified and stored at -80°C.

Example 16: Functional characterisation of Decoy IL-11 Receptors

16.1 Ability to inhibit human IL-11 mediated signalling
 

To investigate ability to neutralise human IL-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 absenceof various concentrations of D11R1 or D11R2.

TGFB1 promotes the expression of IL-11, which in turn drives the transition of quiescent

fibroblasts to activated, aSMA-positive fibroblasts. It has previously been shownthat

neutralising IL-11 prevents TGF61-induced transition to activated, aSMA-positive

fibroblasts.

Expression of aSMA wasanalysed with the Operetta High-Content Imaging System in an

automated high-throughputfashion.
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D11R1 or D11R2 were addedto 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 aSMA-positive fibroblasts in the culture was determined.

Both D11R1 and D11R2 were demonstrated to be capable of neutralising signalling

mediated by human IL-11 in a dose-dependent manner.

The results of the experiments are shownin Figures 32A and 32B. Both D11R1 and

D11R2 were demonstrated to be capable of neutralising signalling mediated by humanIL-

11 in a dose-dependent manner.

The ICso for the D11R1 and D11R2 molecules was determined to be ~1 nM.

16.2 Ability to inhibit mouse IL-11 mediated signalling

The ability of D17R1 and D11R2 to inhibit mouse IL-11-mediated signalling is

investigated, following the same procedure as described in section 16.1 above, but using

 

mouse dermalfibroblasts instead of humanatrial fibroblasts.

D11R1i and D11R2 are demonstrated to be capable of neutralising IL-11/IL-11R signalling

in mouse dermal fibroblasts, as determined by observation of a relative decreasein the

proportion of aSMA-positive fibroblasts at the end of the 24 h culture period in the

presence of D11R1 or D11R2 as comparedto culture in the absence of the decoy IL-11

receptors.

16.3 Analysis of decoy IL-11 receptor affinity for IL-11

D11R1 and D11R2 are analysedfortheir affinity of binding to human IL-11 by ELISA

assay.

 

Recombinant human IL-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 substratekit

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.

Washbuffer comprised 0.05% Tween-20 in phosphate buffered saline (PBS-T). Tecan

Infinite 200 PRO NanoQuantis used to measure absorbance.
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An indirect ELISA is performed to assessthe bindingaffinity of D11R1 and D11R2 at

50%of effective concentration (ECso) as previously described (Unverdorbenetal., (2016)

MAbs 8, 120-128.). ELISA plates are coated with 1 ug/mL of recombinant humanIL-11

overnight at 4°C and remaining binding sites were blocked with 2 % BSA in PBS. D11R1

and D11R1 are diluted in 1% BSAin 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 IL-11 receptor binding is

performed with HRP-conjugated anti-FLAG antibody. Following 2 hours of incubation with

the detection antibody, 100 ul of TMB substrate is added for 15 mins and chromogenic

reaction stopped with 100 ul of 2 M H2SO,. Absorbance reading is measured at 450 nm

with reference wavelength correction at 570 nm. Data arefitted with GraphPad Prism

software with log transformation of decoy IL-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 IL-11 obtained from Genscript.

16.4 Ability to inhibit human IL-11 mediated signalling in a variety of tissues
 

Ability of the decoy IL-11 receptors D11R1 and D11R2 to neutralise IL-1 1-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, humanfibroblasts derived from liver, lung, kidney, eye, skin, pancreas,

spleen, bowel, brain, and bone marrow are usedfor the experiments.

Di1R1 and D11R2 are demonstrated to be capable of neutralising signalling in fibroblasts

derived from the various different tissues, as determined by observation of a relative

decreasein the proportion of aSMA-positive fibroblasts at the end of the 24 h culture

period in the presence of the decoy IL-11 receptors as comparedto culture in the

absenceof the decoy IL-11 receptors.

Example 17: Inhibition of fibrosis in vivo using decoy IL-11 receptors

The therapeutic utility of the decoy IL-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 IL-11 receptors D11R1 or D11R2 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 assaykit, and the level of

RNA expression of the markers or fibrosis Col1A2, aSMA (ACTA2) and fibronectin (Fn1)

were analysed by qPCR.

Mice treated with decoy IL-11 receptors have a reducedfibrotic responsein heart tissue

as comparedto untreated/vehicle treated controls, as evidenced by reduced expression

of markersoffibrosis.

17.2 Kidney fibrosis

A mouse modelfor kidney fibrosis is established, in which fibrosis is induced by

intraperitoneal injection of folic acid (18O0mg/kg)in vehicle (0.3M NaHCQs); control mice

were administered vehicle alone.

Decoy IL-11 receptors D11R1 or D11R2 are administered to different groups of mice by

intravenous injection. Kidneys are removed at day 28, weighed and eitherfixed in 10%

neutral-buffered formalin for Masson’s trichrome and Sirius staining or snap-frozen for

collagen assay, RNA, and protein studies.

Total RNAis 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 iScript™TM cDNA synthesiskit, in which each reaction contained 1yUg of

total RNA, as per the manufacturer's instructions. Quantitative RT-PCR gene expression

analysis is performed ontriplicate 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 mRNAexpression level and the 2-

AACt methodis used to calculate the fold-change. The snap-frozen kidneys are subjected

to acid hydrolysis by heating in 6M HCl at a concentration of 50 mg/ml (95°C,20 hours).

The amountof 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 IL-11 receptors have a reducedfibrotic responsein kidney tissue

as comparedto untreated/vehicle treated controls, as evidenced by reduced expression

of markersoffibrosis.

17.3 Lung fibrosis

Mice are treated by intratracheal administration of bleomycin on day 0 to establish a

fibrotic responsein the lung (pulmonary fibrosis).

Decoy IL-11 receptors D11R1 or D11R2 are administered to different groups of mice by

intravenous injection. Mice are sacrificed at day 21, and analysed fordifferences in

fibrosis markers.

Mice treated with decoy IL-11 receptors have a reducedfibrotic responsein lung tissue

as comparedto untreated/vehicle treated controls, as evidenced by reduced expression

of markers offibrosis.

17.4 Skin fibrosis

Mice are treated by subcutaneous administration of bleomycin on day 0 to establish a

fibrotic responsein the skin.

Decoy IL-11 receptors D11R1 or D11R2 are administered to different groups of mice by

intravenous injection. Mice are sacrificed at day 21, and analysed for differencesin

fibrosis markers.

Mice treated with decoy IL-11 receptors have a reduced fibrotic responsein skin tissue as

compared to untreated/vehicle treated controls, as evidenced by reduced expression of

markersoffibrosis.

17.5 Eyefibrosis

Mice undergo trabeculectomy procedure as described in Example 7.6 aboveto initiate a

wound healing responsein the eye.

Decoy IL-11 receptors D11R1 or D11R2 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 IL-11 receptors have a reducedfibrotic responsein eye tissue as

comparedto untreated/vehicle treated controls, as evidenced by reduced expression of

markersoffibrosis.

17.6 Other tissues

The effect of treatment with decoy IL-11 receptors D11R1 cor D11R2 onfibrosis is also

analysed in mouse modelsoffibrosis for other tissues, such astheliver, kidney, bowel,

and is also analysed in a modelrelevant to multiorgan (i.e. systemic) fibrosis.

The fibrotic response is measured and compared between mice treated with decoy IL-11

receptors and untreated mice, or vehicle treated controls. . Mice treated with decoy IL-11

receptors have a reducedfibrotic response as comparedto untreated/vehicle treated

controls, as evidenced by reduced expression of markers offibrosis.

Example 18: Genetic biomarkers for IL-11 response

In addition to measuring IL-11 protein as a potential biomarkerfor fibrosis, we developed

an assaythat can predict IL-11 secretion status in humans. This assay could be used as

a companion diagnostic in IL-11-related clinicaltrials.

Wefirst 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).

Wethen performed genome-wide linkage eQTL analysis to assess whether Single

Nucleotide Polymorphisms (SNPs)affect RNA transcript levels of IL-11 or IL-11RAin

unstimulated fibroblasts, in TGFB1 stimulated (5ng/ml, 24h) fibroblasts. We also tested if

the increase in IL-11 upon TGF£1 stimulation (= response) was dependenton the

genotype.

Atfirst we quantified the read count for both IL-11 and IL-11RAin 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 IL-11 and IL-

11RA expression in unstimulated (VSTunstim) and stimulated (VSTstim) cells. To assess the

increase in IL-11, we also computed the delta in expression as VSTstim — VSTunstim. We

corrected the expression values using covariates such as RNA sequencing library batch,

RNARIN 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).

Wedid not observevariation in cis or trans that significantly affected IL-11 expression in

unstimulated cells. However, we detected distant SNPs that regulated the expression in

stimulated = fibrotic fibroblasts. These variants stratify the population betweenindividuals

that do expresslow levels of IL-11 and those that express high amounts of IL-11 in

fibrosis. We also detected local and distal variants that predicted the increase in IL-11

expression in response to TGFB1. These variants can be usedtostratify individuals into

high and low respondersin fibrosis.

The SNPsidentified are shownin Figures 33 to 35 and accompanying data is shownin

Figures 36 and 37.
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Claims:

1. An agent capable of inhibiting the action of Interleukin 11 (IL-11) for use ina

method of treating or preventing fibrosis.

2. Use of an agent capable ofinhibiting 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 methodoftreating 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 IL-11 to an IL-11 receptor.

5. The agent for use in a method oftreating or preventing fibrosis according to claim

1 or 4, use accordingto claim 2 or 4, or method according to claim 3 or 4, wherein the

agentis an IL-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 IL-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 methodoftreating or preventing fibrosis, use or method

according to claim 5, wherein the IL-11 binding agent is an antibody.

8. The agentfor use in a methodof treating or preventing fibrosis, use or method

according to claim 5, wherein the IL-11 binding agent is a decoy receptor.

9. The agent for use in a methodof 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 IL-11 receptor (IL-11R) binding agent.
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10. The agent for use in a methodof treating or preventing fibrosis, use or method

according to claim 9, wherein the IL-11R binding agent is selected from the group

consisting of: an antibody, polypeptide, peptide, oligonucleotide, aptamer or small

molecule.

11. The agentfor use in a method of treating or preventing fibrosis, use or method

according to claim 9, wherein the IL-11R binding agentis an antibody.

12. An agent capable of preventing or reducing the expression of Interleukin 11 (IL-

11) or an Interleukin 11 receptor (IL-11R) 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-11R) in the manufacture of a medicamentfor use

in a methodof 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-11) or an Interleukin 11

receptor (IL-11R).

15. The agent for use in a methodof treating or preventing fibrosis according to claim

12, use according to claim 13 or method according to claim 14, wherein the agentis a

small molecule or oligonucleotide.

16. The agentfor 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 methodof 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 methodof 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 methodof 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 methodof 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 agentfor use in a methodof 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 IL-11R

expression is upregulated.

22. The agent for use in a methodof 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 IL-11R

expression has been determined to be upregulated.

23. The agent for use in a methodof treating or preventing fibrosis, use or method

according to any one of the preceding claims, wherein the method of treating or

preventing comprises determining whetherIL-11 or IL-11R expression is upregulatedin

the subject and administering said agent to a subject in which IL-11 or |L-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 IL-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 capableof inhibiting the action of Interleukin 11 (IL-11), the method comprising

Ex. 2001 - Page1147



Ex. 2001 - Page1148

10

15

20

25

30

WO 2017/103108 PCT/EP2016/081430

97

determining, optionally in vitro, whether IL-11 or an Interleukin 11 receptor (IL-11R)

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-11R) 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 ofinhibiting the action of IL-11 or with an

agent capable of preventing or reducing the expression of IL-11 or IL-17R.

29. A method of providing a prognosis for a subject having, or suspected of having

fibrosis, the method comprising determining, optionally in vitro, whetherInterleukin 11 (IL-

11) or an Interleukin 11 receptor (IL-11R) is upregulated in a sample obtained from the

subject and, based on the determination, providing a prognosis for treatmentof the

subject with an agent capableof inhibiting the action of IL-11 or with an agent capable of

preventing or reducing the expression of IL-11 or IL-11R.

30. The method of claim 29, wherein the method further comprises selecting a subject

determined to have upregulated IL-11 or IL-11R for treatment with an agent capable of

inhibiting the action of IL-11 or with an agent capable of preventing or reducing the

expression of IL-11 or IL-11R.

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-11R) expression, or of upregulation of IL-11 or IL-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 IL-11 or with an

agent capable of preventing or reducing the expression of IL-11 or IL-11R.

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-11) or an

Interleukin 11 receptor (IL-11R) expression, or of upregulation of IL-11 or IL-11R activity.
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ACTGCCGCGGCCCTGCTGCTCAGGGCACATGCCTCCCCTCCCCAGGCCGCGGCCCAGCTGACCCTCGGGG
CTCCCCCGGCAGCGGACAGGGAAGGGT TAAAGGCCCCCGGCTCCCTGCCCCCTGCCCTGGGGAACCCCTG
GCCCTGTGGGGACATGAACTGTGTTTGCCGCCTGGTCCT GGTCGTGCTGAGCCTGTGGCCAGATACAGCT
GTCGCCCCTGGGCCACCACCTGGCCCCCCTCGAGTT TCCCCAGACCCTCGGGCCGAGCTGGACAGCACCG
TGCTCCTGACCCGCTCTCTCCTGGCGGACACGCGGCAGCTGGCTGCACAGC TGAGGGACAAATTCCCAGC
TGACGGGGACCACAACCTGGAT TCCCTGCCCACCCTGGCCATGAGTGCGGGGGCACTGGGAGCTCTACAG
CTCCCAGGTGTGCTGACAAGGC TGCGAGCGGACCTACTGTCCTACCTGCGGCACGTGCAGTGGCTGCGCC
GGGCAGGTGGCTCTTICCCTGAAGACCCTGGAGCCCGAGC TGGGCACCCT GCAGGCCCGACTGGACCGGCT
GCTGCGCCGGCTGCAGCTCCTGATGTCCCGCCTGGCCCT GCCCCAGCCACCCCCGGACCCGCCGGCGCCC
CCGCTGGCGCCCCCCTCCTCAGCCTGGGGGGGCATCAGGGCCGCCCACGCCATCCTGGGGGGGCTGCACC
TGACACTTGACTGGGCCGTGAGGGGACTGCTGCTGCTGAAGACTCGGCTGTGACCCGGGGCCCAAAGCCA
CCACCGT ATTTATTTATTTATTTCAGTACTGGGGGCGAAACAGCCAGGTGA
TCCCCCCGCCATTATCTCCCCCTAGTTAGAGACAGTCCTTCCGTGAGGCCTGGGGGGCATCTGTGCCTTA
TTITATACTTATTTATTTCAGGAGCAGGGGTGGGAGGCAGGTGGACTCCTGGGTCCCCGAGGAGGAGGGGA
CTGGGGTCCCGGATTCTTGGGTCTCCAAGAAGTCTGTCCACAGACTICTGCCCTGGCTCTTCCCCATCTA

T'TTATTTIAAGCAATTACTTTTCATGT TGGGGTGGGGACGGAGGGGAA
AGGGAAGCCTGGGTTTTTGTACAAAAATGTGAGAAACCTTTGTGAGACAGAGAACAGGGAAT TAAATGTG
TCATACATATCCACTTGAGGGCGAT TTGTCTGAGAGCTGGGGCTGGATGCTTGGGTAACTGGGGCAGGGC
AGGTGGAGGGGAGACCTCCATTCAGGTGGAGGT CCCGAGTGGGCGGGGCAGCGACTGGGAGATGGGTCGG
TCACCCAGACAGCTCTGTGGAGGCAGGGTCTGAGCCTTGCCTGGGGCCCCGCACTGCATAGGGCCTTTITG
TITGTTTTTTIGAGATGGAGTCTCGCTCTGTTGCCTAGGCTGGAGTGCAGTGAGGCAATCTGAGGTCACTG
CAACCTCCACCTCCCGGGTTCAAGCAATTCTCCTGCCTCAGCCTCCCGATTAGCTGGGATCACAGGTGTG
CACCACCATGCCCAGCTAATTATTTATTTCITTIGTATTTT TAGTAGAGACAGGGTTTCACCATGTTGGC
CAGGCTGGTTTCGAACTCCTGACCTCAGGTGATCCTCCTGCCTCGGCCT CCCAAAGTGCTGGGATTACAG
GTGTGAGCCACCACACCTGACCCATAGGTCTTCAATAAATATT TAATGGAAGGT TCCACAAGTCACCCTG
TGATCAACAGTACCCGTATGGGACAAAGCTGCAAGGTCAAGATEGTICAT?T: sCUGIGUTCACCATAG
CAAACTGGAAACAATCTAGATAT CCAACAGT GAGGGT TAAGCAACATGGTGCATCTGTGGATAGAACGCC
ACCCAGCCGCCCGGAGCAGGGAC TGT CAT TCAGGGAGGC TAAGGAGAGAGGC TTGCTTGGGATATAGAAA
GATATCCTGACATTGGCCAGGCATGGTGGCT CACGCCTGTAATCCTGGCACT TT GGGAGGACGAAGCGAG
TGGATCACTGAAGT CCAAGAGT TCGAGACCGGCCTGCGAGACATGGCAAAACCCTGTCTCAAAAAAGAAA
GAATGATGTCCTGACATGAAACAGCAGGCTACAAAACCACTGCATGCTGTGATCCCAATTTTGTGTTTTT
CTTTCTATATATGGAT TAAAACAAAAATCCTAAAGGGAAATACGCCAAAATGTTGACAATGACTGTCTCC
AGGT CAAAGGAGAGAGGTGGGATTGTGGGTGACTTTTAATGTGTATGATTGTCTGTATTTTACAGAATTT
CTGCCATGACTGTGTATTTTGCATGACACATTTTAAAAATAATAAACACTATTTTTAGAATAACAGAAAA

A [SEQ ID NO:1]

 

  
     
 

  
  
  
 

 

             
    

          
 

          
           

   
     

 
             

 

CCTTCCAAAGCCAGATCTT [SEQ ID NO:2]   GCCTGGGCAGGAACATATA [SEQ ID NO:3]

CCT GGGCAGGAACATATAT [SEQ ID NO:?4] 
GGTTCATTATGGCTGTGTT [SHO ID NO:5]

Figure 11
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European Patent Office, PB 5818 Patentlaan 2 NGER. MonikNL-2280 HV Riyswik LA , Monika

' 0 Te! (+31-70) 340-2040 Tel +49 (0)89 2399-8205
Fax (431-70) 340-3016

 
Form PCT/SA/220 (July 2014)
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PATENT COOPERATION TREATY

PCT

INTERNATIONAL SEARCH REPORT

(PCT Article 18 and Rules 43 and 44)

Applicant's or agent's file reference FOR FURTHER see Form PCTASA/220
RIC/FP7230618 ACTION as well as, where applicable, fem 5 below

International application No Internationalfiling date (day/month/year) (Earliest) Pnonty Date (day/month/year)

PCT/EP2016/081 430 16 December 2016 (16-12-2016) 16 December 2015 (16-12-2015)

Applicant

SINGAPORE HEALTH SERVICES PTE LTD

This international search report has been prepared by this International Searching Authority andIs transmitted to the applicant
according to Articte 18 A copy is being transmitted to the International Bureau

This international search report consists of a total of 5 sheots
Ita also accompanied by a copy of each prior art documentcited in this report

1 Basis of the report
a With regard to the language,the intemational search was carned aut on the basis of

the international appiication in the language in whichit was filed

LC] a translation of the international apptication into , which ts the language
of a translation furnished for the purposes of international search (Rules 12 3(a) and 23.1(b))

b C] This international search report has been established taking into account the rectification of an obvious mistake
authorized by or notified to this Authority under Rule 91 (Rule 43 6bie(a))

With regard to any nucleotide and/or amino acid sequence disclosedin the international application, see Box No |.

CJ Certain claims were found unsearchable (See Box No II)

[_]_Unity ofinvention Is lacking (see Box No Ii!)

4 With regardto thetitle,

the text is approved as submitted by the applicant

C the text has been established by this Authority to read as follows

5 With regard te the abstract,

the text is approved as submitted by the applicant

CT the text has been established, according to Rule 38 2, by this Authonty as it appears in Box No IV The applicant
may, within one month from the date of mailing ofthis international search report, submit commentsto this Authority

6 With regard tc the drawings,

a the figure of the drawingsto be published with the abstract is Figure No

as suggestedbythe applicant

CT as solocted by this Authonty, because the applicantfailed to suggest a figure
TC as selected by this Authonty, because this figure better charactenzes the invention

b OC noneof the figures Is to be published with the abstract

 
Form PCTASA/210 (first sheet) (January 2015)

Ex. 2001 - Page1220



Ex. 2001 - Page1221

 
 

International application No

INTERNATIONAL SEARCH REPORT

Box No. f Nucleotide and/or amino acid sequence(s) (Continuation of item t.c of the first sheet)

With regard to any nucleotide and/or amino acid sequencedisclosed in the intemationa! application, the international search was
camed out on the basis of a sequence listing

PCT/EP201 6/081 430

  
 

 

 
 forming part of the international application asfiled

inthe form of an Annex C/ST25text file  
 CJ on papercrin the form of an imagefile  
  
 

b | furnished together with the international application under PCT Rule 1 3ter 1(a) for the purposesof international searchonly in the form of an Annex C/ST25text file 

  furnished subsequentto the internationalfiling date for the purposes of international search only

T] in the form of an Annex C/ST 25text file (Rule 13ter 1(a))  
 CJ on paperor in the form of an imagefile (Rule 13ter 1(b) and Administrative Instructions, Section 713)  

 2 C] In addition, in the case that more than one version or copy of a sequence listing has beenfiled or furnished, the required
statements that the information in the subsequent or additional copies1s identical to that forming part of the application as
filed or does not go beyond the application as filed, as appropriate, were furnished  

 
Additional comments

Form PCTASA/210 (continuation offirst sheet (1)) (January 2015)

Ex. 2001 - Page1221



Ex. 2001 - Page1222

 

CLASSIFICATION OF SUBJECT MATTER

TNV. C07K16/24 C07K16/28
ADD.

INTERNATIONAL SEARCH REPORT
Internationa! application No

PCT/EP2016/081430

A61K39/00

Ascordingto International Patent Classification (IPC) or to both national classification and IPC
B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
CO7K C12N A61K

Documentation searched other than minimum documentationto the extent that such documents are included in the fields searched

Electrome data base consulted dunng the intemational search (name of data base and, where practicable, search terms used)

EPO-Internal, WPI Data

|C.DOCUMENTSCONSIDEREDTOBERELEVANTDOCUMENTS CONSIDERED TO BE RELEVANT
Cration of document, with indication, where appropnate,of the relevant passages Relevantto claim No

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: 6009- 7322, DOI:
10. 1161/CIRCULATIONAHA. 109 .893677
page 685,
1-3,5
page 686,
Page 687,
figure 2
page 689,
page 690,

[x] Further documentsare listed in the continuation of Box C
* Special categories of cited doouments

"A" documentdefining the general state of the art whichis not considered
to be of partioular relevance

“E® earter application or patent but Published enorafter the internationalfiling date
*L’ document which may throw doubts on1 pnority claim(s) of which iscited to establish the publication date of another ertation or other

special reason (as specified)
°O* decumentrefernng to an oral disclosure, use, exhibition or othermeana

“P* deoument published pnorto the intemationalfiling date but later than
the prionty date claimed

Date of the actual completionof the intemationa! search

7 April 2017

Name and mailing address of the ISA/
European Patent Office, PB 5816 Patentlaan 2

NL- 2280 HV Ryswik
Tel (+31-70) 340-2040,
Fax (+31-70) 340-3016

Form PCTASA/210 (second sheet) (April 2005)

left-hand column, paragraphs

right-hand column, paragraph 1 -
right-hand column, paragraph 2;

left-hand column, paragraph 1 -
right-hand column, paragraph 2

[x] See patent family annex
‘T” later document publishedafter the international filing date or prionty

date and notin conflict with the application but cited to understand
the principle or theory underlying the invention

*X° documentof partioutar relevance, the claimed invention cannot beconsidered nove! or cannot be considered to involve an inventive
step when the documentis taken alone

*Y° documentof particular relevance, the claimed invention cannot be
consideredto involve an inventve step when the document 1s
combined with one or more other such documents, such combinaton
being obvious to a person skilled in the art

“8° document memberof the same patent family

Date of mailing of the intemational search report

18/04/2017
Authonzedofficer

Page, Michael

page 1 of 2
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INTERNATIONAL SEARCH REPORT

  

  
 

 

International application No

PCT/EP2016/081430

Category"}Citation of document,with indication, where appropnate, of the relevant passages Relevantto clam No

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, XP055359363,
Retrieved from the Internet:

URL: http: //www.ncbi.nim.nih.gov/pubmed/206
40990

{retrieved on 2017-03-28]
abstract

page 106, right-hand column, paragraph 1-3
page 107, right-hand column, paragraph 4 -
page 108, right-hand colum, paragraph 1
page 109, left-hand column, paragraph 1 -
right-hand column, paragraph 1
page 110, left-hand column, paragraph 2

US 2010/093976 Al (AZUMA JUNICHI [JP] ET
AL) 15 April 2010 (2010-04-15)
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: @003-3022, DOI:
16.1097/ALN.0b013e3182a950da
page 7, paragraph 4 - page 8, paragraph 5

WO 98/36061 A2 (UNIV MANCHESTER [GB];
FERGUSON MARK WILLIAM JAMES [GB]; KANE
SHARON 0) 20 August 1998 (1998-08-20)
page 6, paragraph 2 - page 11, paragraph
1; claims 1,5

WO 00/78336 Al (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

Fon PCTASA/210 {continuation of second sheet) (April 2005)

page 2 of 2
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INTERNATIONAL SEARCH REPORT
international application No

Information on patent family members

 
 

    

PCT/EP2016/081430

cited in search report date member(s) date

US 2010093976 Al 15-04-2010 €&P 2077116 Al 08-07-2009
JP 5191393 B2 08-05-2013
US 2010093976 Al 15-04-2010

2008050789 Al 02-05-2008

6220398 A 08-09-1998
9836061 A2 20-08-1998

5756100 A 09-01-2001
0078336 Al 28-12-2000

  

 

 
 
 

 

 
 

  
Form PCT/ASA/210 (patent farnily annex) (Apri 2005)
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EPOFORMP04A42

Information on Search Strategy- Pilot phase (see OJ 2015, A86) Application NumberThe type of information containedin this sheet may change dunngthepilot for improving
the usefutness of this new service PCT/ EP201 6/081430

TITLE: TREATMENT OF FIBROSIS

APPLICANT: SINGAPORE HEALTH SERVICES PTE LTD

IPC CLASSIFICATION: CO7K16/24, CO7K16/28, A61K39/00

EXAMINER: Page, Michael

CONSULTED DATABASES: NPL, WPI

CLASSIFICATION SYMBOLS DEFINING EXTENT OF THE SEARCH:

IPC:

CPC: CO7K16/244, CO7K16/2866, CO7K2317/24, CO7K2317/76, CO7K2319/00,
C12N2310/14, A61K2039/505, CO7K2317/21, CO7K2317/73

F1/F-TERMS:

KEYWORDS OR OTHER ELEMENTS FEATURING THE INVENTION:

Interleukin 11, IL-11, Interleukin 11 receptor, I1L-11R, 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 PCTASA/220

Date of mailing
(day/monthyear) see form PCTASA/210 (second sheet)  
 

 
 

Applicant's or agent's file reference FOR FURTHER ACTION
see form PCTASA220 See paragraph 2 below

International application No International filing date (day/nonthfyaar) Pnority date (day/nonthyear)
PCT/EP2016081430 16.12.2016 16.12.2015

Intemational Patent Classification (IPC) or both national classification and IPC
INV. CO7K16/24 C07K1628 A61K39/00

 

  
  Applicant

SINGAPORE HEALTH SERVICES PTE LTD 

This opinion contains indications relating to the following items:

Box No.| Basis of the opinion

Box No.I! Priority

Box No. Ill=Non-establishmentof 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, inventivestep and industrial
applicability; citations and explanations supporting such statement

Box No. VI Certain documentscited

Box No. VIl Certain defects in the international application

HOOO8
BOO

Box No. VIII Certain observations on the international application

FURTHER ACTION

If a demandfor 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 hasnotifed the
International Bureau under Rule 66.15is(b) that written opinions of this International Searching Authority
will not be so considered.

If this opinion ts, as provided above, consideredto 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 PCTASA220or before the expiration of 22 months from the priority date,
whichever expires later.

For further options, see Form PCTASA220.

Name and mailing address of the ISA Date of completion of Authonzed Officer
this opinion et ty,

p)) European Patent Office see form ; ))—= _—-80298 Munich PCTASA210 Page, Michael 9g
Tel +4989.2399-946s Telephone No +49 89 2399-0 “rine aneaX + -

 
Form PCTASA237 (Cover Sheet) (January 2015)
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WRITTEN OPINION OF THE international application No.
INTERNATIONAL SEARCHING AUTHORITY PCT/EP2016081430

Box No.!| Basis of the opinion

1. With regard to the language, this opinion has been established on the basisof:

D4

Oo

2.0

4.0

the international application in the language in whichit wasfiled.

a translation of the international application into , which is the language of a translation furnished for the
purposesof international search (Rules 12.3(a) and 23.1 (b)).

This opinion has been established taking into accountthe 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 sequencedisclosedin the international application, this
opinion has been established on the basis of a sequencelisting:

a. & forming part of the international application asfiled:

in the form of an Annex CST.25textfile.

O on paper orin the form of an imagefile.

b. O furnished togetherwith the international application under PCT Rule 13¢er.1(a) for the purposesof
international search only in the form of an Annex C/ST.25textfile.

c. O furnished subsequentto the internationalfiling date for the purposes of international search only:

OO in the form of an Annex CST.25textfile (Rule 13¢er.1(a)).

OO on paperorin the form of an imagefile (Rule 13¢er.1(b) and Administrative Instructions, Section
713).

In addition, in the case that more than oneversion or copy of a sequencelisting has beenfiled or furnished,
the required statements that the information in the subsequentor additional copies is identical to that
forming part of the application as filed or does not go beyond the application asfiled, as appropriate, were
furnished.

5. Additional comments:

Form PCTASA/237 (January 2015)
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WRITTEN OPINION OF THE International application No.
INTERNATIONAL SEARCHING AUTHORITY PCT/EP2016/081430

Box No.V Reasoned statement under Rule 43b/s.1(a)(i) with regard to novelty, inventive step or
industrial applicability; citations and explanations supporting such statement

1. Statement

Novelty (N) Yes: Claims 1-34
No: Claims

Inventive step (IS) Yes: Claims
No: Claims 1-34

Industrial applicability (IA) Yes: Claims 1-34
No: Claims

2. Citations and explanations

see separate sheet

Box No. Vill Certain observations on the international application

Thefollowing observations onthe 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 PCTASA/237 (January 2015)
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WRITTEN OPINION OF THE international application No.

INTERNATIONAL SEARCHING

AUTHORITY (SEPARATE SHEET) PCT/EP2016/081430

1.1

D1

D2

D3

D4

D5

D6

1.2

ReItemV

Reasoned statement with regard to novelty, inventive step or industrial

applicability; citations and explanations supporting such statement

Reference is made to the following documents:

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

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, XP055359363,
Retrieved from the Internet:

URL:http:/Avww.ncbi.nim.nih.gov/pubmed/20640990

[retrieved on 2017-03-28]

US 2010/093976 A1 (AZUMA JUNICHI [UP] ET AL) 15 April 2010

(2010-04-15)

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

WO 98/36061 A2 (UNIV MANCHESTER [GB]; FERGUSON MARK

WILLIAM JAMES [GB]; KANE SHARON 0) 20 August 1998

(1998-08-20)

WO 00/78336 A1 (GENETICSINST [US]; UNIV JOHNS HOPKINS [US]})

28 December 2000 (2000-12-28)

Novelty - Art.33(1) and (2) PCT:

Form PCTHSA/237 (Separate Sheet) (Sheet 1) (EPO-April 2005)
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WRITTEN OPINION OF THE International application No.

INTERNATIONAL SEARCHING

AUTHORITY (SEPARATE SHEET) PCT/EP2016/081430

Antagonists of IL-6 and IL-13 for preventing fibrosis are knownin the art (D5,
D6). Not, however, IL-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).

The subject matter of claims 1-34 is not regarded as being inventive asit
appears that the technical problem has not been solved.

The results and conclusions of 01-D4all call into question the conclusions

drawn by the Applicant that antagonists of IL-11 have the claimed technical
effect. D1 and D2 both teach that IL-11 prevents fibrosis in heart tissue. D3
teaches the samefor the kidney.

Although the application demonstrates that IL-11 is upregulated in fibroblasts
in response to TGFR1 (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 IL-11 is pro-fibrotic in a numberof jn 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
whichare artificial and the claimed thereapeutic and diagnostic applications
are not considered to beviable.

2 Re Item Vill

Certain observations on the international application

2.1 Claim 1 of the application recites an agent capable ofinhibiting the action of
IL-11 for use in a method of treating or preventing fibrosis. Claim 3 concerns

a methodof treating or preventing fibrosis using suchan agent.

Form PCT/SA/237 (Separate Sheet) (Sheet 2) (EPO-April 2005)
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WRITTEN OPINION OF THE international application No.

INTERNATIONAL SEARCHING

AUTHORITY (SEPARATE SHEET) PCT/EP2016/081 430

The prevailing opinion in both the patent- and in the scientific literature is that
IL-11 is an gnti-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 IL-11 prevents fibrosis in heart
tissue. D3 focusses on the kidney.

The application demonstrates that IL-11 is upregulated in fibroblasts in

response to TGFA1 (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 andliver tissues (Figure 8).

Example 5 documents that IL-11 is pro-fibrotic in a numberofin vitro assays
involving cultured cells.

Given that D1, D2 and D3 all comprise data from animal experiments,

whereas the data in the examplesis 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, none 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 personis 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, whichall
claim such methods.

Form PCT/ISA/237 (Separate Sheet) (Sheet 3) (EPO-April 2005)
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Possible steps after receipt of the international search report (ISR) and written
opinionof the International Searching Authority (WO/ISA)
 

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 (WO/ISA). The
WOI/ISA may be responded to by

e filing informal comments with the International Bureau of WIPO (IB)
(where no demand for international preliminary examination (demand)
is filed)

e filing amendments under Art. 19 PCT (this can be done whetheror not
a demandisfiled)

e filing amendments under Art. 34 PCT and/or formal observations in
response to objections raised in the WO/ISA (where a demand is
actually filed)

This document explains these possibilities.

 

Filing informal After receipt of the ISR and WOASA, the applicant mayfile informal comments
comments on the WO/ISA,directly with the IB (see international Search and Preliminary

Examination Guidelines 2.15). These will be communicated to the
designated/etected 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

e 2 months from the date of mailing of the ISR and the WO/ISA
* 16 months from the priority date

However, any such amendmentreceived by the IB 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/ISA/220.

Please also note that, when filing amended claims under Art. 19 PCT, such
amendments shall be accompanied bya 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 demandisfiled, failure to comply with this
requirement may result in the amendments being ignored in the International
Preliminary Examination Report (PER), see Rule 70.2(c-bis) PCT.

 

BNSDOCID <xS 200708010CK_|_> 
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Filing ademand In principle, the WO/ISA will be considered to bethe written opinion ofthe
for international —_{nternational Preliminary Examining Authority (IPEA). Where the WO/ISA
preliminary issued by the EPO asISA givesa positive opinion on the international
examination 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 [B based on the WO/ISA (see also further below).

If the applicant wishesto file a demand (for example, to allow him to argue his
casein international preliminary examination with regard to objections raised in
a negative WO/ISA before the IPEA issues an IPER), this must be done before
expiration of 3 months after the date of mailing of the ISR and WO/ISA or
22 months after priority date, whichever expires later (Rule 54bis PCT).
Amendments under Art. 34 PCT can befiled with the IPEA, normally at the
sametimeasfiling 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.

lf a demandis filed at the EPO as IPEA and no comments/amendments have

been received by the time the EPO starts drawing up the IPER (Rule 66.4bis
PCT), the WO/ISA will be transformed by the IPEA into an IPER (also called
the IPRP (Chapter il) which would merely reflect the content of the WO/ISA
(QJ 10/2011, 532). The demandcanstill 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 amendmentsin 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 IPER (IPRP (ChapterI!)),
see Rule 70.2(c-bis) PCT.

 

Filing arequest The applicant may, with the IB,file a request for supplementary international
for supplementary search under Rule 45bi/s.1 PCT. The present ISR and WO/ISA mayalso be
international taken into account in the execution of that supplementary international search,
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 ISA who did the
international search.

More information on this topic can be found in the PCT Applicant's Guide,
Chapter8 (hitp:/Awww.wipo.int/pct/en/guidefip08.html).

 

End of the Where no demandis filed, at the end of the international phase, the IB will
international transform the WO/SA into the IPRP (PCT Chapter I) (Rule 44bis PCT), which
phase will then be transmitted together with possible informal comments to the

designated Offices. Where a demandis filed, the WO/SA is not transformed
into an IPRP (Chapter 1) by the IB, but rather the IPEA will establish an IPER,
(the IPER is the same as the IPRP (PCT ChapterI!), see Rule 70.15 PCT).

 

BNSDOCID <XS. 200704010CK_I_> 
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  Bitte beachten Sie, dass angefihrte Nichtpatentliteratur (wie z. B.
wissenschaftliche oder technische Dokumente) je nach geltendem Recht
dem Urheberrechtsschutz und/oder anderen Schutzarten fir schriftliche

Werke unterliegen kdnnte. Die Vervielfaltigung urheberrechtlich
geschitzter Texte, ihre Verwendung in anderen elektronischen oder
gedruckten Publikationen und ihre Weitergabe an Dritte ist ohne
ausdruckliche Zustimmung des Rechtsinhabersnicht gestattet.

 
   

  
  

Veuillez noter que les ouvrages de la littérature non-brevets qui sont
cités, par exemple les documents scientifiques 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 peuventétre reproduits ni utilisés dans d'autres publications
électroniques ou imprimées,ni rediffusés 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.
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Germany Te! +44 (0)20 7776 5300 i Reboson atesTakeda
Fax. +44 (0)330 114 4455 i Jeremy We. Dan Thorntonmaik@mewburr.com t Richard Johnson Eliot Ward

44 August 201 7 } waw.mewburn.com } Lindsey Woolley Rhiannon Wescott

FILED ELECTRONICALLY

BEFORE THE EUROPEAN PATENT OFRICE (EPO

ACTING AS THE
INTERNATIONAL PRELIMINARY EXAMINATIO THORITY GPES

Dear Sirs

Our Ref: APGIFP7230618

This letter accompanies the Cha

i Fees

The following fees ar

PCT Prelit ination Fee Euro 1930

PCT Handling Euro 183
TOTAL: Euro 2113

if any adcitional fees are required so that this Chapter il Demand is deemed to be filed,
then the EPO is authorised to deduct such fees from myfirm’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 17 (IL-11) or IL-11 receptor a dL-17Ro}, and is capabie of inhibiting
IL-1] mediated signalling. Basis for ine amendment comes from, é.g. page 4, lines 4-13;
page 9, line 33: and page 10, lines 19 to 22 of PCT/EP2016/081430 asfiled.

  
  

office: City T
by ihe Inielleciua’
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Claims 1, 2 and 3 are also amended io specify use treating/preventing fibrosis in a human.
Basis comes from é.q. page 42, lines 2-5.

Claim 5 is amended for conformity with claims 1, 2 and 3 as currently amended.

Previous claims 6 to & 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-1iRa. Basis comes from, 6.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 readabilily,
and for conformity with amendments io the claims from which they depend.

Previous claims 24 to 34 are deleted.

 
 

 
  

His hereby submitted that the claim amendments do not exte
international application as fled, in accordance with

beyond the disclosure of the
§(b) PCT, second sentence.

3. Novelty

| thank the Examinerfor recognising that the 
 
 
 
 

 

4, inventive Step

The Examiner comments th

inventive as the technic:

The Examiner consid

kidney tissue, and so amagent capaste of inhibiting the action of IL-11 would not be useful to
treat/prevent fibrosis.

 

Favourable reconsideration of the objection is respectfully requrested in view of the following
submissions.

4.4 Prior art studies relating to the role of IL-11

Obana et al, Circulation (2010) 121(5):684-691 (DT) is cited by the Examiner as evidence
that IL-1 1 prevents fibrosis in heari tissue. D4 discloses that treatrnent with IL-14 reduced
ihe fibrosis area 14 days after myocardial infarction (MI in a mouse model of Mi by coronary
ligation (see e.g. Abstract).

importanily. in the experiments reported in D1 mice were treated with recombinant human
IL-11 — see page 635, left column, paragraph entitled ‘Coronary Artery Ligation and IL-11
Treaiment’, final sentence:

“In the iL-17 group, recombinant buman iL-17 (Peproiech} was administered
intravenously for 5 days conseculively; the conirol group received the same volume
ofphosphate-bulfered saline (PBS) during the sarne period.” [emphasis added]

 

  Mewburn Ellis LLP is a Limit
Registered offic
Requiaied by ihe Inielleciuai

Jacinership. Regisiered in England no. OCZ06749i DB
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Stangou et al. J Nephrol (2011) 106-1474 (22)is also cited by the Examiner. This document
discloses suppression of glomerular expression of TGFB1 and extracellular matrix deposition
in ral models of glamerulonephritis following administration of a high dose of recombinant
human H-11 Ge. rhiL-i7; see ¢.g. page 106, right column, second sentence).

The Abstract to B2, ‘Methods; and ‘Results’ provide:

“Methods: Following induction of nephrotoxic nephritis, expression of TGF-B1, a-
smooth muscie actin (o-SMA), fibronectin and p-p38 MAPK was detected in the
Kidney. Rats were treated either with vehicle or rhil-77 al a high or low dose and
culled on day 6.
Results: A high dose of rhiL-44 resulted in a significani reduction in the glomerular
expression of TGF-61 (0.44 0.1 vs. 2.04 + 0.4 semiquantitative score, p<0.005), a-
SMA (0.6 £0.2 vs. 1.5 + 0.3, p<0.01) and fibronectin (0.64 6.1 vs. 7540.7, p<0.02Z).
The periglomerular expression of a-SMA and fibronectin was significantly reducedin
rats treated with the high dose of rhiL-17 (9.6% + 2%. 92% £ 2.5% of giomerul,
p<G.01; and 28% + 4.9% vs. G4% + 1.8% of glomendig<0.005, respectively). There
was a slight but insignificant reduction ofp-p38 MAPK IL-11 treated rats.
Treatment with low-dose rhiL-17 did nol red ion of these molecules.”

femphasis added]

 
 
 
 
 

  
 

 
 
  
 
 

 
 

US 2010/093976 Al (D3) cited by the Exami
from the research group of Bi (ed by Profs
jO085}-[0087] disciose that in a myocardial
reduced infarct area (measured as t
myocardium), as compared io PB

odel, mice treated with IL-11 hada
bratic area in the left ventricular

Whilst the species of 1L-17 used ifeD3 is5 Hat dis osed, i appears highly likely that this is
human IL-11. Paragraph jO 3 IL-11 was obtained fram PeproTech,
which is the same source an iL-11 used by the same researchers

for the experiments of £ aeyiokine (2007 38(2 107- 15
(Kimura; encisoed), |
manyof the experiment
3a-c of Kimura; Fig. 5 off i eS of Kimura: and Fig. 9 of D3 withFig. tof Kimura.

Page 106, lef column, last complete paragraph of Kimura makes clear that the experiments
used recombinant human IL-11, which was again purchased from Peproiech.

Therefore, each of D4 te D3 report the resulls of studies which are fundamentaily flawed in

analysing effects following administration of the human IL-11 molecule in rodent models of
disease processes.

The effecis observed in these studies following administration of human iL-11 cannot be
separated from, jor example, ine mouse/rai host response to this non-host molecule.

 

Furhermare, if cannot be assumed that effects observed for human IL-11 in mouse and rat
would accurately reflect the role of numan IL-11 in fibrosis in humans. Human iL-11, IL11-
Ra and gp130 molecules have distinct amine acid sequences to their mouse and rat
homologues, and so it cannoli be assumed that human |L-11 would interact with mouse and
rat receptor molecules to effect the same oulcomes as would be observed in humans.

 Mewbura Ellis LLPis a Limit
Registered offic
Requiaied by ihe Inielleciuai
   ei, ‘lorty Regulation Board
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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 IL-11 as compared to treatment with human IL-1? (see
accompanying legend on page 55}.

Ham et al, Anesthesiology (2013) 119(6): 1389-14071 (D4)is also cited by the Examiner.
This document reports induction of IL-11 MRNA and protein expression by human kidney
proximal tubule cells and mouse kidneycells cultured in vitro, and by mouse kidney In vivo,
following treatment with tsofluorane.

Figures 6-9 are disclosed to show protective effects for IL-11 following ischemic acute kidney
injury, using IL-11R WT and knockout mice. We note thal these assays evaluate correlates
of renal function, necrosis, neutrophil iniilration and apoptosis. None of ihe experiments of
D4 investigate the effect of IL-1 in fibrasis.

it will be clear from the foregoing explanation thatit is not poss
meaningful conclusions as to the rele of IL-11 in fibrosis fro

ie to draw any scientifically
fo D4. 
 
 
 

  
 

 
  

 Moreover, Annex I filed herewith provides further e
in DY are invalid, and that conclusions drawn from t

e experiments performed
fallacious.

Annex i reports the resulis of studies in whi
coronary artery ligation, or sham-operated, ;
with PBS or with recombinant mouse [L-11.

infarct was generated in mice by
6 mice were then treated either

n increase in several markers of the
re 1A of Annex } shows increased

as determined by Masson’s trichrome
ession of oSMA (as measured by ACTA2

fibrosis associated with IL-11 trea

collagen deposition (a known indk
staining. Figure 1A aiso re

ial infarction, and so the level of ACTA? is an
ic response. Figures 1B and 1C reveal that IL-114

stically significant increase in epicardial thickness atthe
caused a statistically signifi suction in heart function, as determined by anaiysis of the
ejection fraction and fractional shortening.

Annex | indicates that treatment of mice with mouse IL-11 following myocardial infarction
increases fibrosis, and is associated with a reduction in heart function.

 

4.2

The present application provides a wealth of data demonstrating a pre-fibrotic rote for iL-11,
and establishing the therapeutic utility of antagonists of IL-11 mediated siqnalling in the
treatment/prevention of fiprasis.

The data of the present application   

Some of the key daia are highlighted below.

Example 2 ai page 60, third paragraph and Figures 7A and 7B demonstrate that incubation
of primary human atrial fibroblasis with recombinant human iL-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 io abrogate

 
 

Mewbura Ellis LLPis a Limit
Registered offic
Requiaied by ihe Inielleciuai  ei, ‘lorty Regulation Board

Ex. 2001 - Page1238



Ex. 2001 - Page1239

MEWBURNINTELLECTUAL
PROPERTY ret

§

collagen production induced by stimulation of the fibroblasts with TGFB1 (a known pro-
fibrotic stimulus).

Example 3 at page 61, and Figure 16 further demonstrate the ability of neutralising anti-[L-11
amibody to abrogate increased collagen praduction by human atrial fibroblasis in response
io various other pro-fibrotic stimuli (ANG2, PDGF, ET-1)}.

Example 5.2 at pages 63-64 and Figures 20A-20E provide further data supporting a pro-
fibrotic role for IL-171 in heart tissue. Human atrial fibroblasts were shown to display
significantly increased production of extracellular matrix components (collagen, periostin}
and increased expression of pro-fibrotic markers (OSMA, IL-6, MMP2, TIMP 1) in response to
treatment with human iL-11 protein, in the same way as production of these factors is
increased in response to treatment wih the pro-fibrotic stimulus TGF.

Example 5.3.1 and Figures 384 fo 38D likewise show increased production of extracelluiar
matrix components and increased expression of fibrotic markers by human primary liver
fibroblasts in response to treatment with human iL-11, and alse ihe ability of neutralising
ant-IL-11 antibody to abrogate the profibrotic effects of stimulgiion with TGFB1.

 

 

 
 
 
 
 

 
 
 
 

 
 

 

Figures 22A 10 22F and 234A and 238 showihat 1G
treatment with neutralising ant-IL-11 antibody. &
decoy receptor molecules, neutralising anti-
encoding siRNA for antisense knockdown o

similarly able to inhibit TGF B1--mediaied tran
effector celis). Further data showin
using decoy IL-1 1 receptors is por

fibrosis can be inhibited by

21C provide fn vivo data demonstrating IL-
n of mice with recombinant mouse tL-74

, kidney, lung and liver (Figure 21B), and

 sure 28. These experiments show thai IL-11RA
knockout mice are protecté brosis of the heart and kidneytissues induced by
profibrotic stimuli, indicating signalling through the IL-11 receptor as an important mediator of
fibrotic processes. Furtherstill, 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-71RA knockout mice at 7 days following trabeculectamy.

Thus the present application provides abundant data from both in vitro and in vivo studies
proving that IL-11/1L-71R signalling is a key mediator of fibrosis in a wide range of tissues,
and demonstraies that inhibition of IL-11 mediated signalling reduces fibrasis, as determined
by analysis of a variety of markers of the fibrotic response.

4.3 inventive siep

At section 1.3 of the WOASA the Examiner identifies BS and D6 as being equivalent closest
prior ari to the present invention, each relating to prevention of fibrosis through antagonism
of pro-fibrotic interleukins.

 
   

Mewtura Ellis LLP is a Limit
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Neither of BS nor D6 disclose treatment of fibrosis using an antibody which is capable of
binding to 1L-71 or IL-1 1iRa and inhibiting IL-11 mediated signailing (cf. independent claims
1,2 and 3).

Starling from either of BS or B6, the technical problem to be salved 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 IL-11Ra and
inhibiting iL-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 7, line 31 to page 2 line 24, the role of
1-11 in fibrosis was not clear at the priority date for the present application, and ine majority
af studies suggested that IL-11 is anti-fibrotic, as evidenced ¢.g. by D1 to B3 identified by
the Examiner.  

 
 
 
 
 
 
 

 
 

 

in view of the state of the art at the relevant date, the skilled oStson simply would not have
arrived at the subjeci-matter of the present indepen cin view of the uncerlainty as
the role of IL-17 in fibrosis, the skilled person would idered to use antagonists
of iL-11 mediated signalling to treat/prevent fibr expectation of
SUCCESS.  

on from in vitro and in vivo studies

use of aniagonisis of IL-11 mediated
Raiher, only the extensive data of the prese
described under section 4.2 above

signalling for the treaiment or preve

ims 1 ia 3, and therefore the claimsAccordingly, the subject-matter of
i ‘ver the cited prior art documents (Articledependent therefrom, invoh

33(3) PCT)
 

5. Support

At section 2.1 of the WOR
evidenced by Dt to BS.

faminer objects thai the claims lack support, as

Favourable reconsideration of the objection is respectfully requesied in viewof sections 4.4
and 4.2 above, which explain failings of the prior art studies in relation to the role of IL-17 in
fibrosis, and which make clear that the present application supports the therapeutic utility of
ant-ll-d1 and anthil-11iRa antibody antagonists of IL-11 mediated signalling te treat/prevent
fibrosis.

&. Clarity

6.1 Structural nature of the agent

The Examiner objecis at section 2.2 of the WO/SAthat 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 currenily amended to specify an antibody which is capable of
binding to iL-171 or IL-11Ra and inhibiting IL-11 mediated signalling.

 Mewburn Ellis LLP is a Limit
Registered offic
Requiaied by ihe Inielleciuai

Jacinership. Regisiered in England no. OCZ06749i DB
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As explained in section 4.2 above, the application demonstraies the use of anti-IL-11
antibodies and anti-lL-11Ra antibodies to bind to IL-T1/IL-17Ra and inhibit IL-11 mediated

signalling (see e.g. Figure 24).

The skilled person is able io determine whether a given ant-iL-11 antibody or arti-IL-11Ra is
capable of inhibiting IL-11 mediated signailing with certainty and without undue burden.

 
At section 2.3 of the WOASA the Examiner objects that certain dependent claims lack clarity
for depending from ciaims in different categories.

Favourable reconsideration of the objection is respectfully requested in view of the present
amendments to the claims and the following commenis.

 

 
 
 
 

 

The objection pertains to claims which depend from independ
of treatment and medical uses, drafted in accordance with the
national/regional patent offices relating to the allowability of cl
treatment, and allowable medical use claim formats

i claims relating io methods
iferent practices of
ms defining methods of

~—

in ihe

clarity.
 

  
 

 
 
 

 

The dependent claims specify further features 9
clear from the preamble to the claims. The

mropriate formal, as is

Take the example of present claim 4:

“4. The antibody for use in
claim 1, the use according

the antibodyis capable of
receptor.”

e.or preventing fibrosis according to
@ method according te claim 3, wherein
ducing the binding of IL-17 fo an iL-77

 

 
This claim clearly spe
use and method oftr

respect.

s further features of the antibody specified in respective medical
ant claimscand the skilled personis left with no uncertainty in this

  

All claims satisfy the require of Articie 6 PCT.

7. industrial applicabliity ~ methods of treatment  

At section 2.4 the Examiner comments thai 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.

é. Closing Remarks

it is requested that an International Preliminary Report on Patentability (PRP/ChapterI}
be issued indicating that all claims are novel and inventive.

 Mewbura Ellis LLPis a Limit
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in ihe 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

Adam Gregory, DPhil
for MEWBURN ELLIS LLP

aganl.ogregarvGimewburn.com
444 (0117 945 1234

 

 
Encs. Articie 34 Amendments

Copy showing changes
Kimura et al., Cytokine (2007) 38(2): 107-15
Annex |

APG/krg
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1/6

PCT DEMAND FOR INTERNATIONAL

PRELIMINARY EXAMINATION (CHAPTER 1)

o For international Preliminary Examining
Authority use only

0-4 identification of IPEA

0-2 Date of receipt of DEMAND

eeeeeeeeenee-

 
0-3 Form » POTAPEA/401 PCT Demand

0-3-4 Prepared Using

O-4 Demand under Articie 21 of the Patent

Cooperation Treaty:

The undersigned requesis that the
intematonal application specified below
be the subject of international
preliminary examination according to the
Fatent Cooperation Treaty and hereby
elects all eligible States (except where
otherwiseindicated).

0-5 international Preliminary Examining
Authority (specified by the applicant}

i identification of the International

application

bet international Application No.

eOLF

Version: FMMNGR5166, iIBR4015160, FM_FOP0205

 
 
 
 
 
 
 
 
 
 
 
 
 
  

 
 

2 international Filing Date

3 (Earliest) Priority Date
16 December 2016 (16.12.2016)

16 Decernber 2015 (16.12.2015)
  

 4 Applicant's or agent'sfile ref

5 Title of Invention

 

 
RIC/EP7230618

TREATMENT OF FIBROSIS
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PCT DEMAND FOR INTERNATIONAL

PRELIMINARY EXAMINATION (CHAPTERiD
LERAaa

1-4 Applicant
H-1-4 Name

i-1-2 Address

{1-1-3 Staie of nationality

il-1-4 State of residence

{l-1-5 Telephone No.
{1-1-6 Facsimile No.

i-1-7 e-mail

1-4-8 Applicants registration No. with the

H-2

2-4

1-2-2

i1-2-3 State of nationality

4 State of residence

i1-2-5 Telephone No.
1-2-6 Facsimile No.

 
SINGAPORE HEALTH SERVICES PTE LTD

#03-03, Bowyer lock 31 Third Hospital Avenue

168753 Singapore

Singapore

3G

SG
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PCT DEMAND FOR INTERNATIONAL

PRELIMINARY EXAMINATION (CHAPTERiD
LERAaa

1-3 Applicant

2-4 Name (LAST, First}

1-3-2 Address

1-3-3, State of nationality

iI-3-4. State of residence

1-3-5 Telephone No.
{1-3-6 Facsimile No.

1-3-7 a-mnait

{1-3-3 Applicant's registration No. with the
Office

 
CLEGG, Richard lan

Clty Tower

49 Basinghall Street

London

Greater London

EC2V SOE

United Kingdom

GB

GB
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PCT DEMAND FOR INTERNATIONAL

PRELIMINARYEXAMINATION(CHAPTERI_
1-4 Agent or common representative; or

address for correspondence

‘The person identified below is hereby/ Attorneyhas been appointed to act on behalf of

the applicant(s) before the competent (appointed earlier)
International Authorities as:

 

 

 
 
 
 
 

 
 

 
 

 
 

 
 

Hee T  jName Adam GREGORY

htta (Ath. ef MEWBURN ELLIS LLP

{il-1-2 {Address City Tower
40 Basinghail Street
London

Greater London

EC2V SDE

United Kingdom

He-4-3 [Telephone No. +44 20 7776 8 _
i-?-4 Facsimile No.

7 on e-mail

ii-i-5a {The International Preliminary ©:
Authorityis authorised to use tt
address, if the Authority so wishes, tc

les followed by paper notification

send notifications issued in respect of
this Intemational preliminary
examination : :

il-1-8 {Agent's registration No.

Examination 

IV-1-1 {Statement concerning amen
he description as originally filed

The applicant wishes the Iniernationa . . .
Pretiminary Examination te start on the |-the sequence listing as originally filed
basis of -the claims as amended under Article 34

-ihe drawings as originally filed

W-2 Language for the purposes of interna- English
tional preliminary examination:

-(which is the language in which the international

application wasfiled }

Vv Election of States The filing of this demand constitutes the election of all Contracting States which
are designated and are bound by Chapterll of the PCT.

 
Ex. 2001 - Page1246



Ex. 2001 - Page1247

RIG/FP7230618

5/6

PCT DEMAND FOR INTERNATIONAL

PRELIMINARY EXAMINATION (CHAPTERHp

 

 
 

 

 
      

      
 
 
 
 

 
 
 

 
 

Vi Checklist Number of sheets Electronic file(s} attached|Received Y/N (For IPEA
use only)

The demand is accompanied by the
following elernents, in the language
referred to under item (V-2 for the

purposes of international preliminary
examination:

Vi-e (4) jJAmendmenis under Art. 34 2 AMDAS4-4

Vi-2 (2) Amendments under Art. 34 AMDAS4-2

Vi-6 Letier accompanying the arnendmenis LETT. PDF
under Article 34 (Rule 66.9}

VI-? OTHERDOC-1 pdf

Accompanying tems Details Etectronievile(s) attached|Received Y/N (Fer IPEA
use only)

The demand is also accompanied by the
following iternis}:

Vi-8 Fee calculation shest

Viet Signature of applicant, agent or eamman PKCS? gital Signature: Adam Gregory 50162
representative1

Vil-t-4 jName LLP
Vil-t-2 iCapacityt

Vill Note(s) te IPEAVEP
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PCT DEMAND FOR INTERNATIONAL

PRELIMINARY EXAMINATION (CHAPTER Hf)

oO oO

FOR INTERNATIONAL PRELIMINARY EXAMINING AUTHORITY USE ONLY

Date of actual receipt of DEMAND

Adjusted date of receipi of demand due
fo CORRECTIONS under Rule 60. 1(b}

The date of receipt of the dernand is
AFTERthe expiration of 19 months from
the priority date and ftems 8-4 and 3-5
below do not apply.

The applicant has been informed
accordingly

8-5

8-7

8-B

The date of receipt of the demand is
WITHIN the period of 19 months from
the priority date as extended by virtue of
Rule 86.5.

Although the date of receipt of the
demand is after the expiration of the 19
months from the priority date, the delay
in arrival is EXCUSED pursuant to Rute
82.

The date of receipt of the demand is
AFTERthe expiration of the time limit
under Rule 54bis, i(a) and itern 7 or 8,
below, does nat apply.

The date of receipt of the dernand is
WITHIN the time limit under Rule

54bis.1{2) as extended by vik
80.5.

Although the date ofre
demand is after the expire
time limit under Rule S4bi

delay in arrival is EXCUSED pi
Rule 82.

 

 

FOR INTERNATIONAL BUREAU USE ONLY

 

               
9-4 [Parana received from [PEA on
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Glaims:

1. An antibody which is capable of binding to Interleukin 11 GL-11) or IL-11 receptor

a (dL-11FRo} and inhibiting IL-1 mediated signalling, for use in a method of treating or

preventing fibrosis in a human.

Zz. Use of an antibody which is capable of binding to Interleukin 11 (IL-114) or IL-71

receptor a (IL-1 1Ra) and inhibiting IL-4 mediated signalling, in the manufacture of a

meticament for use in a method of treating or preventing filorasis in a human.

3. Amethod of treating or preventing fibrosis in a hu , the method comprising

 
 

 
 
 
 
 
 
 
 
 

administering to a subject in need of treatmeni a therape ly effective amount of ani

antibody which is capable of binding to Interleuki iL-it receptor a (1L-t1Ra)

and inhibiting iIL-11 mediated signalling.

4, The antibody for use in a method r preventing fibrosis according to

claim 1, the use according to clai ad accarding to claim 3, wherein the

Rading of IL-147 fo an IL-7 receptor.

ating or preventing fibrosis according to

4 or the method according to claim 3 or 4, 

nding antibody.

 6. The antibody far:

claim ft or 4, the use according to claim 2 or 4, or the method accarding to claim 3 or 4,

nethed of treating or preventing fibrosis according to

wherein the antibody is an IL-11Ra binding antibody.

7. The antibody for use in a methed of treating or preventing fibrosis according to

any one of claims 1 or 4 ta 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 ta 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 ihe heart, or

thickening of the walls or valves of the heart.

g. The antibody for use in a methed of treating or preventing fibrasis according to

any one of claims 1 or 41a 7, the use according io any one of claims 2 or 4 {0 7, orthe

method according io any one ofclaims 3 or 4 to 7, wherein the fibrosis is in the liver anc

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 io 7, or the

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. 

 
  
 
 
 

14. The antibody for use in a methed of treati ng fibrosis according to

method accarding

preventing compri

expression is upregé

13. The antibody for use in a method of treating or preventing fibrasis according to

any one of claims 1 or 4 ta 12, the use according to any one of claims 2 or 4 to 12, or the

method accarding 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 iL-11 or IL-11R

expression has been determined to be upregulated.

14. The antibody for use in a methed of treating or preventing fibrasis according to

any one of claims 1 or 4 to 73, the use according to any one of claims 2 of 4 te 13, or the

method according io any one of claims 3 or 4 to 13, wherein ihe method of treating or

preventing comprises determining whether IL-17 or IL-711R expression is upregulated in

ihe subject and administering said antibody to a subject in which IL-11 or IL-71iR

expression is upregulated.
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dysfunction of the musculature or elecirical properties of the heart, or thickening of the
wails or valves of the heart.

 
 ths-pre iag-aiainas, wherein the fibrosis is in the liver and is associated with chronics >

fibrosis, or subreti

The agak

 
  

 
  

 
satires oeUSSGees

 ms, wherein the method of treating or preventing comprises

administering said ‘to a subject in which IL-11 or IL-TTR expression is

upregulated.

The ages 
 

 
 
 

aey

.so 
#3, wherein the method of treating or preventing comprises

aciministering said agent io a subject in which IL-11 or IL-TTR expression has

been determined to be upregulated.
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ANNEX | PCT/IEP2019/081430

ANNEX f: Effect of mouse IL-11 ina mouse model of myocardial infarction

Myocardial infarct (MD was generated in mice by ligation of the coronary artery as described
in Obana ei al, Circulation (2010) 121(5):684-691. Sham-operaied mice were subjected to
similar surgery, except thal the coronary artery was not ligated.

Beginning at 24 hours afler operation, mice were administered subcutaneously either with
recombinant mouse IL-1? (100 ug/ka/day), or the same volume of PBS, for 6 consecutive
days.

Cardiac function was then analysed by echocardiography as described in Gao et al., Curr
Protec Mouse Biol. (2011) 1:71-83. Ejection fraction (ce) was caiculated using the formula
“EF (%) = 100 x (LVIDd?-LViIDs*)/LViIDe*}", and fractional shortening (%) was calculated
using the formula “100 x [(LVIDd-LVIDsyYLVIBd]’, where LVIDd and LVIDs = left ventricular
internal diameter during ciastole and systole, respectively.

Vice were then sacrificed and sections of heari tissue were prepared and analysed by
histology for markers of fibrosis.

 

 

The results are shown in Figures 1A-1E. Taken iogether, the:
administration to mice of mouse IL-17 following myeose
is associated with a reduction in heart function.

suits indicate that
nfatction increases fibrosis, and

 

 

 

Page taf3
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ANNEX | PCT/IEP2019/081430

a
Epicardium

SHAM

 
infarct, and treatment with Mouse iL-11. Masson's trichrome revealed increased
collagen deposition and fibroblast activation (ASMA, ACTA2 staining) after treatment with
mouse IL-11, which was statistically significant in semi-quantitative analysis of tissue
sections.

Page 2af3
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ANNEX | PCT/IEP2019/081430
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ssepicarcial thickness was
observed at the right ventricie and at the borderof the lowing treatment with mouse
iL-11, as compared to sham-operated and PBS
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Figure 1D and 1E. Bar charis showing (A) ejection fraction and (B) fractional shortening. A
statistically significant decrease in ejection fraction and fractional shortening was detecied,
indicating a decrease in heart function following treatment with mouse IL-11, as cornpared to
sham-operaied and PBS-ireated mice.
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ADA, Supplement to QJ EPO 3/2014 (see decision T 152/82, OJ EPO 1984, 301).

European Patent Office/
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IN THE UNITED STATES PATENT AND TRADEMARKOFFICE

Applicants: Singapore Health Services Confirmation 2829
PTE LTDet al. No.:

Application No.: 15/381,622 Art Unit: 1646

Filing Date: December 16, 2016 Examiner: Prema Maria Mertz

Title: TREATMENTOF FIBROSIS

THIRD PARTY PREISSUANCE SUBMISSION UNDER37 C.F.R. § 1.290

Commissioner for Patents

P.O. 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 ef al, “IL-11 receptor alpha in the pathogenesis of IL-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, U.S. Patent Application No. 15/381,622, was published on June

22, 2017 and a Requirementfor Restriction/Election was mailed March 19, 2018;this

Third Party Submission is being made pursuant to 37 C.F.R. § 1.290.

STATEMENT OF RELEVANCEOFCITATION

Chen teachesthe pro-fibrotic activity of IL-11 including the relationship between

IL-13 (knownto be inflammatory and pro-fibrotic) and IL-11R a. The abstract states that

“the relationships(s) between IL-11 and IL-13 in these responses has not been defined,

and the role(s) of IL-11 in the genesis of the tissue effects of IL-13 has not been

evaluated” (see, e.g., Chen at p. 2305). The abstract further states that the authors

“hypothesizedthat IL-11, signaling via the IL-11Ra-gp130 receptor complex, plays a key

role in IL-13-induced tissue responses’ (see, é.g., Chen at p. 2305).

1
NAI-1503664026v1
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Third Party Preissuance Submission Under 37 C.F.R. § 1.290
U.S. 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

agreementwith prior studies of IL-11 and pulmonary fibrosis: “These findings are in

accord with previous studies from our laboratory that demonstrated that transgenic IL-

11 causes pulmonaryfibrosis and myofibroblast accumulation” (see, e.g., Chen at p.

2311, left column, bottom paragraph).

The last paragraph of Chenprovides the following teaching and conclusion: “In

our studies the ability of IL-13 to induce inflammation,fibrosis, HA accumulation,

alveolar remodeling, and respiratory failure and death was decreased in mice that were

deficient in IL-11Ra....The decreasein IL-13 effector pathway activation could be

caused by at least two mechanisms. First, IL-11 could be an important target of and

mediator of the tissue effects of IL-13. Alternatively, IL-11 could regulate the survival of

critical IL-13 target cells that are involved in the pathogenesis of IL-13-induced

inflammation, remodeling, and cytokine, protease, and matrix responses. Regardless,

exaggerated IL-13 production has been implicated in the pathogenesis of a variety of

disorders, including asthma, COPD, pulmonaryfibrosis, scleroderma, hepatic fibrosis,

and nodular sclerosing Hodgkin's disease.... The present studies suggest that the

effector responseof IL-13 in these disorders may be beneficially controlled by

interventions that block IL-11Ra and/or IL-11. This establishes the IL-11- IL-11Ra

pathway as a worthwhile site for investigations designed to identify therapeutic agents

that can be usedto treat these and other IL-13-mediate disorders” (emphasis added)

(see, e.g., Chen at p. 2312, left column, bottom paragraph and right column).

Thus, Chen demonstrates an IL-11-dependent mechanism for the pro-fibrotic

effects of IL-13 and suggests that interventions that block IL-11Ra and IL-11 would be

beneficial for treating disorders including fibrotic disorders.

Chenis relevant to currently pending claims directed to methodsoftreating

fibrosis, including independent claim 1 and dependentclaims 21-31.

NAI-1503664026v1
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Third Party Preissuance Submission Under 37 C.F.R. § 1.290
U.S. Patent Application No. 15/381 ,622
Page 3 of 3

The undersigned believes that no fees are due with the instant Submission.

However, the Commissioneris 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 TRADEMARKOFFICE

Applicants: Singapore Health Services Confirmation 2829
PTE LTDet al. No.:

Application No.: 15/381,622 Art Unit: 1646

Filing Date: December 16, 2016 Examiner: Prema Maria Mertz

Title: TREATMENTOF FIBROSIS

THIRD PARTY PREISSUANCE SUBMISSION UNDER37 C.F.R. § 1.290

Commissioner for Patents

P.O. 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 IL-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, U.S. Patent Application

No. 15/381,622, was published on June 22, 2017 and a Requirementfor

Restriction/Election was mailed March 19, 2018: this Third Party Submission is being

made pursuant to 37 C.F.R. § 1.290.

STATEMENT OF RELEVANCEOFCITATION

Tang teachesthe pro-fibrotic activity of IL-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 IL-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
U.S. 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 IL-11 in the mouse airway

causes a B andT cell-predominantinflammatory response, airway remodeling with

increased typesIll and | 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 changesin 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 teachesthat IL-11 causes fibrosis: “These studies demonstrate that IL-11

causes impressive airwayalterations 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 teachesthat IL-11 is fibrogenic: (a) “These studies....also demonstrate, for

the first time, that IL-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 IL-11 is a fibrogenic molecule and

describes, for thefirst time, an animal model that reproduces many of the important

features of the remodeled asthmatic airway. Specifically, it demonstrates that the

targeted expressionof IL-11 in the murine airway causes prominent subepithelial

fibrosis with impressive increasesin typeIll and to a lesser extent type | collagen. In

addition, it demonstrates that this response occursin the absence of overt basement

membranepathology and contains increased numbersof a variety of stromalcells,

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
U.S. Patent Application No. 15/381 ,622
Page 3 of 3

The last paragraph of Tang providesthe following teachings and conclusion: “In

conclusion, our studies demonstrate that the transgenic expression of IL-11 in the

mouse airwayresults 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 IL-11 may

play an important role in the pathogenesis of the airways abnormalities seen in these

often times devastating disorders. In this respect, CC10-IL-11 transgenic mice represent

an excellent animal model of airway remodeling and inflammation that can be usedto

explore therapies directed at these processes and the contribution that these processes

maketo 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 oftreating

fibrosis, including independent claim 1 and dependentclaims 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. McNicholas/
Janet M. McNicholas, Ph.D. (Reg. No. 32,918)

JONES DAY

250 Vesey Street
New York, NY 10281
(650) 739-3939
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Doc Code: 3P.RELEVANCE U.S. Patent and Trademark Office

DocumentDescription: 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

U.S. PATENT APPLICATION PUBLICATION

Cite No Publication Concise Description of Relevance
Number
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FOREIGN PATENT DOCUMENTS

CiteNo|Foreign Document Concise Description of Relevance
Number

NON-PATENT PUBLICATIONS

——ee—"

1 Chenetal., "IL-11 receptor alpha in the pathogenesis of |See Attached
IL-13-induced inflammation and remodeling", J
Immunol., 174(4):2305-2313 (2005) 
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Tang et al., "Targeted expression of IL-11 inthe 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:IDS.3P PTO/SB/429(08-12)

DocumentDescription: Third-Party Submission Under 37 CFR 1.290 Approved for use through 07/31/2015. OMB 0651-0031U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no personsare required to respondto a collection of information unlessit contains a valid OMB control number.

THIRD-PARTY

SUBMISSION

UNDER37 CFR 1.290

Application Number 15381622

U.S. PATENTS

Issue Date First Named Inventor

Cite No Patent Number (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
Number? Code2 Code! |(YYYY-MM-DD)

NON-PATENTPUBLICATIONS(e.g., journalarticle, Office action)

   
Author(if any), title of the publication, page(s) being submitted, publication date, TS E6

Cite No publisher (where available), place of publication (where available).
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THIRD-PARTY Application Number 15381622
SUBMISSION

UNDER 37 CFR 1.290

Tang et al., "Targeted expression of IL-11 in the murine airway causes lymphocytic inflammation,
bronchial remodeling, and airways obstruction", J Clin Invest., 98(12):2845-2853 (1996)

 

Chenet al., "IL-11 receptor alpha in the pathogenesisof IL-13-induced inflammation and
remodeling", J Immunol., 174(4):2305-2313 (2005)

STATEMENTS

The party making the submission is not an individual who hasa dutyto disclose information with respect to the above-identified
application under 37 CFR 1.56.

This submission complies with the requirements of 35 U.S.C. 122(e) and 37 CFR 1.290.

The fee set forth in 37 CFR 1.290(f) has been submitted herewith.

The fee set forth in 37 CFR 1.290(f) is not required because this submissionlists three or fewer total items and, to the knowledge of
the person signing the statementafter making reasonable inquiry, this submissionis 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 responsiveto 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 CFR 1.290(f), or (2) states that no fee is required to accompany
this resubmission as the undersigned is again making the fee exemption statementset forth in 37 CFR 1.290(g).
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THIRD-PARTY Application Number 15381622
SUBMISSION

UNDER 37 CFR 1.290

Registration Number
Name/Print Janet M. McNicholas (if applicable)

 

*EXAMINER:Signature indicates all documentslisted above have been considered,exceptfor citations through which a line is drawn.
Draw line through citation if not considered. Include a copy of this form with next communication to applicant. 1. If known, enter kind of
documentby the appropriate symbols as indicated on the document under WIPO Standard ST.16. See MPEP 901.04(a). 2. Enter the
country or patentoffice that issued the document, by two-letter code under WIPO standard ST.3. See MPEP 1851. 3. For Japanese patent
documents, the indication of the year of the reign of the Emperor must precede the serial numberof 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.
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PATENT COOPERATION TREATY

From the
INTERNATIONAL PRELIMINARY EXAMINING AUTHORITY

v3 : PCT
 

 

 

 

 
 
 
 

 
 
 

 
  

 

Gregory, AdamMEWBURNELLIS LLP RECEIVED
City Tower NOTIFICATION OF TRANSMITTAL OF
40 Basinghall Street THE INTERNATIONAL PRELIMINARYlondon 09 NOV 2017 REPORT ON PATENTABILITY
Greater London EC2V 50E PCT Rule 71.1ROYAUMEUNI MEWBURNELLIS LLP

Date of mew)pmo(day/nonthfyear) 06.11.mew)pmo7
Apphcant's or agent'sfile reference
RIC/FP7230618 IMPORTANT NOTIFICATION

Intemational application No. internationalfiling date (day/nonth/year) Pnonty date (daymonthyear)
PCT/EP2016081430 16.12.2016 16.12.2015

Applicant

Singapore Health Services Pte Ltd

. The applicantis hereby notified that this International Preliminary Examining Authority transmits herewith ind
international preliminary report on patentability and its annexes,if any, established on the international
application.

2. Acopy of the report and its annexes,if any, is being transmitted to the International Bureau for
communication to all the elected Offices.

3. Where required by anyof 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 performing certain 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/AB01).

Whereatranslation of the international application must be furnished to an elected Office, that translation
must contain a translation of any annexesto the international preliminary report on patentability. it is the
applicant's responsibility to prepare and furnish such transiation directly to each elected Office concerned.

For further details on the applicable time limits and requirements of the elected Offices, see VolumeII of the
PCT Applicant's Guide.

The applicant's attention is drawn to Article 33(5), which provides that the criteria of novelty, inventive step
and industrial applicability described in Article 33(2) to (4) merely serve the purposesof international
preliminary examination and that "any Contracting State may apply additionalordifferent 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
enabling disclosure, clarity and support for the claims.

 
 
 
 

 

[Name and mailing address of the intemational Authonzed Officer m
preliminary examming authonty a ay

European PatentOffice Marra, Emanuela * 4
dD 0-80298 Munich GgTel. +49 89 2399 -0 Tal +49 89 2399-7235 

Fax +49 89 2399 - 4465

 
 

Form PCTAPEA/ 416 (January 2004)
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PATENT COOPERATION TREATY

PCT
_INTERNATIONAL PRELIMINARY REPORT ON PATENTABILITY

(ChapterI! 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 PCTAPEAA16
 

Pnority date (day/‘menthyear)
16.12.2015

 Intemational application No
PCT/EP2016081430

International Patent Classification (IPC) or nattonalclassification and {PC

 
 

Intemational filing date (daysnonthfrear)
16.12.2016   

INV. 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 consistsof a total of 6 sheets, including this cover sheet.
3. This report is also accompanied by ANNEXES,comprising:

a. & (sentto the applicant and to the International Bureau) a tota! of 10 sheets, as follows:
sheetsofthe description, claims andér drawings which have been amended and/orsheets containing

rectifications authorized by this Authority, unless those sheets were superseded or cancelled, and any
accompanyingletters (see Rules 46.5, 66.8, 70.16, 91.2, and Section 607 of the Administrative
Instructions).

Os sheets containing rectifications, where the decision was made bythis 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 upthis report, and any accompanyingletters (Rules 66.4bis, 70.2(e), 70.16 and 91.2).

Os superseded sheets and any accompanyingletters, wherethis Authority either considers that the
superseding sheets contain an amendmentthat goes beyond the disclasure in the international application
asfiled, or the superseding sheets were not accompaniedbyaletter indicating the basis for the
amendmentsin the application as filed, as indicated in item 4 of Box No. | and the Supplemental Box (see
Rule 70.16(b)).

b. 0 (sent to the Intemational Bureauonly) a totalof (indicate type and numberofelectronic carrier(s))_, containing a
sequencelisting, in the form of an Annex C/ST.25textfile, as indicated in the Supplemental Box Relating to
SequenceListing (see paragraph 3ter of Annex C of the Administrative Instructions).

 Date of submission 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:

— Box No.| Basis of the report
O) Box No. li Priority
[1 Box No. lil—Non-establishmentof opinion with regard to novelty, inventive step and industrial applicability
UO) Box No. IV Lack of unity of invention
i Box No.V—Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial

applicability; citations and explanations supporting such statement
O Box No. VI Certain documents cited

1 Bex No. VII Certain defects in the international application
TE Box No.Vill Certain observations ontheinternational application

 
 

 

Name and mailing address of the international Authorized officer
preliminary examining authonty.

European Patent Office

)) D-80298 MunichTel +49 89 2399 - 0
Fax. +49 89 2399 - 4465

 

 
 

Page, Michael

Telephone No +49 89 2399-7322 
 

 
 

Form PCTAPEA/ 409 (cover sheet) (January 2015)
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INTERNATIONAL PRELIMINARY REPORT International application No.
ON PATENTABILITY PCT/EP2016081430

Box No.| Basis of the report |

1. With regard to the language,this report is based on

& the international application in the language in whichit wasfiled

1 atransiation of the international application into , whichis the lanquage
of a translation furnished for the purposesof:

CO international search (under Rules 12.3(a) and 23.1(b))
QO publication of the international application (under Rule 12.4(a))
C international preliminary examination (under Rules 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 furnishedto the receiving Office in responseto an invitation under Articie 14 are referredto in this
report as "originally filed" and are not annexedto this report):

Description, Pages

1-93 as originally filed

Sequencelistings, SEQ ID NO

1-77 as originally filed

Claims, Numbers

1-14 filed in electronic form on ; 14-08-2017

Drawings, Sheets

146-6666 as originally filed

& asequencelisting - see Supplemental Box Relating to SequenceListing.

3. 0 The amendments haveresulted in the cancellation of:

C1] the description, pages
C] the claims, Nos.
C the drawings, sheets/igs
C the sequencelisting (specify):

4. 0 This report has been established as if (some of) the amendments annexedto this report and listed below
had not been made, since either they are considered to go beyond the disclosureasfiled, or they were
not accompaniedbya letter indicating the basis for the amendmentsin the application asfiled, as
indicated in the Supplemental Box (Rules 70.2(c) and (c-bis)):

C the description, pages
C1 the claims, Nos.
OC the drawings, sheets/igs
CO the sequencelisting (specify):

Form PCTAPEA/ 408 (January 2015)
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INTERNATIONAL PRELIMINARY REPORT International application No.
ON PATENTABILITY PCT/EP2016081430

5. 1 This report has been established:
0 taking into accountthe rectification of an obvious mistake authorized by ornotified to this Authority

under Rule 91 (Rules 66.1(d-bis) and 70.2(e)).

CO without taking into accountthe rectification of an obvious mistake authorized byornotified to this
Authority under Rule 91(Rules 66.4dis and 70.2(e)).

6. & With regard to top-up searches (Rules 66.1 ter and 70.2(f)):
& A top-up search was carried out by this Authority on 09.10.2017 (all discovered documents are

listed in the Supplemental Box Relating to Top-up Search).

O Additional relevant documents have beendiscovered during the top-up search.
0 No top-up search wascarried out by this Authority because it would serve no useful purpose.

7. 0 Supplementary international search report(s) trom Authority(ies) has/have been received and takeninto
accountin establishing this report (Rule 45bis.8(b) and(c)).

* if item 4 applies, someorall of those sheets may be marked “superseded”.

Box No. V Reasoned statement underArticle 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. Vill Certain observations on the international application |

The following observations on theclarity 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 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 BoxI, item 2:

1. With regard to any nucleotide andr amino acid sequence disclosed in the international application and
necessary to the claimedinvention, this opinion has been established on the basis of a sequencelisting:

a. forming part of the international application asfiled:

& in the form of an Annex G/ST.25textfile.

D on paperorin the form of an imagefile.

b. ( furnished together with the international application under PCT Rule 13ter.1(a) for the purposesof
international search only in the form of an Annex CST.25textfile.

c. © furnished subsequentto theinternationalfiling date for the purposesof international search
and/or examination:

O in the form of an Annex C/ST.25textfile (Rule 13fer.1(a)).

C on paperorin the form of an imagefile (Rule 13¢er.1(b) and Administrative Instructions, Section
713).

d. O fumishedto this Authority as an amendment* under PCTArticle 34 on :

O01 in the form of an Annex C/ST.25textfile, and preferably identified as "Amended"atthefirst line of
text.

O on paperorin the form of an imagefile.

2. 0 In addition, in the case that more than one version or copy of a sequencelisting has beenfiled or furnished,
the required statements that the information in the subsequent or additional copiesis identical to that
forming part of the application asfiled or does not go beyond the application asfiled, as appropriate, were
furnished.

3. Additional comments:

* ff item 4 in Box No. | applies, the sequencelisting, which forms part of the basis of the report, may be marked,
"superseded."

Form PCTAPEA/409 (January 2015)
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INTERNATIONAL PRELIMINARY International application No.

REPORT ON PATENTABILITY

(SEPARATE SHEET) PCT/EP2016/081430

1.1

D1

D2

D3

D4

D5

D6

1.2

ReitemV

Reasoned statement with regard to novelty, inventive step or industrial
applicability; citations and explanations supporting such statement

Reference is madeto the following documents:

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,
XP055369357,

ISSN: 0009-7322, DOI: 10.1161/CIRCULATIONAHA.109.893677

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, XP055359363,
Retrieved from the Internet:

URL:http:/Avww. ncbi.nim.nih.gov/pubmed/20640990
[retrieved on 2017-03-28]

US 2010/093976 A1 (AZUMA JUNICHI [JP] ET AL) 15 April 2010
(2010-04-15)

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.0b01363182a950da

WO 98/36061 A2 (UNIV MANCHESTER [GB]; FERGUSON MARK
WILLIAM JAMES [GB]; KANE SHARON ©) 20 August 1998

(1998-08-20)

WO 00/78336 Ai (GENETICS INST [US]; UNIV JOHNS HOPKINS[US])
28 December 2000 (2000-12-28)

Novelty - Art.33(1) and (2) PCT:

Form PCT/Separate Sheet/409 (Sheet 1) (EPO-Apri| 2005)
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INTERNATIONAL PRELIMINARY International application No.

REPORT ON PATENTABILITY

(SEPARATE SHEET) PCT/EP2016/08 1430

Antagonists of IL-6 and IL-13 for preventing fibrosis are knownin the art (D5,
D6). Not, however, IL-11.

1.3 Inventive Step - Art.33(1) and (3) PCT:

D5 and D6 are both considered to be equivalent closestprior 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).

Di-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 IL-11 is pro-fibrotic in a
numberof in vitro assays involving cultured cells.

Supplementary experimental evidence provided by the Applicant, including

arguments from D1, provides conflicting evidence regarding whetherIL-11 is
a pro- or anti-fibrotic factor. The veracity of the supplemental cata 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, IL-11 is a pro-fibrotic factor and that therefore its antagonism
might lead to a reductionin fibrosis.

Given the apparent prejudice created by D1-D4, the solution proposed by the
Applicantis provisionally regarded as demonstrating inventive step.

2 Re Item VIII

Certain observationson 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-April 2005)
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Printed: 26/09/2017 ISOREPLY EP2016081430: CELEBRATING
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FILED ELECTRONICALL

BEFORE THE EUROPEAN PATENT OFFICE (EPO)
ACTING AS THE

INTERNATIONAL PRELIMINARY EXAMINATION AUTHORITY (IPEA)

DearSirs

International Patent Application No. PCT/EP2016/081430
Applicant: SINGAPORE HEALTH SERVICES PTELTDetal.
Our Ref: APG/FP7230618

This letter accompanies the Chapter| Demandfiled in connection with this application.

1. Fees

Thefollowing fees are being paid online today:

PCT Preliminary Examination Fee Euro 1930
PCT Handling Fee Euro 183
TOTAL:Euro2113

If any additional fees are required so that this Chapter || Demand is deemed to befiled,
then the EPO is authorised to deduct such fees from myfirm's deposit account number
2805.0013 under the reference SHORTFALL,informing mein 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 versionis included for reference only.

Independentclaims 1, 2 and 3 are amendedto specify that the agent is an antibody capable
of binding to Interleukin 14 (IL-11) or IL-11 receptor a (IL-11Ra), and is capable ofinhibiting
|L-11 mediated signalling. Basis for the amendment comesfrom,e.g. page 4, lines 4-13;
page 9, line 33; and page 10, lines 19 to 22 of PCT/EP2016/081430asfiled.

1 Mewourn Ells LLP is @ Lonitad Lahddy Partnership Registered in Engtand no OC306749 1 4/08/201 7Registared office City Towar 40 Gasingtall Street Londen EC2V SOE
Regulated by the tialectual Propeny Regutation Board
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Printed: 26/09/2017 ISOREPLY EP2016081 430
MEWBURN

, ELLIS mau

Claims 1, 2 and 3 are also amendedto specify use treating/preventing fibrosis in a human.
Basis comesfrom e.g. page 42,lines 2-5.

Claim 5 is amendedfor 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-11Ra. Basis comesfrom, e.g. page9,line 33.

Previous claims 10 to 15 are deleted.

Claims 7 to 14 (previous claims 16 to 23) are amendededitorially for improved readability,
and for conformity with amendments to the claims from which they depend.

Previous claims 24 to 34 are deleted.

Itis hereby submitted that the claim amendments do not extend beyond the disclosure of the
international application asfiled, in accordance with Article 34(2)(b) PCT, second sentence.

3. Novelty

1 thank the Examiner for recognising that the use of antagonists of IL-11 for preventing
fibrosis is not knownin the art, and for acknowledging the novelty for the claims.

4. Inventive Step

The Examiner comments that the subject-matter of the claims is not considered to be
inventive as the technica! problem of treating/preventing fibrosis is not solved.

The Examiner considers that the prior art showsthat !L-11 prevents fibrosis in heart and
kidney tissue, and so an agent capable ofinhibiting the action of IL-11 would not be useful to
treat/preventfibrosis.

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

Obanaet al., Circulation (2010) 121(5):684-691 (D1) is cited by the Examiner as evidence
that IL-11 preventsfibrosis in heart tissue. D1 discloses that treatment with IL-11 reduced
the fibrosis area 14 days after myocardial infarction (MI) in a mouse model of MI by coronary
ligation (see e.g. Abstract).

{mportantly, in the experiments reported in D1 mice were treated with recombinant human-
IL-11 — see page 685,left column, paragraph entitled ‘Coronary Artery Ligation and IL-11
Treatment’, final sentence:

“In the IL-11 group, recombinant Human IL-11 (Peprotech) was administered
intravenously for 5 days consecutively; the contro! group received the same volume
ofphosphate-buffered saline (PBS) during the same period." [emphasis added]

 

Mewburn Ells LLP ts a Limited Liabidy Patnarship Registared in Engtand no OC306749
2 Registered olfce Cay Towar 40 Basinghall Sireet Londen EC2V SDE 1 4/08/201 7Regutated bythe Intellectual Property Regulation Board
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Printed: 26/09/2017 ISOREPLY EP2016081430

MEWBURN

3 ELLIS proven
Stangou et al., J Nephrol (2011) 106-111 (D2) is also cited by the Examiner. This document
discloses suppression of glomerular expression of TGFB1 and extracellular matrix deposition
in rat models of glomerulonephritis following administration of a high dose of recombinant
human IL-11 (i.e. rhIL-11; see e.g. page 106, right column, second sentence).
 

The Abstract to D2, ‘Methods; and ‘Results’ provide:

“Methods: Following induction of nephrotoxic nephritis, expression of TGF-B1, a-
smooth muscle actin (a-SMA), fibronectin and p-p38 MAPK wasdetected in the
kidney. Rats were treated either with vehicle or rhiL-11 at a high or low dose and
culled on day 6.
Results: A high dose of rhiL-11 resulted in a significant reduction in the glomerular
expression of TGF-B1 (0.4 + 0.1 vs. 2.04 + 0.4 semiquantitative score, p<0.005), a-
SMA (0.6 + 0.2 vs. 1.5 4 0.3, p<0.01) and fibronectin (0.6 + 0.1 vs. 1.54 0.1, p<0.02).
The perigiomerular expression of a-SMA andfibronectin wassignificantly reducedin
rats treated with the high dose of rhiL-11 (9.6% + 2% vs. 92% + 2.5% of glomeruli,
p<0.01; and 26% + 4.9% vs. 94% + 1.9% of glomeruli, p<0.005, respectively). There
wasa Slight but insignificant reduction of p-p38 MAPKin IL-11 treated rats.
Treatment with low-dose rhiL-11 did not reduce expression of these molecules.”
[emphasis added]

US 2010/093976 A1 (D3) cited by the Examineris 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 IL-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 IL-11 used in D3 is not disclosed, it appears highlylikely thatthis is
human IL-11. Paragraph [0058] discloses that the IL-11 was obtained from PeproTech,
whichis the same source as the recombinant human IL-11 used by the same researchers
for the experiments of D1. Furthermore, Kimura et al., 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 D3 with Fig. 1 of Kimura.

Page 108,left column, last complete paragraph of Kimura makesclear that the experiments
used recombinant human IL-11, 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 analysethe rofe of IL-11 in pathophysiological processes by
analysing effects following administration of the human !L-11 molecule in rodent models of
disease processes.

 

The effects observed in these studies following administration of human IL-11 cannot be
separatedfrom, for example, the mouse/rat host response to this nan-host molecule.

Furthermore, it cannot be assumedthat effects observed for human IL-11 in mouse and rat

would accurately reflect the role of human IL-11 in fibrosis in humans. Human IL-11, IL11-
Ra and gp130 molecules have distinct amino acid sequencesto their mouse and rat
homologues,and so it cannot be assumed that human IL-11 would interact with mouse and
rat receptor molecules to effect the same outcomes as would be observed in humans.

4
i

3 Mewburn Elis LLP is a Lenited Liabddy Partnerstup Registered in gnaiand no OC306749Ragistered office Cny Tower 40 Basinghall Strast Londen EC2V 1 4/08/201 7Regutated by the Intellectual Property Regulation Board
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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 IL-11 as comparedto treatment with humanIL-11 (see
accompanying legend on page 55).

Ham et al., Anesthesioloay (2013) 119(6): 1389-1401 (D4) is also cited by the Examiner.
This documentreports induction of IL-11 mRNAandprotein expression by human kidney
proximal tubufe cells and mousekidneycells cultured in vitro, and by mouse kidneyin vivo,
following treatmentwith isofluorane.

Figures 6-9 are disclosed to show protective effects for I[L-11 following ischemic acute kidney
injury, using [L-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 IL-11 in fibrosis.

It will be clear from the foregoing explanation thatit is not possible to draw anyscientifically
meaningful conclusions asto the role of IL-11 in fibrosis from D1 to D4.

Moreover, Annex| filed herewith provides further evidence that the experiments performed
in D1 are invalid, and that conclusions drawn from the results are fallacious.

Annex | 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 PBSor with recombinant mouseIL-11.

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 J shows increased
collagen deposition (a knownindicatorof fibrosis) as determined by Masson'strichrome
staining. Figure 1A also reveals upregulated expression of GSMA (as measured by ACTA2
staining) — a markeroffibroblast activation. Activated fibroblasts are known to be the central
effectors of the fibrotic response post-myocardial infarction, and so the fevel of ACTAZis an
extremely reliable indicator of the fibrotic response. Figures 1B and 1C reveai that !L-11
treatment was associated with a statistically significant increase in epicardial thickness at the
borderof the infarct and at the right ventricle, whilst Figures 1D and 1E show IL-11 treatment
causedastatistically 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 IL-11 following myocardial infarction
increasesfibrosis, 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 pro-fibrotic role for IL-11,
and establishing the therapeutic utility of antagonists of [L-11 mediated signalling in the
treatment/prevention offibrosis.

Someof the key data are highlighted below.

Example 2 at page 60, third paragraph and Figures 7A and 7B demonstrate that incubation
of primary humanatrial fibroblasts with recombinant humanIL-11 increases deposition of
collagen byfibroblasts, a well-established fibrotic process. Moreover, treatment with
neutralising anti-IL-11 antibody (but not isotype control antibody) is shown to abrogate

Mewbuin Eilts LLP &s a Limited Lrebility Partnership Registered in Engtand no OC306749
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collagen production induced by stimulation of the fibroblasts with TGFB1 (a knownpro-
fibrotic stimulus).

Example 3 at page 61, and Figure 10 further demonstrate the ability of neutralising anti-IL-11
antibody to abrogate increased collagen production by humanatrial fibroblasts in response
to various other pro-fibrotic stimuli (ANG2, PDGF, ET-1).

Example 5.2 at pages 63-64 and Figures 20A-20E provide further data supporting a pro-
fibrotic role for [L-11 in heart tissue. Humanatrial fibroblasts were shown to display
significantly increased production of extracellular matrix components (collagen, periostin)
and increased expression of pro-fibrotic markers (aSMA,IL-6, MMP2, TIMP 1) in response to
treatment with human IL-11 protein, in the same way as production of these factors is
increased in responseto treatment with the pro-fibrotic stimulus TGF1.

Example 5.3.1 and Figures 38A to 38D likewise show increased production of extracellular
matrix components and increased expressionof fibrotic markers by human primary liver
fibroblasts in response to treatment with human IL-11, and also the ability of neutralising
anti-IL-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 showsthat iL-11-binding
decoy receptor molecules, neutralising anti-IL-11Ra antibodies and oligonucleotides
encoding siRNAfor antisense knockdownof /L-77 and /L-71RA gene expression are
similarly able to inhibit TGFB1-mediated transition of fibroblasts to myofibroblasts (fibrosis
effector cells). Further data showinginhibition of the TGFB1-mediated fibrotic response
using decoy !L-11 receptors is provided at Figures 32A and 32B.

Example 5.3.3 at page 64-65 and Figure 21B and 21C provide in vivo data demonstrating IL-
11 to be pro-fibrotic in a variety of tissues. Injection of mice with recombinant mouse IL-11
caused an increasein the relative weight of heart, kidney, lung andliver (Figure 21B), and
that this was asscciated with increased collagen contentin these tissues (Figure 21C).

 

Further in vivo data supporting a pro-fibrotic role for IL-11 is provided at Examples 7.2 and
7.3, and Figures 27A to 27D and Figure 28. These experiments show that IL-11RA
knockout mice are protected from fibrosis of the heart and kidney tissues induced by
profibrotic stimuli, indicating signalling through the IL-11 receptor as an important mediator of
fibrotic processes. Furtherstill, Figures 31A and 31B, summarised at the legend to Figure
31 on page 57 — morefibrosis was detected in eye sections obtained from wildtype mice
than IL-11RA knockout mice at 7 days following trabeculectomy.

Thus the present application provides abundant data from both in vitro and in vivo studies
proving that IL-11/IL-11R signalling is a key mediatoroffibrosis in a wide rangeoftissues,
and demonstratesthat inhibition of IL-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 Examineridentifies 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.
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Neither of D5 nor D6 disclose treatmentof fibrosis using an antibody which is capable of
binding to IL-11 or IL-11Ra and inhibiting IL-11 mediated signalling (cf. independent claims
1, 2 and 3).

Starting from either of DS or D6, the technical problem to be solved by the present invention
can be formulated as “the provision of an alternative treatment for the prevention or
treatmentoffibrosis”.

The claimed solution to use an agent which is capable of binding to IL-11 or iL-11Ra and
inhibiting IL-11 mediated signalling would not have been obviousto 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
IL-11 in fibrosis was not clear at the priority date for the present application, and the majority
of studies suggested that IL-11 is anti-fibrotic, as evidenced e.g. by D1 to D3 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 independentclaims. In view of the uncertainty as
the role of IL-11 in fibrosis, the skilled person would not have considered to use antagonists
of IL-11 mediated signalling to treat/preventfibrosis 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 IL-11 mediated
signalling for the treatment or prevention of fibrosis.

Accordingly, the subject-matter of independent claims 1 to 3, and therefore the claims
dependenttherefrom,involve an inventive step over the cited prior art documents (Article
33(3) PCT).

5. Support

At section 2.1 of the WO/ISA 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 IL-11 in
fibrosis, and which makeclear that the present application supports the therapeutic utility of
anti-IL-11 and anti-IL-11Ra antibody antagonists of IL-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/ISA that the claims lack clarity in respect of
the structural nature of the agent used to inhibit the action of IL-11.

The independentclaims are currently amended to specify an antibody which is capable of |
binding to IL-11 or IL-11Ra andinhibiting IL-11 mediated signalling.
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As explained in section 4.2 above, the application demonstrates the use of anti-IL-11 ,
antibodies and anti-IL-11Ra antibodies to bind to IL-11/IL-11Ra and inhibit IL-11 mediated

signalling (see e.g. Figure 24).

The skilled person is able to determine whethera given ant-IL-11 antibody or anti-IL-11Ra is
capable ofinhibiting IL-11 mediated signalling with certainty and without undue burden.

6.2 Claims depending from claimsin different categories

At section 2.3 of the WO/ISA 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
amendmentsto the claims and the following comments.

The objection pertains to claims which depend from independentclaimsrelating to methods
of treatment and medical uses, drafted in accordance with the different practices of
national/regional patentoffices 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, asis |
clear from the preamble to the claims. There is no lackofclarity. -

Take the example of presentclaim 4:

“4. The antibody for use in a methodoftreating 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 methodof treatment claims, and the skilled person is left with no uncertainty in this
respect. -

All claims satisfy the requirements of Article 6 PCT.

Z. Industrial applicability — 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 ((PRP/ChapterIl)
be issued indicating thatall claims are novel and inventive.

t
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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

dye
Adam Gregory, DPhil
for MEWBURN ELLIS LLP

adam.gregory¥@mewburn.com
+44 (0)117 945 1234

Encs. Article 34 Amendments

Copy showing changes
Kimura etal., Cytokine (2007) 38(2):107-15
Annex|

APG/krg
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Claims:

1. An antibody which is capable of binding to Interleukin 11 (IL-11) or IL-11 receptor
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a (IL-11Ra) and inhibiting IL-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 (IL-11Ra) and inhibiting IL-11 mediated signalling, in the manufacture of a

medicamentfor use in a method of treating or preventing fibrosis in a human.

3. A method oftreating or preventing fibrosis in a human, the method comprising

administering to a subject in need of treatment a therapeutically effective amountof an

antibody which is capable of bindingto Interleukin 11 (IL-11) or IL-11 receptor a (IL-11Ra)

and inhibiting IL-11 mediated signalling.

4. The antibody for use in a methcdof treating or preventing fibrosis according to

claim 1, the use accordingto claim 2, or the method according to claim 3, wherein the

antibody is capable of preventing or reducing the binding of IL-11 to an IL-11 receptor.

§, 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 {L-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 IL-11Ra 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 oneof 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 oftreating 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

AMENDED SHEET 14/08/2017
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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

any one of claims 1 or 4 to 7, the use according to any one of claims 2 or4 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 orliver cirrhosis.

10. The antibody for use in a methodof 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 ofclaims3 or 4 to 7, wherein thefibrosis is in the kidney |

and is associated with chronic kidney disease.

11. The antibody for use in a methodof treating or preventing fibrosis according to ,

any oneof 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 |

any one of claims 1 or 4 to 11, the use according to any oneof 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 IL-11 or IL-11R °

expression is upregulated.

13. The antibody for use in a method of treating or preventing fibrosis according to

any oneof claims 1 or 4 to 12, the use according to any oneof 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 IL-11 or IL-11R

expression has been determined to be upregulated.

14. The antibody for use in a method oftreating or preventing fibrosis according to

any one of claims 1 or 4 to 13, the use according to any oneofclaims 2 or 4 to 13, or the
method according to any one of claims 3 or 4 to 13, wherein the methodof treating or

preventing comprises determining whether IL-11 or 1L-11R expression is upregulated in

the subject and administering said antibody to a subject in which IL-11 or IL-11R

expression is upregulated.
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A Fusion Protein of the ¢p130 and Interleukin-GRa Ligand-binding
Domains Acts as a Potent Interleukin-6 Inhibitor*
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Cécile Ancecy, Andrea Kiister, Serge Haan, Andreas Herrmann, Peter C. Heinrich,
and Gerhard Miller-Newen?t

From the Institut fir Biochemie, Universitdtskiinikum Rheinisch-Westfdlische Technische Hochschule Aachen,
Pauweisstrasse 30, 52087 Aachen, Germany

Interleukin (L)-6 is involved in the maintenance and
progression of several diseases such as multiple my-
eloma, rheumatoid arthritis, or osteoporasis. The pres:
ent work aims at the development of an IL-6 inhibitor
for the use in anti-cytohine therapies. The IL-6 receptor
is composed of two different subunits, an a-subumit (L-
6Ra) that binds DL-6 with lew affinity and a p-subunit
(gplsQ)} that binds the DL-6-TL-6Ra complex with high
affinity and as a result triggers intracellular signaling.
tnits soluble form, gpig0 is a matural antagonist that
neutralizes [L-@soluble 0.-GRea complexes. It was our
strategy to appropriately fuse the two receptor subunit
fragments involved in IL-6 receptor complex formation
te bind T-@ with high affinity and to antagonize its
effeets. The ligand-binding domains of gp130 (B1-B2-13)
and IL-6Rea (D2-D3) were connected using three differ-
ent hnkers. The resulting constructs were expressed in
stably transfected insect calls and tested for their ability
te inhibit IL-6 activity in several in vitro systems. All
fusion proteins were strong inhibitors of IE.-@ signaling
and abrogated [L.-6-induced phosphorylation of STATS,
proliferation of transfected Ba/F3 cells, and induction of
acute-phase proteim synthesis. As intended, the fused
receptors were much more effective than the separately
expressed soluble receptor proteins. The fusion protein
strategy presemted here can also be applied to other
evytokines that signal via receptors composed of twa dif-
ferent subunits to design new potent inhibitors for anti-
cytokine therapies.

  Anti-evt 6 therapies are aimed at the inhibition of a cer-
tain cytokine that is responsible for the maintenance of a
disease. Different strategies have been used to neutrahze cy-
tokines in patients. Mast effective has been the application of
soluble cytokine receptors that consist solely of the ectodomain
but lack the transmembrane and cytoplasmic regions. They
bind the respective cytokine with high affinity and specificity
as merabrane-bound receptors do. In the treatment of chronic
inflammatory diseases such as rheumatoid arthritis, the use of
dimeric solubie tumornecrosis factor receptors for the neutral-
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ization of tumor necrosis factor has been a real breakthrough
2).

IL-6" is secreted by several cell types in responseto various
inflammatory stimuli. It is the major mediator of the acute-
phase response of the liver and is involved in the coordination
of inflammatory and iramune responses at the site of inflam-
mation (2). In several acute and chronic inflammatory diseases
such as rheumatoid arthritis and inflammatory bowel diseases,
in postmencpausal osteoporosis, but also in certain types of
cancer, IL.-@ levels are elevated and a causal role for TL-G in
disease progression has been suggested. In some cases inhibi-
tion of IL-6 aetivity by receptor antagonists or neutralizing
antibodies has beneficial effects (3, 4).

{L-6 belongs to the fanuly ofhemat poietic cytokines (5). Ttis
y of TL-6-tvpe cytokines (6) compris-

c factor, leukemia inhibitory

  
 

  3

a merxaber of the subfami

ing {L-6, TL-11, ciliary nenrotrophi
factor, oncostatin M, cardiotrophin-1, and cardiotrophin-like
evtokine. They all use the hematopoietic cytokine receptor

  

 2p130asa common signal-trangducing receptor subunit (7). As
a result of receptor activation the transcription factor STATS
becornes tyrosine-phosphorylated and translocates into the nu-
cleus to induce target gene expressicn (8, 9).

Expression of gpi30 is not sufficient for cells to become

responsive to EL-6. They additionally have to express the cyto-
cine specific a-receptor subunit TL-@Ra. This o-receptor is not

involved inthe initiation ofthe cytoplasmic signal transduction

cascades but is essential for cytokine binding. Thus, activation
of the receptor by TL-6 requires two steps: G) low affinity IL-6
bindingto IL-6Hae and (11) subsequent recruitment of the com-
plex of TL-6 and IL-GRa to two ¢p130 molecules leading to the
formation of a high affinity ter: complex (10).

Cells lacking IL-GRe can be stimulated with the combination
of TL-6 and solable T-6Ra(sTL-GRa) (10). In such a situation,
IL-6 binds te sfL-GRe in solution and the heterodimer of IL-6/

sIL-GRu activates membrane-bound p10. Soluble gp136
{(sepi80) alone acts as a relatively week IL-6 antagonist (iL).
Most interestingly, the antagonizing activity of sgp180 is sub-
stantially increased by the presence of sIL-6Re (12). Both
sIL-6R (18, 14) and sgpi386 (LL, 12) are found in high concen-
trations in human bleed (about 50 and 300 ng/ml, respectively).
This pair of soluble receptors might act a natural IL-6
inhibitor to limit systemic IL-6 responses (12).

Structurally, EL-6 belongs to the family of the a-helix-bundle
cytokines. DL-6Ra as well as 26180 belong to the family of class
i cytokine receptors (5). The extracellular regions of IL-6Rx

rnd apis consist of three (D1-D3) (15)or sis domains (D1-D6)}36) respectively. D2 and DS of EL-6Ra are involved in IL-6

 

 

   

 

 

  

   

   

 

 
 
 
 

: IL, interleukin; D, domain; fp, fusion

nal te‘AD. adacer andactivator of traniserip-
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A sepi30-siL-GRa Fusion Protein as 11-6

binding (17). The cornplex of OL-6 and UL-6Re is bound by
D1i-D2 of gpiso0 (18). IL-6 contains three receptor-binding
sites. Site Dis occupied by D2Z-D3 of [L-GRua, and sites Tf and Hi
bind te D2-D3 and D1 of ¢pi30, respectively (19-21). Based on
the mutagenesis data and the recently solved structure of
D1-D2 of ep130 bound to viral IL-5, which binds gp130 in the
absence of any wreceptor, a reliable model of the [L-6@IL-
6Regpl30 ternary coraplox has been proposed (22).

Inhibition of IL-6 activity by the use of soluble receptors is
challenging because of the bipartite nature ofthe IL-6 receptor.
TL-6 alone dees not bind to gp1386. To be neutralized by sepi50,
IL-6 must first bind to sIL-6Re. A fusion protein of gp136 and
siL-GRa would therefore guarantee that the agonistic complex
of TL-6-sIL-6Ra is immediately neutralized. Only recently, due
to the newstructural data on the [L-6-receptor complex (22), a

promising rational approach on how to design an [L-G-antago-ist based on a fusion of sg¢p130 with sIL-6Re became possible.
Tn this study, we present a highly potent IL-6 antagonist con-
sisting of the ligand-binding moieties of sep150 and sIL-6Ra

 

EXPERIMENTAL PROCEDURES

Cloning of the Fu. Proieins--—A (fragment corresponding to D2-D3
of TL-6Re (Wal'!?_Lys?"*} was amplified by PCR introducing a multiple

cloning site (Smal, NotI, Miul, NkeD with the sense primer and a Apal
site, a stop codon instead of Met?*", and a BamHl site with the anti-
sense primer. The product was cut with Smat (Reche Diagnostic GmbH,
Mannheim, Germany) and BamHi (MBI Fermentas GrobH, St. Lesn-
Rot, Germany) and cloned inte pSVL-gp130 (D1-D3) (MetPro)
dipested with the same enzymes. Then three different linkers were
added after dipestion of the obtained chimeric construct with Miul
(Promega, Madison, WI} and Nhel (MBI Fermentas GmbH). The first
inker (stalk-49) corresponding to the short extraccllular membrane

yal part of TL-6Ra (Ala®*°-7al5%*) was produced by POR. Its
Y eid scquonce is GSAAATRAENEVSTPMQALT TNKDDDNILF

RDSANATSLP VQDSSSVAS. The two other linkers were constructed
with hybridized cligonucleotides. The 41 amine acids af ACS-41 are
GSAAATRGSA GSGGSATGSG SAAGSGDSVA AGSGGGSGSA S.
AGS-33 cone of the sequence GSAAATROSA OSGCSATCSG
SAAGSGDSVR BAS. A FLAG tag was added to the C terminusofall
fusion proteins using hybridization of an oligonucleotide pair contain-
ing Apal, Xtal, and Bamrestriction sites and a stop codon. The

fusion protein constructs were subcloned into the pIBivi-his vector(Invitragen, Groningen, The Netherlands) cut with BamHI and Hindi

{Roche Diagnostic GmbH) to express the protein in insect cells. Thety of all constructs was verified by DNA sequencing.
ston in Insect Cetls—Hiph 5 (H5) cells cultured in Sf-900IT

medium (Invitrogen, Pai Scotland) were stably transfected with
the empty pIB/v5-his vector or vectors con y the fusion protein
constructs, using the CellFEC’ method (Invitrogen). Cell superna-
tants weve harvested every 3 days, cleared bycentrifugation, and stored
at ~20 °C until

Protein. Precip tation--The fusion proteins from cell supernatants
were precipitated overnight at 4°C with IL-6 covalently linked to
CNBr-Sepharose (Amershara Biosciences AB. Uppsala, Sweden).

Western Blotting—Proteins were separated by SDS-PAGE, trans-
ferred to pobyvinylidene diflueride membranes (PALL, Drcicich,

Germany), incubated with the antrbedics as indicated in the figures,andprocessed for chemiluminescence detection (AmershamBiosciences
AB). Antibedies used for protein detection were as ftallows: sTL-GRa
(Baragentec, Philadelphia, PA}, Tyr(P) STATS (New England Biolabs,
Frankfurt, Germany), and STATS (Santa Oruz Biotechnology Inc.,
Sante Cras, CA).

Purification of the Fuston Protet 200--606 ml of L115 cell superna-
tants containing the respective fusion proteins were applied to an
1L-6-Sepharose column @ mb at 4°C. After rinsmg with phosphate-

 

 
 

  
    

 

   

  

 

 
 

  
  
  

 

 
 

   

 
  

 

  

 buflered saline, proteins were eluted with G ml of 2 uw MgCl. Theeluate
was dialyzed apainst phosphate-bulfered saline or cell cullure medium, 

  

 

and sub:
ELISA.

Quantification of Fu by EbISAaoeAn ELISA procedurewas performed as des sing 0.5 npfwell of PLL
monoclonal antibody (Sigma) for coating and 50 nofwell of biotinylated
nsonoclonal antibody B-T2 (IACLONE, Besancon, France) as second-
ary antibady. The standard curve was obtained by 2-fold serial dilutions

uently the amounts of fusion proteins were measured by
 

  
 

3 Antagonist 16969

of sgpiS0-FPLAG exprassed in COS-7 cells and calibrated by sgpi30
ELISA (12).

Balf¥3 Proliferation Assay--Stably transfected Ba/F3-2p130-IL6R
and Ba/P'3-gp130-ILi ik cell re cultured in Dulbecco's moditied Ha-
gle’s mediumcontaining 10%fetal calf serum, seeded on 96-well plates
(20,000 cells/well), and stimulated with TL-6 (0.9 ng/ml) or trx-IL-11 (5
nefml) prepared as deseribed previously (23) in the presence of purified
fp stalk-49 (500 neg/rl first concentration) or purified mock-veector-
transfected col supernatant, After 60 bh of ineubation, metabolicallyactive eclis i x lorimotrie assay based on the ecil
prolifera assay (Roche Diagnostic GmbH).

induction ofAcute-phase Protein Synthesis in HepG2 Cetis—al-Anti-
chymotrypsin synthesized by HepG2 cells was measured by immuna-
precipitation of radicactively labeled protein as described previouslyiVie

 

 

 
 

   

 
  

  

 

  
 

 

RESULTS

Rational Design of a Fusion Protein of sgpi30 and sIL-6Ea
as a Potential IL-6 Inhibiter—The fusion protein was designed
to contain the minimal regions of IL-6Ra and gp150 required
for high affinity PL-6 binding. Moreover, the N terminus of
mature ¢pi30 should not be affected by the fusion, since it is
impertant for hgand binding (24). Thus, the fusion protein
consists of domains D1-D2-D3 of gp130 Gneluding the signal
sequence at the N terminus that directs its secretion) followed
by a linker and domains B2 and D3 of IL-6Re (Pig. 14, upper
scheme). The toro receptor fragmer nave to be connected by
the hunker in a way that allows the fusion protein te adopt the
conformation required for efficient neutralization of IL-6. Ac-
cording to the ternary complex model based on the x-ray struc-
ture of viral IL-6 bound to DI-D3 of pp150(22), the C terminus
of g¢150-D3 and the N terminus of sIL-6Ra-DZ are separated
by at least 8 um. This distance can be bridged by a peptide
linker of about 30-40 amino acids (Fig. LA, lower part). The
linker should be of high conformational flexibility, of low im-
munogenicity, and resistant to protease degradation. Three
fusion proteins containing diiferent linkers were constructed.
Two of them, AGS-33 and AGS-41, are made of flexible Ala-,
Gly-, and Ser-rich peptides of 33 and 41 amino acids, respeec-
tively. In an extended conformation these linkers span from
about 10 (AGS-33) te 12 nm (AGS-41). Thethird one (fp stalk-
49) consists of a short flexible fragment of the extracellaolar
membrane-proximal part of TL-GRa (25). Besides its flexibility,
this linker is expected to be of low inumunogenicity, since it is
derived from the endogencas IL-6Ra. For technical reasons, a
FLAGtag epitope was added at the C termini of all constructs
ig. TA, upper scheme).

Purification and Characterization of Fusion Proteins Pro-
duced in Insect Cells—For continuous production of thefusion
proteins stably transfected H& insect cell lines were generated.
The fusion proteins were precipitated frorn cell supernatants
with IL-6-Sepharose and analyzed by Western blotting (Fig.
L&). The apparent molecular masses of the fusion proteins are
83.5 kDa for fp stalk-49, 69.5 kDa for fp AGS-33, and 72 kDafor
fp AGS-41. The substantially higher molecular mass of fp
stalk-49 is most likeiy due to an additional N-glycosylation site
(Asn-Ala-Thr) introduced with the linker.

Wetock advantage of the affinity of the fusion proteins to
iL-6 for their purification and concentration with IL-G-Sepha-
rose. The insect cell supernatant, the flow-through and the
eluate of IL-6 affmity chromatography were analyzed for the
presence of fusicn protein by Western blotting (Fiz. 1C). Com-
pared with the supernatant (sa, eff lane), the fusion proteinis
strongly enriched in the eluate. No fasion proteim is detectable
in theflow-through fractions. The concentrations of fusion pro-
tein in the fractions determined by a newly developed ELISA
correlate well with the intensities of the bands in the Western

lot (Fig, 10). After dialysis, enriched fp stalk-49 was used for
the following studies. Supernatants containing the other fusion
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Fic. 1. Besign and characterization of sgpi30/siL-GRafusion

proteins. é upper panel. se ematic § epresent ation oftthe fusies pro-
  
 
  

 

  
 

Lode] of IL-6 G )
dand siL-6Ra'D2-D3

ed structure of

protein as ir dicated.
bound to a fusion prote! cf
(biue}. The gp180 and TL-6 part correspond to the s

1TL-6 bound ta gpJa0 DI-DS (22). TL-6RD2-D3
nitly solved structare af sTL-GRa (25). The lnker(
@ acids as in fp AGS-32. Domain D1 of gp130 is involved|in
ation at the depicted ternary corsplex, leading to a stable hexshown). B, 5 mi of supernatants from insect cells

stably transtected with expression vectors encodingthe fusion proteins
or mock-vector (contrel) were incubated with IL-6-Sepharose. Sepha-
rase-baund proteins were analysed by immunablotiing using a poby-

clonal sIL-6Re antibedy. C, purification af fp stalk 49 from insect cell
supernatant by TL-6 affinity chromatography. 200 m! of supersa tantfrom inseet cells expressing fp stalk-49 were leaded onte a S-ml TL-6§-

Sepharose eolurmn. Bound protein » eluted wi mi of 2 M Mpc,and 2 mi fractions werecollected. The fusion pretein from 10 ml of
supernatant (sn), 10 mi ofthe fractions of the flow-through after 100,
166, and 200 ml. and from 1.5 mi of the 2-ml fractions of the eluates
were preciipitated and analysed by immuneblotting using a polyclonal
siL-GRe antibody. The indicated concentrations ot fp stalk-49 were
determined by ELISA.
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proteins and supernatants of mock-transfected insect cells
were treated the same way. The latter was used as negative
control in the bioas

Potent IL-6 Antagonistic Activity of the Fusion Proteins—To
test the TL-6 antagonizing activity of the fusion proteins, sia-
pernatants of stably transfected insect cells were incubated
with IL-6 for 36 min to allow thefusion protein te bind to IL-6.
Ba/¥3 colls stably transfected with gp130 and IL-GRa (Ba/F3-
gp130-IL6R) were stimulated with the IL-6-treated superna-
tants. After 306 min, cells were lysed, and STATS phosphoryla-
tion. was analyzed. In the presence of supernatant from mock-
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1-6 (T ngind}

Fic. 2. IL-6 antagonistic activity of sgpi30/siL-éRa fusion pro-teins. A: upper panei, Bal: cells were incubated with
supernatants frominsect cells expressing fusion proteins or from mock-

travnalected insect cells {con trol) and stimulated with, 0.55 ng/ml IL-6 (+)
 
 
  
 

 

 

lar “lysates, Activation of
ntibody againstttyrosine pbos-After stripping of the blat, STATS loading wa

polyclonal STATS antibody. Lower pa
were incubated supernatant from insect cel
33 or mock-tr d insect cells (control) and

h different concentrati of IL-6 for 20 min as indicated.

20d for ote $ phosphorylation as d bed
i d with i agimi IL-6 and 36ragimnl of

 
  
 
 

 epi30-ILGR well
expressing fp
stimulated wit!
Cellular lysates were anal
above. 8B, HapG2 celis w
fusion-proteins or an ¢
fected cel! supernatant, ‘eoutrnl)“fon 18h arid imetahaticallybeled with °°S for 3 h. Secreted al-anti-chymotrypsin (oJ "ac! ;
immunoprecipitated from cell culture supernatants, separated by SDE
PAGE, and analyzed by autoradiography.

  
   

  
 
 

 

 

 

 
 

transfacted insect cells, stimulation of Ba/F'3-29130-ILG6R celis
with 0.5 ng/ml DL-6 is sufficient te induce prominent tyrosine
phosphorylation of STATS (Fig. 2A, upper and lewer panels,
lanes 1 and 2). Treatment of Ba/FS-2p130-IL6R cells with IL-6
that was preincubated with supernatants from celis expressing
the fusion proteins did not result in significant tyrosine phos-
phorylation of STAT3 (Fig. 2A, upper panel, lanes 3-5). Thus,
all three fusion proteins in the supernatants inhibit IL-6 sig-
naling, sinee no| STATS phosphorylation is observed in re-
sponse to IL-6. A 2-fold higher [L-6 concentration (1 ng/ml)is
neutralized only incompletely by the supernatant containingfp
AGS-33 (Pig. 2A, lower panel, lane 4).

IL-6 is the major inducer of acute-phase protein synthesis in
hepatocytes, but alse in hepatoma cell lines such as HenG2.
IL-6 stimulation (1 ng/ml} leads to a substantially increased
wl-anti-chymotrypsin production by HepG2 cells ag shownby
immunoprecipitation of metabolically labeled protein (Wie. 2B,
lanes 1 and 2). Purified proteins of control supernatant de not
affect wl-aniti-chymotrypsin synthesis (Fie. 2B, lane 3). Ta the
presence of the concentrated fusion proteins (80 ng/ml), al-
anti-chymotrypain synthesis is reduced to the hasal level (Fig.
28, lanes 4-6). Thus, all three fusion proteins inhibit TL-6-
induced acute-phase protein synthesis.

Specificity of the IL-6-inhibiting sgnlaQlsiL-GRa Fusion Pro-
teins—To demonstrate the specificity of the inhibitory fusion
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Fic. 5. Specificity and efficiency of the IL-G-antagonizing
sep ls0/sEL-GRefusion proteins. A, Ba/P'S-epi30-TLGR Geft pa.
Ba/F3-epis0-ILLiRcells ivight panel} were incubated w
amount of TL-6 (@.9 nefml) or tex-TL-11 ( npfmd), respect

serial 2-fold dilutions of inhibitors startingwith a concentration‘of 500
LEquivalent volumes of purified mock

 
 

 
 

 ector-transfectad cell su-

re used as a control. After 60 hof incubation, viahle cells
were quant d using the calorimetric XTT assay (Roche DiagnaGrabH). Dashedlines and dotted lines correspon:
absence of cytckine or inhibitor, respectively, der
curves (not shown). Mean vahics from three independent experiments
are shown with $.D. values. B, Ba/¥3-2p130-IL6R cells were stimulated
for 20 min with 6.5 ng/ml FL-6, which was preincubated for 15 min at
4°C with 1.5 ne/eok fp stalk-49 or the equivalent velume of purdiad
mock-vector-transfected cell supernatant (control) or with mereasmeg
amounts of soluble receptors is#): 1 ng/ral sIL-6Ra and 2 nefml sep130
Vane 4), 10 ng/mi sIL-GRa and 20 nef! sepl80 Vane &); and 100 ne/ml
sIL-6Rea and 200 ng/mi sep130 Gane 6). Activation of STATS was
analyzed by iramunoblotting ofcellular lysates. STATS tyrasine phos-
phorylation was detected as described in legend to Fig. 2A. sTL-6Re and
sppiS6 were prapared as deseribed previously (12, 38).

 

  

 
 

   

 

 

  

 

 
 

 

 

proteins, we compared the proliferation of Bs/F¥3 colls stably
transfected with gp130 and IL-6Rea or gp130 and IL-i1Ra
(Ba/¥3-ep130-ILILR) in responseto 0.9 ng/mi IL-6 or 6 ng/ml
TL-11, required for 50 or 80%of maximal cell proliferation,
respectively. Trx-IL-11 is a fusion protein of thioredoxin and

TL-i1 oe IL-11 activity indistinguishable from IL-ilwild type (23). The proliferation of Ba/F3-¢p130-ILG&cells
treated with a constant amount of [IL-6 is inhibited by the

fusion protem fp stalk-49 in a concentration-dependent man-
ner. Purified control supernatant had no significanteffect (Fig.
3A, loft diagram). At a fusion protein concentration of 250-400
npefml, cell proliferation is completely abrogated. Proliferation
of Ba/FS-ep1st- [LUIcells in response to trx-IL-11, however,
is not significantly disturhed by fp stalk-49 (Fie. BA, right
diagram). Thus fp staik-49 specifically inhibits IL-6, but not
IL-11 responses. Similar observations were made for the re-
maining fusion proteins (data not shown).

Inhibitory Activity of the Fuston Proteins Carnpared with
Separately Expressed sgpi30 and sfL-GRa—Next, we proved
that the appropriate fusion of the ligand-binding domains of

Bp1s0 and IL-6Raleads to a more potent inhibitor than sgp136and sIL-6Rw separately expressed in insect cells. The inhibition
of STATS phosphorylation in Ba/F3-gp130-IL6R cells induced

 

 
 

 

 
 

3 Antagonist 16971

by 0.5 nefml IL-6 achieved with 1.5 ng/ml fp stalk-49 was
compared with inhibition by the combination of sgpi20 and
siL-Gkta (fig. 38). The approximately equirnolar ratio ofIL-6 and
tp stalix-49 is sufficient for almost full suppression of IL-6 induced
SPATS activation Vanes 1-3). In contrast te this extremely high
antagonistic potency of the fusion protein, a molar ratio of 1:100
ofIL-6 and the combination of sIL-6Ra and sgp130 is required to
achieve inhibitory activity Canes 6), We conchide t the
fusion proteins are of -~100-fold increased inhibitory activity
compared with the scparate soluble receptor proteins.

 

 

  

   

DISCUSSION

In this study we present a highly potent IL-6 inhibitor based
on the Hgand-binding domains of the IL-6 receptor subanits
IL-GRo and gpis0. Many of the existing IL-6 receptor antago-
nists are IL-6 mutants of binding sites to gp130 (sites IT and
iii). They block IL-GRa by binding via the intact site I but do
not recruit ¢p1i3a0 @6, 27). Since the interaction of IL-6 with
iL-GReo is of low atfinity, so called superantagonists were cre-
ated by mutating thesite I of these antagonists te strengthen
ea-receptor binding. Although the superantagonists perform
better, they still have to be applied in a large excess to IL-6
(27). Furthermore, due to the many mutations the proteins are
highly immunogenic (28). Neutralizing 0-6 or IL-6Ra an
ies have also been used as IL-6 rohi
clinical trials for the treatment of rheumatoid arthritis

ATDS-associated Kaposi’s sarcoma (29) but turned out to be of
rather low efficiency. Very recently, potent low molecular mass
IL-6 receptor antagonists were described for thefirst time (30,
$1). These antagonists have to be applied in the micromolar
range te inhibit picomolar amounts of IL-6.

A newgeneration of cytokine antagonists is based on soluble
receptor fragments that bind the ligand with high affinity and
specificity. In the case of IL-6, two receptor subunits are re-
quired for high affinity binding, TL-6Re and gpi30. Moreover,
the complex of IL-6 and siL-6GRa acts agonistically on cells

oxpressing @pi30 (10). Conversely, sEL-GRa supports neutral-zation of IL-6 by sep130 due te formation of a soluble high
aftinity ternary complex (12). The new £L-6 receptor antage
presented in this study stems from theidea that appropriate

fusion of the ligandbinding domains of 1L-GRa and gp130
should result in a superior antagonist that neutralizes IL-6
with highest affinity and specificity. In the present study three
different linkers were used to connect the ligand-binding do-
mains of gp130 and IL-6Re. It turned out that the fusion
proteins exhibit similar inhibitery activities, indicating that
the estimation of the required linker length has been correct
and appropriate peptide linkers were chosen.

All three fusion proteins bind IL-6 as shown by precipitation
with IL-6-Sepharose. The fusion protein present in the insect

cell supernatant is sufficient to completely antagonize the ac-
tivity of 0.5 ng/ml (25 pm) IL-6 in the short term STATS phos-
phorylation assay using transfected Ba/¥Scells (Fig, 24). Sinnce
the concentrations of the fusion proteins in the insect cell
supernatants are in the range i 1-2 ng/ml (L6-30 pM), thispoints to an inhibitoryactivity at a molar ratic between agonist
and antagonist of 1:1.

in along term assay such as induction of acute-phaseprotein
synthesis in HepG? cells, the activity of 1 nafml (40 pm) IL-6
was totally blocked by the addition of inhibitory fusion protein
ata nearly 10-fold molar excess (450 pm). In the Ba/F3 prolif-
eration assay with fp stalk-49, we determined an ICs of 6
ng/ml (80 pu) for the inhibition of 0.9 ng/ml IL-6 (45 pm). Thus,
in long terra assays and therefore also for studies cf the inhib-
itory activity of the fusion proteins in vivo, an about 10-fold
molar excess of fusion protein over IL-6 should be applied.

Besides their inhibitory activity the specificity of the fusion
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proteins is an important feature to assess their potential value
for anti-cvtokine therapies. IL-L1 most closely resembles [1-6
because it also signals via gf9150 homodimers but binds to a
different a-receptor, namely [IL-LPRe. In the Ba/Fa-prolifera-
tion assay, amounts offusion proteins that significantly inhibit
IL-6 activity had no effect on IL-11 induced proliferation (data
shows only for fp stalk-49). Therefore, at the concentrations
used in our assays each of the three fusion proteins is a potent
and specific inhibitor of IL-6 activity.

The superior activity of the fused ligand-binding domains of
epi30 and IL-6Ra compared with the separate soluble recep-
tors s¢p130 and sIL-6Reo is probably the most important issue
laft to be proven te confirm the value of our concept. TL-6-
induced STATS phosphorylation in Ba/FS cells is inhibited by
the presence of equimolar amounts of fusion nrotein. To
achieve a similar inhibition an at least 100-fold molar excess of

sgpis0 and sfL-GRa@ has to be applied. This intriguing result
cicarly demonstrates the extraordinary high inhibitory activity
of the fasion protein. What is the explanation for this finding?

Tn the aboveassay, a low amount of IL-Sthat is in the rangeofpathophvsiclogical IL-6 concentrations (600 pe/ml) was ap-
plied.When the separate soluble receptors wereused, IL-6 first
binds to the siL-GRw. This interaction is of lowaffinity, and
therefore the complex of IL-6 and sIL-6Ra might dissociate
before it encounters sepi36. In the fusion protein, the initial
complex of [1-6 bound to domains D2 and D8 of [L-6Racan be
immerchately trapped by the covalently linked ligand-binding
domains of gp130 before dissociation occurs.

Our inhibitor strategy is also applicable te other cytokines
that signal vie heteromeric receptor complexes. Indeed, in a
recent publication Economides ef ai. (82) used a similar ap-
proach to create so called “cytokine traps” as highly potent
inhibiters for IL-1, TL-4, and IL-6. In their study the complete

ectodomains of the respective receptor subunits including the
regions dispensablefor lieandbinding werefused to the Fe part
of human IgG. This results in dimerization of the receptor
chains by disulfide bond formation of the Fc parts. In the case
of the IL-6 inhibitor, this leads, besides the desired se¢p130-Fe/
sIL-6Ra-Fe heterodimers, to the formation of ygpl30-Fe/
epis0-Fe and stL-GRo-Fe/siL-6Ra-Fce homodimers. As a conse-
quence, before application, the heterodimer must be separated
from the homodimers, On the XG-1 myeloma cells an IC,,, of 50
pM s2p180-Fe/siL-GRa-Fe was determined for the neutraliza-
tion of2.6 pw(0.05 ng/ml) EL-6 (82). On our Ba/F3-2p130-IL6R
cells treated with 45 pm IL-6, the IC., of fp stalk-49 is 90 om. If
me takes into account the molar ratio hetween the [IL-6 con-

centration in the twe differentproliferation assays and the IC,,,,of the respective inhibitor, it turns cut that fpsvalle-495is about
10-fold more potent than sgp180-Pe/sIL-6Ra-Fc. These findings
suggest that the more structure-based approach presented in
our study confirms the validity of the basic concept and fur-
thermore leads to optimizedinhibitory fusion proteins.

We conclude that appropriate fusion of the ligand-binding
domains of soluble receptor protcing leads to cytokine inhibi-
tors of extraordinary activity which might be of considerabie
therapeutical value for the development of new anti-cytokine
therapies.
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Thestructure of the cytokine-binding homologyregion

ofthe 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
diffraction/X-ray crystallography

Introduction

Cytokines, generally in the form of secreted molecules,
mediate intercellular signalling by high affinity interaction
(Kp ~10°!° M)with the extracellular regionsof 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
et al., 1995). Gp130-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 et al., 1995). Targeted inactivation of the
gp130 generesults in a complex pre-natal lethal phenotype
including defects in cardiac and haematological function

© Oxford University Press

(Yoshida et al., 1996). In addition, chronic activation of
gp130 signalling in a transgenic mouse modelresults in
cardiac hypertrophy (Hirota et al, 1995). The gp130
family of ligands currently comprises interleukin-6 (IL-6),
IL-11, herpes virus IL-6 (HSVIL-6), 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, LIP
(Robinson et al., 1994), CNTF (McDonald et al., 1995)
and IL-6 (Somers et al., 1997; Xuet al., 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 o. helix (helices A—D)
linked by polypeptide loops in the ‘up-up-down-down’
conformation typical of the ‘long chain’ family of cyto-
kines (Boulton ef al., 1994).

The signalling functions of gp130 are initiated by the
ligand-mediated formation of oligomeric complexes with
other specific partner receptors. Gp130initially was cloned
as an essential transmembrane component for signalling
mediated by IL-6 (Hibi et al., 1990). This occurs via
dimerization of gp130 (Murakami et al., 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 al.,
1994; Paonessaet 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 IL-11 receptors (Hilton et al, 1994; Karow
et 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 type—
LIF-R (Gearing er al., 1991). These include OSM (Gearing
et al., 1992; Liuet al., 1992), LIF and CNTF (Ip et al.,
1992), and C'I-] (Pennica et a/., 1995). In this case, signal
transduction is initiated by ligand-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 discoveredthat
OSMcanalso mediate signalling by heterodimerization of
gp130 with a novel transmembranesignalling receptor of
the cytokine type, OSM-R (Mosley er al., 1996). The
intracellular signalling pathways activated byligand-medi-
ated homo- or heterodimerization of gp130 include activ-
ation of the receptor-associated JAK/Tyk tyrosine kinases
(Boultone¢ al., 1994; Stahl ef al., 1994), the STAT family
of transcription factors (Stahl et al., 1995) and src-family
tyrosine kinase pathways (Ernst et al., 1994).

The sequenceof the extracellular ligand-binding region
of gp130 reveals that it is a member of the ‘cytokine’
superfamily of receptors characterized by a canonical
cytokine-binding homology region (CHR)containing the
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Table I. gp130-CHRdata collection statistics 

Wild-type Sea,

Wavelength (A) 1.030 9790
Unique 48 189 20 549
<Vo()> 19.4 (5.0) 23.2

Rinerge (0), 5.8 (20.6) 3.1
Resolution (A) 30-2.0 30-2.55
Completeness (%) 98.8 (96.6) 93.6

R = XI - <I>1/2<I>.merge

Ser, Seas Seay Sers

0.9791 0.9535 0.9793 0.9789
20 280 22 400 20 264 19 303
27.2 24.8 18.8 28.6
43 4.2 4.2 5.0
30-2.55 30-2.50 30-2.55 30-2.55
93.5 92 93.5 89.4

Values in parentheses correspond to the highest resolution shell (2.07—2.00 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 II (FN II)
domains. Deletion studies have revealed that the gp130-
CHR is sufficient for interaction with ligand (Horsten
et al., 1995). Mutation studies of both IL-6 (Paonessa
et al., 1995) and LIF (Hudsonet a/., 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
II) has also been described for the interaction with IL-6
(Paonessaet al., 1995). This interaction requires regions of
gp130 outside the CHR (Simpsonet 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 IT recognition epitopes.

Crystal structures are available for four cytokine recep-
tors containing a CHR; the growth hormone receptor
(GHR; DeVoset al., 1992), the prolactin receptor (PRLR;
Somers et al., 1994), the erythropoietin receptor (EPOR;
Livnah et al., 1996) and the interferon-y receptor (IFNy-R;
Walter et al., 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.

Wereport here the high resolution crystal structure of
the cytokine-binding homology region of gp130. This
structure provides the first detailed three-dimensional
information for a receptor componentcrucial to the signall-
ing complexes of a large family of growth factors (IL-6,
IL-11, LIF CNTF, CT-1 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
confirmedthat this recombinant form of gp130-CHRbinds
OSM with an affinity (Kz ~6.5x10- M) equivalent to
the complete gp130 extracellular domain expressed in
eukaryotic cells (D.Staunton, K.R.Hudson and J.K.Heath,
in preparation). Gp130-CHR therefore retains structural
features required for ligand engagementvia site II.

Crystallization trials yielded highly ordered crystals of
space group C222, (unit cell dimensions a = 84.5 A, b=
132.3 A, ¢ = 121.9 A) which contained two gp130-CHR
molecules per crystallographic asymmetric unit. The non-
crystallographic 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 beenrefined to a crystallographic R-value
of 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 C, atoms between 90 residues of the CHR
N-terminal domain is 0.44 A and between 99 residues of
the CHR C-terminal 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 (hGHR, de Vos
et al., 1992: hPRLR, Somers et al., 1994; EPOR, Livnah
et al., 1996). The CHR comprises two specialized FN III
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’, EK G) B sheet.
These domains are connected by a short 3)9 helix and are
oriented such that the whole molecule has an approximate
L shape (Figure 1).
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Crystal structure of a cytokine-binding region of gp130

 

Fig. 1. The structure of gp130-CHR.(A) Ribbon representation of the structure of gp130-CHR. Helical segments are shown in red and B strands in
green. Thefull crystal structure is illustrated which includes, in addition to the structure of residues 100-303 of gp130, an extra three N-terminal
residues and eight C-terminal residues which derive from the expression construct. The C-terminal o helix results from these latter residues.
(B) Topology diagram of the two domains of gp130-CHR.Helices are represented by cylinders and § 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 RASTER3D (Merrit and Murphy, 1994).

Gp 7130-CHR D1
The N-terminal domain (D1; residues 103-192) has the
standard arrangement of A, B, C, C’, E, F and GBstrands
(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 (Cys112-Cys122) and the C’
and E strands (Cys150-Cys160). 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 PG loop) and showlittle 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 somewhatsurprising to find that structural superpositions
with other CHR D1 structures (Figure 2A) showrelatively
poor agreement within the core framework (for example,
1.0 A rms. deviation for 53 structurally equivalent Ca
atoms with EPOR D1). As illustrated in Figure 2B, this
discrepancy arises from thedistinctive angle of B strands
C, F and G in the upper half of the GFCC’ sheet. A
superposition on gp130-CHR D2 shows a more extensive
match over these main secondarystructure elements (1.2 A
rm.s. deviation for 64 structurally equivalent Ca atoms).
The key feature, common to both gp130-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

Asn205 in D2. The tight packing of this part of the
polypeptide chain against the core of the B sandwich is
mediated bythe insertion of proline residues Pro103 and
Prol07 in Dl, and Pro200 and Pro203 in D2. The

incorporation of this feature necessitates the shift in
orientation of the upper part of the GI'C sheet. In gp130-
CHR D1, this is achieved through the distinctive B bulge
in strand G at residues 187-189stabilized by the hydrogen
bonding of the Ser187 hydroxy]to the main-chain nitrogen
of Val176 in strand F (Figure 2C). An identical function
is performed by the two serine residues in the canonical
WSXWSmotif of CHR D2 structures, with the superposi-
tion of the gp130-CHR D1 and D2 domainsindicating
that Serl187 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 G8strands or the B bulge in strand G.

Gp130-CHR D2
The C-terminal domain (D2; residues 200-300) 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
cytokinereceptor family. Structural superpositions indicate
closest similarity to the EPOR domain (1.05 Arms.
deviation for 81 structurally equivalent Ca 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 D2structures is the C’ strand. In
common with the other class-1 CHR D2 structures, the
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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 gp130, and there is no D strand. (B) The 8 bulge
in strand G. The main-chain atoms of 8 strands F and G are shown in
stick representation, Ser187 is shown in hall and stick representation,
and hydrogen bonds are denoted by broken lines. (C) The distinctive
C’.C.EKG sheet in gp130. The C’,C,EG strands are shown for gp130
(green) and EPOR (brown) positioned on the basis of a whole domain
superposition (performed using the program SHP; Stuart er al., 1979)
to illustrate the novel nature of the top half of the gp130 B sheet.

interstrand loops in gp130-CHR D2 showrelatively 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) whichis buried within the core of the B sandwich.
This precludes it from involvement in disulfide-linked
homodimerization of gp130 during IL-6-related cytokine
signalling (Murakami ef 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 B bulges are stabilized by hydrogen bonds
from the hydroxyls of Ser289 and Ser292 to the main-
chain nitrogens of Cys279 and Ile277 respectively. As in
the other class-1 CHR D2structures, the side chains of

Trp288 and Trp291 participate in an extended 7-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 gp130-CHR
D2. The extended z-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 349 helix. Additionally, residues 198 and 199
in gp130-CHRform a short B 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 A? 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 gp130-
CHRin the crystallographic asymmetric unit reveals a 3°
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 V 198-K 199.
The structural constraints imposed bythe linker 3,9 helix
and B 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, running approximately parallel to the B strands,
in the two domains; Bork et al, 1996). With a tilt angle
of 78°, the relative domain orientation in gp130-CHR
corresponds most closely to the general ‘L-shaped’ (~90°
tilt angle) arrangementcharacteristic of the other class 1
members of the superfamily (hGHR, hPRLR and EPOR)
rather than the more upright (~50° tilt angle) arrangement
of the more distantly related class 2 members IFNy-R and
TF or the more extreme 120° or so oftilt very recently
observed in the natural killer inhibitory receptor (Fan
et 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 gp130 (Figure 4). This reveals that
74/204 (36%) of residues in this region are conserved
amongst all versions of the gp130-CHR.It is notable that
the majority (64) of these shared residuesare in a relatively
buried location in the human gp130-CHRstructure. This
indicates that these conserved residues most probably play
a role in determining the structural framework of gp130
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Fig. 3. Gp130-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 theyoriginate. (B) Atomic coordinates and electron
density map for the WSXWSbox. Therefined coordinates are displayed with the original 2.9 A resolution electron density map calculated using
MADphases followed by density modification (program DM,see Materials and methods). The mapis contoured at 16 in program O. (C) Schematic
diagram of the D1—D2 linker region. Strand L in the linker region hydrogen-bondsto strand A in DL and the WSXWSboxregion 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 exhibitvariation
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 al., 1993), permits the identification of candidate struc-
tural features of gp130 that mediate ligand recognition via
site II. The cognate site H gp130 recognition epitopes
have been defined for two ligands, LIF (Hudson ef al.,
1996) and IL-6 (Savino er al., 1994). In both cases, these
consist of a small number (4-6) 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. Scquence alignment and solvent accessibility of gp130 sequences. The CHRregion of human (Swissprot accession No. P40189, Hibi ef al.,
1990), murine (Q00560, Saito et al., 1992), ral (P40190, Wang er al., 1992) and Xenopus (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 programmeof 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 0-50 were assigned a value of 1, 51-100:2, 101—-150:3 and 151-200:4. Conserved residues are coloured in
orange and residues which are identical to human gp130 arc coloured in red. The figure was gencratcd using the programme Alscript (Barton, 1993).

solvent-exposed residues forming a complementary bind-
ing site.

‘The hGH-hGHR complex (De Vos et al., 1992) and
the related hGH-hPRLR complex (Somers et ul., 1994)
reveal that recognition of the ligand via site II involves
solvent-exposed residues located in three loops linking
the main B strand elements. Thefirst of these is a prominent
aromatic residue located in the loop between strands E
and F of D1 (Trp104 in both hGHR and hPRLR). In the
human gp130-CHR structure, the analogous EF loop
contains a similar prominent, solvent-exposed residue
Phel69 (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 (gp130 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-6—-IL-6R
(Horsten et 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 FG loop
has also been implicated recently in the recognition of
granulocyte colony-stimulating factor (GCSF) by the D2
domain of the GCSFR CHR (Yamasaki ef al., 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 TL-6-IL-6R (Horsten
et al., 1997), suggesting that the FG loop does indeed
play a significant role in ligand recognition. The equivalent
regions of gp130 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
et al., 1996), the ligand is able to interact with gp130
with high affinity on its own. In other cases such as IL-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-11R respectively). This suggests
that there may exist additional sites on gp130 which are
involvedin interaction with partner receptors. Mutagenesis
of the IL-6R (Yawata et al, 1993) and the IL-IIR
(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 gp130. Inspection of the dimeric hGHR
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Fig. 5. The putative ligand-binding region in gp130-CHR compared with hGHR. Twoorthogonal views are shown for gp130-CHR(green) and
hGHR(ycllow). Loops implicated in ligand binding for the hGH-hGHR complex, and their cquivalcnts in the gp130-CHRstructure, are denoted in
red. The side chains of the structurally equivalent residues Phe169 and Trp104 are shownin ball and stick representation.

complex (de Vos et al., 1992) shows that D2 of each
hGHRpartnerreceptoris in apposition, forming a receptor
dimerinterface.It is likely, therefore, that non-conservative
mutationsin the dimerinterface could disrupt the formation
of a high affinity complex. It may therefore be anticipated
that the analogous dimerinterface region of gp130 (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 gp130-CHRstructure 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.
Gp130 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 I] of hGH (de Vos
et al., 1992). ‘The unliganded structure of gp130, however,
provides little indication of any potential for such a
mechanism, with the D2 BC loop showinga single rigid
conformation. Clearly the structure of unliganded gp130-
CHR 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 gp130-CHR does, however,
provide somepointersto the structure/function of cytokine
receptors containing an additional Ig-like domain. The
gp130 Ig-D1 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 gp130 Ig-like
domain is fully consistent with previously proposed models
for this domain’s role in multimeric recognition complexes
(e.g. Simpson et al., 1997), but a detailed analysis must
await further structural studies.

Materials and methods

Native and selenomethiony! protein production
Full details of the expression, purification and functional characterization
of gp130-CHR are reported elsewhere (D.Staunton, K.R.Hudson and
J.K.Heath, in preparation). Briefly, the 25 kDa CHR of human gp130
(residues 100-303) was expressed as a folded fusion protein secreted
into the periplasmic space of E.coli by the pMALp2 expression vector
(New England Biolabs). Purification of the MBP—gp130-CHR protein
fusion was achieved by ion exchange chromatography. Thefusion protein
was cut with rhinovirus 3c protease and the gp130-CHR separated from
the MBPby high resolution ion exchange chromatography. Theactivity
of the purified gp130-CHR was determined by its ability to bind the
cylokine OSM as followed by surface plasmon resonance analysis
(BIAcore).

The selenomethionyl form (SeMet-gp130-CHR) was produced by
similar methods but in the presence of selenomethionine-enriched media.
As for the native protein, the gp130-CHR fragment tused with MBP
was expressed in E.coli strain HW1110 using the pMALp2 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 uscd to innoculate 4 | 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 absorbanceof 1.5/cm (at 600 nm), the
culture was induced with 0.1 mM isopropyl-B-p-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 introducedafter the initial ion exchange to
remove contaminating proteins from the fusion protein and all buffers
contained 1 mM dithiothreitol and 1 mM 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
gp130-CHR wasconsistent with a polypeptide of the expected sequence
(calculated mass 25 210 Da, observed mass 25 209 + 5 Da). Gp130-
CHR contains two methionine residues, and a comparison of the
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measured mass ofthe 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 SeMet-gp130-CHR
had an affinity for OSMidentical to that of the native gp130-CHR, with
a dissociation constant of 50 nM 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 1.8-2.1 M ammonium sulfate, 0.1 M Tris pH 8.0. Typically,
1.5 ul of the protcin solution (12 mg/ml in 20 mM Tris pH 8.0) was
mixed with an equal volume of the reservoir solution. SeMet-gp130-
CHRcrystals were slightly smaller than wild-type (0.7X0.40.2 mm?)
but, when exposed to synchrotron radiation, showed ordered Bragg
diffraction to about the same resolution (2 A). The crystals are of the
C222, space group with unitcell dimensions a = 84.48 A. b = 132.29A
and ¢ — 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 cryo-crystallographic data collection were transfered to motherliquor
containing 25% glycerol, flash-cooled in liquid propane and stored at
-170°C in liquid nitrogen. Data for MAD-based phase determination
were collected from one cryo-cooled SeMet-gp130-CHRcrystal 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 ft’, A = 0.9790 A). inflection point (minimum tr,
2% = 0.9791 A), and two remote energies, below at A = 0.9793 A and
above the absorption edge at A = 0.9535 A.A fifth data set was collected
just above the maximum f’ at 2 = 0.9789 A. Diffraction data sets were
collected, at each wavelength in turn, over the same 95° $ range as 0.5°
oscillation images using a CCD detector(Hammersleyetal., 1994; Moy,
1994). A single wavelength (A = 1.03 A) high resolution (2 A) data set
subsequently was collected as 1° oscillation images from a cryo-cooled
wild-type gp130-CHR crystal at the same beam line using an imaging
plate detector (MarResearch 30 cm diameter).

The diffraction data were autoindexed and integrated using 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 collectionstatistics
are reported in TableI.

Structure determination
The Se positions were determined from the SeMet-gp130-CHRdata sets
by manual inspection of difference and anomalous Patterson syntheses
and confirmed using the program SHELX (Sheldrick er ai., 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 Foy, from the A = 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
(Cowtan, 1994; CCP4 suite of programs) yielded a high qualily electron
density map which was used in the interactive graphics program O
(Jones ef al., 1991)to trace the gp130-CHRstructure (Figures 1 and 3B).

Refinement andstructural analysis
Refinement was carried oul using standard protocols in the program
X-PLOR (Bringer, 1992). A model for copy 1 of the two molecules in
the asymmetric unit was built using program O and a model for copy 2
generated from these coordinates by application of non-crystallographic
symmetry operators. The model wasrefined initially at 2.5 A resolution
against the SeMet-gp130-CHR 2. = 0.9535 dala set. Tight non-crystallo-
graphic symmetryrestraints were maintained between the two molecules,
and 7.5%ofthe data were reserved for Ry. monitoring. Once available,
the 2.0 A resolution native data set was usedforall subsequentrefinement
with an cxtension of the test array for the cross-validation. Inclusion of
a bulk solvent correction allowed all measured data for 30.0-2.0 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 clectron
density is present for all 204 residues of the human gp130-CHR plus
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Table II. gp130-CHRstructural refinement statistics 

Resolution range (A) 30-2.0
Completeness (%) 95.0
No.of reflections (F>0) 44 627
Reryst (%) 21.5
Rito (%) 25.0
No. of non-hydrogen atoms

Protcin 3359
Water 287
Sulfate 30

R.m.s.d. from ideality
Bondlengths (A) 0.006
Bond angles (°) 1.40
Dihedrals (°) 25.36
Improper (°) 1.11

Average 3-factor (A)Main chain 19.5
Side chain 20.3
Water 19.1

Reryst = LllFops! — Weatell/E\Fops!-
Ree is as for Roys, but calculated for a test set comprising reflections
not used in the refinement (7.5%).

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 Serl0U and gp13U residues 212-213 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 II.

Atomic coordinates
Atomic coordinates for gp130-CHR have been deposited with the Protein
Data Bank, Brookhaven National Laboratory, USA.
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iL-11 Receptor a in the Pathogenesis of 1L-13-Induced
Inflammation and Remodeling’

Oingsheng Chen,’* Lesley Rabach,”* Paul Neble,* Pao Zheng, Chun Geun Lee,*
Robert J. Homer,** and Jack A. Elias**

HL-#3 is a major stimulater of inflammation and tissue remodeling at sites of Th2 inflammation. In Th2-deminant inflammatory
disorders such as asthma, UL-11 is simultaneously induced. However, the relationshipis) between IL-1] and W.-13 in these re-
sponses has net been defined, and the role(s) of UL-11 in the genesis of the tissue effects of TL-13 has net been evaluated. We
hypothesized that 0L-11, signaling via the UL-i1Ra-gp130 receptor complex, plays a key vole in IL-13-induced tissue responses.
Te test this hypothesis we compared the expression of [L-11, 1L-LiRa, and gp130 in inags from wild-type mice and transgenic mice
in which [1.13 was overexpressed in a hing-specific fashion. We simultaneously characterized the effects of a null mutation of
ih-2iRa on the tissue effects of transgenic UL-13. These studies demonstrate that 0-13 is a potent stimulater of TL-11 and
iL-iiRa. They alse demonstrate that [L-13 is a potent stimulator of Inflammation, fibrosis, hyalurenic acid accumulation, myo-
fibroblast accumulation, alveolar remodeling, mucus metaplasia, and respiratory faihire and death in mice with wild-type EL-
ike loci and that these alterations are ameliorated in the absence of DL-li Ra. Lastly, they provide insight inte the mechanisms
of these processes by demonstrating that UL-13 stimulates CC chemokines, matrix metalloproeteinases, mucin genes, aud gob-5 and
stimulates and activates TGH-61i via IL-liRa-dependent pathways. When viewed in combination, these studies demonstrate that
iL-TiRa plays a key role in the pathogenesis of .-13-indaced inflammation and remodeling.
174: 2305-2313,

nterlenkin-13 is a pleiotropic 12-kDa product of a gene on
chromosome 5 af q31 thal is produced in large quantities by

. stimulated Th? cells. It was originally described as an IL-4
 
hike molecule based on shared effectar properties, including the
ability to stimulate [gE production. Subsequent studies demon-
strated that T1L-13 and [L-4 often play distinct roles in biclogy. A

s distinction is the appreciation that IL-4

4
 

prominent aspect off
plays a key role in Th2 cell differentiation and response generation,
whereas IL-13 contributes as the major effector of Th2 inflarama-
tion and tissue remodeling (1-4). In accord with these observa-
sons, IL-13 dysregulaien has been decurnented, and HL-13 has
been implicated in the pathogenesis of a variety of diseases char-
acterived by inflammation and Ussue remodeling, including

a, idiopathic pulmonary fibrosis. scleroderma, viral pneumo-
nia, hepatic fibrosis, nodular sclerosing Hodgkin's disease, and
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chronic obstructive pulmonary disease (COPD)? (1-11. Studies
from our laboratory and others have demonstrated that [-13 me-
diates iis tissue effects by activating a broad array of downstreara
target penes, inchiding chemokines, matrix metalloproteinases
(MMPs), TOPF-61, and chitinases (12-16). The importance of TL-

ation of the effects of TL-13, however,
 

6-hype cytokines in the gener
have not been investigated.

IL-1i is a multifunctional IL-6-type cytokine with diverse bio-

logic properties inchiding the ability to stimulate hemopoiesis,thrombopoiesis, megakaryocytopoiesis, and bone resorption; reg-
ulate macrophage differentiation: and confer mucosal protection
afier chemotherapy and radiation therapy (17-22). These effects
are ciediated by a multimeric receptor that contains a ligand-bind-
ing o subunit, HL-11Re, and the ubiquitous 6B subunit, e130, that
triggers intraceilular signaling (18, 23, 24). Previous studies from
our Isboratory and others demonstrated that, like TL-13, TL-11 is
expressed in an exapygerated fashion in the dysregulated Th2 re-

 

sponse in the asthmatic airway 5). ANhough OL-11 can inhibit
Thi responses, inhibit the production of Thi-related cytokines
such as 01-12, and shift inflammation in a Th? direction (22, 26

29), little else is known about the role(s) of IL-11 in the ceneration
ilar, interac-

 

 and/or expression of Th2 tissue responses. In par
tious between [IL-1] and EL-13 have not been defined, and a role

for {L-11 in the genesis of TL-13-induced pathologies has not been
established.

We hypothesized that DL-LL signaling plays a key role in IL-
13-induced Th? inflammation. Totest this hypoth
terized the expression of IL-i1, TL-llRa, and ppi30im lings from
wild-type (CWT) mice and mice in which [1-13 was overexpressed
in a hrng-specific fashion. We also characterized the effects of a
mul mutation of [L-ilRa onthe tissue effects of transgenic IL-13.
These studies demonstrate that iL-13 is a potent stimulator of
-{1 and DL-ilRa, They also demonstrate that IL-liRa plays a
key role in TL-13-induced inflamrnation, fibrosis, hyaluronic acid

 

sis, we charac- 
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CHA) accumulation, myofibroblast accumulation, alveolar renod-
cling, mucus metaplasia, and respiratory failure and death. Lastly,
they provide insights into the mechanisrns of these processes by

cines, MMPs, omu-

ates TGF-81 via

 

 s CC chemo e 
demonstrating that TL-13 stimula
cin genes, and pob-5 and stimulates and activ
iL-liRa-dependent pathways.

Materials and Methods

Overexpression transgenic mice

CC1O-ITL-13 transgenic mice were generated in our laboratory, bred onto a
CS7BL/6 background, and used in these studies. These mice use the Clara
cell 10-kDa protein (CC10) promoter to target TL-13 to che hung. The med
ods used fo generate aud characterize these mice weredes d prev
(30). In this modeling system, DL-13 caused a mononuclear cell- and
nophibrich Ussue inflaromatory response, alveolar enlargement, suber
Mal and chysial fibrosis, mucus x
and death, as previously described (12, 13

SL-fiRa-sull mice TL-11 Ra 7) were provided by Drs. 1. Robb and C.
Glenn Begley (Waker and Eliza Hall Instiuite, Victoria, Australia) (31, 32)
These mice were bred for more eight generations onta a C S7BL.16

  

    

  
  

  
pa a, and respiratory failure
 

  

 
     
  

genetic background. CC10-1L-13 mice with WE" and nul” IL-LiRe
loci were. ted by breeding the TL-13 transgenic (Tz 7) mice with the

IL-liRe animals. Genotyping was accomplished as previously de-  bed (30, 32}. Littermate control WT mice with (4-/-++3 or without (-/—-}
IL-| Re loci were used as controls.

Bronchoalveolar lavage (BAL}

 Lung inflammation was assessed by BALas previously
The BAT. samples from each animal were then pooled and cer

let were determinedas prev iidere stored at —20°Cuntil) used.

 
 sxmberand types of cells in the cell p

described (12, 13). The supernatants w
 

Lang volume and morphometric assessments

Animals were anesthetized, the trachea was cannulated, and the lungs were.
removed and inflated with PBS at 25 om. Tho size of cach lung was cval-
uated via volume displacement, and alveolar size was estimated from
mean chord th ofthe airspace, as previously described by our labora-
tory (13). Chord length increases with alvectar|enlargement.

 
   

 
  

 
  

  

ion 
Histologic evalua

Animals were killed, a median sternotomy was performed, and right heart
perfusion was accomplished with calcrum- and msgnesium-free PBS. The

heart and hings were then removed en bloc, inflated at 25 cm pressure withneutral-buffer formalin, fixed in io formalin, embedded in par-
atlin, sectioned, and stained. H&E, Mallory’s Trichrome, and periodic ac-
id-Schiff with diastase stains were performed at Yale University School of
Medicine.

  
     

mRNA analysis  
The levels of mRNA encoding IL-1} and [L-LiRa were evaluated with 3

commercial RNase protection assay (BD RiboQuant; BD Biosciences) as

described by the mamufacturer. Other mENA levels were evaluated by
RT-PCR analysi previously de niners used have been
described previ ne, the optimal num-
bers of cycles that will produce 4 quantity of cytokine product that is

proportional to the quantity of input mRNA was determined ex-
ally. G-Actin was used as an internal standard. Amplified PCR

products were detected using ethidium bromide gel electrophoresis, quan
tilated electronically, and confirmed by nucleotide sequencing.

  
 

 

 
 

 
 

 

3 and chen   ation af EL, nes
  BAL IL-13 and chemokine levels were quantitated using commercial

ELISA kits (R&D Systems) according to the mannfacnurer’s instructions.

Famunohistochemistry
 

e-Smooth muscle actin and myosin H chain staining cells were evaluates
by immunohistoc ry as previc described by our laboratory C15}.
The primary Abs were obtained fromDakoCyiomation. Specificity was
assessed by comparingthestaining of serial sections thal were incubated in
the presence and the absence of the primary Ab.

 
    

€
 

IL-l] AND PATHOGENESIS OF [IL-3 PHENOTYPE

Quantification of lung collagen

Collagen content was determined biochemically by quantifying total sol- 
 uble collagen using the Sircol collagen assay kit (Biocolor) according to

the mamuifacturer’s instructions (15). Thedata are expre 
content of the entire right bung. Collagen was also assessed morphometri-
cally using picosirius red staining, performed as described previously by
our laboratory (15). These data are expressed as the pere : of the
histologic section with picosirius red staining.

  
 

    

Quantification of HA
  

The levels of BAIL HA were mez d using a competitive ELISA using
ated HA-binding protein as described previcusly (34, 35). Micro
es were couled with HA by combining rooster comb HA, carbo-

amples were incubated with biotinylated HA-
binding protein for t kh and then added to the wells. The plate was then
agitated, washed, developed with HRP-streptavidin, and exposed to per-

ise substrate for 30 min. OD ai 405 nin was evaluated. Samples were
compared with a simultaneously performed siandard curve.

 
  
 

  
   

  

   

TGF-$ bioassay

The levels of total and bioactive TGF-BI were
B

evaluated by ELISA (R&D
Systenis) using untreated and acid-treated BAT. fluids according to the
manufacturer’s i

 
nstructions.

Murine 100% Oj exposure

Adult & to S-wk-old Tg” and Tg* mice with WTor aull mutant IL-11Re
loci were exposed to roomair (controls) or continuously to 100% 0, in a

Plexigias chamber as previously de ad (19, 36). Alf protocols were
reviewed and approved by the institutional animal care and use committee
at Yale University School of Medicine.

 

    

Normatly distributed data are expressed as the mean + SEMandassessed
for significance by Student’s f test or ANOVA as appropriate. Data that
were not normallydistributed were assessed for significance using the Wil-
coxon rank-sumtest.

   

Results

Effect of IL-13 on IL-2] and IL-11R expression
Studes were undertaken to define the effects of TL-13 on IL-1] and 

its receptor components in murine lung. These studies demon-
strated that transgenic 11-13 3s a potent stmmailator of the expres-
sion of TL-1i and IL-liRe. Theseeffects were readily apparent at
all time points evaluated (1-4 mo: Pix. 1 aad data not shown). The
induction of fL-1i

levels of mRNA encoding other IL-6-type cytokines. including
ad LIF (Fig. 1). A modest increase in gp130 expression was
served (Pig. 1). Similar alterations in M-CSP, GM-CSF,

stem cell factor, 1.32, and GAPDH, however, were not found. The

alterations in DL-11 Rw werealso at least partially specific, because

was associated with similar increases in the

 

 
CORREA TS. +s +

CALLSa fi
EERE

A

FIGURE £. IL-13 regulation of IL-1iRae and IL-1t. Lungs were ob-
tained from 2-mo-old CC10-TL-13 Tg” and Tg” mice, and the levels of
mRNA encoding the noted cytokines, proteins, and receptors were evalu-

using RNase protection. Each lane represents an individual animal.
us
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comparable alterations in the expression of BL-GRa and DEN-yRa
were not observed (Fig. 1). These studies demonsirate that IL-13 is
a potent stimulator of TL-1i and the a subunit of its receptorina
murine lung.

Role of IL-t1R signaling in (L-13-induced inflammation

To address the importance of IL-1 in the pathogenesis of IL-13-
induced tissue inflammation, CC10-IL-13 transgenic mice were
bred with IL-1 LRa@’~ mice. The inflammatory responses in T.-13
Te” mice with WTand null IL-11 Ra: loci were then compared. As
previously reported (12, 30), 1L-13 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 BAL fluids of (L-13 Tg* mice with nomnal 0-11Re loci.

2 

Ta the absence of [L-ilRu, an impressive decrease in this inflam-
matory response was noted. In 2- and 4-mo-old mice, impressive
ecreases in BALtotal cell, macrophage, and eosinophil recovery

were noted (Fix. 2,4 and 8). A si
tion was apparent (Fig. 2C and

data net shown). In BALand tissues, compensatory increases in

 
 

larly, impressive decrease in
Sssne inflammatory cell accumul

Role of IL-tIRa in U-t3-induced chemokine elaboration

Previous studies from our laboratory demonstrated that TL-13 in-
issue alterations  duces its in part via the induction of a wide array 

BALWeltBreer04 

 
  

 BALCattRawowery(xt

BFIGORE 2.) Role of IL-l Re in EL-13-induced infismmation. A and &,
The BAL celi recoveries of Tg/IL-1iRa‘’* mice (7]}. Te/TL-liRaT’”
mice (ED, TgtAL-LiRa “* mice GB, and Tet /ML-11 Ba ~'~ mice (Hl) at
2 iA} and 4 CB} mo ofage ompared. The histologic effects in 4-mo-old

original magnification, X10}. # p < O.01.

 

pe are c
mice are illustrated in C (
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of CC chemokines (12). To investigate the mechanisin by which
IL-lRo deficiency diminished PL-13-induced inflammation, we
compared the expression of selected chemokines in IL-13 Ta™
mice with WT and suil IL-liRe loci. In Tg7 mice with WT or
mul LL-iiRa loci, the levels of mRNA encoding MCP-VCCL2,
MCP-2/CCL8, MCP-3/CCL7, MIP-la/CCL-3, MIP-1S/CCLA,
MIP-2/CXCL-2/3, MIP-3a/CCL20, CIG/CCL-6, eotaxin/CCL-11,

eotaxin-2/CCL21, and thymus and activation-regulated chemokine
(TARCVCCL17 were comparable and in many cases were near or
belowthe limits of detection of onr assavs (Fig. 34}. As previously
reported (12, 37), EL-13 increased the levels of mRNA encoding
these chemokine moieties in Tg™” mice with WT IL-LiRa loci
(Fig. 3A). In contrast, in the absence of TL-L1Ro, the ability of
TL-13 to induce MCP-1/CCL2, MCP-2/CCL8, MCP-3/CCL7,
MIP-lofCCL3, MIP-LB/CCLA, MITP-2/CXCL2-3, MIP-3a/
COL20, CIO/CCL6, eotaxin/ACCLIi, ectaxin-2/CCL21, and

ARC/CCLI? was markedly diminished (Fig. 3A}. In accord with
these mRNA alterations, comparable alterations in BAL MCP-1/
CCL2, MIP-lo/CCL-3, and eotaxin/CCL-1i protein were ob-
served (Fig. 3, BD). Thus, IL-11 Re plavs an essential role in the
stimulation of selected chemokines by TL-13.

 
 

 

Rote of IL-1) Re in iL-i3-induced fibrosis and HA and
myofibroblast accumulation

Quantitative morphometric, biochemical. and immrunohistochem-
ical approaches were used to define the role of [L-11 Ra in (L-13-

is and HA and myofihrob!

 
 t accuntula- 

induced pulmonary fibro
tion. In these stndies, we compared these coHlagen, HA, and
cellular parameters in TL-13 Tg” mice with WT and null IL-liRe
loci. Similar amounts of collagen and BAL HA and similar mum-
bers of anti-smooth muscle actin-staining parenchymal ceils were
noted in lunes from WTlitterrmate control mice and EL-liRa7’~
animals (Fig. 4), in WT mice, DL-13 caused an inipressive i
in tung collagen content (Fig. 4, A and 8) and BALHAlevels (Pig.
4C) that could be easily determined by histochemical and bio-
chemical measurement techniques. in additions, IL-13 mereased the
accummiation of parenchymal myofbroblast-like cells that con-
tained anti-smooth muscle actin, but did not stain with Abs against
smooth rauscle myosin (Fig. 40 and data not shown). In contrast,
the levels of IL-13-induced collagen and HA were significantly
reduced in lings from Tg" mice with null vs WT IL-1Re loci
(Pig. 4, A-C). Myofibrobiast accumulation was similarly decreased
in lungs from TL-13 Te /IL-LiRe/~ mice compared with Tg °/
T-ilRa'‘’ animals (Fig. 4D). Interestingly, the anti-smooth
muscle actin staining of vascular smooth ranscle cells was not
altered in the absence of 1L-~LiRu (Fig. 4D). Thus, IL-1] signaling
plays a critical role in LL-i3-induced tissue fibrosis and HA and
myofibroblast accumulation.

 

 PEASE

 

Role of 11-11Ra in iL-13-induced production and activation of
TGE-Bi

Previous studies from our laboratory demonstrated that the fibrotic
effects of LL-13 are mediated by its ability to induce and activate
TGF-§1 and that this activation is mediated to a great extent by
MMP-9 (15}. To detine the importance of IL-liRa in these re-
sponses, we evahiated the TOP-(1 production of Te” mice with
WT and pall EL-L1Rae loci. In mice with a WT DL-LiRa locus,

iL-13 was a potent stimulator of the levels of mRNA encoding
TGOF-81, TGP-82. and TGP-83 (Fig. 54). 11-13 also augmented
MMEP-9 mRNA accunvulation (Fig. 5A). In accord with these ob-
servations, IL-13 increased the levels of spontaneously activated
aud total TGF-81 protein in BALfluids from these animals (Fig.1
5, 8 and ©). In all cases, these inductive effects appeared to be
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FIGURE 3. Role of IL-l1Ra in ete
{L-lS-induced chemokine  stimuts- eters
tion. A, Comparison of the levels of wines. Eatwsins
mRNA encoding the noted chemo- pane
kines in lungs from Te” and Pg* —
 

RANTES
mice with +/+ and —/-— TL-fiRe
mice with +/+ and —/— TT Re 8 Actinloch. BD, L of MCP-1,
MIP-la, and cotaxin protcin were as-

sessed by ELISA in RAL fluids from
4-mo-cld (BD
inA are repre-. -—%,

- evaluations, Cc

 
 

2-mo-old (anc
mice. The evaluatix 
 sentative of four s

B D, Each vaiue is the mean + SEM
of evaluations ta a minimum of five 33H

p< O0L mice. *, p < 0.0  
2 ouRes
xne
oF 1a8Seon
= 119}
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iL-Lt Ra-dependent, because the levels of mRNA encoding TGF-
Bi, ~62, and -63 and MMP-9 and the production and activation of
TGF-81 were significantly decreased in TL-11Re-null mutant rice

t 5}. Thus, HL-15 stimulates and activates TGF-81 and induces
production of the TGP-B1 activater, MMP-9, via an DL-1 Re-de-
pendent mechanism.

 

 

Role of iL-1iRa in U-t3-induced alveolar remodeling

To define the role(s) of IL-iiRa in the pathogenesis of TL-13-
induced alveolar rermodeling, we comparedthe alterations in lung
volume and alveolar size in IL-13 Ts” mice with WT and oull

{L-lL Ra loci. fn accord with previeus observations (13), DL-13
caused an impressive increase in these parameters in lungs from
mice with WT 0L-iiRa loci (Fig. 6, A aud 8). fu contrast, these
effects of IL-13 were significantly diminished in mice with null
iL-lika leci (Fig. 6, A and B). Thus, 1L-liRa plays a keyrole in
this remodeling response.

 
ts of [L-t 1Rae deficiency on tung proteases  

Te determine whethera deficiency of IL-11Ra could modulate the
{L-13-induced aiveoiar phenotype by decreasing the production of
respiratory proteases, we compared the levels of mRNA encoding
hung-relevant MMPs and cathepsins in WT and DL-11Ra7’7 mice.
As noted above (Fig. 54), [1-13 is a potent stimulator of MMP-9,
and this inductive event was mediated via an IL-l Ra-dependent
pathway. As shown in Fig. 6C, I1L-13 was also a potent stimulator
of MMP-2, MMP-12, tissue inhibitor of MMP (Timp)-1, Timp-2,
Timp-3, Timp-4, cathepsin K, cathepsin S, cathepsin B, and ca-
thepsin L. Interestingly, the induction of MMP-2, MMP-12,

 
 

IL-l] AND PATHOGENESIS OF [IL-3 PHENOTYPE

B

MCPpel) 
ORE a

H-liRea: ae   

EatastaCpyg/asitt 
Timap-1 to -4, cathepsin i, and cathepsin B was decreased in the
absence of IL-L1IRoa (Fig. 6C}. Thus, in the setting of a deficiency
of TL-Li Ra, TL-13 is unable to optimally stimulate lung proteases.

 

Role of IL-1Ro: in 1L-13-induced mucus metaplasia
Studies were next undertaken to determine whether IL-L1iRa

played an important role in the pathogenesis of UL-13-induced mu-
cus metaplasia. fn these studies we compared mucin pete expres-
sion in Tg’ mice with WT and null IL-11 Reloci. The expression
of gob-5, a calcium-activated chloride channel involved in the mu-
cus response (383, was also evaluated. In lings from Tg™ mice
with WTor mull 1L-1iRa loci, the levels of expression of Muc-Sac
and gob-5 were at or near the limits of detection in our assay (Fig.
7). In contrast, TL-i3 was a potent stimulater of muc-5AC and
gob-5 in murine lung (Fig. 7). Interestingly, the stimulation of
mucSACand gob-5 gene expression were diminished in Tg” mice
with null mutant IL-l) Re Joci Fig. 7}. These studies dernonstrate
that TL-i1 plays an important role in the pathogenesis of TL-13
stipulation of rancie aud gob-5 gene expression.

 

 

 

 
   

Role of IL-1 1RKo: in H-13-induced respiratory death

Ta CCIO-TL-13 To” mice, progressive hing pathology is noted. As
a result, these raice die prematurely from a fibrodestructive, in-
flammatory alveolar filling process that abrogates normal respira-
tory function (12). To define the role of TL-LERein this fatal
response, we compared the survival of IL-13 Tg' mice with WT
and null IL-11Ra loci. Ta” mice with IL-11Ra7’™ ioci started to
die at ~ 100 days of age, and 100%ofthese animals were dead by
4.1 mo ofage (Fig. 8). As skiown in Fig. 8, a deficiency of LL-LiRa
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FIGURE 4 Role of TL-LiRain T-13-induced fibro-

sis and HA and myofibroblast accumulation. The colla-
gen content of lings from 4-mo-old IL-13 Te” and Tg*

+/+ and —/- PL-1iReloch were compared
using Picosirius Red (A) and Sirchol (B) collagen eval-
uations. C, HA content of BAL fluids from Te7 and
Te? mice with WF and null IL-liRe loci. D, Compar-
ison of o-smooth muscle actin staining of lungs from
4.mo-old IL-13 Te7 mice with +/+ and —/—
loci. 4--C, Each value represents the mean + SEMof
evaluations in a minimumof five mice. 0, Representa-

  
shiratte:sexesTetatovenC04}

  mice wit 4
 
 

 
 
 

  
tive of four similar evaluations. #, 9 < 0.05, #*, p < SSA
0.01. NB. none detected. = aan

significantly improved the survival of these animals, with Tg”/fL-
iiRe‘7 animals beginning to die at ~3.5 mo of age and many
animais hving to 7.8 mo of age (Fig. 8). Thus, LU-LIRe plays a
critical role in the pathogenesis of the [L-13-induced pathologies
thai lead to the death of these animals.

2ee

Rete of iL-11R«ain IL-13-induced protection in 100% DO,

Previous studies fromour laboratory dernonstrated that DL-13 con-

fers an impressive level of cytoprotection in the context of hyper-
oxda-induced acute hung tnyury (19). To define the role of DL-1I Ra
in this protective response, we compared the survival of Tg' and
Te” mice with WT and null fL-f1Rq@ foci in 100% O,. WTmice
died after 4-6 days of exposure to 106% ©. (Fig. 9). Interestingly,
iL-liRa mice were more susceptible to 100% O, than their
WTlittermate controls, dying after 2-3 days of exposure to 100%
O,. As described previously (36), PL-13 Tg* mice with WT IL-
{tRe loci lived for an extended interval, with many of these an-
imais living for 8 12 days in hyperoxia (Fig. 9). Interestingly, a
deficiency of IL-liRa did not significantly alter this protective
response (Fie. 9). Together, these studies demonstrate that DL-

ilRe plays « important role in regulating the response of other-
wise normal mice to hyperoxia. They also demonstrate that [L-
LiRe does not play a significant role in the cytoprotection that
conferred by IL-13

 

 

 

 

 

 Effect of IL-1]Re deficiency on IL-13 production and receptor
expression

A deficiency of iL-lIRa could modify the iL-13-induced pheno-
type byaltering 1L-13 production or the expressionof the subunits
that make up the IL-13R. To address the former, we compared the
levels of TL-13 in BALfrom Tg” mice with WTand null FL-PiRe
joct. As shown in Fig. 10A, a deficiency of DL-1iRa@ did nat alter
the levels of transgenic FL-13 protein. To address the receptoris-
she, we compared the levels of expression of W-4Ra@ and {L-
i3KRa@l, which make up the signaling TL-13R complex, and the
decoy receptor DL-13Ra2 in mice with WT and null-Li Re foci
The levels of mRNAencoding IL-dRa, 1L-i3Rel. and HL-13 Re?
in Tg” mice with WTand null TL-l1Ra loci were comparable and
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were at or below the limits of detection of our assays (Fig. 108).
As previously reported (39), DL-13 wa a potent stimulator of each
ot these moieties (Fig. 108). in these experiments a deliciency of
IL-Ll Racaused only modest alterationsin thelevels of expression 

of IL-4. and fL-i3Ral Pig. 108). Importanily, in the absenceof
TL-t1 Ra, the levels of expression of TL
mented (Fig. 108). In fact, modest decreases in the levels of ex
pression of this decoy receptor were noted. These studies demon-
strate that the amelioration of the IL-13 phenotype that is seen in
iL-t | Roenull mice is pot due to a decrease in 0-13 production, a
decrease in 1L-13Ral1-IL-4R.a recepior expression, or an increase
in expression of the TL-i3Ra?2 decoy receptor.

 
13Re?2 were not ang-

 

Discussion

Because iL-13 and {L-11 are juxtaposed in inflammatory tissnes,
studies were undertaken to define the relationship(s) betweenthese
important regulatory moieties. These studies demonstrate that
TL-13 is potent stimulator of TL-11 and TL-i] Ra. They also dem-
onstrate that 1L-13-indaced inflaramation, HA accumulation, myo-
fibroblast accummlation, tissue fibrosis, alveolar remodeling, mp-
cin pene expression, and respiratory failmve and death were all
diminished in IL~13 Tg mice with mull mutations of IL-liRa.

Lastly they demonstrate that IL-13 is unable to optimally stimulate
inflammatory chemokines, proteases, and mucin genes and is un-
able to fully stirmulate and activate TGP-61 in the absence of IL-

ilRa. These studies define a previously unappreciated mechanism
of regulation of {L-11 and PL-liRea.
known ligand for the L-+]l1Ra-gp130 receptor complex, these
studies also define a previously unappreciated rele for TL-1iRa,
and presumably for TL-il, in the pathogenesis of DL-13-induced
tissue responses.

IL-li was discovered as an [L-6-like molecule that stimulated

the proliferation of [L-6-dependent plasmacytoma cells (40). Sub-
sequent Lovestigation has focused to a great extent on the effects of
exogenously administered rfL-11 and its role as a potential ther-
apeutic agent. These studies highlighted impressive effects of
OL-L1 onplatelets, which is the basis for the approval of IL-Li by
the U.S. Pood and Drug Administration as a treatraent that fosters

ecause IL-Li is the only
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FIGURE 3. Role of IL-l1Ra in IL-13 stimulation of TGP-@ moieties and
MMBP-9. Lungs were obtained trom Tg” and Tp” mice with +/+ and —/—
T-ttRo loct. The levels of mRNA encoding TGF-6 mnieties and MMP-9
were assessed by RT-PCR (A), and the levels of bioactive (8) and total (C)
TGF-61 were evaluated by ELISA. A, Representative of four similar eval-
rations. B and C, Values represent the m

 

 san + SEMof evaluation in a
 minimum of five mice that were either 2 G3) or 4 GD moof age.

platelet reconstitution after bone marrow ablative therapy (17, 18).
They also defined the ability of recombinant and transgenic IL-1 1
to confer cytoprotection and inhthit inflarnmation during states of
raucosal/tissue tnjury (27, 28. 33, 41 43). These studies did not,
however, address in detail the roles of endogenous (L-11 and H-Lt
signaling in the generation of tissue inflammatory and extraosse-
ous remodeling responses. The present studies provide a new lieve
of insight into the biology of [IL-1] by dertonstrating that in ad-
dition to the protective effects of high concentrations of exogenous
IL-L1, endogenous TL-11 has important proinflammatory effects a
shtes of [L-13-mediated Ussue inflammation. In the absence of

{L-il signaling. the ability of [L-13 to induce lymphocytic and
eosinophilic tissue inflammation was markedly diminished. in ac-
cord with these findings, in the absence of [L-llRa. IL-13 was
also unable to optimallystimulate the production of the proinflam-
matory chemokines CMCP-1/CCL-2, MCP-2/CCL8, MCP-3/
COL?, MIP-la/CCL3, MIP-1B/CCLA, MIP-2/CXCL2-3, MIP-
3a/CCL20, CIOYCCL6, eotaxin/CCLil, eotaxin 2, and TARC/

CCLA7) that are known to play essential roles in the generation of
iL-i3-induced responses (12, 37}. These are the first studies to
deraonstrate an important proinflaramatory role for TL-ELAL-TI Ra
ia Th? inflammation andthe first to demonstrate an important role
for IL-LU/IL-liRa in the induction of Th2-focused chernckines.

 

 

IL-l] AND PATHOGENESIS OF [IL-3 PHENOTYPE

A

 
CONS EATS :

TPR
AYSROE,
MAMIE. 12
‘Foyt 
 

Thup-2

‘Ting
‘Tied

Cabhegeta
Cathepain 5
Cathepehe B
Cathepsin f
Cathepsin OF

Be Act

FIGURE @ Role of TL-liRe in UL-i3-induced alveolar remodeling.
Lungs were obtained from Tg” and Tg” mice with +/+ and -/- IL-LIRe
loci. 4 and &, Lungs were fixed to pressure, and hung volume (A) and chord

2d. C, Levels of mRNA encoding the noted proteases

    
  

 length (B) were asses:
and antiproteases were evaluated; representative of four similar evalua-
tions. A and #. Values represent the mean + SEM of evaluarions in a
minimum offive mice that were either 2 (£5 or 4 @) moof age. *, pp < 0.01.

When corabined with pnor studies that demonstrate that exoge-
nous EL-11 can prevent inflammation, the findings indicate that
IL-1 1 has complex, context-specific effects on Th2 inflamraation
with the ability to augment and prevent these important responses.
Tn many ways this is analogous to TGF-$, which can have similar
bidirectional modulatory effects (44—46}). This is an intriguing

EY BAL:
ELRIRe t 
 
 

SaubeoFat

Uhhs

Po Aeckins

FIGURE 7. Role of IL-11Rqein [L-15 stimulation of mucin and gob-5
gene expression. Lungs were obtained from Ts” and Tz” mice with | /|
and —/— Ti-1diRa inci. The levels of MRNA encoding MUC-3ac and
gob-5 were then evaluated. This experiment is representative of four sim-
ilar evaluations.
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FIGURE8 Role of IL-LIRa in IL-!3-induced respiratory failure and
death. The figure compares the survival of TgHL-11 Rat’ mice (©),
TgAIL-ltRe’" mice (7), TotAL-liRet’* mice (@), and Tg/IL-
1iRe ‘ mice GH}. Each value represents the survival of a minimumof

t mice. Thesi sof Tg” mice with +/4- --{- loci are super-

 

   
é

imposed on one another. = p <. 0.05.

analogy, because work from our laboratory and others has dem-
onstrated that IL-11 is potently induced by TGP-B1 in a vanety of
cells and tissues (18, 47 49).

Tissue fibrosis is a prominent feature of asthmatic airway re-
modeling and a major cause of morbidity and mortality in a vanety
of other pulmonary and extrapulmonary disorders. The Th? cyto-
Eine hypothesis suggests that fibrosis is the result of Th2-dorai-
nated tissue inflammation and that TL-13 is the major mediator of
these fibrotic responses (1, 6, 30, 50). We have previously dem-
onstrated that E-13 induces pulmonary fibrosis by inducing and
activating TGF-61 (15). We also demonstrated that this induction
and activation are mediated at least in part byMCP-1/CCL2 and
MMP-9, respectiv (12, 15). The p dies add te our un-
derstanding of the pathogenesis of this important fibrogenic path-
way by demonstrating that IL-l lRaplays acritical role in both

spouses. To

were markedly diminished. In addition. the induction of MMP-9
the stiraplaion of MCP-L/CCL2, and the induction and activation

of TGF-G1 were all markedly decreased. These observations in
combination with previous reports froma our laboratory dermon-
strating that TGF-6@1 is a potent stimulator of TL-11 (18, 47-49}
indicate an amplification pathwaythat can be activated in fibrotic
assues. During Th2 inflammation, U-13 can stimulate UL-11] and
fL-ilRa, which would, in turn, contribute |to the induction of
MCP-1/CCL2 and MMP-S. This would augment the production
and activation ef TGP-Bt, which would feed back to farther stim-
ulate the production of HL-11. This amplification loop could con-
tribute to the chronicity, progression, and/or severity of pulmonary
and extrapulmonary fibrotic disorders.

Myofibroblasts are increasingly believed to play an essentially
role in tissue fibrotic responses ($1). Although their Ussue source
as shill open to interpretation (52), their ability to accumulate and
produce collagen and other matrix molecules at sites of injury and
repair is now well accepted (31). It is also well known that nzyo-
fibroblast accumulation and activation at sites ofinjury and repair
are driven in part by TGF-61 (45, 51). Gur studies demonstrate

hat TL-13 induces myofibroblast accumulation and tissue fibrosis,
and that DL-11Raplays an essential role in these inductive events.
These findings are in accord with previous studies from our lab-
oratory that demonstrated that transgenic IL-11 causes pulmonary
fibrosis and myofibroblast accumulation (53). Additional experi-
ruentation will be required to determine whether the inability to
induce myofibroblast accumulation in the absence of IL-11Ra is
the direct result of a defect in EL-11R signaling or the result of the
unportant role that [L-1iRq@ plays in the induction and activation
of TGP-BI.
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FIGURE 9 Role of IL-LtRe in IL-13-induced cytoprotection in hyper
oxia. Ta Te? mice with +/+ and -/~- IL-i1Re loci were placed
room air or in 100% O,, and survival was assessed. The figure compares
the survival of Te AL-1iRat’* mice (O) AL-iiRa’~ mice (_),
TeL-iiRa’’* mice (@), and TgAL mice (8). Each value
represents the survival of a minimum of five mice. *, p <. 0.0S.
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tn additionto its well-documentedability to induce eosinophilic
inflammation, mucus metaplasia. and airway hyper-responsiveness
(2, 3, 30), stndies from our laboratory and others have also high-
lighted the ability of FL-13 to inducealveolar remodeiing and alter
protease/antiprotease balance in the hing (13). The lateristhe re-
sult of the ability of IL-13 to stimulate MMPs and cathepsins and
inbibit al antitrypsia (13). Surprisingly the mechanisms of these
inductive events have not been defined. The present studies ad-
dress this issue by demonstrating that 1L-ilRe (and presumably
IL-1 1) play essential roles in the ability of HL-13 to cause alveolar
enlargement and induce MMPsand cathepsins, because all three

din TL-13 transgeni
TL-L Ra. Previous studies fror

that DL-11 has the ability to cause alveolar+ enlargement byblock-
ing hing growth and development (54). When combined with the
preseut studies, if is clear that [IL-1] can alter alveolar structure via

developmental and nondevelopmental pathways. The develop-
ment-dependent alterations are particularly relevant to the alveolar
enlargement that is seen in pediatric patients with bronchopulmo-
nary dysplasia (55). In contrast, the development-independent ef-
fects have interesting implications with regard to the pathogenesis
of pulmonary emphysema and chronic obstructive pulmonarydis-
sase. This is particularly intriguing because the subepithelial fi-
brosis and B cell- and T cell-rich nodules that have recently been

described in tissues from patients with advanced COPD (56) are
similar in many ways to subepithelial fibrotic response and B cell-
and T cell-rich nodules described by our laboratory in IL-1) trans-
genic mice (53), In addition, polymorphisms in TL-11 have re-

wap

 

  

 

were decr mice that were deficient in   

 atory alsa demonstrated

  

 

 

 
cently been shownto b
(57). These findings also have important implications for other
diseases, such as periodontitis, idiopathic pulmonary fibrosis,
scleroderma, and hepatic fibrosis, in which protease alterations and

the exaggerated production of EL-13 or HL-li have beennoted (1, 3-11, 58).
The ability to induce goblet cell hypertrophy and mucus meta-

plasia is one of the most potent airway elfects of LL-13 (59), De-
spite this petency. the mechanisrn of this response is poorly un-
derstood. It is clear, however, that TL-13 induces mucus metaplasia
via a different mechanism than inflanimation and fibrosis. This can

be readily appreciated in studies that demonstrate that rancus tmeta-
plasia is not altered, whereas inflammation and fibrosis are de-
creased by interventions that ablate and/or neutralize specific che-
mokines, chemokine receptors, or TGF-Bi (12, 15, 37). An
interesting feature in our studies is the dernonstration that in the
absence of IL-1l1Ra, the ability of HL-13 to stimulate mucin genes
is significantly decreased. Thisis the first rnanipnlation of IL-13 in

oclated with the development of COPD
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FIGURE 16. Th-??Roa regulation of BAT. 11-13 and TE-13R subunit ex-
pression. BAL fluids and tungs were obtained from Tg” and Tp* mice
with +/+ and —/— IL-L1Re loci. The levels of BAL LL-13 (A) and m

encodiag TL-13R subunits (4) were evaluated. B, Repres i
ad

 
  

 gsimilar evaluations. The values in 4 represent the mean + SEMof£ eval
uations in a mininwin of five mice that were 2 2D or 4 GB me ofage.  

vivo that simultaneously aiters inflammation, fibrosis, and mucus
responses. These studies demoustrate that IL-liRa plays an im-
portant role in the pathogenesis of EL-13-induced mucus alter-
auions. It is important to point out, however, that the role of TL-
i{iRe in mucus metaplasia is likely to be quite complex, because
the overexpression of LL-11 by 3iself did not induce mucus meta-
plasia in the murine airway (53). Thus, 0.-1iRa signaling plays an
important role in 11-13 stimulation of mucin genes. but is not
sutlicient for the induction of airway mmcus metaplasic

In our studies the ability of IL-13 te induce inflammation, fi-
brosis, HA aceurmmlation, alveolar remodeling, and respiratory
failure and death was decreased in rnice that were deficient in
{.-1 1} Ra. These alterations could be the result of a decrease in the

production of transgenic TL-13, a decrease in PL-13 signaling, or a
decrease in TL-13 effector pathwayactivation. The first two options
are not likely. because similar levels of BAL EL-13 and similar
levels of expression of the decoy receptor [1-1 3Ra, were seen in

mice with wild-type and oull EL-illRe loci. Additional support

cores from the specificity of the alterations that
cause [L-13-induced cytoprotection in hyperoxia was not altered in
{L-l Radekcient animals. The decrease in IL-13 effector path-
way activation could be caused by at least two mechanisms. First,
IL-Lf could be an important target of and mediator of the tissue
effects of TL-13. Alternatively, fL-11 could regulate the survival of
critical TL-13 target cells that are involved in the pathogenesis of
1L-13-indnced inflammation, remodeling, and cytokine, protease,
and matrix responses. Repardiess, exaggerated TL-13 production
has been impheated in the pathogenesis of a variety of disorders,

including asthma, COPD, pulmonary fibrosis, scleroderma, hepatic
fibrosis, and nodular sclerosing Hodgkin's disease (1-11). The

he effector responses of IL-13 in these

 

 

were noted, be-

 
 present studies suggest

disorders may be beneficially controlled by interventions that

IL-l] AND PATHOGENESIS OF [IL-3 PHENOTYPE

block BL-LURe@and/or 1L-11. This establishes the TL-LI-TL-LiRa

pathway as a worthwhile site for investigations designed to iden-
tify therapeutic agents that can be used to treat these and other
TL-L3-mediated disorders.
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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-11) has
proven to be a fascinating cytokine with pleiotropic

effects on multiple tissues. Initially characterized as a hema-
topoietic cytokine with thrombopoietic activity, IL-11 has
now been shown to be expressed and have activily in mullti-
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 TL-I1 in the mouse germline (X.D. and
D.A.W., unpublished results, January 1997) and future stud-
ies of homozygous IL-11-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-11, concentrating on data published
after the last comprehensive review published in 1994."

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.' More recently the murine IL-11 cDNA was cloned
using an expression library generated from a lipopolysaccha-
tide (LPS)-induced murine fetal thymic cell line (T2).? The
murine [L-11 cDNA shares 80% homology with human IL-
11 at the nucleotide level.” Both human and murine IL-11

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-
tively’? (and M. McAndrew-Hill and D.A.W., unpublished
results, June 1996). The 5’-flanking region of the human
IL-11 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.? A 10-bp pro-
moter sequence (5’ GGTGAGTCAG3’) in this region con-
tains an activator protcin-!| (AP-1) site (underlined). JunD/
AP-1 complexes are responsible for the basal-level transcrip-
tion of IL-11 gene in bone marrow (BM)fibroblast cells.*
There are two polyadenylationsites 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-la—in-
ducedcell lines.*”

PROTEIN CHARACTERIZATION

IL-11 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
19,144 daltons® and 19,154 daltons,’ respectively. Mature
human and primate IL-11 protein share 94% identity whereas
human and murine proteins share 88% identity in the amino
acid sequence.”*” Although [L-11 is rich in proline residues
(12%) and lacks cysteine residues (ie, lacks potential disul-
fide bonds), hIL-11 is highly helical (57% + 1%) andis
thermally stable (melting temperature [Tm] = 90°C).* Ac-
cording to the structural model proposed by Czuprynct al,®
IL-11 contains a four-helix bundle topology (denoted A-D)
whereby methionine residue 58 (Met*) and lysines (Lys"!
and Lys”) are located onthe surfaceof the protein. Chemical
modifications (alkylation or site-directed mutagenesis) of the
Met™residue results in a 25-fold decreasein in vitro bioac-

tivity of rhIL-11. Chemical modification of the Lys*' and
Lys” results in a 3-fold decrease in bioactivity. rhIL-11
lacking the four carboxyl-terminal residues has a 25-fold
lower bioactivity and elimination of 8 or more carboxyl-
terminal residues completely abolishes activity.? The C-ter-
minus of rhIL-11 is predicted to be helical and to be involved
in the primary receptor binding site (site I). Importantresi-
ducs contributing to receptor binding in this site include
Arg’, His’, Asp’‘Trp'®, and Arg’. Met*is potentially
involved in the receptor binding. In the region between Pro!
and Lys", there are a number of residues (including Pro”,
Glu'®, Leu'’, Leu’, Arg”, Leu”, Thr°', Arg’, Leu*, and
Arg*®) that are critical for the bioactivity of IL-11 and may
constitute part of a gp130 bindingsite (site I1).° Lys*! and
Lys”’, 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 (H19-7)"° IL-la
Spinal motor and sympathetic neurons"
Astrocytic glioblastoma (U373, U87)'*? IL-16, PMA, calcium inophore

Thymus Myeloid? (T,)” LPS
Lung Fibroblast (MRC5, CCL202)"°

Epithelial (QHTE, A549)"
Muscle cells

Bone Fibroblast (P-34, KM102)*”.7"
Osteosarcomacell lines'*”
Osteoblast

Chondrocyte, synoviocyte™*
Vein endothelial cells
Fibroblast

Trophoblast (TPA30-1}*

Connective tissues

Uterus

Endometriotic & endometrial tissues

Skin Keratinocyte’®
Melanoma cell lines'®”

IL-1, TGF-@;.2, PMA, RSV, Ca” */calmodulin
Rhinovirus, parainfluenza type 3, histamine (H,)
IL-1a, TGF-8,
IL-1e, PMA, PKC
IL-1a, TGF-8,, PTH, PTHrP, cAMP, PKC
IL-1a, TGF-8,, TNF-a, PGE,, PTH, 1a, 25(OH),D,
IL-18, TGF-6,, PMA, PKC
IL-1a, TGF-6, 2, PMA
IL-1e, PTHrP
IL-la, PMA164,165

Sarcoidosis (multinucleated giant cells)'®>
Testis Round spermatids"°

are found on the exposed face of helix C, may also be in-
volved in receptor binding site TT?

REGULATION OF GENE EXPRESSION

IL-11 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).'° IL-11 is detected byin situ hybridization in neurons
of the central nervous system (CNS) and in developing sper-
matogonia of testis, where expression is developmentally
regulated.'° As summarized in ‘lable 1, LL-11 gene expres-
sion is observed in a variety of cells of mesenchymalorigin.
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 TL-I1 cxpression vary between different ccll
types. For instance, IL-11 gene expression induced by IL-
la and phorbol myristate acetate (PMA) in PU-34 cells is
regulated mostly al the posttranscriptional level by increased
IL-11 mRNAstabilization. IL-la-induced IL-11 mRNA

stabilization in these cells is effected through a tyrosine ki-
nase pathway, whereas PMA-induced IL-11 mRNAstabili-
zation is dependent on H7-sensitive scrine/thrconine kinases
and protein kinase C (PKC) pathways. ‘There are multiple
regions (eg, 5'UTR, coding region, and 3’UTR) within the
IL-11 mRNAinvolved in IL-la- and PMA-induced IL-11

mRNAstabilization. In addition, the presence of ATTTA
motifs in the 3’-UTR of IL-11 mRNA may function as an
RNAdestabilizing sequence.*'' Heparin,oneof the extracel-
lular matrix components that can trans-repress AP-1—medi-
ated gene transcription, can also destabilize IL-11 mRNA
after both IL-la and PMAinduction in PU-34 cells through
competition for mRNA binding proteins.'* PKC-mediated
signaling events may also be involved in the induction of
IL-11 in connective tissues and osteosarcomacell lines.'*4

Induction of TL-I1 mRNA in these cells by the protein syn-

thesis inhibitor, cyclohexamide, suggests that transcription
of TL-I1 is negatively regulated by protcin(s) with short half-
lives." In contrast ta BM fibroblast cells, stimulation of IL-
11 gene expression by IL-la, transforming growth factor-
21 (TGF-61) and TGF-62 in respiratory epithelial and fi-
broblastcells is likely to be transcriptionally regulated'*'* via
a pathway that is largely calmodulin-dependent and PKC-
independent.'® In addition, increased intracellular calcium
and inhibition of Na+/H+ pumpactivity can induce TL-I1
mRNA accumulation in lung fibroblast cells. The synergistic
effect of histamine and TGF-G1 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-dependentactivation pathway.’ Thus, regulation
of IL-11 expression is complex and cell/tissue specific.

HEMATOPOIETIC EFFECTS OF IL-11

Progenitor cells. YL-11 acts synergistically with other
early and late acting growth factors to stimulate various
stages and lineages of hematopoiesis. In synergy with IL-
3,180 TL-4,!9?? IL-7, [L-12,%°75 IL-13,% stem cell factor
(SCBF),”’ fit3 ligand,** and granulocyte-macrophage colony-
stimulating factor (GM-CSP),”’ IL-1 1 stimulates the prolif-
eration of primitive stem cells, multipotential and committed
progenitor cells from various sources including cord
blood,??*" BM,'*"* and peripheral blood™ in different cul-
ture systems.'*’’** This proliferation appears to be due to
the entry of a quiescent (Gy) population of these cells into
active cell cycle'® as well as shortening ofthe cell-cycle time
in somecells.*¢ In combination with other cytokines present
in hematopoietic microenvironment, [L-11 may increase
commitment of primitive stem cells into the multilineage
progenitor compartment and stimulate proliferation and dif-
ferentiation of committed progenitor cells.*” This observation
is consistent with published data showing that ex vivo expan-
sion of murine BM cclls with the cytokines TL-3, TL-6, TL-
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11, and SCFis associated with impaired engraftment of ex-
panded cells in both normal and irradiated host.***? However,
ex vivo expansion of BM cells using IL-11 and SCF can
enhance short-term engraftment potential and such expanded
cells have been shownto sustain hematopoiesis during serial
transplants in lethally irradiated mice.*° In 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 he duc to different cytokine combinations or concentra-
tions used in expansion of BM cells in vitro. Although in
vivo IL-11 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’*’ and nonhuman pri-
mates.”

Megakaryocytopoiesis and thrombocytopoiesis. 1L-\1
acts synergistically with LL-3, thrombopoietin (TPQ) (also
termed megakaryocyte growth and development factor
[MGDF}),***’ or SCF"to stimulate various stages of mega-
karyocytopoiesis and thrombopoiesis in both murine*”*? and
human*’** BM cells. In vivo treatment with IL-11 results

in marked stimulation of megakaryocytopoiesis in rodents,
nonhuman primates,***°** and humans”(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.** Anti-TPO

antiscrum can also reduce TL-I1-stimulated megakarocyte
colony formation by 90%, whereas anti—IL-3 antiserum ef-
fects a 28% reduction in colony formation.*’ These studies
suggest that IL-11 effects on megakaryocylopoiesis and
thrombopoiesis may be mediated in part via TPO. Recently,
Weich et al” have shown that IL-1la@ chain mRNA was

detected in purified human CD41la(+), CD14(—) megakaryo-
cyte precursors. Further, incubation of purified cells with
thIL-11 led to rapid phosphorylation of the gp130 subunit of
the IL-11 receptor, indicating direct activationof the receptor
signaling subunit by IL-11.IL-11 and TPO canalso synergis-
tically stimulate the proliferation of dormant multilineage
progenitors by shortening G,, and this cffect can be com-
pletely abrogated by addition of ACK2, a neutralizing anti-
body to c-kit, the receptor of SCF,” suggesting that the
synergistic effects of IL-11 and TPO on multilineage cells
may be mediated in part by SCF/c-dit interactions.

Erythropoiesis. 1L-11 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.'*?°° 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 granulocyte-macrophage CSF (GM-CSF), suggesting
a direct effect of IL-11 on human and murine erythroid
progenitors.” In vivostudies 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-I1 and Epo may stimulate further amplification
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of erythroid cells. Moreover, IL-11 and SCF may lead to a
redistribution of erythroid cells from BM to spleen.*!

Myelopoiesis. QL-11 also modulates the differentiation
and maturation of myeloid progenitor cells. [L-11 in combi-
nation with SCF stimulates myeloid colony formation from
murine Lin7/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.*° Combination treatment with
TL-11, SCF, and G-CSFin the newborn rat has becn shown

to significantly increase peripheral neutrophil counts.
Lymphopoiesis. IL-11 in combination with SCF or IL-4

effectively supports the generation of B cells in primary
cultures of BM cells from 5-fluorouracil (5-FU)-treated
mice.**"® Similar effects have been seen with flt3/flk-2

ligand®using unfractionated murinefetalliver cells and with
SCFand IL-7 in fractionated cells.* TL-11 and TL-4 can also

reverse the inhibitory effect of LL-3 on early B-lymphocyte
development.® The promotion of B-cell differentiation may
be mediated by T cells.**°*"

Effects on hematopoietic microenvironment. 1L-11 was
originally isolated from cells derived from the hematopoietic
microenvironment (HM)*”"'? 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 adherentcells, inhibits
adipose accumulation in adherent cells, and leads to en-
hanced hematopoiesis.” Addition of IL-11 and SCF to bone
marrow cultures derived from aplastic anemia patients sig-
nificantly cnhances the formation of an adherent stromal
layer,” suggesting that [L-11 may havetherapeutic 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-11 has been shown
to modulate megakaryocyte-dependent BM fibroblast stimu-
lation.”** TL-11 with other cytokines has been shown to
mobilize primitive hematopoietic stem/progenitor cells both
in vitro” and in vivo.” 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.”

NONHEMATOPOIETIC EFFECTS OF IL-11

Effects of IL-11 on epithelial cells. As mcntioncd above,
alveolar and bronchial epithelial cells produce large amounts
of IL-11. The upregulation of IL-11 production by inflam-
matory cylokines, respiratory syncytial virus (RSV), and reti-
noic acid (RA) suggests that IL-11 may play an important
role in pulmonary inflammation.’? IL-11 and IL-11Ra are
also expressed in epithelial cells of the gastrointestinal (GD
tract.”*”In vitro studies showthat IL-11 can directly interact
with GI epithelial cells and reversibly inhibit proliferation
of the intestinal crypt stemcell lines IEC-6 and IEC-18).*°*'
Thus, IL-11 may be involved in the normal growth control
of GI epithelial cells. IL-11—induced decrease in prolifera-
tion of these cells may due to prolongation of the G1-S phase
transition which is also associated with accumulation of the
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1ypophosphorylated form of the relincblastoma susceptibil-
ity gene product (pRB).™' In addition, IL-11 has been found
o enhance GI absorption of iron in rats, which does not

appear to be related to changes in erythropoiesis.”
Osteoclastogenesis. (L-11 in combination with la,25-di-

hydroxyvitamin D 3 [la@,25(OH), D3] and parathyroid hormonc
(PTH)has been shown to stimulate osteoclast development and
inhibit bone nodule formation in BM cultures and cocultures

of BM with calvaria cells.**™ Osteoblasts are important regula-
ors of osteoclast-mediated bone resorption. The requirement
of the presence of stromal/osteoblastic cells in IL-11-induced
osteoclast development suggests that the effect of IL-11 may
be mediated through the stimulation of other factors derived
from stromal/osteoblastic cells. The osteoblast-dependent
bonc-resorptive activity of TL-1 1 can be inhibited by the calcito-
nin and cyclo-oxygenase inhibitor, indomethacin. Neutralizing
antibody to IL-11 can partially negate the bone resorptive ef-
fects of PTH and block IL-1, tumor necrosis factor (TNF), and
1a,25(OH),D;-induced osteoclast development.” IL-11 can be
induced in both human and murine primary osteoblasts as well
as osteoblast-like osteosarcoma cell lines (Table 1).'* Primary
osteoblasts express both IL-11Ra and gp130 mRNA, and
gp130 mRNA can be upregulated by IL-1, PTH, and
1a,25(OH),D;.*° Mature osteoclasts also express IL-11Ra
mRNA. These studies suggest that L_-11 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.”

Neurogenesis. Du et al'” recently showed that IL-11
mRNA is expressed in hippocampal neuronal cells and in
motor and sympathetic neurons of the spinal cord. Exoge-
nous TL-11 stimulates the proliferation of hippocampal ncu-
ronal progenitor cells (H19-7) in a dose-dependentfashion.’°
In addition, it has been previously shown that LL-11 and
several other hematopoietic growth factors are survival and/
or differentiation factors for murine fetal hippocampal neu-
ronal progenitors (MK31).*” The production of IL-11 by al-
veolar and bronchial epithelial cells'> may further suggest
that IL-11 is an important survival factor for sensory and
motor neurons because the subepithelial space of lungis rich
in nervous innervation and IL-I1 stimulates production of
substance P from sympathetic neurons.** Previous investiga-
tors have speculated that mechanismsregulating the prolifer-
ation and differentiation of neural and hematopoietic cells
may be similar.*°“

Othereffects. IL-11 has also been shown to have other
nonhematopoietic activities'*’ such as stimulation of acute
phase reactants both in vitro”®* and in vivo,> inhibition
of adipogenesis,°”**’ induction of a febrile response,”* and
modulation of extra cellular matrix (ECM) mctaholism,'*
which may have a protective effect on connective tissues or
could be involved in the pathogenesis ofliver fibrosis and
cirrhosis.”” In several in vitro cell culture systems, IL-11
appears to reduce pro-inflammatory cylokine expression,
particularly the release of tumor necrosis factor-a (TNF-a)
by monocytes/macrophages.””**"

RECEPTOR AND SIGNAL TRANSDUCTION

IL-11, like IL-6, oncostatin M (OSM), leukemia inhibitory
factor (LIF), and ciliary neurotrophic factor (CNTF), uscs
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the gp130 receptor common subunit for receptor function
(Fig 1).'° Hilton et al!” have cloned the murine IL-11 recep-
tor a-chain (IL-11Ra@) by using a degenerate oligonucleotide
probe corresponding to the conserved 5-aa motif Trp-Ser-
Xaa-Trp-Scr (WSXWS)in the hematopoictin receptor fam-
ily. The extracellular region of [L-11Ra@ shares sequence
similarity to the a-chains of IL-6 and CNTF receptors (24%
and 22% aa identity, respectively). The human IL-11Ra@
cDNAisolated by Nandurkar et al'®’ predicts a 422-aa pro-
tein and shares 85% and 84% nucleotide and aa identity with
the murine TL-11Ra. The extraccllular region of human IL-
11Ra@ contains a hematopoietin domain with conserved cys-
teine residues and the WSXWSmotif. The residue ‘X’ dit-

fers between the human and murine receptors. There are two
isoforms of human IL-11 receptor a-chain which differ in the
cytoplasmic domain. One isoform of human IL-11 receptor,
similar to the human IL-6 and murine IL-11 receptors, has
a short cytoplasmic domain (IL-1 1Ral). The other isoform,
similar to the human CN'IFreceptor, lacks this domain (LL-
11Re2). 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-11Ral and CNTFRa.'® The genomicstruc-
ture of hIL-11Ra1 consists of 12 exons and 12 introns within

a 9-kb genomic region. Human IL-11Re gene is located on
chromosome 9 band 9p13, where the CNTFR geneis also
located.'“ Robbet al'®° have recently reported the structure
of the murine IL-11Ra gene, which contains 14 exons. Evi-
dence suggests the usc of alternative first cxons in a develop-
mentally regulated fashion.'© A second murine [L-11Ra—
like locus (IL-11Ra2) has been reported with sequence ho-
mology to exons 2-13 of IL-11Ra1.'" This locus appears to
be present in only somestrains of mice.

Binding of IL-11 ligand to either human or murine IL-
11Re occurs at low affinity and, although necessary, is not
sufficient for signal transduction. The generation of a high-
affinity LL-11 receptor capable of generating a biologic sig-
nal requires coexpression of the IL-11Ra and gp130.'°"'%
IL-11Ra mRNAis detectable in several murine cell lines,

including 3T3-L1 cells, BAd stromal cells, the embryonic
carcinoma ccll line PC13, and factor-dependent hcmatopoi-
etic cell lines/-DCP-1 and D35. A wide range of primary
tissues express IL-11Ra mRNA,including hematopoietic
tissues (BM,spleen, and thymus), liver, brain, heart, kidney,
muscle, and salivary gland as well as cells of the GI
tract.!°'!°5 Human IL-11 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-2).'%

As mentioned above, gp130 is the common subunit of the
IL-6, OSM, LIF, and CNTF as well as IL-11 receptors.'°*
' Binding of IL-11 to specific cell-surface IL-11Ra receptor
induces heterodimerization, tyrosine phosphorylation,'!®""'
and activation of gp130.'°°'! The activated IL-11 recep-
tor’ ¢p130 complex probably activates tyrosine kinases of
the Janus kinase (Jak) family (Fig 1).''*''* IL-11 has also
becn shown to promote the formation of the active GTP-
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Fig 1.
IL-11.

Possible signaling pathways mediated by

bound form of Ras'! and induce the tyrosine phosphoryla-
tion and activation of mitogen-activated protein kinase
(MAPK),''° a key downstream signaling target of Ras. After
activation of IL-11 receptor by IL-11 binding, Jak2 forms a
complex with the adapter protein, growth factor receptor
binding protcin 2 (Grb2), and gp130, thus bringing SOS
(Son Of Sevenless) to the plasma membrane where Ras is
located, hence activating Ras and initiating the Ras signaling
pathway.'' In addition to use of gp130 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 cytokines using gp130 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, Jun B and 3CH134, which encodes

a phosphatase which can inactivate MAPKs).!!*'!7 Sre-fam-
ily protein tyrosine kinases, including Fyn, Yes, and Src,
may also play an important role in IL-11 signaling. Jak2 and
Fyn are transiently associated with Grb2 upon stimulation
with IL-11,''> suggesting that IL-11—-induced signaling in
the Ras/MAPKpathwayis partly through Fyn. Stimulation
of 3T3-L1 cells with IL-11 results in a threefold increase in

tyrosine phosphorylation of p62”" and a 15-fold increase in
phosphorylation of p6os*.!"8

In addition to MAPK phosphatase (3CH134), the ubiqui-
tous tyrosine phosphatase Syp also associates with gp130
and Jak2 in response to IL-11 stimulation.''? Herbimycin A,
whichis a tyrosine kinase inhibitor, can block the activation
of MAPK and pp90™induced by IL-11.'"* A serine/threo-
nine kinase inhibitor H7, which may act on signaling path-
ways downstream of pp90'*, can inhibit pp90"* activity,
suggesting H7-sensitive kinases are crucial in IL-11 signal-
ing.''*''? Lipid second messengersare also involved in IL-11
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
MAPKsandtransduce somesignals in this cell line.!?° TL-

'
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11-induced phosphorylation of tyrosine kinases and H7-
sensitive kinases are PKC-independent and cAMP-, cGMP-,
and calcium/calmodulin-independent.''°''* IL-11 and other
cytokines sharing the signal transducing subunit, gp130, can
activate acute-phase response factor (APRF) by tyrosine
phosphorylation in varicty of cell types. This transcriptional
factor is antigenically and functionally related to members
ofthe signal transducer and activator oftranscription (STAT)
family, especially STATOL. STAT9L and related proteins
were originally identified as interferon-activated transcrip-
tional factors. This suggests a central role APRF in gp130-
mediated signaling.'*’ IL-11 also stimulates tyrosine phos-
phorylation and nuclear translocation of STAT91 and a re-
lated 89-kD protein.'” The possible signaling pathways me-
diated by IL-11 are summarized in Fig 1.

PRECLINICAL STUDIES

Syngeneic BM transplant (BMT) models. Administration
of TL-11 accclerates recovery of megakaryopoicsis and myc-
lopoiesis in BMT mice (Table 2).'” Enhanced recovery of
these lineages is associated with significantly decreased mor-
tality and morbidity from lethal exogenous infection with
Pseudomonasaeruginosa and decreased mouse-tail bleeding
time.'* BMTrecipient mice treated with the combination of
IL-11 and SCF show shortened periods of cytopenia in all
mycloid lincages.'!* Lethally irradiated mice transplanted
with syngeneic BM cells infected with a retrovirus express-
ing the human IL-11 cDNA demonstrate similar hematologi-
cal changes as seen in BMTrecipient mice treated with rhIL-
11 until day 28 post BMT.'* 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-11 cDNA developed myeloid leu-
kemia. All mice showed systemic effects of chronic IL-11
exposure (Table 2).'°*'?” A recent study has shownthat ec-
topic expression of murine TL-I1 via a retrovirus vector
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Table 2. Effects of IL-11 on Cytoablative Preclinical Models
Models Peripheral Blood Bone Marrow Spleen Thymus GI Traet Other

BMT "22127 WEBCT, N1 CFU-mixt CFU-mix Myeloid leukemia
Pitt CFU-GMt CFU-GMTt Body weight)
Reticulocytet CFU-MKt CFU-MKt Hyperactive state
Pscudomonas Cellularity* Cellularity1 Thymic atrophy

acruginosa LDso1 Inflammation
Tail bleeding time! Acute-phase proteint

Sublethal'?*'€ WBCt Cellularityt Cellularity? Pneumonitis
Pitt T- & B-cell T- & B-cell functiont

function
Chemotherapy*?**2"38 WEBCT, N1 Pitt Cellularity* tCellularityt {Frequency, severity tSurvival

Hett CFU-mixt SRBC-specific and duration of
Pancytopenial CFU-GMt plaque oral mucositis
SRBC-specific Abt BFU-E1 Forming cellst

CFU-mix, GM,
BFU-Et

Chemoradiation Late recovery of BFU-Et BFU-E, CFU- tMitotic index & Recovery of
therapy??"* Plt & Het CFU-GMt GM & CFU- PCNA*cells in spermatogenesis

Mild Plt at early CFU-MKt MK? at day 15 crypts tSurvival
stage at day 15 & 30 postirraciation {Apoptosis
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; Pit, platelets; Het, hematocrit; SRBC, sheep red blood cell; PCNA,proliferating cell nuclear antigen.

accelerated recovery of platelets and leukocytes (neutro-
phils) in secondary andtertiary BMT mice. This study also
suggests that IL-11 expression in vivo may enhance mainte-
nance of primitive hematopoietic stem cells.’

Sublethal radiation (non-BMT) models. n contrast to
the effects in BM'T models, LL-11 treatment has little effect
on progenitor compartments in sublethally (600 cGy) irradi-
ated mice.'”? IL-11 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-11
show a modesttrend toward faster platelet recovery. Some of
the dogsin this study demonstrated pneumonitis, the etiology
of which is unclear.'”*

Chemotherapy models. Chemotherapy is often associ-
ated with blood cytopenias and immunosuppression as well
as GI mucosal damage. IL-11 treatmentsignificantly reduces
chemothcrapy related morbidity and mortality!??!*? and is
associated with accelerated recovery of both hematopoic-
sis*”*? and the immune response*””° in different chemother-
apy preclinical models (Table 2). Mortality associated with
repeated doses of 5-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 tissucs other than hematopoictic tissucs adverscly
affected by chemotherapy.'’”? In a hamster model of oral
mucositis, IL-11 decreases the frequency, severity, and dura-
tion of oral mucosilis in a dose-dependent fashion’?!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.

Combined chemo-/radiation therapy models. IL-11 ad-
ministration markedly decreases morbidity and mortality due
to sepsis by endogenous gut organisms” and accelerates
recovery of spermatogenesis’” in mice treated with combined
chemo-/radiation therapy (5-FU and sublethal irradiation).
The increased survival is associated with increased prolifcra-

tion of crypt cells and decreased apoptosis of villous/crypt
cells.'** The seemingly contradictory effects of IL-11 on GI
cryptcell proliferation seen in in vitro’*** and in vivo” stud-
ies may be due to distinctly different effects on damaged
versus undamaged ccl] populations: inhibition of prolifcra-
tion before damage (seen in in vitro cell lines) and stimula-
tion ofproliferation 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-11 followed byirradia-
tion is associated with significant increases in the survival
of intestinal crypt stem cells.'** In addition, recent studies
show pretreatment of mice with IL-11 significantly reduces
ischemia/reperfusion-induced small-bowel injury.'*° ‘he ef-
fect of IL-11 on combined chemo-/radiation 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 modcls arc 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 £2-mi-
croglobulin are improved at both the gross and microscopic
level by administration of IL-11.'*! IL-11 treatment has pro-
liferative effects on intestinal mucosa in mice after ischemic

bowel necrosis,'°° in a murine burn modcl,'*? and in a rat
short-bowel model.'** In all of these models, significantly
increased survival rates are seen in mice treated with IL-11.

IL-11 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-
drome!’ and in experimental group B streptococcal (GBS)
sepsis in neonatal rats.'“° Endogenous IL-11 may play a
role in the pathophysiologic response of neonatal animals to
bacterial sepsis and associated thrombocytopenia.'*’ In a rab-
bit model of endotoxemia, IL-11 treatment prevents hypoten-
sion and decreascs 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.’

IL-11 AND DISEASES

IL-11 acts as a synergistic factor with IL-3, GM-CSF, and
SCF to stimulate proliferation of human primary Icukcemia
cells, myeloid leukemia cell lines,'**!“* megakaryoblastic
cell lines,'” and erythroleukemic cell lines'™ and to stimu-
late leukemic blast colony formation.'**'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.'**'® Although TL-I1 stimulates the prolifcration
of murine plasmacytoma cells*'** and murine hybridoma
cells,'*7""" the effect of IL-11 on the growth of human my-
eloma/plasmacytoma cells is controversial. IL-11 has no ef-
fect on the growth of freshly isolated human plasmacytoma
cells.'“!°° However, IL-11 can stimulate proliferation in two
of eight human myelomacell lines tested so far.'“©'*' As
expected, anti-gp130 monoclonal antibodies can inhibit
growth stimulation by IL-11 in human myelomacelllines.'**
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 1—-stimulated murine hybridomacells.’*

HUMAN STUDIES AND CLINICAL TRIALS

IL-11 has now been evaluated in several human clinical

trials. In the initial phaseItrial, women with advanced-stage
breast cancer undergoing high-dose chemotherapy were
treated with increasing doses of IL-11 (up to 100 pe/ke/d)
both before therapy andafter each of four cycles of combined
chemotherapy. IL-11 administration was associated with a
dose-dependent trend toward increased platelet counts, and
patients recciving rhIL.-I1 at doses >25 pg/kg/d showed
attenuated postchemotherapy thrombocytopenia after the
first and second cycles.°° Increased peripheral platelet counts
were associale 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.°* Tn contrast to effects scen in various
preclinic studies, LL-11 treatmentin this trial had no signiti-
cant effect on leukopenia or neutropenia due to chemother-
apy. However, IL-11 treatment was associated with in-
creased BM cellularity, and increased numbers and cycling
of immature erythroid and myeloid precusors.*°

IL-11 treatment in these patients was well tolerated at
doses of 10 ta 50 pg/kg/d. The most common side effect
noted was a reversible anemia. The anemia was non—dose-

related and decreases of ~20% in hematocrits, possibly due
to increased plasma volume, were seen.°>'* Otherreversible
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.*°

In several phase I/II trials, [L-11 has also been well toler-
ated in doses up to 50 wg/kg/d and appears to be a promising
agent for accclcrating hematopoictic recovery after multiple
cancer therapies. The combined administration of IL-11 with
G-CSF (5 pg/kg/d) in breast cancer patients receiving high-
dose cyclophosphamide,—1,3-bis(2-chloroethyl)-1-nitro-
sourea (BCNU), and thioiepa followed by autologous BMT
effectively accelerates both peripheral neutrophil andplatelet
recoveries.’ In a phase I/II trial in children with solid tu-
mors or lymphoma, IL-11 (50 ug/kg/d) and G-CSF (10 pg/
kg/d) administration after ICE ifosfamide, carboplatin, and
ctoposide) chemotherapy appcars to decrease the median
numberofplatelet 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.'* Preliminary results frombothtrials cited above
have not been reported in full at this point andit is not clear
whether these differences are significant.

A multicenter, randomized, placebo-controlled IL-11
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 pg/
kg) or placebo. The patients treated with rhIL-11 in this
phaseII study wereless likely to require platelet transfusions
than the patients receiving placebo. For the patients treated
with IL-11 at 25 wg/ke and 50 we/kg, 30% (8 of 27) required
no platelet transfusions compared to 1 of 27 patients treated
with placcbo. This differcnce wasstatistically significant (P
< 05). The median numberofplatelet transfusions required
among the groups treated with 50 pg/kg, 25 pg/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-11 treatment was discontinued.'*7'** 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 GItoxicities 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.'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-mp!! 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 GT tract simultancously aftcr thcrapy-induced damagc.

59-162
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interleukin-6 and interleukin-11: same same but

different

Abstract: The pleiotropic physiological functions of

interleukin (L-}6 type cytokines range from embryonic
development andtissue homoeostasis to neuronal devel-

opment and T cell differentiation. In contrast, imbalance

of the well-controlled cytokine signaling network leads

to chronic inflammatory diseases and cancer. IL-6 and

IL-1] both signal through a homodimer of the ubiquitously

expressed B-receptor glycoprotein 130 (@pi130). Specific-
ity is gained through an individual 1L-6/1L-11 a-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

f-receptors. Both cytokines activate the same down-

stream signaling pathways, which are predominantly the

mitogen-activated protein kinase (MAPK)-cascade and the

Janus kinase/signal tansducer and activator of transcrip-

tion Gak/STAT) pathway. However, recent studies have

highlighted divergent roles of the two related cytokines.
Here, we will discuss how the biochemical similarities are

iransiated into unique and non-redundant hinctions of

IL-6 and TL-31 in vive and Wustrate strategies for cytokine-

specific therapeutic intervention,
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introduction: IL-6 family of
cytokines in health and disease

interleukin G1-}6 tvpe cytokines play integral roles in
numerous physiclogic 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. Their partly

overlapping and redundant spectrum of actions, ranging

from specific functions during embryonic development

or hematopoiesis, is accompanied by distinct functions

that can be pinpointed to one specific family member and

cannot be fulfilled by the other members,

The Interleukin (IL-)6 family of cytokines consists of
TL-6, IL-11, 1-27 IL-30, L314, oncostatin M (OSM), leuke-

mia inhibitory factor (LIF), cardiotrophin-1 (CT), cardio-

trophin-like cytokine (CLC), ciliary neurotrophic factor

(CNTF) and neuropoeitin (NP-1). With the exception of

11-31, all of these cytokines engage a homo- or heterodi-

mer of the ubiquitously expressed signal-transducing

f-receptor slycoprotein 130 (gp130}. Recently, the hetero-
dimeric cytokine 1L-35, which is composed of EBI3 (also

a part of IL-27) and p35 (also a part of IL-42}, has also

been shown to signal via ¢p130, being therefore a shared

member of the IL-6 and IL-12 cytokine families (Collison

et al, 2012}. Formation of the individual cytokine signal-

ing complexes on the celular membrane triggers activa-

tion of the major downstream signaling pathways Janus

kinase/signal transducer and activator of transcription

(Jak/STAT), the mitogen-activated protein kinase (MAPK)

pathway and (to a minor extent) the phosphatidyl-inosi-
to]-3-kinase (PI3K)}-cascade, In this review, we will focus

on the two family members IL-6 and IL-1, which both

signal via a ge130 homodimer [for detailed information

concerning signal transduction of all IL-6 family members

see for cxampie (Heinrich ct al., 2003; Eulenfeld ct al.,
2012; Garbers ct al., 2012; Mohr et al., 2612).

The 1-6 family members IL-6 and IL-t1 are four-hel-

ical bundle cytokines with an up-up-down-down topol-

ogy. Both protcins are transcribed with a canonical signal

peptide that ensures efficient secretion from cells. The
mature form of IL-6 consists of 183 amino acids, whereas

IL-1 encodes a matuye protein of 178 amino acid residues,

IL-6 and IL-1 share little sequence homology(about 22%)
even though they both transduce signals via a homodimer

of two gp130 B-receptor molecules, whereas all other IL-6
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type cytokines bind to gp130-LIFR/OSMR/WSH-1 hetero-

dimers oy in the case of IL-31 to Gp130-like receptor (GPL)
and OSMR (Bazan, 1989, 1990}. IL-6 and IL-1] cannot bind

to the ubiquitously expressed gpi30 in the absence of a

specificity factor, the so-called o-receptors (IL-6R and

iL-1iR) (Figure 1). Accordingly, expression of the [L-6R and
IL-l1R determines whether IL-6, 1L-11 or both can activate

a cell. Like iL-6 and 1-11, the extracellular domains of

iL-11R and IL-6R showlowsequence identity of about 24%

(Curtis et al., 1997). Inter-species comparison of the IL-6R
and IL-11R between mice and humans howeverreveals a

sequence identity af about 82% and 52%, respectively,

IL-6 signaling shows a remarkable species-specificity, as
human 1L-6 can activate both the murine and the human

IL-6R, whereas rourine IL-6 acts solely on the murine

IL-6R GJostock et al, 2001; Garbers et al., 2011). Species-

specificity for TL-AW/ILUR has not been analyzed thus far,

Crystal structures of the cytokine/receptor complex have

been solved for [1-6 in complex with IL-6R and gpi30

(Chow et al., 2001; Boulanger et al., 2002), and the sig-

naling coraplexes formed with IL-6/IL-62 and IL-4d/1L-11R

appear to have similar conformations and dynamics in the

membranc-proximal regions (Matadeen ot al, 2007; Ku
ct al., 2010; Lupardus ot al., 2041). Site T of IL-6 and IL-4
arc binding sites towards IL-6R and IL-11R, respectively,

whereas site TT and site DT of TL-6 and [1-11 are binding

sites towards gpi30.
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Figure l Receptor composition for {L-6 and |L-11 signaling via the
B-receptor subunit 2p130.1L-6 has two mechanisms of cellular
activation.

IL-G classic signaling requires iL-6 binding to a membrane-assaci-
ated receptor (L-6R). In trans-signaling, IL-6 activates cells lacking
membrane-bound IL-6R through an iL-6/sIL-6R complex, which
binds directly to the ubiquitously expressed gp130. To date, only
iL-l1 classic but not trans-signaling was described.
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The IL-6R is mainly expressed on hepatocytes and

some leukocytes, including macrophages, monocytes,

neutrophils, B- and T cells (Chalaris et al., 2013). IL-11R

has been found on lymphocytes, B-cells, macrophages,

endothelial cells, hematopoetic cells and osteoclasts

(Figure 2} (Putoczki and Ernst, 2010). This Hst is, however,

certainly far from being complete, and the future will

jopefully bring a more comprehensive list of cells that are

esponsive to IL-6 and iL-IL. For instance, alpha cells of

the pancreas have been shownto express 1L-6R and IL-6

controls expression alpha cell mass and thereby ghicagon

level anc ghicose homeostasis (EHingsgaardet al., 2008).

Jitimately, this shows that some cells are responsive to

L-6 and IL-tt and some are exclusively targeted by 1L-6 or

L-11, Detailed analysis of how cells shape their receptor

expression profiles are missing, butitis likely that cells can

modulate their ability to respond to the cytokines IL-6 and

L-I1. Two papers have shown consistently that the syn-

thetic ghicocorticoid dexamethasoneis capable of up-reg-

ulating IL-6R mRNA (Rose-John et al., 1990; Snyers et al,

1990), and this was recently aiso confirmed on the protein

level (Ladenburger ct al., 2010). Interestingly, Interleukin

2 UL-2} has been shown to regulate THI7 differentiation

by inducing down-regulation of the IL-6R and gp130 on T

cells, therefore limiting the ability of IL-6 to induce THi7
cells (Liao et al, 2011). Furthermore, activated CD&Tcclis

were shown to lase membranc-hound TL-6R via a process

called ectodomain shedding mediated by ADAMproteases
(Briso et al., 2008; Scheller et al., 2011a). Mechanisms that

 

 
Figure 2 Distinct and combined cellular expression of 1L-6R and
IL-TIR.

The Venn diagram illustrates cell types mentioned in this review that
either only express iL-6R (left part}, only iL-44R (right pari), or are
known to express IL-6as wall as IL-TIR (overlapping middle part).
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