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Treatment of Fibrosis

Field of the Invention

The present invention relates to the diagnosis and treatment of fibrosis.

Background to the Invention

Fibrosis is an essential process that is a critical part of wound healing. Excessive fibrosis
is common in many rare and common disease conditions and is important in disease
pathogenesis. Diseases characterized by excessive fibrosis include but are not restricted
to: systemic sclerosis, scleroderma, hypertrophic cardiomyopathy, dilated
cardiomyopathy (DCM), atrial fibrillation, ventricular fibrillation, myocarditis, liver cirrhosis,
kidney diseases, diseases of the eye, asthma, cystic fibrosis, arthritis and idiopathic
pulmonary fibrosis. Despite the large impact on human health, therapeutic and diagnostic

approaches to fibrosis are still an unmet medical need.

The real physiological role of Interleukin 11 (IL-11) remains unclear. 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(31 or tissue injury can induce IL-11 expression (Zhu, M. et al. IL-11
Attenuates Liver Ischemia/Reperfusion Injury (IRI) through STAT3 Signaling Pathway in
Mice. PLOS ONE 10, (2015); Yashiro, R. et al. Transforming growth factor-beta
stimulates interleukin-11 production by human periodontal ligament and gingival
fibroblasts. J. Clin. Periodontol. 33, 165-71 (2006); Obana, M. et al. Therapeutic
activation of signal transducer and activator of transcription 3 by interleukin-11
ameliorates cardiac fibrosis after myocardial infarction. Circulation 121, 684-91 (2010);
Tang, W., Yang, L., Yang, Y. C., Leng, S. X. & Elias, J. A. Transforming growth factor-
beta stimulates interleukin-11 transcription via complex activating protein-1-dependent
pathways. J. Biol. Chem. 273, 5506—-13 (1998)).

The role for IL-11 in fibrosis is not clear from the published literature. IL-11 is thought to
be important for 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
expression level 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. IL-11 and IL-17 expression in nasal polyps: Relationship to
collagen deposition and suppression by intranasal fluticasone 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 STAT3 in 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 mRNA levels
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 concerned with 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 capable of 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 may bind 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 reduce the 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 IL-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 amount of 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 may bind 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 method of treating or preventing fibrosis is provided.

In another aspect of the present invention the use of an agent capable of inhibiting the
action of IL-11 in the manufacture of a medicament for use in a method of treating or

preventing fibrosis is provided.

In another aspect of the present invention a method of treating or preventing fibrosis is
provided, the method comprising administering to a subject in need of treatment a

therapeutically effective amount of an agent capable of inhibiting the action of 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 capable of 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 capable of 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 method of treating or preventing fibrosis is

provided.

In another aspect of the present invention the use of an agent capable of preventing or
reducing the expression of IL-11 or IL-11R in the manufacture of a medicament for use in

a method of treating or preventing fibrosis is provided.

In another aspect of the present invention a method of treating or preventing fibrosis is
provided, the method comprising administering to a subject in need of treatment a
therapeutically effective amount of an agent capable of preventing or reducing the

expression of IL-11 or IL-11R.

In some embodiments the agent capable of preventing or reducing the expression of IL-

11 or IL-11R is a small molecule or oligonucleotide.

In some embodiments the fibrosis to be treated or prevented is fibrosis of the heart, liver
or kidney. In some embodiments the fibrosis to be treated or prevented is fibrosis of the
eye. In some embodiments the fibrosis is in the heart and is associated with dysfunction
of the musculature or electrical properties of the heart, or thickening of the walls or valves

of the heart. In some embodiments the fibrosis is in the liver and is associated with
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chronic liver disease or liver cirrhosis. In some embodiments the fibrosis is in the kidney

and is associated with chronic kidney disease.

In some embodiments the method of treating or preventing comprises administering a
said agent to a subject in which 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
whether IL-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 of inhibiting 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 selecting a subject for the
treatment or prevention of fibrosis with an agent capable of inhibiting 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 method is a method of confirming a diagnosis of fibrosis in a

subject suspected of having fibrosis.

In some embodiments the method further comprises selecting the subject for treatment
with an agent capable of inhibiting the action of 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 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.

The method may further comprise 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.

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 of fibrosis in a

subject suspected of having fibrosis.

In some embodiments the method further comprises selecting the subject for treatment
with an agent capable of inhibiting the action of 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 subject is
provided, the method comprising:
(i) determining, optionally in vitro, whether IL-11 or an Interleukin 11 receptor (IL-

11R) expression is upregulated in the subject; and
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(i) administering to a subject in which IL-11 or IL-11R expression is upregulated 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.

In another aspect, of the present invention a method of treating fibrosis in a subject is
provided, the method comprising:

(i) determining, optionally in vitro, one or more genetic factors in the subject that
are predictive of upregulation of Interleukin 11 (IL-11) or Interleukin 11 receptor (IL-11R)
expression or activity;

(i) selecting a subject for treatment based on the determination in (i); and

(i) 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 I1L-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 member of the 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 ensures efficient 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 GI:124294). Recombinant
human IL-11 (oprelvekin) is also commercially available. IL-11 from other species,
including mouse, rat, pig, cow, several species of bony fish and primates, have also been

cloned and sequenced.

In this specification 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). Isoforms, 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 sequence identity 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 homodimer of the ubiquitously expressed B-receptor glycoprotein
130 (gp130; also known as glycoprotein 130, IL6ST, |IL6-beta or CD130). Gp130 is a
transmembrane protein 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 the initial cytokine
binding event to 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 comprises the Ig-like domain D1, and the
fibronectin-type Il domains D2 and D3 of gp130. 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 GI: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).
Two isoforms of IL-11Ra have been reported, which differ in the cytoplasmic domain (Du
and Williams, supra). The IL-11 receptor a-chain (IL-11Ra) shares many structural 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/STAT signaling pathway.

IL-11Ra binds its ligand with a low affinity (Kd ~10 nmol/L) and alone is insufficient to
transduce a biological signal. The generation of a high affinity receptor (Kd ~400 to 800
pmol/L) capable of signal transduction requires co-expression of the IL-11Ra and gp130
(Curtis et al (Blood 1997 Dec 1;90 (11):4403-12; Hilton et al., EMBO J 13:4765, 1994;
Nandurkar et al., Oncogene 12:585, 1996). Binding of IL-11 to cell-surface IL-11Ra
induces heterodimerization, tyrosine phosphorylation, activation of gp130 and MAPK

and/or Jak/STAT signalling as described above.

The receptor binding sites on murine IL-11 have been mapped and three sites — sites |, Il
and Il - identified. Binding to gp130 is reduced by substitutions in the site Il region and
by substitutions in the site Il region. Site Ill 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 complexes with IL-
11 (Pflanz et al., 1999 FEBS Lett, 450, 117-122) raising the possibility that, similar to IL-6,
IL-11 may in some instances 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 (slL-11R) and examined
signaling in cells expressing gp130. In the presence of gp130 but not transmembrane IL-
11R the sIL-11R mediated IL-11 dependent differentiation of M1 leukemic cells and
proliferation in Ba/F3 cells and early intracellular events including phosphorylation of
gp130, STAT3 and SHP2 similar 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 transduction in cells expressing gp130. An IL-11 receptor may
be from any species and includes isoforms, fragments, variants or homologues of an IL-
11 receptor from any species. In preferred embodiments the species is human (Homo
sapiens). In some embodiments the 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 sequence identity to the amino acid sequence of 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
number of 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 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, 200, 250, 300, 400, or 415 amino acids.

Agent capable of inhibiting the action of [L-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 of inhibiting the action of IL-11 may bind to the IL-11

receptor and prevent or reduce IL-11 stimulated signalling.

Agents that bind to IL-11 may inhibit IL-11 mediated signalling by blocking the binding of
IL-11 to an IL-11 receptor and/or by reducing the amount of 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 or less, preferably one of < 1uM, <
100nM, £10nM, <1nM 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 3H-thymidine incorporation and Ba/F3 cell proliferation assays
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d)

f)

11

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-11 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-11 binding agent, and measuring 3H-
thymidine incorporation into DNA. Suitable IL-11 binding agents may exhibit
an ICso of 10 pg/ml or less, preferably one of <5 pg/ml, <4 yg/ml, < 3.5 pg/ml,
<3 ug/ml, £2 pg/ml, £1 ug/ml, 0.9 ug/ml, £ 0.8 uyg/ml, < 0.7 ug/ml, £ 0.6
pg/ml, or £0.5 pyg/ml in such an assay.

Inhibit fibroblast proliferation, e.g. proliferation of cardiac/atrial fibroblasts. This
can, for example, be evaluated in an assay wherein fibroblasts are stimulated

with IL-11 or TGFB1 and cell proliferation is monitored as described herein.

Inhibit myofibroblast generation, e.g. from cardiac/atrial fibroblasts. This can,

for example, be evaluated in an assay wherein fibroblasts are stimulated with
IL-11 or TGFB1 and myofibroblast generation is monitored, e.g. by measuring
aSMA levels.

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 TGF[31 and production of extracellular

matrix components is measured.

Inhibit collagen and/or periostin gene or protein expression in fibroblasts, e.qg.
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 be of 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 < 1uM, < 100nM, <10nM,

<1nM or £100pM. Binding affinity of an antibody for its target is often described in terms

of its dissociation constant (Kp). Binding affinity can be measured by methods known in

the art, such as by Surface Plasmon Resonance (SPR), or by a radiolabeled antigen

binding assay (RIA) performed with the Fab version of the antibody and antigen molecule.
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Anti-IL-11 antibodies may be antagonist antibodies that inhibit 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 measured by ability to neutralise IL-11 induced proliferation in

the T11 mouse plasmacytoma cell line (Nordan, R. P. et al. (1987) J. Immunol. 139:813).

Examples of known anti-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 Bockhorn et al. Nat. Commun. (2013) 4(0):1393;
Monoclonal Mouse |gG2a; 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 fragment of the IL-11Ra chain, and may
preferably be soluble and/or exclude one or more, or all, of the transmembrane

domain(s). Such molecules may be described as decoy receptors.

Curtis et al (Blood 1997 Dec 1;90 (11):4403-12) report that a soluble murine IL-11
receptor alpha chain (slL-11R) was capable of antagonizing the activity of IL-11 when
tested on cells expressing the transmembrane IL-11R and gp130. They proposed that the
observed IL-11 antagonism by the slL-11R depends on limiting numbers of gp130

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 VEGF receptor (De-Chao Yu et al., Molecular Therapy (2012);
20 5, 938-947; Konner and Dupont Clin Colorectal Cancer 2004 Oct;4 Suppl 2:581-5).



10

15

20

25

30

35

WO 2017/103108 PCT/EP2016/081430
13

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 way that etanercept acts as a decoy receptor for TNFa. IL-
11 mediated signalling is reduced as compared to 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 CBMs are, or are derived from or homologous to, the CBMs of
naturally occurring receptor molecules for IL-11. For example, decoy IL-11 receptors may
comprise, or consist of, one or more CBMs which are from, are derived from or
homologous to the CBM of gp130 and/or 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 gp130. In some embodiments,
a decoy IL-11 receptor may comprise an amino acid sequence corresponding to 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.
one of at least 65%, 70%, 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%,
98% or 99% sequence identity to the amino acid sequence of the reference
region/sequence. The gp130, 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 or less, 1uM or less, 100nM or
less, or about 1 to 100nM. In some embodiments a decoy receptor may comprise all or
part of the IL-11 binding domain and may optionally lack all or part of the transmembrane
domains. The decoy receptor may optionally be fused to an immunoglobulin constant

region, e.g. IgG Fc region.
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In some embodiments an 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 may be inhibitors or antagonists of IL-11Ra.

IL-11R binding agents, e.g. anti-IL-11R antibodies, according to the present invention
may exhibit at least one of the following properties:

(a) Bind to human IL-11R with a Kp of 1uM or less, preferably one of < 1uM, <
100nM, £10nM, <1nM 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 *H-thymidine incorporation
and Ba/F3 cell proliferation assays described in e.g. Curtis et al. Blood, 1997,
90(11) and Karpovich et al. Mol. Hum. Reprod. 2003 9(2): 75-80. For example,
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 |Cso of 10 pg/ml or less, preferably one of < 5
pg/ml, <4 ug/ml, < 3.5 ug/ml, <3 ug/ml, <2 ug/ml, <1 uyg/ml, £0.9 uyg/ml, <0.8
pg/ml, < 0.7 uyg/ml, 0.6 pg/ml, or £ 0.5 yg/ml in such an assay.

(¢) Inhibit fibroblast proliferation, e.g. proliferation of cardiac/atrial fibroblasts. This
can, for example, be evaluated in an assay wherein fibroblasts are stimulated with
IL-11 or TGFB1 and cell proliferation is monitored as described herein.

(d) Inhibit myofibroblast generation, e.g. from cardiac/atrial fibroblasts. This can, for
example, be evaluated in an assay wherein fibroblasts are stimulated with 1L-11 or
TGFB1 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.



10

15

20

25

WO 2017/103108 PCT/EP2016/081430
15

(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 TGFB31 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 may be 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 have a dissociation constant (Kp) of one of £ 1uyM, < 100nM,
<10nM, £1nM or <100pM. Binding affinity of an antibody for its target is often described
in terms of its dissociation constant (Kp). Binding affinity can be measured by methods
known in the art, such as by Surface Plasmon Resonance (SPR), or by a radiolabeled
antigen binding assay (RIA) performed with the Fab version of the antibody and antigen

molecule.

Anti-IL-11R antibodies may be antagonist antibodies that inhibit or reduce a biological
activity of IL-11R. Anti-IL-11R antibodies may be antagonist antibodies that inhibit 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 measured by ability to neutralise IL-11 induced proliferation in
the T11 mouse plasmacytoma cell line (Nordan, R. P. et al. (1987) J. Immunol. 139:813).
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Examples of known anti-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 manner that 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 endogenous IL-11.

For example, W147A is an IL-11 antagonist in which the amino acid 147 is mutated from
a tryptophan to an alanine, which destroys the so-called ‘site llI' of IL-11. This mutant can
bind to the IL-11R, but engagement of the gp130 homodimer fails, 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.

Menkhorst et 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 have identified 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 molecular basis for fibrosis. Accordingly, in some aspects of the present invention
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treatment, prevention or alleviation of fibrosis may be provided by administration of an
agent capable of preventing or reducing the expression of 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,

dexamethasone or interferon-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 known in the art for
the therapeutic down regulation of IL-11 expression. These include the use of antisense
oligonucleotides and RNA interference (RNAI). As in other aspects of the present

invention, these techniques may be used in the treatment of fibrosis.

Accordingly, in one aspect of the present invention a method of treating or preventing
fibrosis is provided, the method comprising administering to a subject in need of
treatment a therapeutically effective amount of an agent capable of preventing or
reducing the expression of IL-11, wherein the agent comprises a vector comprising a

therapeutic oligonucleotide capable of repressing or silencing expression of [L-11.

In another aspect of the present invention a method of treating or preventing fibrosis is
provided, the method comprising administering to a subject in need of treatment a
therapeutically effective amount of an agent capable of preventing or reducing the
expression of IL-11, wherein the agent comprises an oligonucleotide vector, optionally a
viral vector, encoding a therapeutic oligonucleotide capable of being expressed in cells of
the subject, the expressed therapeutic oligonucleotide being capable of repressing or

silencing expression of IL-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 amount of 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 known in the art for
the therapeutic down regulation of IL-11R expression. These include the use of
antisense oligonucleotides and RNA interference (RNAI). As in other aspects of the

present invention, these techniques may be used in the treatment of fibrosis.

Accordingly, in one aspect of the present invention a method of treating or preventing
fibrosis is provided, the method comprising administering to a subject in need of
treatment a therapeutically effective amount of an agent capable of preventing or
reducing the expression of 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 expressed in 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 fragment or derivative of an antibody, or a

synthetic antibody or synthetic antibody fragment.

Antibodies may be provided in isolated or purified form. Antibodies may be formulated as

a pharmaceutical composition or medicament.

In view of today's techniques in relation to monoclonal antibody technology, antibodies
can be prepared to most antigens. The antigen-binding portion may be a part of an
antibody (for example a Fab fragment) or a synthetic antibody fragment (for example a
single chain Fv fragment [ScFv]). Suitable monoclonal antibodies to selected antigens
may be prepared by known techniques, for example those disclosed in "Monoclonal
Antibodies: A manual of techniques ", H Zola (CRC Press, 1988) and in "Monoclonal
Hybridoma Antibodies: Techniques and Applications ", J G R Hurrell (CRC Press, 1982).
Chimaeric antibodies are discussed by Neuberger et al (1988, 8th International

Biotechnology Symposium Part 2, 792-799).

Monoclonal antibodies (mAbs) are useful in the methods of the invention and are a
homogenous population of antibodies specifically targeting a single epitope on an

antigen.

Polyclonal antibodies are useful in the methods of the invention. Monospecific polyclonal
antibodies are preferred. Suitable polyclonal antibodies can be prepared using methods

well known in the art.

Antigen binding fragments of antibodies, such as Fab and Fab, fragments may also be

used/provided as can genetically engineered antibodies and antibody fragments. The
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variable heavy (Vy) and variable light (VL) domains of the antibody are involved in antigen
recognition, a fact first recognised by early protease digestion experiments. Further
confirmation was found by "humanisation” of rodent antibodies. Variable domains of
rodent origin may be fused to constant domains of human origin such that the resultant
antibody retains the antigenic specificity of the rodent parented antibody (Morrison et al
(1984) Proc. Natl. Acad. Sd. USA 81, 6851-6855).

That antigenic specificity is conferred by variable domains and is independent of the
constant domains is known from experiments involving the bacterial expression of
antibody fragments, all containing one or more variable domains. These molecules
include Fab-like molecules (Better et al (1988) Science 240, 1041); Fv molecules (Skerra
et al (1988) Science 240, 1038); single-chain Fv (ScFv) molecules where the Vyand Vi
partner domains are linked via a flexible oligopeptide (Bird et al (1988) Science 242, 423;
Huston et al (1988) Proc. Natl. Acad. Sd. USA 85, 5879) and single domain antibodies
(dAbs) comprising isolated V domains (Ward et al (1989) Nature 341, 544). A general
review of the techniques involved in the synthesis of antibody fragments which retain their
specific binding sites is to be found in Winter & Milstein (1991) Nature 349, 293- 299.

By "ScFv molecules"” we mean molecules wherein the Vy and V| 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'), fragments are "bivalent". By "bivalent" we mean that the
said antibodies and F(ab'), fragments have two antigen combining sites. In contrast, Fab,
Fv, ScFv and dAb fragments are monovalent, having only one antigen combining site.
Synthetic antibodies which bind to IL-11 or IL-11R may also be made using phage display

technology as is well known in the art.

Antibodies may be produced by a process of affinity maturation in which a modified
antibody is generated that has an improvement in the affinity of the antibody for antigen,
compared to an unmodified parent antibody. Affinity-matured antibodies may be produced
by procedures known in the art, e.g., Marks et al.,Rio/Technology 10:779-783 (1992);
Barbas et al. Proc Nat. Acad. Sci. USA 91:3809-3813 (1994); Schier et al. Gene 169:147-
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155 (1995); Yelton et al. J. Immunol. 155:1994-2004 (1995); Jackson et al., J. Immunol.
154(7):331 0-15 9 (1995); and Hawkins et 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 greater affinity, and/or with greater duration than it binds to other targets. In
one embodiment, the extent of binding of an antibody to an unrelated target is less than
about 10% of the binding of the antibody to the target as measured, e.g., by ELISA, or by
a radioimmunoassay (RIA). Alternatively, the binding specificity may be reflected in terms
of binding affinity where the antibody binds to IL-11 or IL-11R with a Kp that is at least 0.1
order of magnitude (i.e. 0.1 x 10", where n is an integer representing the order of
magnitude) greater than the Kp of the antibody towards another target molecule, e.g.
another member of the IL-11 family such as IL-6 or the IL-6 receptor. This may optionally
be one of at least 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9, 1.0, 1.5, or 2.0.

Antibodies may be detectably labelled or, at least, capable of detection. Such antibodies
being useful for both in vivo (e.g. imaging methods) and in vitro (e.g. assay methods)
applications For example, the antibody may be labelled with a radioactive atom or a
coloured molecule or a fluorescent molecule or a molecule which can be readily detected
in any other way. Suitable detectable molecules include fluorescent proteins, luciferase,
enzyme substrates, and radiolabels. The binding moiety may be directly labelled with a
detectable label or it may be indirectly labelled. For example, the binding moiety may be
an unlabelled antibody which can be detected by another antibody which is itself labelled.
Alternatively, the second antibody may have bound to it biotin and binding of labelled

streptavidin to the biotin is used to indirectly label the first antibody.

Aspects of the present invention include bi-specific antibodies, e.g. composed of two
different fragments of two different antibodies, such that the bi-specific antibody binds two
types of antigen. One of the antigens is 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 Vi and V. of a IL-11 or IL-
11R binding antibody or antibody fragment, and a Vx4 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 reference in its entirety. For example, a bispecific
antibody or bispecific antigen binding fragment may be a bispecific antibody conjugate
(e.g. an 1gG2, F(ab’), or CovX-Body), a bispecific IgG or 1gG-like molecule (e.g. an 1gG,
scFva-lg, 19G-scFv, scFv-IgG, DVD-Ig, IgG-sVD, sVD-IgG, 2 in 1-IgG, mAb?, or
Tandemab common LC), an asymmetric bispecific IgG or IgG-like molecule (e.g. a kih
1gG, kih IgG 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’)>-scFv.), a bispecific Fc and Cn3 fusion protein (e.g. a taFv-Fc, Di-diabody, scDb-
Ch3, scFv-Fc-scFv, HCAb-VHH, scFv-kih-Fc, or scFv-kih-Cx3), or a bispecific fusion
protein (e.g. a scFvz-albumin, scDb-albumin, taFv-toxin, DNL-Fabs, DNL-Fab4-1gG, DNL-
Fabs-1gG-cytokine,). See in particular Figure 2 of Kontermann MAbs 2012, 4(2): 182-19.

Methods for producing bispecific antibodies include chemically crosslinking antibodies or
antibody fragments, e.g. with reducible disulphide or non-reducible thioether bonds, for
example as described in Segal and Bast, 2001. Production of Bispecific Antibodies.
Current Protocols in Immunology. 14:1V:2.13:2.13.1-2.13.16, which is hereby
incorporated by reference in its entirety. For example, N-succinimidyl-3-(-2-pyridyldithio)-
propionate (SPDP) can be used to chemically crosslink e.g. Fab fragments via hinge

region SH- groups, to create disulfide-linked bispecific F(ab). heterodimers.

Other methods for producing bispecific antibodies include fusing antibody-producing
hybridomas e.g. with polyethylene glycol, to produce a quadroma cell capable of
secreting bispecific antibody, for example as described in D. M. and Bast, B. J. 2001.
Production of Bispecific Antibodies. Current Protocols in Immunology. 14:1V: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 Féarber-
Schwarz), or French, How to make bispecific antibodies, Methods Mol. Med. 2000;
40:333-339.

For example, a DNA construct encoding the light and heavy chain variable domains for
the two antigen binding domains (i.e. the light and heavy chain variable domains for the
antigen binding domain capable of binding IL-11 or IL-11R, and the light and heavy chain
variable domains for the antigen binding domain capable of binding to another target
protein), and including sequences encoding a suitable linker or dimerization domain
between the antigen binding domains can be prepared by molecular cloning techniques.
Recombinant bispecific antibody can thereafter be produced by expression (e.g. in vitro)
of the construct in a suitable host cell (e.g. a mammalian host cell), and expressed

recombinant bispecific antibody can then optionally be purified.

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

aptamer identified 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: RNA ligands 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 may be single stranded or double
stranded. The aptamer may comprise chemically modified nucleic acids, for example in
which the sugar and/or phosphate and/or base is chemically modified. Such
modifications may improve the stability of the aptamer or make the aptamer more

resistant to degradation and may include modification at the 2’ position of ribose.

Aptamers may be synthesised by methods which are well known to the skilled person.

For example, aptamers may be chemically synthesised, e.g. on a solid support.
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Solid phase synthesis may use phosphoramidite chemistry. Briefly, a solid supported
nucleotide is detritylated, then coupled with a suitably activated nucleoside
phosphoramidite to form a phosphite triester linkage. Capping may then occur, followed
by oxidation of the phosphite triester with an oxidant, typically iodine. The cycle may then

be repeated to assemble the aptamer.

Aptamers can be thought of as the nucleic acid equivalent of monoclonal antibodies and
often have K¢'s in the nM or pM range, e.g. less than one of 500nM, 100nM, 50nM, 10nM,
1nM, 500pM, 100pM. As with monoclonal antibodies, they may be useful in virtually any
situation in which target binding is required, including use in therapeutic and diagnostic
applications, in vitro or in vivo. In vitro diagnostic applications may include use in

detecting the presence or absence of a target molecule.

Aptamers according to the present invention may be provided in purified or isolated form.
Aptamers according to the present invention may be formulated as a pharmaceutical

composition or medicament.

Suitable aptamers may optionally have a minimum length of one of 10, 11, 12, 13, 14, 15,
16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38,

39, or 40 nucleotides

Suitable aptamers may optionally have a maximum length of one of 20, 21, 22, 23, 24,
25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47,
48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70,
71,72,73,74,75,76, 77,78, 79, or 80 nucleotides

Suitable aptamers may optionally have a length of one of 10, 11, 12, 13, 14, 15, 16, 17,
18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40,

41,42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 62, 63,

64, 65, 66, 67, 68, 69, 70, 71,72, 73,74, 75,76, 77, 78, 79, or 80 nucleotides.

Oligonucleotide repression of 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 mMRNA 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. mMRNA.
Where the target oligonucleotide is an mRNA, binding of the antisense to the mRNA
blocks translation of the mRNA and expression of the gene product. Antisense
oligonucleotides may be designed to bind sense genomic nucleic acid and inhibit

transcription of a target nucleotide sequence.

In view of the known nucleic acid sequences for IL-11 (e.g. the known mRNA sequences
available from GenBank® under accession no.s: BC012506.1 GI:15341754 (human),
BC134354.1 G1:126632002 (mouse), AF347935.1 GI:13549072 (rat)) and IL-11R (e.g.
the known mRNA sequences available from GenBank® under accession no.s:
NM_001142784.2 GI:391353394 (human), NM_001163401.1 GIl:254281268 (mouse),
NM_139116.1 GI:20806172 (rat)), oligonucleotides may be designed to repress or
silence the expression of IL-11 or IL-11R. Such oligonucleotides may have any length,
but may preferably be short, e.g. less than 100 nucleotides, e.g. 10-40 nucleotides, or 20-
50 nucleotides, and may comprise a nucleotide sequence having complete- or near-
complementarity (e.g. 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,
99% or 100% complementarity) to a sequence of nucleotides of corresponding length in
the target oligonucleotide, e.g. the IL-11 or IL-11R mRNA. The complementary region of
the nucleotide sequence may have any length, but is preferably at least 5, and optionally
no more than 50, nucleotides long, e.g. one of 6, 7, 8, 9, 10, 11, 12,13, 14, 15, 16, 17,
18,19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40,
41,42, 43, 44, 45, 46, 47, 48, 49, or 50 nucleotides.

Repression of IL-11 or IL-11R expression will preferably result in a decrease in 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%. A level of repression between 90% and 100% is considered a ‘silencing’ of

expression or function.
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A role for the RNAi machinery and small RNAs in targeting of heterochromatin complexes
and epigenetic gene silencing at specific chromosomal loci has been demonstrated.
Double-stranded RNA (dsRNA)-dependent post transcriptional silencing, also known as
RNA interference (RNAi), is a phenomenon in which dsRNA complexes can target
specific genes of homology for silencing in a short period of time. It acts as a signal to
promote degradation of mMRNA with sequence identity. A 20-nt siRNA is generally long
enough to induce gene-specific silencing, but short enough to evade host response. The
decrease in expression of targeted gene products can be extensive with 90% silencing
induced by a few molecules of siRNA. RNAI based therapeutics have been progressed
into Phase |, Il and 1l clinical trials for a number of indications (Nature 2009 Jan 22;
457(7228):426-433).

In the art, these RNA sequences are termed "short or small interfering RNAs" (siRNAs) or
"microRNAs" (miRNAs) depending on their origin. Both types of sequence may be used
to down-regulate gene expression by binding to complementary RNAs and either
triggering mRNA elimination (RNAi) or arresting mRNA translation into protein. siRNA
are derived by processing of long double stranded RNAs and when found in nature are
typically of exogenous origin. Micro-interfering RNAs (miRNA) are endogenously
encoded small non-coding RNAs, derived by processing of short hairpins. Both siRNA
and miRNA can inhibit the translation of MRNAs bearing partially complimentary target
sequences without RNA cleavage and degrade mRNAs bearing fully complementary

sequences.

Accordingly, the present invention provides the use of oligonucleotide sequences for

down-regulating the expression of IL-11 or IL-11R.

siRNA ligands are typically double stranded and, in order to optimise the effectiveness of
RNA mediated down-regulation of the function of a target gene, it is preferred that the
length of the siRNA molecule is chosen to ensure correct recognition of the siRNA by the
RISC complex that mediates the recognition by the siRNA of the mRNA target and so that

the siRNA is short enough to reduce a host response.

miRNA ligands are typically single stranded and have regions that are partially
complementary enabling the ligands to form a hairpin. miRNAs are RNA genes which are
transcribed from DNA, but are not translated into protein. A DNA sequence that codes for

a miRNA gene is longer than the miRNA. This DNA sequence includes the miRNA
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sequence and an approximate reverse complement. When this DNA sequence is

transcribed into a single-stranded RNA molecule, the miRNA sequence and its reverse-
complement base pair to form a partially double stranded RNA segment. The design of
microRNA sequences is discussed in John et al, PLoS Biology, 11(2), 1862-1879, 2004.

Typically, the RNA ligands intended to mimic the effects of siRNA or miRNA have
between 10 and 40 ribonucleotides (or synthetic analogues thereof), more preferably
between 17 and 30 ribonucleotides, more preferably between 19 and 25 ribonucleotides
and most preferably between 21 and 23 ribonucleotides. In some embodiments of the
invention employing double-stranded siRNA, the molecule may have symmetric 3'
overhangs, e.g. of one or two (ribo)nucleotides, typically a UU of dTdT 3' overhang.
Based on the disclosure provided herein, the skilled person can readily design suitable
siRNA and miRNA sequences, for example using resources such the Ambion siRNA
finder. siRNA and miRNA sequences can be synthetically produced and added
exogenously to cause gene downregulation or produced using expression systems (e.qg.

vectors). In a preferred embodiment the siRNA is synthesized synthetically.

Longer double stranded RNAs may be processed in the cell to produce siRNAs (see for
example Myers (2003) Nature Biotechnology 21:324-328). The longer dsRNA molecule
may have symmetric 3' or 5' overhangs, e.g. of one or two (ribo)nucleotides, or may have
blunt ends. The longer dsRNA molecules may be 25 nucleotides or longer. Preferably,
the longer dsRNA molecules are between 25 and 30 nucleotides long. More preferably,
the longer dsRNA molecules are between 25 and 27 nucleotides long. Most preferably,
the longer dsRNA molecules are 27 nucleotides in length. dsRNAs 30 nucleotides or
more in length may be expressed using the vector pPDECAP (Shinagawa et al., Genes
and Dev., 17, 1340-5, 2003).

Another alternative is the expression of a short hairpin RNA molecule (shRNA) in the cell.
shRNAs are more stable than synthetic siRNAs. A shRNA consists of short inverted
repeats separated by a small loop sequence. One inverted repeat is complimentary to
the gene target. In the cell the shRNA is processed by DICER into a siRNA which
degrades the target gene mRNA and suppresses expression. In a preferred embodiment
the shRNA is produced endogenously (within a cell) by transcription from a vector.
shRNAs may be produced within a cell by transfecting the cell with a vector encoding the
shRNA sequence under control of a RNA polymerase lll promoter such as the human H1

or 7SK promoter or a RNA polymerase || promoter. Alternatively, the shRNA may be
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synthesised exogenously (in vitro) by transcription from a vector. The shRNA may then
be introduced directly into the cell. Preferably, the shRNA molecule comprises a partial
sequence of IL-11 or IL-11R. Preferably, the shRNA sequence is between 40 and 100
bases in length, more preferably between 40 and 70 bases in length. The stem of the
hairpin is preferably between 19 and 30 base pairs in length. The stem may contain G-U

pairings to stabilise the hairpin structure.

siRNA molecules, longer dsRNA molecules or miRNA molecules may be made
recombinantly by transcription of a nucleic acid sequence, preferably contained within a
vector. Preferably, the siRNA molecule, longer dsSRNA molecule or miRNA molecule

comprises a partial sequence of IL-11 or IL-11R.

In one embodiment, the siRNA, longer dsRNA or miRNA is produced endogenously
(within a cell) by transcription from a vector. The vector may be introduced into the cell in
any of the ways known in the art. Optionally, expression of the RNA sequence can be
regulated using a tissue specific (e.g. heart, liver, kidney or eye specific) promoter. In a
further embodiment, the siRNA, longer dsRNA or miRNA is produced exogenously (in

vitro) by transcription from a vector.

Suitable vectors may be oligonucleotide vectors configured to express the oligonucleotide
agent capable of IL-11 or IL-11R repression. Such vectors may be viral vectors or
plasmid vectors. The therapeutic oligonucleotide may be incorporated in the genome of a
viral vector and be operably linked to a regulatory sequence, e.g. promoter, which drives
its expression. The term “operably linked” may include the situation where a selected
nucleotide sequence and regulatory nucleotide sequence are covalently linked in such a
way as to place the expression of a nucleotide sequence under the influence or control of
the regulatory sequence. Thus a regulatory sequence is operably linked to a selected
nucleotide sequence if the regulatory sequence is capable of effecting transcription of a

nucleotide sequence which forms part or all of the selected nucleotide sequence.

Viral vectors encoding promoter-expressed siRNA sequences are known in the art and
have the benefit of long term expression of the therapeutic oligonucleotide. Examples
include lentiviral (Nature 2009 Jan 22; 457(7228):426-433), adenovirus (Shen et al.,
FEBS Lett 2003 Mar 27;539(1-3)111-4) and retroviruses (Barton and Medzhitov PNAS
November 12, 2002 vol.99, n0.23 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 sequence in both the sense
and antisense orientation, such that when expressed as RNA the sense and antisense

sections will associate to form a double stranded RNA.

Alternatively, sSiRNA molecules may be synthesized using standard solid or solution
phase synthesis techniques which are known in the art. Linkages between nucleotides
may be phosphodiester bonds or alternatives, for example, linking groups of the formula
P(O)S, (thioate); P(S)S, (dithioate); P(O)NR'2; P(O)R'"; P(O)OR6; CO; or CONR'2 wherein
Ris H (or a salt) or alkyl (1-12C) and R6 is alkyl (1-9C) is joined to adjacent nucleotides
through-O-or-S-.

Modified nucleotide bases can be used in addition to the naturally occurring bases, and

may confer advantageous properties on siRNA molecules containing them.

For example, modified bases may increase the stability of the siRNA molecule, thereby
reducing the amount required for silencing. The provision of modified bases may also

provide siRNA molecules which are more, or less, stable than unmodified siRNA.

The term ‘modified nucleotide base’ encompasses nucleotides with a covalently modified
base and/or sugar. For example, modified nucleotides include nucleotides having sugars
which are covalently attached to low molecular weight organic groups other than a
hydroxyl group at the 3'position and other than a phosphate group at the 5'position. Thus
modified nucleotides may also include 2'substituted sugars such as 2'-O-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 known in the art and include alkylated purines and pyrimidines,
acylated purines and pyrimidines, and other heterocycles. These classes of pyrimidines
and purines are known in the art and include pseudoisocytosine, N4,N4-ethanocytosine,
8-hydroxy-N6-methyladenine, 4-acetylcytosine,5-(carboxyhydroxylmethyl) uracil, 5
fluorouracil, 5-bromouracil, 5-carboxymethylaminomethyl-2-thiouracil, 5-
carboxymethylaminomethyl uracil, dihydrouracil, 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, 5Smethoxyuracil, 2 methylthio-N6-
isopentenyladenine, uracil-5-oxyacetic acid methyl ester, psueouracil, 2-thiocytosine, 5-
methyl-2 thiouracil, 2-thiouracil, 4-thiouracil, 5methyluracil, 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.

Methods relating to the use of RNAI to silence genes in C. elegans, Drosophila, plants,
and mammals are known in the art (Fire A, et al., 1998 Nature 391:806-811; Fire, A.
Trends Genet. 15, 358-363 (1999); Sharp, P. A. RNA interference 2001. Genes Dev. 15,
485-490 (2001); Hammond, S. M., et al., Nature Rev. Genet. 2, 110-1119 (2001); Tuschl,
T. Chem. Biochem. 2, 239-245 (2001); Hamilton, A. et al., Science 286, 950-952 (1999);
Hammond, S. M., et al., Nature 404, 293-296 (2000); Zamore, P. D, et al., Cell 101, 25-
33 (2000); Bernstein, E., et al., Nature 409, 363-366 (2001); Elbashir, S. M., et al., Genes
Dev. 15, 188-200 (2001); WO0129058; W09932619, and Elbashir S M, et al., 2001
Nature 411:494-498).

Accordingly, the invention provides nucleic acid that is capable, when suitably introduced
into or expressed within a mammalian, e.g. human, cell that otherwise expresses IL-11 or

IL-11R, of suppressing IL-11 or IL-11R expression by RNA..

The nucleic acid may have substantial sequence identity to a portion of IL-11 or [L-11R
mMRNA, 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. (As the skilled person will appreciate,
and as explained further below, a siRNA molecule may include a short 3' DNA sequence

also.)

Alternatively, the nucleic acid may be a DNA (usually double-stranded DNA) which, when
transcribed in a mammalian cell, yields an RNA having two complementary portions
joined via a spacer, such that the RNA takes the form of a hairpin when the
complementary portions hybridise with each other. In a mammalian cell, the hairpin
structure may be cleaved from the molecule by the enzyme DICER, to yield two distinct,
but hybridised, RNA molecules.

In some preferred embodiments, the nucleic acid is generally targeted to the sequence of
one of SEQ ID NOs 2 to 5 (IL-11; Figure 11) or to one of SEQ ID NOs 7 to 10 (IL-11R;
Figure 12).

Only single-stranded (i.e. non self-hybridised) regions of an mRNA transcript are
expected to be suitable targets for RNAI. It is therefore proposed that other sequences
very close in the IL-11 or IL-11R mRNA transcript to the sequence represented by one of
SEQ ID NOs 2 to 5 or 7 to 10 may also be suitable targets for RNAIi. Such target
sequences are preferably 17-23 nucleotides in length and preferably overlap one of SEQ
IDNOs2to5o0r7to10byatleast1,2,3,4,5,6,7,8,9,10,11, 12,13, 14, 15, 16, 17,
18 or all 19 nucleotides (at either end of one of SEQ ID NOs 2 to 5 or 7 to 10).

Accordingly, the invention provides nucleic acid that is capable, when suitably introduced
into or expressed within a mammalian cell that otherwise expresses 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 NOs 2 to 5 or 7 to 10.

By “generally targeted” the nucleic acid may target a sequence that overlaps with SEQ ID
NOs 2to 5 or 7 to 10. In particular, the nucleic acid may target a sequence in the mRNA
of human IL-11 or IL-11R that is slightly longer or shorter than one of SEQ ID NOs 2 to 5
or 7 to 10 (preferably from 17-23 nucleotides in length), but is otherwise identical to one
of SEQID NOs 2to 5or 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 mRNA of IL-
11 or IL-11R. It is expected, however, that the presence of even a single mismatch is
likely to lead to reduced efficiency, so the absence of mismatches is preferred. When
present, 3’ overhangs may be excluded from the consideration of the number of

mismatches.

The term “complementarity” is not limited to conventional base pairing between nucleic
acid consisting of naturally occurring ribo- and/or deoxyribonucleotides, but also includes
base pairing between mRNA and nucleic acids of the invention that include non-natural

nucleotides.

In one embodiment, the nucleic acid (herein referred to as double-stranded siRNA)
includes the double-stranded RNA sequences shown in Figure 13 (IL-11; SEQ ID NOs 11
to 14).

In another embodiment, the nucleic acid (herein referred to as double-stranded siRNA)
includes the double-stranded RNA sequences shown in Figure 14 (IL-11R; SEQ ID NOs
1510 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 bp in length will also be effective.

The strands that form the double-stranded RNA may have short 3’ dinucleotide
overhangs, which may be DNA or RNA. The use of a 3' DNA overhang has no effect on
siRNA activity compared to a 3’ RNA overhang, but reduces the cost of chemical
synthesis of the nucleic acid strands (Elbashir et al., 2001c¢). For this reason, DNA

dinucleotides may be preferred.

When present, the dinucleotide overhangs may be symmetrical to each other, though this
is not essential. Indeed, the 3’ overhang of the sense (upper) strand is irrelevant for RNAI
activity, as it does not participate in mRNA recognition and degradation (Elbashir et al.,
2001a, 2001b, 2001c).
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While RNAIi experiments in Drosophila show that antisense 3’ overhangs may participate
in mMRNA recognition and targeting (Elbashir et al. 2001¢), 3’ overhangs do not appear to
be necessary for RNAI activity of siRNA in mammalian cells. Incorrect annealing of 3’
overhangs is therefore thought to have little effect in mammalian cells (Elbashir et al.
2001¢; Czauderna et al. 2003).

Any dinucleotide overhang may therefore be used in the antisense strand of the siRNA.
Nevertheless, the dinucleotide is preferably -UU or —UG (or —TT or —TG if the overhang is
DNA), more preferably -UU (or —TT). The —UU (or —TT) dinucleotide overhang is most
effective and is consistent with (i.e. capable of forming part of) the RNA polymerase Il
end of transcription signal (the terminator signal is TTTTT). Accordingly, this dinucleotide
is most preferred. The dinucleotides AA, CC and GG may also be used, but are less

effective and consequently less preferred.

Moreover, the 3’ overhangs may be omitted entirely from the siRNA.

The invention also provides single-stranded nucleic acids (herein referred to as single-
stranded siRNAs) respectively consisting of a component strand of one of the
aforementioned double-stranded nucleic acids, preferably with the 3’-overhangs, but
optionally without. The invention also provides kits containing pairs of such single-
stranded nucleic acids, which are capable of hybridising with each other in vitro to form

the aforementioned double-stranded siRNAs, which may then be introduced into cells.

The invention also provides DNA that, when transcribed in a mammalian cell, yields an
RNA (herein also referred to as an shRNA) having two complementary portions which are
capable of self-hybridising to produce a double-stranded motif, 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 sequences by a single base pair

substitution.

The complementary portions will generally be joined by a spacer, which has suitable
length and sequence to allow the two complementary portions to hybridise with each
other. The two complementary (i.e. sense and antisense) portions may be joined 5-3’ in
either order. The spacer will typically be a short sequence, of approximately 4-12

nucleotides, preferably 4-9 nucleotides, more preferably 6-9 nucleotides.
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Preferably the 5’ end of the spacer (immediately 3’ of the upstream complementary
portion) consists of the nucleotides —UU- or —UG-, again preferably —UU- (though, again,
the use of these particular dinucleotides is not essential). A suitable spacer,
recommended for use in the pSuper system of OligoEngine (Seattle, Washington, USA)
is UUCAAGAGA. In this and other cases, the ends of the spacer may hybridise with each
other, e.g. elongating the double-stranded motif beyond the exact sequences of SEQ ID

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
DICER to yield a double-stranded siRNA as described above, in which one or each

strand of the hybridised dsRNA includes a 3’ overhang.

Techniques for the synthesis of the nucleic acids of the invention are of course well

known in the art.

The skilled person is well able to construct suitable transcription vectors for the DNA of
the invention using well-known techniques and commercially available materials. In
particular, the DNA will be associated with control sequences, including a promoter and a

transcription termination sequence.

Of particular suitability are the commercially available pSuper and pSuperior systems of
OligoEngine (Seattle, Washington, USA). These use a polymerase-Ill 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).

Another suitable system is described in Shin et al. (RNA, 2009 May; 15(5): 898-910),

which uses another polymerase-Ill promoter (U6).

The double-stranded siRNAs of the invention may be introduced into mammalian cells in
vitro or in vivo using known techniques, as described below, to suppress expression of IL-
11 or IL-11R.
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Similarly, transcription vectors containing the DNAs of the invention may be introduced
into tumour cells in vitro or in vivo using known techniques, as described below, for

transient or stable expression of RNA, again to suppress expression of 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 siRNA of the invention or a transcription vector of the invention.

Similarly, the invention further provides a method of treating fibrosis, the method
comprising administering to a subject a double-stranded siRNA of the invention or a

transcription vector of the invention.

The invention further provides the double-stranded siRNAs of the invention and the
transcription vectors of the invention, for use in a method of treatment, preferably a

method of treating fibrosis.

The invention further provides the use of the double-stranded siRNAs of the invention and
the transcription vectors of the invention in the preparation of a medicament for the

treatment of fibrosis.

The invention further provides a composition comprising a double-stranded siRNA of the
invention or a transcription vector of the invention in admixture with one or more
pharmaceutically acceptable carriers. Suitable carriers include lipophilic carriers or

vesicles, which may assist in penetration of the cell membrane.

Materials and methods suitable for the administration of siRNA duplexes and DNA
vectors of the invention are well known in the art and improved methods are under

development, given the potential of RNAi technology.

Generally, many techniques are available for introducing nucleic acids into mammalian
cells. The choice of technique will depend on whether the nucleic acid is transferred into
cultured cells in vitro or in vivo in the cells of a patient. Techniques suitable for the
transfer of nucleic acid into mammalian cells in vitro include the use of liposomes,
electroporation, microinjection, cell fusion, DEAE dextran and calcium phosphate

precipitation. /n vivo gene transfer techniques include transfection with viral (typically
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retroviral) vectors and viral coat protein-liposome mediated transfection (Dzau et al.
(2003) Trends in Biotechnology 11, 205-210).

In particular, suitable techniques for cellular administration of the nucleic acids of the

invention both in vitro and in vivo are disclosed in the following articles:

General reviews: Borkhardt, A. 2002. Blocking oncogenes in malignant cells by RNA
interference--new hope for a highly specific cancer treatment? Cancer Cell. 2:167-8.
Hannon, G.J. 2002. RNA interference. Nature. 418:244-51. McManus, M.T., and P.A.
Sharp. 2002. Gene silencing in mammals by small interfering RNAs. Nat Rev Genet.
3:737-47. Scherr, M., M.A. Morgan, and M. Eder. 2003b. Gene silencing mediated by
small interfering RNAs in mammalian cells. Curr Med Chem. 10:245-56. Shuey, D.J., D.E.
McCallus, and T. Giordano. 2002. RNAi: gene-silencing in therapeutic intervention. Drug
Discov Today. 7:1040-6.

Systemic delivery using liposomes: Lewis, D.L., J.E. Hagstrom, A.G. Loomis, J.A. Wolff,
and H. Herweijer. 2002. Efficient delivery of siRNA for inhibition of gene expression in
postnatal mice. Nat Genet. 32:107-8. Paul, C.P., P.D. Good, |. Winer, and D.R. Engelke.
2002. Effective expression of small interfering RNA in human cells. 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. RNA interference targeting Fas protects mice from fulminant
hepatitis. Nat Med. 9:347-51. Sorensen, D.R., M. Leirdal, and M. Sioud. 2003. Gene
silencing by systemic delivery of synthetic siRNAs in adult mice. J Mol Biol. 327:761-6.

Virus mediated transfer: Abbas-Terki, T., W. Blanco-Bose, N. Deglon, W. Pralong, and P.
Aebischer. 2002. Lentiviral-mediated RNA interference. 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 U S A. 99:14943-5. Devroe, E., and P.A. Silver. 2002.
Retrovirus-delivered siRNA. BMC Biotechnol. 2:15. Lori, F., P. Guallini, L. Galluzzi, and J.
Lisziewicz. 2002. Gene therapy approaches to HIV infection. Am J Pharmacogenomics.
2:245-52. Matta, H., B. Hozayev, R. Tomar, P. Chugh, and P.M. Chaudhary. 2003. Use of
lentiviral vectors for delivery of small interfering RNA. Cancer Biol Ther. 2:206-10. Qin,
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cells by lentiviral-mediated delivery of small interfering RNA against CCR5. Proc Natl
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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 siRNA to 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 known to those skilled in the art, including,
but not limited to, pharmaceutically acceptable carriers, adjuvants, excipients, diluents,
fillers, buffers, preservatives, anti-oxidants, lubricants, stabilisers, solubilisers, surfactants
(e.g., wetting agents), masking agents, colouring agents, flavouring agents, and

sweetening agents.

The term "pharmaceutically acceptable” as used herein pertains to compounds,
ingredients, materials, compositions, dosage forms, etc., which are, within the scope of
sound medical judgment, suitable for use in contact with the tissues of the subject in
guestion (e.g., human) without excessive toxicity, irritation, allergic response, or other
problem or complication, commensurate with a reasonable benefit/risk ratio. Each
carrier, adjuvant, excipient, etc. must also be "acceptable” in the sense of being

compatible with the other ingredients of the formulation.

Suitable carriers, adjuvants, excipients, etc. can be found in standard pharmaceutical
texts, for example, Remington's Pharmaceutical Sciences, 18th edition, Mack Publishing
Company, Easton, Pa., 1990; and Handbook of Pharmaceutical Excipients, 2nd edition,
1994.
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The formulations may be prepared by any methods well known in the art of pharmacy.
Such methods include the step of bringing into association the active compound with a
carrier which constitutes one or more accessory ingredients. In general, the formulations
are prepared by uniformly and intimately bringing into association the active compound
with carriers (e.g., liquid carriers, finely divided solid carrier, etc.), and then shaping the

product, if necessary.

The formulations may be prepared for topical, parenteral, systemic, intravenous, intra-
arterial, intramuscular, intrathecal, intraocular, intra-conjunctival, subcutaneous, oral or
transdermal routes of administration which may include injection. Injectable formulations

may comprise the selected agent in a sterile or isotonic medium.

Administration is preferably in a "therapeutically effective amount”, this being sufficient to
show benefit to the individual. The actual amount administered, and rate and time-course
of administration, will depend on the nature and severity of the disease being treated.
Prescription of treatment, e.g. decisions on dosage etc, is within the responsibility of
general practitioners and other medical doctors, and typically takes account of the
disorder to be treated, the condition of the individual patient, the site of delivery, the
method of administration and other factors known to practitioners. Examples of the
techniques and protocols mentioned above can be found in Remington’s Pharmaceutical
Sciences, 20th Edition, 2000, pub. Lippincott, Williams & Wilkins.

Fibrosis

As used herein, “fibrosis” refers to the formation of excess fibrous connective tissue as a
result of the excess deposition of extracellular matrix components, for example collagen.
Fibrous connective tissue is characterised by having extracellular matrix (ECM) with a
high collagen content. The collagen may be provided in strands or fibers, which may be
arranged irregularly or aligned. The ECM of fibrous connective tissue may also include

glycosaminoglycans.

As used herein, “excess fibrous connective tissue” refers to an amount of connective
tissue at a given location (e.g. a given tissue or organ, or part of a given tissue or organ)
which is greater than the amount of connective tissue present at that location in the
absence of fibrosis, e.g. under normal, non-pathological conditions. As used herein,

“excess deposition of extracellular matrix components” refers to a level of deposition of
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one or more extracellular matrix components which is greater than the level of deposition

in the absence of fibrosis, e.g. under normal, non-pathological conditions.

The cellular and molecular mechanisms of fibrosis are described in Wynn, J. Pathol.
(2008) 214(2): 199-210, and Wynn and Ramalingam, Nature Medicine (2012) 18:1028-

1040, which are hereby incorporated by reference in their entirety.

The main cellular effectors of fibrosis are myofibroblasts, which produce a collagen-rich

extracellular matrix.

In response to tissue injury, damaged cells and leukocytes produce pro-fibrotic factors
such as TGFB, IL-13 and PDGF, which activate fibroblasts to aSMA-expressing
myofibroblasts, and recruit myofibroblasts to the site of injury. Myofibroblasts produce a
large amount of extracellular matrix, and are important mediators in aiding contracture
and closure of the wound. However, under conditions of persistent infection or during
chronic inflammation there can be overactivation and recruitment of myofibroblasts, and
thus over-production of extracellular matrix components, resulting in the formation of

excess fibrous connective tissue.

In some embodiments fibrosis may be triggered by pathological conditions, e.g.
conditions, infections or disease states that lead to production of pro-fibrotic factors such
as TGFB1. In some embodiments, fibrosis may be caused by physical injury/stimuli,
chemical injury/stimuli or environmental injury/stimuli. Physical injury/stimuli may occur
during surgery, e.g. iatrogenic causes. Chemical injury/stimuli may include drug induced
fibrosis, e.g. following chronic administration of drugs such as bleomycin,
cyclophosphamide, amiodarone, procainamide, penicillamine, gold and nitrofurantoin
(Daba et al., Saudi Med J 2004 Jun; 25(6): 700-6). Environmental injury/stimuli may

include exposure to asbestos fibres or silica.

Fibrosis can occur in many tissues of the body. For example, fibrosis can occur in the
liver (e.g. cirrhosis), lungs, kidney, heart, blood vessels, eye, skin, pancreas, intestine,

brain, and bone marrow. Fibrosis may also occur in multiple organs at once.

In embodiments herein, fibrosis may involve an organ of the gastrointestinal system, e.g.
of the liver, small intestine, large intestine, or pancreas. In some embodiments, fibrosis

may involve an organ of the respiratory system, e.g. the lungs. In embodiments, fibrosis
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may involve an organ of the cardiovascular system, e.g. of the heart or blood vessels. In
some embodiments, fibrosis may involve the skin. In some embodiments, fibrosis may
involve an organ of the nervous system, e.g. the brain. In some embodiments, fibrosis
may involve an organ of the urinary system, e.g. the kidneys. In some embodiments,

fibrosis may involve an organ of the musculoskeletal system, e.g. muscle tissue.

In some preferred embodiments, the fibrosis is cardiac or myocardial fibrosis, hepatic
fibrosis, or renal fibrosis. In some embodiments cardiac or myocardial fibrosis is
associated with dysfunction of the musculature or electrical properties of the heart, or
thickening of the walls of valves of the heart. In some embodiments fibrosis is of the
atrium and/or ventricles of the heart. Treatment or prevention of atrial or ventricular
fibrosis may help reduce risk or onset of atrial fibrillation, ventricular fibrillation, or

myocardial infarction.

In some preferred embodiments hepatic fibrosis is associated with chronic liver disease
or liver cirrhosis. In some preferred embodiments renal fibrosis is associated with chronic

kidney disease.

Diseases/conditions characterised by fibrosis in accordance with the present invention
include but are not limited to: respiratory conditions such as pulmonary fibrosis, cystic
fibrosis, idiopathic pulmonary fibrosis, progressive massive fibrosis, scleroderma,
obliterative bronchiolitis, Hermansky-Pudlak syndrome, asbestosis, silicosis, chronic
pulmonary hypertension, AlDS associated pulmonary hypertension, sarcoidosis, tumor
stroma in lung disease, and asthma; chronic liver disease, primary biliary cirrhosis (PBC),
schistosomal liver disease, liver cirrhosis; cardiovascular conditions such as hypertrophic
cardiomyopathy, dilated cardiomyopathy (DCM), fibrosis of the atrium, atrial fibrillation,
fibrosis of the ventricle, ventricular fibrillation, myocardial fibrosis, Brugada syndrome,
myocarditis, endomyocardial fibrosis, myocardial infarction, fibrotic vascular disease,
hypertensive heart disease, arrhythmogenic right ventricular cardiomyopathy (ARVC),
tubulointerstitial and glomerular fibrosis, atherosclerosis, varicose veins, cerebral infarcts;
neurological conditions such as gliosis and Alzheimer's disease; muscular dystrophy such
as Duchenne muscular dystrophy (DMD) or Becker's muscular dystrophy (BMD);
gastrointestinal conditions such as Chron’s disease, microscopic colitis and primary
sclerosing cholangitis (PSC); skin conditions such as scleroderma, nephrogenic systemic
fibrosis and cutis keloid; arthrofibrosis; Dupuytren’s contracture; mediastinal fibrosis;

retroperitoneal fibrosis; myelofibrosis; Peyronie’s disease; adhesive capsulitis; kidney
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disease (e.g., renal fibrosis, nephritic syndrome, Alport's syndrome, HIV associated
nephropathy, polycystic kidney disease, Fabry's disease, diabetic nephropathy, chronic
glomerulonephritis, nephritis associated with systemic lupus); progressive systemic
sclerosis (PSS); chronic graft versus host disease; diseases of the eye such as Grave's
opthalmopathy, epiretinal fibrosis, retinal fibrosis, subretinal fibrosis (e.g. associated with
macular degeneration (e.g. wet age-related macular degeneration (AMD)), diabetic
retinopathy, glaucoma, corneal fibrosis, post-surgical fibrosis (e.g. of the posterior
capsule following cataract surgery, or of the bleb following trabeculectomy for glaucoma),
conjunctival fibrosis, subconjunctival fibrosis; arthritis; fibrotic pre-neoplastic and fibrotic
neoplastic disease; and fibrosis induced by chemical or environmental insult (e.g., cancer

chemotherapy, pesticides, radiation/cancer radiotherapy).

It will be appreciated that the many of the diseases/conditions listed above are
interrelated. For example, fibrosis of the ventricle may occur post myocardial infarction,

and is associated with DCM, HCM and myocarditis.

In particular embodiments, the disease/disorder may be one of pulmonary fibrosis, atrial
fibrillation, ventricular fibrillation, hypertrophic cardiomyopathy (HCM), dilated
cardiomyopathy (DCM), non-alcoholic steatohepatitis (NASH), cirrhosis, chronic kidney
disease, scleroderma, systemic sclerosis, keloid, cystic fibrosis, Chron’s disease, post-

surgical fibrosis or retinal fibrosis.

Treatment, prevention or alleviation of fibrosis according to the present invention may be
of fibrosis that is associated with an upregulation of IL-11, e.g. an upregulation of [L-11 in
cells or tissue in which the fibrosis occurs or may occur, or upregulation of extracellular
IL-11 or IL-11R.

Treatment or alleviation of fibrosis may be effective to prevent progression of the fibrosis,
e.g. to prevent worsening of the condition or to slow the rate of development of the
fibrosis. In some embodiments treatment or alleviation may lead to an improvement in

the fibrosis, e.g. a reduction in the amount of deposited collagen fibres.

Prevention of fibrosis may refer to prevention of a worsening of the condition or
prevention of the development of fibrosis, e.g. preventing an early stage fibrosis

developing to a later, chronic, stage.
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Subject
The subject to be treated may be any animal or human. The subject is preferably

mammalian, more preferably human. The subject may be a non-human mammal, but is
more preferably human. The subject may be male or female. The subject may be a

patient.

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 may be a selected fraction of a patient’s blood, e.g. a selected cell-containing
fraction or a plasma or serum fraction. A sample may comprise a tissue sample or
biopsy; or cells isolated from a subject. Samples may be collected by known techniques,
such as biopsy or needle aspirate. Samples may be stored and/or processed for

subsequent determination of 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 be a tissue

sample, e.g. biopsy, taken from the eye.

A sample may contain cells, and may preferably contain fibroblasts and/or myofibroblasts.
In some embodiments, fibroblasts or myofibroblasts may be obtained from heart, liver or
kidney tissue, e.g. they may be cardiac fibroblasts or cardiac myofibroblasts (e.g. see
Colby et al., Circulation Research 2009;105:1164-1176), hepatic fibroblasts or hepatic
myofibroblasts (e.g. see Zeisberg et al., The Journal of Biological Chemistry, August 10,
2007, 282, 23337-23347; Brenner., Fibrogenesis & Tissue Repair 2012, 5(Suppl 1):S17)
or renal fibroblasts or renal myofibroblasts (e.g. see Strutz and Zeisberg. JASN
November 2006 vol. 17 no. 11 2992-2998). In some embodiments, fibroblasts or

myofibroblasts may be obtained from eye tissue, e.g. they may be corneal fibroblasts.

Upreqgulation 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 at a
level that is greater than would normally be expected for a cell or tissue of a given type.
Upregulation may be determined by determining the level of expression of IL-11 or IL-11R
in a cell or tissue. A comparison may be made between the level 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 IL-11R expression in a control sample,
e.g. in corresponding cells or tissue from a healthy subject or from healthy tissue of the
same subject. In some embodiments reference levels may be obtained from a standard

curve or data set.

Levels of expression may be quantitated for absolute comparison, or relative

comparisons may be made.

In some embodiments upregulation of IL-11 or IL-11R may be considered to be present
when the level of expression in the test sample is at least 1.1 times that of a reference
level. More preferably, the level of expression may be selected from one of at least 1.2,
at least 1.3, at least 1.4, at least 1.5, at least 1.6, at least 1.7, at least 1.8, at least 1.9, at
least 2.0, at least 2.1, at least 2.2, at least 2.3, at least 2.4 at least 2.5, at least 2.6, at
least 2.7, at least 2.8, at least 2.9, at least 3.0, at least 3.5, at least 4.0, at least 5.0, at
least 6.0, at least 7.0, at least 8.0, at least 9.0, or at least 10.0 times that of the reference

level.

IL-11 or IL-11R expression levels may be determined by one of a number of known in
vitro assay technigues, such as PCR based assays, in situ hybridisation assays, flow

cytometry assays, immunological or immunohistochemical assays.
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By way of example suitable techniques involve a method of detecting the level of 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 any suitable binding molecule, e.g. an antibody, polypeptide, peptide,
oligonucleotide, aptamer or small molecule, and may optionally be labelled to permit
detection, e.g. visualisation, of the complexes formed. Suitable labels and means for their
detection are well known to those in the art and include fluorescent labels (e.g.
fluorescein, rhodamine, eosine and NDB, green fluorescent protein (GFP), chelates of
rare earths such as europium (Eu), terbium (Tb) and samarium (Sm), tetramethyl
rhodamine, Texas Red, 4-methyl umbelliferone, 7-amino-4-methyl coumarin, Cy3, Cy5),
isotope markers, radioisotopes (e.g. 2P, 3P, 3°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 known to those of skill in the art and can be selected to
correspond with the labelling agent. Suitable techniques include PCR ampilification 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 amount of IL-11 or IL-11R that is higher or lower than that of the reference

value to a selected degree of 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 where the test
sample contains fibrotic cells, such up-regulation, down-regulation or amplification may
be compared to a reference value to determine whether any statistically significant

difference is present.

Subiject 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
marker of 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 may be in a given tissue or in selected cells from a given tissue. A preferred
tissue may be one of heart, liver or kidney. A preferred tissue may be eye. A preferred
cell type may be fibroblasts or myofibroblasts. Upregulation may also be determined in a
circulating fluid, e.g. blood, or in a blood derived sample. Upregulation may be of

extracellular [L-11 or IL-11R.

Determination of IL-11 or IL-11R levels may be performed by assay, preferably in vitro, on

a sample obtained from a subject, as described herein.

Following selection, a subject may be provided with treatment for fibrosis by
administration of an agent capable of inhibiting the action of 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 considered at risk of developing fibrosis and it is of interest whether
the subject will benefit from treatment with an agent capable of inhibiting the action of IL-
11 or with an agent capable of preventing or reducing the expression of I[L-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 IL-11 or IL-11R expression may also be used in a
method of diagnosing fibrosis or the risk of developing fibrosis in a subject, and in
methods of prognosing or predicting a subject’s response to treatment with an agent
capable of inhibiting the action of 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
presence of other symptoms indicative of fibrosis in the subject’s body or in selected
cells/tissues of the subject’s body, or be considered at risk of developing fibrosis, e.g.
because of genetic predisposition or exposure to environmental conditions, such as

asbestos fibres.
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Determination of upregulation of 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 capable of 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 capable of 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
response to 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 IL-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 known in the art, e.g. see Peter Starkel Gut 2008;57:440-442; Wright et al.,
Mol. Cell. Biol. March 2010 vol. 30 no. 6 1411-1420.

Genetic factors may be assayed by methods known to those of ordinary skill in the art,
including PCR based assays, e.g. quantitative PCR, competitive PCR. By determining
the presence of genetic factors, e.g. in a sample obtained from a subject, a diagnosis of
fibrosis may be confirmed, and/or a subject may be classified as being at risk of
developing fibrosis, and/or a subject may be identified as being suitable for treatment with
an agent capable of inhibiting the action of 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 SNPs linked
to secretion of IL-11 or susceptibility to development of fibrosis. SNPs are usually bi-
allelic and therefore can be readily determined using one of a number of conventional
assays known to those of skill in the art (e.g. see Anthony J. Brookes. The essence of
SNPs. Gene Volume 234, Issue 2, 8 July 1999, 177-186; Fan et al., Highly Parallel SNP
Genotyping. Cold Spring Harb Symp Quant Biol 2003. 68: 69-78; Matsuzaki et al.,
Parallel Genotyping of Over 10,000 SNPs using a one-primer assay on a high-density
oligonucleotide array. Genome Res. 2004. 14: 414-425).

The methods may comprise determining which SNP allele is present in a sample
obtained from a subject. In some embodiments determining the presence of the minor
allele may be associated with increased IL-11 secretion or susceptibility to development

of fibrosis.

Accordingly, in one aspect of the present invention a method for screening a subject is
provided, the method comprising:
obtaining a nucleic acid sample from the subject;
determining which allele is present in the sample at the polymorphic nucleotide
position of one or more of the SNPs listed in Figure 33, and/or Figure 34 and/or
Figure 35 or an SNP in linkage disequilibrium with one of the listed SNPs with an
r’20.8.

The determining step may comprise determining whether the minor allele is present in the
sample at the selected polymorphic nucleotide position. It may comprise determining

whether 0, 1 or 2 minor alleles are present.

The screening method may be, or form part of, a method for determining susceptibility of
the subject to development of fibrosis, or a method of diagnosis or prognosis as

described herein.

The method may further comprise the step of identifying the subject as having
susceptibility to, or an increased risk of, developing fibrosis, e.g. if the subject is
determined to have a minor allele at the polymorphic nucleotide position. The method
may further comprise the step of selecting the subject for treatment with an agent capable
of inhibiting the action of Interleukin 11 (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
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for fibrosis in the subject or to prevent development or progression of fibrosis in the

subject.

SNPs that may be determined include one or more of the SNPs listed in Figure 33, Figure
34, or Figure 35. In some embodiments the method may comprise determining one or
more of the SNPs listed in Figure 33. In some embodiments the method may comprise
determining one or more of the SNPs listed in Figure 34. In some embodiments the
method may comprise determining one or more of the SNPs listed in Figure 35. SNPs

may be selected for determination as having a low P value or FDR (false discovery rate).

In some embodiments SNPs are selected as being good predictors of response to anti-IL-
11 treatment based on regulation of VSTstim in frans (Figures 33). In some embodiments
a method may comprise determining which allele is present for one or more of the
following SNPs: rs10831850, rs4756936, rs6485827, rs7120273, and rs895468. In some
embodiments SNPs are selected as being good predictors of response to anti-1L-11

treatment based on regulation VSTstim-VSTunstim in cis (Figure 34).

In some embodiments SNPs are selected as being good predictors of response to anti-IL-
11 treatment based on regulation VSTstim-VSTunstim in trans (Figure 35). In some
embodiments a method may comprise determining which allele is present for one or more
of the following SNPs: rs7120273, rs10831850, rs4756936, rs6485827 (Figure 35).

SNPs: rs7120273, rs10831850, rs4756936, rs6485827 are in high linkage disequilibrium
(LD) with one another on chromosome 11 (in a so-called LD block), and are therefore

very commonly co-inherited.

The square of the correlation of gene frequencies (1) reflects the degree of linkage
disequilibrium (LD) between two SNPs. As a result of LD between SNPs in local and
therefore co-inherited regions of the genome, the genotype of a given SNP can be
inferred by determining the genotype of a tagging/proxy SNP. The threshold of LD used in
the art to identify pairwise tagging/proxy SNPs is an r? value of 0.8 (Wang et al. 2005,
Nat. Rev. Genet. 6(2): 109-18; Barrett et al. 2006, Nat Genet., 38 (6): 659-662). The
genotype of a given SNP can therefore be inferred by determining the genotype of a

tagging/proxy SNP in linkage disequilibrium with an r? value = 0.8.
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The nucleotide sequence of SNPs is indicated using the “rs” number. The full sequence
is available from the National Center for biotechnology Information (NCBI) database of
single nucleotide polymorphisms (dbSNP) accessible at:

https://www.ncbi.nim.nih.gov/snp.

Methods of diagnosis or prognosis may be performed in vitro on a sample obtained from
a subject, or following processing of a sample obtained from a subject. Once the sample
is collected, the patient is not required to be present for the in vitro method of diagnosis or
prognosis to be performed and therefore the method may be one which is not practised

on the human or animal body.

Other diagnostic or prognostic tests may be used in conjunction with those described
here to enhance the accuracy of the diagnosis or prognosis or to confirm a result

obtained by using the tests described here.

Methods according to the present invention may be performed, or products may be
present, in vitro, ex vivo, or in vivo. The term “in vitro” is intended to encompass
experiments with materials, biological substances, cells and/or tissues in laboratory
conditions or in culture whereas the term “in vivo” is intended to encompass experiments
and procedures with intact multi-cellular organisms. “Ex vivo” refers to something present
or taking place outside an organism, e.g. outside the human or animal body, which may

be on tissue (e.g. whole organs) or cells taken from the organism.

The invention includes the combination of the aspects and preferred features described

except where such a combination is clearly impermissible or expressly avoided.

The section headings used herein are for organizational purposes only and are not to be

construed as limiting the subject matter described.

Aspects and embodiments of the present invention will now be illustrated, by way of
example, with reference to the accompanying figures. Further aspects and embodiments
will be apparent to those skilled in the art. All documents mentioned in this text are

incorporated herein by reference.

Throughout this specification, including the claims which follow, unless the context

requires otherwise, the word “comprise,” and variations such as “comprises” and
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“‘comprising,” will be understood to imply the inclusion of a stated integer or step or group
of integers or steps but not the exclusion of any other integer or step or group of integers

or steps.

It must be noted that, as used in the specification and the appended claims, the singular

LT3

forms “a,” “an,” and “the” include plural referents unless the context clearly dictates
otherwise. Ranges may be expressed herein as from “about’ one particular value, and/or
to “about” another particular value. When such a range is expressed, another
embodiment includes from the one particular value and/or to the other particular value.
Similarly, when values are expressed as approximations, by the use of the antecedent

“about,” it will be understood that the particular value forms another embodiment.

Brief Description of the Figures

Embodiments and experiments illustrating the principles of the invention will now be

discussed with reference to the accompanying figures in which:

Figure 1. TGFB1 stimulation upregulates IL-11 in fibroblasts. Primary fibroblasts
were derived from human atrial tissue of 80 individuals and incubated for 24h with and
without TGFB1 (5ng/ml). (a) Chart showing IL-11 was the most upregulated gene in
TGFB1 stimulated fibroblasts compared to 11,433 expressed genes (FPKM = 0.5). (b)
Chart showing IL-11 expression significantly increased more than 8-fold on average after
fioroblast activation with TGFB1 (FDR = 9.1x107'%). (c) Chart showing RT-gPCR
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. Human atrial fibroblasts were incubated either with 5 ng/ml TGF(31 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 number of

times with similar results.
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Figure 3. Inhibition of IL-11 with a neutralizing antibody prevents TGFB1-induced
fibrosis. Human atrial 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, TGF(1-
stimulated fibroblasts have a decreased ratio of myofibroblasts, are less proliferative and
express less collagen and periostin compared to control cells. This shows that 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 human atrial tissue of 80 individuals and incubated for 24h with and
without TGFB1 (5ng/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 transcriptome profiling. (b) Chart showing
IL-11 expression in non-stimulated (TGF-(8 -) and stimulated (TGF-B +) primary human
fibroblasts compared to all human tissues as assessed by the GTEX project (Consortium,
Gte. Human genomics. The Genotype-Tissue Expression (GTEX) pilot analysis:
multitissue gene regulation in humans. Science (New York, N.Y.) 348, (2015)) reveals
high specificity of elevated 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 induces its 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 = 9.1x107'%) 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). (¢) Chart showing incubation of primary fibroblasts with IL-
11 does not increase IL-11 RNA levels (RT-gPCR). (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-mediated fibrotic response.
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/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 (e) and MMP2 (f) as assessed via ELISA. Fluorescence
was normalized to the control group without stimulation and the mean with standard
deviation is plotted. IL-11 induces a fibrotic response at similar levels as TGF[31 and
inhibition of IL-11 rescues the TGFB31 phenotype on the protein level. Adjusted P-values
are given as * P < 0.05, ™ P < 0.01, ™™ P < 0.001 or *** P < 0.0001 of experimental
groups compared to unstimulated cells (Dunnett). Outliers were removed (ROUT, Q =
2%).

Figure 7. IL-11 promotes collagen protein synthesis and stalls the pro-fibrotic effect
of TGFB1 at the RNA level. Cardiac fibroblasts derived from 3 individuals were incubated
for 24h with TGFB1 (5 ng/ml), 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 TGFB1 only at the protein level. Higher expression of
Collagen RNA transcripts 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 by a diverse set of upstream pro-fibrotic stimulants in addition to
TGFB1. (a) Chart showing effect of TGFB31 on IL-11 expression. (b) Chart showing ET-1
(Endothelin) upregulates IL-11 in hepatic and pulmonary fibroblasts; (c) Chart showing

PDGF (platelet derived growth factor) induces IL-11 expression in renal fibroblasts. IL-11
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RNA levels were measured by RT-qPCR; adjusted P-values are given as * P < 0.05, ** P
< 0.01 or *™** P < 0.0001 (Dunnett). To investigate the systemic effect of IL-11, saline only
(grey) or recombinant IL-11 (black) was injected 6 times a week in C57BL/6 mice
(200pg/kg). Collagen content in tissue was assessed with a hydroxyproline assay
(QuickZyme) on the protein level and the results are shown in 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 aSMA levels are increased in 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 regulator of the fibrotic
response. IL-11 is an essential regulator required for the fibrotic response. In response to
tissue damage or chronic inflammation, cytokines such as TGF@1, ET-1 or PDGF are
released to upregulate the transcription of fibrosis marker genes. The autocrine agent IL-
11 is then produced in response to these upstream stimuli to ensure efficient translation
of upregulated transcripts into functionally relevant proteins in a cell-specific manner.
Inhibition of 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 response to pro-
fibrotic cytokines ANG2 (Angiotensin Il), PDGF and ET-1. Cardiac fibroblasts were
incubated for 24h with ANG2, PDGF or 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
number gi|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 used for design of IL-11 knockdown siRNA and are shown separately as
SEQ ID NOs 2to 5. SEQ ID NOs 3 and 4 overlap with each other within SEQ ID NO:1.

Figure 12. Nucleotide sequence of human IL-11Ra, taken from Genbank
accession number gi|975336|gb|U32324.1|HSU32324 (Human interleukin-11 receptor
alpha chain mRNA, complete cds) [SEQ ID NO:6]. Underlined sequence encodes IL-
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11Ra mRNA. Shaded sequences were used for design of IL-11Ra knockdown siRNA
and are shown separately as SEQ ID NOs 7 to 10.

Figure 13. Table showing siRNA sequences [SEQ ID NOs 11 to 14] for
knockdown of IL-11.

Figure 14. Table showing siRNA sequences [SEQ ID NOs 15 to 18] for
knockdown of IL-11Ra.

Figure 15. Chart showing siRNA knockdown of IL-11Ra in HEK cells.

Figure 16. Graph showing read depth for whole transcriptome sequencing of human

atrial fibroblasts from 160 individuals with and without stimulation with TGF(31.

Figure 17. Graphs showing expression of endothelial, cardiomyocyte and fibroblast
marker genes as determined by RNA-seq of the tissue of origin (human atrial tissues
samples, n=8) and primary, unstimulated fibroblast cultures. (A) PECAM1, (B) MYH®6 (C)
TNNT2, (D) COL1A2, and (E) ACTAZ2.

Figure 18. Graphs showing upregulation of IL-11 expression in fibroblasts in response
to stimulation with TGF@1. (A and B) Graphs showing fold change in gene expression in
fibrosis; IL-11 is the most upregulated gene in response to TGFf1 treatment. (C) IL-11
secretion by fibroblasts in response to stimulation with TGFB1. (D) Comparison of IL-11
gene expression in tissues of healthy individuals and in atrial fibroblasts, with or without
TGFB1 stimulation. (E) Correspondence of fold change in IL-11 expression as determined
by RNA-seq vs. gPCR.

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 in a
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 measured in the cell culture supernatant
by ELISA at the indicated time points.
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Figure 20. Graphs and images showing myofibroblast generation from, and
production of ECM and cytokine expression by, atrial fibroblasts in response to
stimulation with TGFB1 or IL-11. (A) myofibroblast generation and ECM production by
primary atrial fibroblasts following stimulation with TGF@1 or IL-11, as measured by
fluorescence microscopy following 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 increase in 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
TGFB1 on fibroblasts. (A) myofibroblast generation and ECM production by primary atrial
fibroblasts, with or without stimulation with TGF31, and in the presence/absence of
neutralising anti-IL-11 antibody or isotype control IgG, as measured by fluorescence
microscopy following staining for (A) a-SMA, (B) EdU or (C) Periostin. (D to F) Secretion
of the fibrosis markers (D) IL-6, (E) TIMP1, and (F) MMP2 was analysed 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 cardiac fibroblasts with
or without stimulation with TGFB1, and in the presence/absence of neutralising anti-1L-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 showing the ability of various IL-11 and IL-11Ra antagonists to
inhibit fibrosis. Human atrial fibroblasts were treated with neutralizing antibody against IL-

11, neutralizing antibody against IL-11Ra, decoy IL-11 receptor molecule that binds to 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 response in fibroblasts in 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 response of fibroblasts from IL-11-RA knockout
mice to pro-fibrotic treatment. Fibroblasts derived from IL-11RA WT (+/+), Heterozygous
(+/-) and Homozygous null (-/-) mice were incubated for 24h with TGF31, IL-11 or Angl|
(5 ng/ml). (A) Percentage of myofibroblasts as determined by analysis aSMA content, (B)
Percentage proliferating cells as determined by staining for EAU, (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 vitro in the presence/absence of
various different pro-fibrotic factors, and in the presence/absence of neutralising anti-IL-
11 antibody or pan anti-TGF[ 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 markers of fibrosis 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 content in kidney tissue.

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 changes in
gene expression in fibroblasts following stimulation with TGFB1, IL-11 or TGFB1 and IL-
11. (B) Fold changes in gene expression in fibroblasts obtained from IL-11RA+/+ and IL-
11RA-/- mice following stimulation with TGF(31.
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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 after filtration surgery. (B) Maturation
of collagen fibres as evaluated by picro-sirius red/polarization light technique (Szendréi et
al. 1984, Acta Morphol Hung 32, 47-55); more fibrosis is observed in WT mice than KO

mice.

Figure 32. Graphs showing the effect of decoy IL-11 receptors on fibrosis in response
to stimulation with TGFB1. Fibroblasts were cultured in vitro in the presence/absence of
TGFB1 (5 ng/ml), in the presence or absence of (A) 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 VSTim in trans.

Figure 34. Table showing SNPs regulation of IL-11 VSTstim — VSTunstim in CiS.

Figure 35. Table showing SNPs regulation of IL-11 VSTstim — VST unstim in frans.

Figures 36A, 36B, 36C and 36D  Charts showing regulation of IL-11 response by local
SNPs. The RNA of unstimulated and stimulated (TGFB1, 5ng/ml, 24h) fibroblasts derived
from 69 genotyped individuals was sequenced. Samples were grouped according to

genotype and the increase in IL-11 expression (VSTstim-VSTunstim) Was compared between

groups with 0, 1 or 2 minor alleles.

Figure 37. Charts showing regulation of IL-11 response by distant SNPs. The

RNA of unstimulated and stimulated (TGFB1, 5ng/ml, 24h) fibroblasts derived from 69
genotyped individuals was sequenced. Samples were grouped according to genotype
and the increase in IL11 expression (VSTstim-VSTustim) Was compared between groups

with 0, or 1 minor allele.

Figures 38A, 38B, 38C and 38D. Graphs showing that IL-11 is required the pro-fibrotic
effects of TGFB1 in liver fibroblasts. Activation and proliferation of primary human liver
fibroblasts, with or without stimulation with TGF31, and in the presence/absence of

neutralising anti-IL-11 antibody or isotype control 1gG, 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
TGFB1 in skin fibroblasts. Activation of mouse skin fibroblasts, with or without stimulation
with TGF(1, and in the presence/absence of neutralising anti-IL-11 antibody, as

measured by analysis of the percentage of a-SMA positive cells (activated fibroblasts).

Figure 40. Bar chart showing lung fibroblast cell migration with and without I1L-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
TGFB1 or IL-11.

Examples

Example 1

The fibrotic response is characterized by widespread molecular changes in activated
resident fibroblasts. To establish the role of IL-11 as a key marker of this transition we
assessed and ranked global RNA expression differences in atrial fibroblasts derived from
80 individuals before and 24 hours after Transforming growth factor beta-1 (TGF(1)
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 TGFf1 (a powerful pro-fibrotic stimulus)
using genome-wide expression profiling (RNA-Seq) combined with phenotypic assays

and genotyping.

IL-11 expression was significantly induced in response to TGF(1 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 expressed in fibroblasts IL-11 is the most markedly upregulated. This upregulation
IL-11 was confirmed with RT-gPCR as 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 whether IL-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 a-SMA+ myofibroblasts (Figure 2).

In addition to its pro-fibrotic function, IL-11 was also found to play a critical role in the
TGFB1 induced fibrotic response itself. Inhibition of IL-11 with a neutralising anti- human
IL-11 monoclonal antibody (Monoclonal Mouse 1gG2a; Clone #22626; Catalog No.
MAB218; R&D Systems, MN, USA) reduced the activation of fibroblasts through TGF(1.
Cells incubated with TGFB1 did not generate more extracellular matrix proteins when the

IL-11 antibody was present (Figure 3).

We showed that IL-11 neutralizing antibodies prevent TGFB1-induced fibroblast

activation.

Example 2

Inflammation and tissue damage stimulates a dynamic process that involves the
recruitment, proliferation and activation of fibroblasts to generate extracellular matrix and
initiate wound healing and scarring. This fibrotic response is characterized by widespread
molecular changes in activated resident fibroblasts that can be induced by TGFB1, a

multifunctional cytokine that is released by local and infiltrating cells.

To identify key markers of this transition we assessed and ranked global RNA expression
differences via transcriptome sequencing in atrial fibroblasts derived from 80 individuals
before and 24 hours after TGFB1 treatment. As discussed in Example 1, IL-11 expression
was significantly upregulated in activated fibroblasts and we showed for the first time that
the IL-11 transcriptional response is higher than the transcriptional response of all other
individual genes regulated in fibrosis (Figure 4a). Comparison of the IL-11 expression
level in our model system to various human tissues indicated that high IL-11 levels were
also very specific for the fibrotic response (Figure 4b), making it an ideal marker to
assess the extent of fibrosis in the human body.
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To further assess whether IL-11 acts as an autocrine signaling factor that drives fibrosis,
we confirmed that an upregulation of IL-11 RNA (Figure 5a) lead to an increase in 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.

We then incubated atrial fibroblasts with TGFB1, recombinant IL-11 or TGFB1 and a
neutralising anti- human IL-11 monoclonal antibody (Monoclonal Mouse 1gG2a; Clone
#22626; Catalog No. MAB218; R&D Systems, MN, USA) and monitored cell proliferation,
myofibroblast generation as well as periostin expression at the protein level. We observed
an increase in activated fibroblasts (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 TGFB1 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).

We then monitored the deposition of collagen, the pathognomonic hallmark of the fibrotic
response, using a number of assays across several regulatory levels of gene expression.
TGFB1 was found to increase intracellular collagen (Figure 7a), secreted collagen (Figure
7b) as well as collagen RNA levels (Figure 7¢) as expected. The response to IL-11 was
only observed at the protein level (Figure 7a,b) and not on the RNA level (Figure 7c¢).
Stimulation with TGFB1 in parallel to inhibiting 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 across fibroblast populations derived from four
different tissues in response to TGFB1 (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 aSMA protein 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 || (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 IL-11 with a neutralising anti- human IL-11
monoclonal antibody (Monoclonal Mouse 1gG2a; 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).

Example 4: IL-11R knockdown

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 was extracted and assayed for IL11RA1 mRNA expression by gPCR. Data are

shown in Figure 15 as mRNA expression levels relative to the control (NT).

Example 5: A role forIL-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
underwent cardiac bypass surgery at the National Heart Centre Singapore. Cells were
cultured in vitro at low passage (passage <4), and either not stimulated or stimulated with
TGFB1 for 24h. We subsequently performed high-throughput RNA sequencing (RNA-seq)
analysis of unstimulated fibroblasts and cells stimulated with the prototypic pro-fibrotic
stimulus TGFB1 across 160 individuals; average read depth was ~70M reads per sample
(paired-end 100bp; Figure 16).
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To ensure the purity of the atrial fibroblast cell cultures, we analysed expression of
endothelial cell, cardiomyocyte and fibroblast cell type marker genes from the atrium (Hsu
et al., 2012 Circulation Cardiovasc Genetics 5, 327-335) in the RNA-seq dataset.

The results are shown in Figures 17A to 17E, and confirm the purity of the atrial fibroblast

cultures.

Gene expression was assessed by RNA-seq of the tissue of origin (human atrial tissues
samples, n=8) and primary, unstimulated fibroblast cultures. No/very low expression of
the endothelial cell marker PECAM1 (Figure 17A), and the cardiomyocyte markers MYH6
(Figure 17B) and TNNT2 (Figure 17C) was detected in the fibroblast cell culture samples.
Markers for fibroblasts COL1A2 (Figure 17D) and ACTAZ2 (Figure 17E) were highly

expressed compared to the tissue of origin.

Next, the RNA-seq data was analysed to identify genes whose expression was increased
or decreased upon stimulation with TGF(1, and this information was integrated with the
large RNA-seq dataset across 35+ human tissues provided by the GTEX project (The
GTEx Consortium, 2015 Science 348, 648—-660). This enabled the identification of gene

expression signatures that were specific to the fibroblast-myofibroblast transition.

The results are shown in Figures 18A to 18E. Across the 10000+ genes expressed in the
fibroblasts, IL-11 was the most strongly upregulated gene in response to stimulation with
TGFB1, and on average across the 160 individuals was upregulated more than 10-fold
(Figure 18A).

Upregulation of 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 gPCR analysis (Figure 18E).

Next, fibroblasts were cultured in vitro and stimulated with several other known pro-
fibrotic factors: ET-1, ANGII, PDGF, OSM and IL-13, and also with human recombinant
IL-11. For analysing upregulation of IL-11 produced in response to stimulation with IL-11,
it was confirmed that the ELISA was only 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 loop in 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 Biol Chem 394, 1145-1161), which is proposed to ensure the continued
survival and growth of lung and breast cancer cells (Grivennikov and Karin, 2008 Cancer
Cell 13, 7-9).

No increase in IL-11 RNA level was detected in response to stimulation with IL-11 (Figure
19D). Unlike TGFB1, which increases IL-11 expression at both the RNA and protein level,
therefore IL-11 seems to upregulate IL-11 expression only at the post-transcriptional

level.

5.2 1L-11 has a profibrotic role in fibrosis of heart tissue

To explore whether the autocrine production of IL-11 is pro- or anti-fibrotic, fibroblasts
were cultured in vitro with recombinant 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-SMA content to estimate the fraction of myofibroblasts,
and for collagen and periostin to estimate ECM production. Fluorescence was measured
in 7 fields per well. The supernatant of 2 wells per individual was also assessed for
collagen content by Sirius Red staining. The signal was normalized to the control group
without stimulation. Secretion of the fibrosis markers IL-6, TIMP1 and MMP2 was

analysed via ELISA.
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The results are shown in Figures 20A to 20F. TGFB1 activated fibroblasts and increased
ECM production (Figure 20A). Unexpectedly, and in contrast with the anti-fibrotic role
described for 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 to a

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 (Obana et al.,
2010, 2012; Stangou et al., 2011; Trepicchio and Dorner, 1998).

To investigate this hypothesis, serial dilutions of both human and mouse IL-11 were
performed, and the activation of human atrial fibroblasts was monitored (Figure 20F). No
activation of fibroblasts was observed at low concentrations of human 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 1L-11 has a profibrotic role in fibrosis of a variety of tissues

To test whether the 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 vitro, stimulated with human IL-11, and fibroblast activation and ECM
production was analysed as described above. Increased fibroblast activation and
production of ECM was observed as compared to non-stimulated cultures in fibroblasts

derived from each of the tissues analysed.

5.3.1 Liver fibrosis

To test whether IL-11 signalling is important in liver fibrosis, human primary liver

fibroblasts (Cell Biologics, Cat#: H-6019) were cultured at low passage in wells of 96-well
plates and either not stimulated, stimulated with TGFB1 (5ng/ml, 24h), IL-11 (5 ng/ml,
24h) or incubated with both TGFB1 (5 ng/ml) and a neutralising IL-11 antibody (2 pug/ml),
or TGFB1 (5 ng/ml) and an Isotype control antibody. Fibroblast activation (aSMA positive
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cells), cell proliferation (EdU positive cells) and ECM production (periostin and collagen)

was analysed using the Operetta platform.

The results of the experiments with primary human liver fibroblasts are shown in Figures
38A to 38D. IL-11 was found to activate liver fibroblasts, and IL-11 signalling was found to
be necessary for the profibrotic action of TGF(1 in liver fibroblasts. Both activation and

proliferation of fibroblasts was inhibited by neutralising anti-IL-11 antibody.

5.3.2 SKkin fibrosis

To test whether IL-11 signalling is important in skin fibrosis, primary mouse skin

fibroblasts were cultured at low passage in wells of 96-well plates and either not
stimulated, stimulated with TGFB1 (5ng/ml, 24h) or incubated for 24h with both TGFB1 (5
ng/ml) and a neutralising IL-11 antibody (2 pg/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 whether IL-11 can drive global tissue fibrosis in vivo.

The results are shown in Figure 21. Compared to injection of Angll (a cytokine that
causes an elevation in blood pressure and hypertrophy of the heart), 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), Col1a1, Col3a1, Fn1, Mmp2 and Timp1 was also detected by gPCR analysis

of RNA isolated from heart, kidney, lung and liver tissues 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 IgG2A; Clone #22626; Catalog No. MAB218; R&D Systems, MN, USA).
Fibroblasts were treated with TGF(31 in the presence or absence of the antibody, and
fibroblast activation, the proportion of proliferating cells and ECM production and markers

of the fibrotic response were measured.

Briefly, atrial fibroblasts derived from 3 individuals were incubated for 24h with TGF31 (5
ng/ml) or TGFB1 in the presence of neutralising anti-IL-11 antibody or isotype control
antibody. Following incubation, cells were stained for aSMA to determine the fraction of
myofibroblasts, the proportion of proliferating cells was determined by analysing the cells
for EAU incorporation, and periostin was measured to determine ECM production.
Fluorescence was measured with the Operetta platform for 14 fields across 2 wells for
each individual. Secretion of the fibrosis markers IL-6, TIMP1 and MMP2 was also
analysed by ELISA. Fluorescence was normalized to the control group without

stimulation.

The results are shown in Figures 22A to 22F. IL-11 inhibition was found to ameliorate
TGFB1-induced fibrosis, and it was shown that IL-11 is essential for the pro-fibrotic effect
of TGFB1. Inhibition of IL-11 was found to ‘rescue’ the TGFB31 phenotype at 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 shown in 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 the atrial fibroblast, TGFB1-induced myofibroblast transition assay described

herein above.

Briefly, human atrial fibroblasts cells were cultured in vitro, stimulated for 24h with TGF31

(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 shown in Figure 24. Each of the antagonists of IL-11/IL-11R signalling

was found 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 housed in the same room and provided food and water ad libitum.
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 TGF§31,
IL-11 or Angll. Activation and proliferation of fibroblasts and ECM production was

analysed.

Fibroblasts derived from IL-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 shown in 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 whether this was also true for other pro-fibrotic cytokines.
Briefly, fibroblasts were cultured in vitro in the presence/absence of various different pro-

fibrotic factors (ANG2, ET-1 or PDGF), and in the presence/absence of neutralising anti-
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IL-11 antibody or pan anti-TGF[ antibody. After 24 hours, collagen production by the cells
was determined by analysis using the Operetta system as described above, and
myofibroblast generation was determined by analysis of 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 created in the cell layer, and cell
migration close to the scratch was monitored, either in the absence of stimulation, or in
the presence of TGFB1 or IL-11. Images captured at images at the two time points of
immediately after creating the scratch and at 24h were used to determine the area
covered by cells, and the rate of migration was compared between WT and KO
fibroblasts. Cell migration (area in the scratch covered by cells after 24h) was normalized

to the migration rate of WT cells without stimulus.

The results are shown in Figure 40. Lung fibroblasts derived from WT mice were shown
to migrate faster in the presence of TGFB1 and 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 WT cells. They also did not migrate faster in the
presence of TGFB1. The scratch assay revealed that lung fibroblasts lacking IL-11
signalling have a decrease cell migration rate both in the presence of TGF31 or IL-11,

and at baseline. Thus, inhibition of IL-11 signalling is anti-fibrotic in the lung.

7.2 Heart fibrosis
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The efficacy of IL-11 inhibition to treat fibrotic disorders was investigated in vivo. A mouse
model for cardiac fibrosis, in which fibrosis is induced by treatment with Angll, was used

to investigate whether IL-11RA -/- mice were protected from cardiac fibrosis.

Briefly, a pump was implanted, and wildtype (WT) IL-11RA(+/+) and knockout (KO) IL-
11RA(-/-) mice were treated with Angll (2mg/kg/day) for 28 days. At the end of the
experiment, collagen content was assessed in the atria of the mice using a calorimetric
hydroxyproline-based assay kit, and the level of RNA expression of the markers or
fibrosis Col1A2, aSMA (ACTAZ2) and fibronectin (Fn1) were analysed by gPCR.

The results are shown in 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 model for 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 NaHCO3); control mice were administered vehicle alone. Kidneys were
removed 28 days post-injection, weighed and either fixed in 10% neutral-buffered

formalin for Masson’s trichrome and Sirius staining or snap-frozen for collagen assay,

RNA, and protein studies.

Total RNA was extracted from the snap-frozen kidney using Trizol reagent (Invitrogen)
and Qiagen TissueLyzer method followed by RNeasy column (Qiagen) purification. The
cDNA was prepared using iScriptTM cDNA synthesis kit, in which each reaction
contained 1ug of total RNA, as per the manufacturer’s instructions. Quantitative RT-PCR
gene expression analysis was performed on triplicate samples with either TagMan
(Applied Biosystems) or fast SYBR green (Qiagen) technology using StepOnePlusTM
(Applied Biosystem) over 40 cycles. Expression data were normalized to GAPDH mRNA
expression level and we used the 2-AACt method to calculate the fold-change. The snap-
frozen kidneys were subjected to acid hydrolysis by heating in 6M HCI at a concentration
of 50 mg/ml (95°C, 20 hours). The amount of total collagen in the hydrolysate was
quantified based on the colorimetric detection of hydroxyproline using Quickzyme Total

Collagen assay kit (Quickzyme Biosciences) as per the manufacturer’s instructions.

The results of the analysis are shown in Figure 28. Folate-induced kidney fibrosis is

shown to be dependent on IL-11 mediated signalling. A significant increase in collagen
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content in kidney tissue was observed in IL-11RA+/+ mice, indicative of kidney fibrosis.
No significant increase in collagen content was observed in IL-11RA -/- mice. Animals
deficient for IL-11 signalling had significantly less collagen deposition in kidneys after

toxic injury as compared to wild type animals.

7.4 Lung fibrosis

IL-11 is confirmed as a key mediator of fibrosis in the lung, skin and eye in further in vivo
models using the IL-11RA -/- knockout mice. Schematics of the experiments are shown in
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 response in the
lung (pulmonary fibrosis). Fibrosis of the lung develops by 21 days, at which point
animals are sacrificed and analysed for differences in fibrosis markers between animals
with and without IL-11 signalling. IL-11RA -/- mice have a reduced fibrotic response in
lung tissue as compared to IL-11RA +/+ mice, as evidenced by reduced expression of

markers of fibrosis.

7.5 Skin fibrosis

To analyse fibrosis of the skin, IL-11RA -/- mice and IL-11RA +/+ mice are treated by

subcutaneous administration of bleomycin on day 0 to establish a fibrotic response in the
skin. Fibrosis of the skin develops by 28 days, at which point animals are sacrificed and
analysed for differences in fibrosis markers between animals with and without IL-11
signalling. IL-11RA -/- mice have a reduced fibrotic response in skin tissue as compared

to IL-11RA +/+ mice, as evidenced by reduced expression of markers of fibrosis.

7.6 Eve fibrosis

To analyse fibrosis in the eye, IL-11RA -/- mice and IL-11RA +/+ mice undergo

trabeculectomy on day 0 to initiate a wound healing response in the eye. Fibrosis of the
eye develops within 7 days. The fibrotic response is measured and compared between
the IL-11RA -/- mice and IL-11RA +/+ mice. IL-11RA -/- mice have a reduced fibrotic
response in eye tissue as compared to IL-11RA +/+ mice, as evidenced by reduced

expression of markers of fibrosis.
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7.7 Other tissues

The effect of IL-11RA knockout on fibrosis is also analysed in mouse models of fibrosis

for other tissues, such as the liver, bowel, and is also analysed in a model relevant to
multiorgan (i.e. systemic) fibrosis. The fibrotic response is measured and compared
between the IL-11RA -/- mice and IL-11RA +/+ mice. IL-11RA -/- mice have a reduced
fibrotic response as compared to IL-11RA +/+ mice, as evidenced by reduced expression

of markers of fibrosis.

Example 8: Analysis of the molecular mechanisms underlying IL-11-mediated

induction of fibrosis

The canonical mode of action of IL-11 is thought to be regulation of RNA expression via
STAT3-mediated transcription (Zhu et al., 2015 PLoS ONE 10, e0126296), and also
through activation of ERK.

STAT3 activation is observed following stimulation with I1L-11. However, when fibroblasts
are incubated with TGFB1, only activation of the canonical SMAD pathway and ERK
pathways is seen, and activation of STAT3 is not observed, even in spite of the fact that
IL-11 is secreted in response to TGFB1. Only ERK activation is common to both TGFB1

and IL-11 signal transduction.

Cross-talk between TGFB1 and IL-6 signalling has previously been described, wherein
TGFB1 blocks the activation of STAT3 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 marker proteins in
response to IL-11, which would suggest STAT3 as the underlying signalling pathway for
IL-11 mediated profibrotic processes. Fibroblasts were incubated for 24 hours either
without stimulus, or in the presence of TGFB1, IL-11 or TGFB1 and IL-11.

The results are shown in Figure 30A. TGFB1 induced the expression of collagen, ACTAZ
(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 RNA level.

Whilst TGFB1 increases IL-11 secretion, the target genes of IL-11 are not regulated when
both TGFB1 and IL-11 are present. This suggests that TGFB1 upregulates IL-11 and
simultaneously blocks the canonical IL-11-driven regulation of RNA expression via
STATS3, similar to what is known about the interaction of TGF31 and IL-6 pathways (Walia
etal., 2003 FASEB J. 17, 2130-2132).

We also analysed whether RNA expression differences induced by TGFB1 are dependent
on IL-11 signalling, by analysing changes in RNA expression in fibroblasts obtained from
IL-11RA -/- mice as compared to IL-11RA +/+ mice. RNA expression regulated by TGF31
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 in 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 pathways are likely to be important for signalling for all known
pro-fibrotic cytokines, and that IL-11 is a post-transcriptional regulator which is essential

for fibrosis.

Example 9: Human anti-human IL-11 antibodies

Fully human anti-human IL-11 antibodies were developed via phage display.

Recombinant human IL-11 (Cat. No. Z03108-1) and recombinant murine IL-11 (Cat. No.
Z03052-1) 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 HEK293 cells.

IL-11 bioactivity of recombinant human IL-11 and mouse |L-11 was confirmed by in vitro

analysis using primary fibroblast cell cultures.



10

15

20

25

30

35

WO 2017/103108 PCT/EP2016/081430
73

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 naive library by panning
using biotinylated and non-biotinylated recombinant human and murine IL-11, based on

16 different panning strategies.

The phage display identified 175 scFv binders, as ‘first hits’. Sequence analysis of the

CDR sequences from these 175 scFv identified 86 unique scFv.

The soluble scFv were produced by recombinant expression in E. coli, and analysed for
their ability to bind to human 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 added at a 1:2 dilution, and binding was detected.

The results of the ELISA analysis revealed:
e 8 scFV capable of binding only to human IL-11;
e 6 scFv 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¢ format in E. coli.
The VH and VL sequences of the antibodies were cloned into expression vectors for the
generation of scFv-Fc (human 1gG1) 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 analysed in in vitro assays for 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 absence of the anti-IL-11 antibodies. TGFB1 promotes the
expression of IL-11, which in turn drives the transistion of quiescent fibroblasts to
activated, aSMA-positive fibroblasts. It has previously been shown that 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-throughput fashion.

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 TGF31 in the absence of anti-
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 TGF(1.

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 1gG2A; Clone
#22626; Catalog No. MAB218; R&D Systems, MN, USA) was also 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 mouse anti-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 dermal fibroblasts instead of human atrial fibroblasts.

After 24 hours in culture, about 31.8% (=1) of non-stimulated cells in culture were
activated fibroblasts. Stimulation with TGFB1 resulted in a ~2-fold increase in the
percentage of activated fibroblasts (68.8% = 2.16) as compared to non-stimulated

cultures.

The antibodies were demonstrated to be capable of neutralising signalling mediated by
mouse |L-11. Monoclonal Mouse IgG2A clone #22626, catalog No. MAB218 anti-IL-11
antibody was also analysed for ability to inhibit signalling by mouse IL-11. This antibody

was found to be able to reduce the percentage of activated fibroblasts to 39.4% (=1.24).

Several of the clones neutralised signalling by mouse IL-11 to a greater extent than the

commercially available mouse anti-IL-11 antibody (industry standard).

10.3 Analysis of antibody affinity for human IL-11

The human anti-human IL-11 antibodies were analysed for their 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 Hornbeck et al., (2015)
Curr Protoc Immunol 110, 2.1.1-23) to determine the optimal concentration of coating

antigen, primary and secondary antibodies.
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An indirect ELISA was performed to assess the binding affinity of primary ScFv-Fc
antibodies at 50% of effective concentration (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 were diluted in 1% BSA in PBS, titrated to obtain working
concentrations of 800, 200, 50, 12.5, 3.125, 0.78, 0.195, and 0.049 ng/mL, and incubated
in duplicates for 2 hours at room temperature. Detection of antigen-antibody binding was
performed with 15.625 ng/mL of HRP-conjugated anti-human IgG (Fc-specific) antibody.
Following 2 hours of incubation with the detection antibody, 100 yl of TMB substrate was
added for 15 mins and chromogenic reaction stopped with 100 ul of 2 M H,SO..
Absorbance reading was measured at 450 nm with reference wavelength correction at
570 nm. Data were fitted with GraphPad Prism software with log transformation of
antibody concentrations followed by non-linear regression analysis with the asymmetrical

(five-parameter) logistic dose-response curve to determine individual EC50 values.

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 1gG (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 I1L-11 obtained from Genscript.

The results of the ELISA assays were used to determine ECso values for 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
except that instead of cardiac atrial human fibroblasts, human fibroblasts derived from
liver, lung, kidney, eye, skin, pancreas, spleen, bowel, brain, and bone marrow are used

for the experiments.

Anti-IL-11 antibodies are demonstrated to be capable of neutralising signalling in
fibroblasts derived from the various different tissues, as determined by observation of a

relative decrease in the proportion of aSMA-positive fibroblasts at the end of the 24 h
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culture period in the presence of the anti-IL-11 antibodies as compared to culture in the

absence of 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 content is
assessed in the atria of the mice using a calorimetric hydroxyproline-based assay kit, and
the level of RNA expression of the markers or fibrosis Col1A2, aSMA (ACTA2) and
fibronectin (Fn1) were analysed by gPCR.

Mice treated with neutralising anti-IL-11 antibodies have a reduced fibrotic response in
heart tissue as compared to mice treated with control antibodies, as evidenced by

reduced expression of markers of fibrosis.

11.2 Kidney fibrosis

A mouse model for kidney fibrosis is established, in which fibrosis is induced by

intraperitoneal injection of folic acid (180mg/kg) in vehicle (0.3M NaHCO3); 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 RNA is extracted from the snap-frozen kidney using Trizol reagent (Invitrogen) and
Qiagen TissueLyzer method followed by RNeasy column (Qiagen) purification. The cDNA
is prepared using iScriptTM cDNA synthesis kit, in which each reaction contained 1ug of
total RNA, as per the manufacturer’s instructions. Quantitative RT-PCR gene expression

analysis is performed on triplicate samples with either TagMan (Applied Biosystems) or
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fast SYBR green (Qiagen) technology using StepOnePlusTM (Applied Biosystem) over
40 cycles. Expression data are normalized to GAPDH mRNA expression level and the 2-
AACt method is used to calculate the fold-change. The snap-frozen kidneys are subjected
to acid hydrolysis by heating in 6M HCI at a concentration of 50 mg/ml (95°C,20 hours).
The amount of total collagen in the hydrolysate is quantified based on the colorimetric
detection of hydroxyproline using Quickzyme Total Collagen assay kit (Quickzyme

Biosciences) as per the manufacturer’s instructions.
Mice treated with neutralising anti-IL-11 antibodies have a reduced fibrotic response in
kidney tissue as compared to mice treated with control antibodies, as evidenced by

reduced expression of markers of fibrosis.

11.3 Lung fibrosis

Mice are treated by intratracheal administration of bleomycin on day 0 to establish a

fibrotic response in the lung (pulmonary fibrosis).

Neutralising anti-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

differences in fibrosis markers.

Mice treated with neutralising anti-IL-11 antibodies have a reduced fibrotic response in
lung tissue as compared to mice treated with control antibodies, as evidenced by reduced

expression of markers of fibrosis.

11.4 Skin fibrosis

Mice are treated by subcutaneous administration of bleomycin on day 0 to establish a

fibrotic response in the skin.

Neutralising anti-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

differences in fibrosis markers.

Mice treated with neutralising anti-IL-11 antibodies have a reduced fibrotic response in
skin tissue as compared to mice treated with control antibodies, as evidenced by reduced

expression of markers of fibrosis.
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11.5 Eve fibrosis

Mice undergo trabeculectomy on day 0 to initiate a wound healing response in the eye.

Neutralising anti-IL-11 antibodies, or control antibodies, are administered to different

groups of mice by intravenous injection, and fibrosis is monitored in the eye tissue.

Mice treated with neutralising anti-IL-11 antibodies have a reduced fibrotic response in
eye tissue as compared to mice treated with control antibodies, as evidenced by reduced

expression of markers of fibrosis.

11.6 Other tissues

The effect of treatment with neutralising anti-IL-11 antibodies on fibrosis is also analysed

in mouse models of fibrosis for other tissues, such as the liver, kidney, bowel, and is also

analysed in a model relevant to multiorgan (i.e. systemic) fibrosis.
Mice treated with neutralising anti-IL-11 antibodies have a reduced fibrotic response as
compared to mice treated with control antibodies, as evidenced by reduced expression of

markers of fibrosis.

Example 12: Anti-human 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 were collected
from mice after a series of immunisations, and tested in flow cytometry on HEK cells
which had been transiently 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 IL-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 RNA protection agent
(RNAlater, cat. #AM7020 by ThermoFisher Scientific) and further processed for

sequencing of the variable domains of the antibodies.

Sequencing was performed using BigDye® Terminator v3.1 Cycle Sequencing kit (Life
Technologies®) according to the manufacturer’s instructions. All data was collected using
a 3730xlI DNA Analyzer system and Unified Data Collection software (Life
Technologies®). Sequence assembly was performed using CodonCode Aligner
(CodonCode Corporation). Mixed base calls were resolved by automatically assigning the
most prevalent base call to the mixed base calls. Prevalence was determined by both

frequency of a base call and the individual quality of the base calls.

In total, 17 mouse monoclonal anti-human IL-11Ra antibody clones were generated.

Example 13: Functional characterisation of anti-human lL.-11Ra antibodies

13.1  Ability to inhibit human IL-11/IL-11R mediated signalling
To investigate the ability of the anti-IL-11Ra antibodies to neutralise human IL-11/IL-11R

mediated signalling, cardiac atrial human fibroblasts were cultured in wells of 96-well
plates in the presence of TGFB1 (5 ng/ml) for 24 hours, in the presence or absence of the
anti-IL-11Ra antibodies. This profibrotic stimulus promotes the expression of IL-11, which
in turn drives the transistion of quiescent fibroblasts to activated, aSMA-positive
fibroblasts. It has previously been shown that neutralising IL-11 prevents TGFB1-induced

transition to activated, aSMA-positive fibroblasts.

Anti-IL-11Ra antibodies (2 pyg/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 TGF{1.

Expression of aSMA was analysed with the Operetta High-Content Imaging System in an

automated high-throughput fashion.
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Stimulation with TGFB1 resulted in a 1.58 fold increase in the number of aSMA-positive,
activated fibroblasts at the end of the 24 hour culture period in the absence of anti-IL-
11Ra antibodies.

A commercial monoclonal mouse anti-IL-11 antibody (Monoclonal Mouse 1gG2A; Clone
#22626; Catalog No. MAB218; R&D Systems, MN, USA) was included as a control. This
antibody was found to be able to reduce the percentage of activated fibroblasts to 0.89
fold of the percentage of activated fibroblasts in unstimulated cultures (i.e. in the absence
of stimulation with TGF{31).

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 mouse anti-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 mouse atrial fibroblasts instead of human atrial 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 absence of anti-IL-
11Ra antibodies.

The commercial monoclonal mouse anti-IL-11 antibody (Monoclonal Mouse 1gG2A; Clone
#22626; Catalog No. MAB218; R&D Systems, MN, USA) was included as a control. This
antibody was found to be able to reduce the percentage of activated fibroblasts to 1.44
fold of the percentage of activated fibroblasts in unstimulated cultures (i.e. in the absence
of stimulation with TGF{31).

The anti-IL-11Ra antibodies were found to be able to inhibit IL-11/IL-11R signalling in
mouse fibroblasts, and several were able to inhibit IL-11/IL-11R signalling to a greater

extent than the monoclonal mouse anti-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 assay for (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-11Ra at 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 1gG 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 was able to bind to

human IL-11Ra, and which recognised this target with high specificity.

13.4 Analysis of antibody affinity for human IL-11Ra

The anti-human IL-11Ra antibodies are analysed for their affinity of binding to human IL-
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 peroxide in citric acid buffer). Bovine serum albumin and sulphuric acid
is obtained from Sigma. Wash buffer comprises 0.05% Tween-20 in phosphate buffered
saline (PBS-T). Purified IgG controls are purchased from Life Technologies. Tecan

Infinite 200 PRO NanoQuant is used to measure absorbance.
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Criss-cross serial dilution analysis was performed as described by Hornbeck et al., (2015)
Curr Protoc Immunol 110, 2.1.1-23) to determine the optimal concentration of coating

antigen, primary and secondary antibodies.

An indirect ELISA is performed to assess the binding affinity of the mouse anti-IL-11Ra
antibodies at 50% of effective concentration (ECso) as previously described (Unverdorben
etal., (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 1gG antibody. Following 2
hours of incubation with the detection antibody, 100 I of TMB substrate is added for 15
mins and chromogenic reaction stopped with 100 pl of 2 M H>SO4. Absorbance reading is
measured at 450 nm with reference wavelength correction at 570 nm. Data are fitted with
GraphPad Prism software with log transformation of antibody concentrations followed by
non-linear regression analysis with the asymmetrical (five-parameter) logistic dose-

response curve to determine individual EC50 values.

13.5 Ability to inhibit human 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, human fibroblasts 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 various different 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 absence of 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
assessed in the atria of the mice using a calorimetric hydroxyproline-based assay kit, and
the level of RNA expression of the markers or fibrosis Col1A2, aSMA (ACTA2) and
fibronectin (Fn1) were analysed by gPCR.

Mice treated with neutralising anti-IL-11Ra antibodies have a reduced fibrotic response in
heart tissue as compared to mice treated with control antibodies, as evidenced by

reduced expression of markers of fibrosis.

14.2  Kidney fibrosis

A mouse model for kidney fibrosis is established, in which fibrosis is induced by

intraperitoneal injection of folic acid (180mg/kg) in vehicle (0.3M NaHCO3); 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 RNA is extracted from the snap-frozen kidney using Trizol reagent (Invitrogen) and
Qiagen TissuelLyzer method followed by RNeasy column (Qiagen) purification. The cDNA
is prepared using iScriptTM cDNA synthesis kit, in which each reaction contained 1ug of
total RNA, as per the manufacturer’s instructions. Quantitative RT-PCR gene expression
analysis is performed on triplicate samples with either TagMan (Applied Biosystems) or
fast SYBR green (Qiagen) technology using StepOnePlusTM (Applied Biosystem) over
40 cycles. Expression data are normalized to GAPDH mRNA expression level and the 2-
AACt method is used to calculate the fold-change. The snap-frozen kidneys are subjected
to acid hydrolysis by heating in 6M HCI at a concentration of 50 mg/ml (95°C,20 hours).
The amount of total collagen in the hydrolysate is quantified based on the colorimetric
detection of hydroxyproline using Quickzyme Total Collagen assay kit (Quickzyme

Biosciences) as per the manufacturer’s instructions.
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Mice treated with neutralising anti-IL-11Ra antibodies have a reduced fibrotic response in
kidney tissue as compared to mice treated with control antibodies, as evidenced by

reduced expression of markers of fibrosis.

14.3  Lung fibrosis

Mice are treated by intratracheal administration of bleomycin on day 0 to establish a

fibrotic response in the lung (pulmonary fibrosis).

Neutralising anti-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

differences in fibrosis markers.

Mice treated with neutralising anti-IL-11Ra antibodies have a reduced fibrotic response in
lung tissue as compared to mice treated with control antibodies, as evidenced by reduced

expression of markers of fibrosis.

14.4  Skin fibrosis

Mice are treated by subcutaneous administration of bleomycin on day 0 to establish a

fibrotic response in the skin.

Neutralising anti-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

differences in fibrosis markers.

Mice treated with neutralising anti-IL-11Ra antibodies have a reduced fibrotic response in
skin tissue as compared to mice treated with control antibodies, as evidenced by reduced

expression of markers of fibrosis.

14.5 Evye fibrosis

Mice undergo trabeculectomy on day 0 to initiate a wound healing response in the eye.

Neutralising anti-IL-11Ra antibodies, or control antibodies, are administered to different

groups of mice by intravenous injection, and fibrosis is monitored in the eye tissue.
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Mice treated with neutralising anti-IL-11Ra antibodies have a reduced fibrotic response in
eye tissue as compared to mice treated with control antibodies, as evidenced by reduced

expression of markers of fibrosis.

14.6  Other tissues

The effect of treatment with neutralising anti-IL-11Ra antibodies on fibrosis is also

analysed in mouse models of fibrosis for other tissues, such as the liver, kidney, bowel,

and is also analysed in a model relevant to multiorgan (i.e. systemic) fibrosis.
Mice treated with neutralising anti-IL-11Ra antibodies have a reduced fibrotic response as
compared to mice treated with control antibodies, as evidenced by reduced expression of

markers of fibrosis.

Example 15: Decoy IL.-11 Receptors

15.1  Decov IL-11 Receptor constructs

Decoy IL-11 Receptor molecules were designed and cloned into the pTT5 vector for

recombinant expression in 293-6E cells.

Briefly, an insert for the plasmid comprising cDNA encoding the ligand binding domains
D1, D2 and D3 of gp130 in-frame with cDNA encoding either a 50 amino acid or 33 amino
acid linker region, followed by cDNA encoding the ligand binding domains D2 and D3 of
human IL-11Ra, followed by cDNA encoding the FLAG tag. The cDNA insert
incorporated a leader sequence, Kozak sequences at the 5’ end, and included a 5" EcoRl
restriction site and a 3’ Hindlll restriction site (downstream of a stop codon) for insertion

into the pTT5 vector.
The two constructs encoding a decoy 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). Cells were maintained in Erlenmeyer Flasks (Corning
Inc., Acton, MA) at 37°C with 5% CO; on an orbital shaker (VWR Scientific, Chester, PA).

One day before transfection, the cells were seeded at an appropriate density in Corning
Erlenmeyer Flasks. On the day of transfection, DNA and transfection reagent were mixed
at an optimal ratio and then added into the flask with cells ready for transfection. The
recombinant plasmids encoding D11R1 and D11R2 were transiently transfected into

suspension 293-6E cell cultures on two separate days.

Cell culture supernatants were collected on day 6 and used for purification. Briefly, cell
culture broths were centrifuged and filtrated. 0.5 ml of resin was added to cell culture

supernatants and incubated for 3-4 hours to capture the target protein.

After washing and elution with appropriate buffers, eluted fractions were analysed by
SDS-PAGE and Western blot using Rabbit anti-FLAG polyclonal Ab (GenScript,
Cat.N0.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 absence of 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 shown that
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-throughput fashion.
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D11R1 or D11R2 were added to fibroblast cultures that were stimulated with TGF[31 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 shown in Figures 32A and 32B. Both D11R1 and
D11R2 were demonstrated to be capable of neutralising signalling mediated by human IL-

11 in a dose-dependent manner.
The I1Cso 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 D11R1 and D11R2 to inhibit mouse |L-11-mediated signalling is

investigated, following the same procedure as described in section 16.1 above, but using

mouse dermal fibroblasts instead of human atrial fibroblasts.

D11R1 and D11RZ2 are demonstrated to be capable of neutralising IL-11/IL-11R signalling
in mouse dermal fibroblasts, 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 D11R1 or D11R2 as compared to 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 analysed for their 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 substrate kit
was obtained from Life Technologies (0.4 g/mL TMB solution, 0.02 % hydrogen peroxide
in citric acid buffer). Bovine serum albumin and sulphuric acid was obtained from Sigma.
Wash buffer comprised 0.05% Tween-20 in phosphate buffered saline (PBS-T). Tecan

Infinite 200 PRO NanoQuant is used to measure absorbance.
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An indirect ELISA is performed to assess the binding affinity of D11R1 and D11R2 at
50% of effective concentration (ECso) as previously described (Unverdorben et al., (2016)
MADbs 8, 120-128.). ELISA plates are coated with 1 pyg/mL of recombinant human IL-11
overnight at 4°C and remaining binding sites were blocked with 2 % BSA in PBS. D11R1
and D11R1 are diluted in 1% BSA in PBS, titrated to obtain working concentrations of
800, 200, 50, 12.5, 3.125, 0.78, 0.195, and 0.049 ng/mL, and incubated in duplicates for 2
hours at room temperature. Detection of antigen-decoy 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 H2SO4. Absorbance reading is measured at 450 nm
with reference wavelength correction at 570 nm. Data are fitted with GraphPad Prism
software with log transformation of decoy 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-11-mediated

signalling in fibroblasts obtained from a variety of different tissues is investigated,

essentially as described in sections 18.1 except that instead of cardiac atrial human
fibroblasts, human fibroblasts derived from liver, lung, kidney, eye, skin, pancreas,

spleen, bowel, brain, and bone marrow are used for the experiments.

D11R1 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
decrease in 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 compared to culture in the

absence of 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 assay kit, and the level of
RNA expression of the markers or fibrosis Col1A2, aSMA (ACTAZ2) and fibronectin (Fn1)
were analysed by qPCR.

Mice treated with decoy IL-11 receptors have a reduced fibrotic response in heart tissue
as compared to untreated/vehicle treated controls, as evidenced by reduced expression

of markers of fibrosis.

17.2 Kidney fibrosis

A mouse model for kidney fibrosis is established, in which fibrosis is induced by

intraperitoneal injection of folic acid (180mg/kg) in vehicle (0.3M NaHCO3); 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 either fixed in 10%
neutral-buffered formalin for Masson’s trichrome and Sirius staining or snap-frozen for

collagen assay, RNA, and protein studies.

Total RNA is extracted from the snap-frozen kidney using Trizol reagent (Invitrogen) and
Qiagen TissuelLyzer method followed by RNeasy column (Qiagen) purification. The cDNA
is prepared using iScriptTM cDNA synthesis kit, in which each reaction contained 1ug of
total RNA, as per the manufacturer’s instructions. Quantitative RT-PCR gene expression
analysis is performed on triplicate samples with either TagMan (Applied Biosystems) or
fast SYBR green (Qiagen) technology using StepOnePlusTM (Applied Biosystem) over
40 cycles. Expression data are normalized to GAPDH mRNA expression level and the 2-
AACt method is used to calculate the fold-change. The snap-frozen kidneys are subjected
to acid hydrolysis by heating in 6M HCI at a concentration of 50 mg/ml (95°C,20 hours).
The amount of total collagen in the hydrolysate is quantified based on the colorimetric
detection of hydroxyproline using Quickzyme Total Collagen assay kit (Quickzyme

Biosciences) as per the manufacturer’s instructions.
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Mice treated with decoy IL-11 receptors have a reduced fibrotic response in kidney tissue
as compared to untreated/vehicle treated controls, as evidenced by reduced expression

of markers of fibrosis.

17.3 Lung fibrosis

Mice are treated by intratracheal administration of bleomycin on day 0 to establish a

fibrotic response in the lung (pulmonary fibrosis).

Decoy 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 differences in

fibrosis markers.

Mice treated with decoy IL-11 receptors have a reduced fibrotic response in lung tissue
as compared to untreated/vehicle treated controls, as evidenced by reduced expression

of markers of fibrosis.

17.4 Skin fibrosis

Mice are treated by subcutaneous administration of bleomycin on day 0 to establish a

fibrotic response in the skin.

Decoy 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 differences in

fibrosis markers.

Mice treated with decoy IL-11 receptors have a reduced fibrotic response in skin tissue as
compared to untreated/vehicle treated controls, as evidenced by reduced expression of

markers of fibrosis.

17.5 Eye fibrosis

Mice undergo trabeculectomy procedure as described in Example 7.6 above to initiate a

wound healing response in the eye.

Decoy IL-11 receptors D11R1 or D11R2 are administered to different groups of mice by

intravenous injection, and fibrosis is monitored in the eye tissue.



10

15

20

25

30

35

WO 2017/103108 PCT/EP2016/081430
92

Mice treated with decoy IL-11 receptors have a reduced fibrotic response in eye tissue as
compared to untreated/vehicle treated controls, as evidenced by reduced expression of

markers of fibrosis.

17.6 Other tissues

The effect of treatment with decoy IL-11 receptors D11R1 or D11R2 on fibrosis is also

analysed in mouse models of fibrosis for other tissues, such as the liver, kidney, bowel,

and is also analysed in a model relevant to multiorgan (i.e. systemic) fibrosis.

The fibrotic response is measured and compared between mice treated with decoy IL-11
receptors and untreated mice, or vehicle treated controls. . Mice treated with decoy IL-11
receptors have a reduced fibrotic response as compared to untreated/vehicle treated

controls, as evidenced by reduced expression of markers of fibrosis.

Example 18: Genetic biomarkers for IL-11 response

In addition to measuring IL-11 protein as a potential biomarker for fibrosis, we developed
an assay that can predict IL-11 secretion status in humans. This assay could be used as

a companion diagnostic in IL-11-related clinical trials.

We first generated RNA-seq data (Figure 16Error! Reference source not found.) and
determined the genotype of 69 ethnically matched (Chinese) individuals in the cohort
using a SNP array based on fluorescent probe hybridization supplied by lllumina
(HumanOmniExpress 24).

We then performed genome-wide linkage eQTL analysis to assess whether Single
Nucleotide Polymorphisms (SNPs) affect RNA transcript levels of IL-11 or IL-11RA in
unstimulated fibroblasts, in TGFB1 stimulated (5ng/ml, 24h) fibroblasts. We also tested if
the increase in IL-11 upon TGFB1 stimulation (= response) was dependent on the

genotype.

At first we quantified the read count for both IL-11 and IL-11RA in all individuals and
transformed these counts using the variance stabilization (VST) approach of the DESeq2
method (Love et al., Genome Biology 2014 15:550). We then considered IL-11 and IL-
11RA expression in unstimulated (VSTunstim) @and stimulated (VSTsim) cells. To assess the
increase in IL-11, we also computed the delta in expression as VSTstim — VST unstim. We
corrected the expression values using covariates such as RNA sequencing library batch,

RNA RIN quality score, library concentration, library fragment size, age, gender before
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analyses. SNP and transcript expression, or delta expression, pairs were analysed using
the matrix eQTL approach (Andrey A. Shabalin., Bioinformatics 2012 May 15; 28(10):
1353-1358).

We did not observe variation in cis or trans that significantly affected IL-11 expression in
unstimulated cells. However, we detected distant SNPs that regulated the expression in
stimulated = fibrotic fibroblasts. These variants stratify the population between individuals
that do express low levels of 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 used to stratify individuals into

high and low responders in fibrosis.

The SNPs identified are shown in Figures 33 to 35 and accompanying data is shown in
Figures 36 and 37.
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Claims:

1. An agent capable of inhibiting the action of Interleukin 11 (IL-11) for use in a

method of treating or preventing fibrosis.

2. Use of an agent capable of inhibiting the action of Interleukin 11 (IL-11) in the

manufacture of a medicament for use in a method of treating or preventing fibrosis.

3. A method of treating or preventing fibrosis, the method comprising administering
to a subject in need of treatment a therapeutically effective amount of an agent capable of

inhibiting the action of Interleukin 11 (IL-11).

4. The agent for use in a method of treating or preventing fibrosis according to claim
1, use according to claim 2 or method according to claim 3, wherein the agent is an agent

capable of preventing or reducing the binding of IL-11 to an IL-11 receptor.

5. The agent for use in a method of treating or preventing fibrosis according to claim
1 or 4, use according to claim 2 or 4, or method according to claim 3 or 4, wherein the

agent is an 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 method of treating or preventing fibrosis, use or method

according to claim 5, wherein the IL-11 binding agent is an antibody.

8. The agent for use in a method of treating or preventing fibrosis, use or method

according to claim 5, wherein the IL-11 binding agent is a decoy receptor.

9. The agent for use in a method of treating or preventing fibrosis according to claim
1 or 4, use according to claim 2 or 4, or method according to claim 3 or 4, wherein the

agent is an IL-11 receptor (IL-11R) binding agent.
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10. The agent for use in a method of treating or preventing fibrosis, use or method
according to claim 9, wherein the IL-11R binding agent is selected from the group
consisting of: an antibody, polypeptide, peptide, oligonucleotide, aptamer or small

molecule.

11. The agent for use in a method of treating or preventing fibrosis, use or method

according to claim 9, wherein the IL-11R binding agent is an antibody.

12. An agent capable of preventing or reducing the expression of Interleukin 11 (IL-
11) or an Interleukin 11 receptor (IL-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 medicament for use

in a method of treating or preventing fibrosis.

14. A method of treating or preventing fibrosis, the method comprising administering
to a subject in need of treatment a therapeutically effective amount of an agent capable of
preventing or reducing the expression of Interleukin 11 (IL-11) or an Interleukin 11
receptor (IL-11R).

15. The agent for use in a method of treating or preventing fibrosis according to claim
12, use according to claim 13 or method according to claim 14, wherein the agent is a

small molecule or oligonucleotide.

16. The agent for use in a method of treating or preventing fibrosis, use or method
according to any one of the preceding claims, wherein the fibrosis is fibrosis of the heart,

liver, kidney or eye.

17. The agent for use in a method of treating or preventing fibrosis, use or method
according to any one of the preceding claims, wherein the fibrosis is in the heart and is
associated with dysfunction of the musculature or electrical properties of the heart, or

thickening of the walls or valves of the heart.
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18. The agent for use in a method of treating or preventing fibrosis, use or method
according to any one of the preceding claims, wherein the fibrosis is in the liver and is

associated with chronic liver disease or liver cirrhosis.

19. The agent for use in a method of treating or preventing fibrosis, use or method
according to any one of the preceding claims, wherein the fibrosis is in the kidney and is

associated with chronic kidney disease.

20. The agent for use in a method of treating or preventing fibrosis, use or method
according to any one of the preceding claims, wherein the fibrosis is in the eye and is

retinal fibrosis, epiretinal fibrosis, or subretinal fibrosis.

21. The agent for use in a method of treating or preventing fibrosis, use or method
according to any one of the preceding claims, wherein the method of treating or
preventing comprises administering said agent to a subject in which IL-11 or IL-11R

expression is upregulated.

22. The agent for use in a method of treating or preventing fibrosis, use or method
according to any one of the preceding claims, wherein the method of treating or
preventing comprises administering said agent to a subject in which IL-11 or IL-11R

expression has been determined to be upregulated.

23. The agent for use in a method of treating or preventing fibrosis, use or method
according to any one of the preceding claims, wherein the method of treating or
preventing comprises determining whether IL-11 or IL-11R expression is upregulated in
the subject and administering said agent to a subject in which IL-11 or IL-11R expression

is upregulated.

24. A method of determining the suitability of a subject for the treatment or prevention
of fibrosis with an agent capable of inhibiting the action of Interleukin 11 (IL-11), the
method comprising determining, optionally in vitro, whether 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 capable of inhibiting the action of Interleukin 11 (IL-11), the method comprising
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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 of inhibiting the action of IL-11 or with an

agent capable of preventing or reducing the expression of IL-11 or IL-11R.

29. A method of providing a prognosis for a subject having, or suspected of having
fibrosis, the method comprising determining, optionally in vitro, whether Interleukin 11 (IL-
11) or an Interleukin 11 receptor (IL-11R) is upregulated in a sample obtained from the
subject and, based on the determination, providing a prognosis for treatment of the
subject with an agent capable of inhibiting the action of 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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ACTGCCGCGGCCCTGCTGCTCAGGGCACATGCCTCCCCTCCCCAGGCCGCGGCCCAGCTGACCCTCGGEE
CTCCCCCGGCAGCGGACAGGGAAGGGTTAAAGGCCCCCGGCTCCCTGCCCCCTGCCCTGGGGAACCCCTG
GCCCTGTGGGGACATGAACTGTGTTTGCCGCCTGGTCCTGGTCGTGCTGAGCCTGTGGCCAGATACAGCT
GTCGCCCCTGGGCCACCACCTGGCCCCCCTCGAGTTTCCCCAGACCCTCGGGCCGAGCTGGACAGCACCG
TGCTCCTGACCCGCTCTCTCCTGGCGGACACGCGGCAGCTGGCTGCACAGC TGAGGGACARATTCCCAGC
TGACGGGGACCACAACCTGGATTCCCTGCCCACCCTGGCCATGAGTGCGCGGGCACTGGGAGCTCTACAG
CTCCCAGGTGTGCTGACAAGGCTGCGAGCGGACCTACTGTCCTACCTGCGGCACGTGCAGTGGCTGCGCC
GGGCAGGTGGCTCTTCCCTGAAGACCCTGGAGCCCGAGCTGGGCACCCTGCAGGCCCGACTGGACCGGCT
GCTGCGCCGGCTGCAGCTCCTGATGTCCCGCCTGGCCCTGCCCCAGCCACCCCCGGACCCGCCGGCGCCT
CCGCTGGCGCCCCCCTCCTCAGCCTGGGGGGGCATCAGGGCCGCCCACGCCATCCTGGGGGGGCTGCACT
TGACACTTGACTGGGCCGTGAGGGGACTGCTGCTGCTGAAGACTCGGCTGTGACCCGGGGCCCARAGCCA
CCACCG ATTTATTTATTTATTTCAGTACTGGGGGCGAAACAGCCAGGTGA
TCCCCCCGCCATTATCTCCCCCTAGTTAGAGACAGTCCTTCCGTGAGGCCTGGGGGGCATCTGTGCCTTA
TTTATACTTATTTATTTCAGGAGCAGGGGTGGGAGGCAGGTGCACTCCTGCGTCCCCGAGGAGGAGGGGA
CTGGGGTC GTCTCCAAGAAGTCTGTCCACAGACTTCTGCCCTGGCTCTTCCCCATCTA
G ‘ TATTTATTTAAGCAATTACTTTTCATGTTGGGCGTGGGGACGGAGGGGAA
AGGGAAGCCTGGGTTTTTGTACAAAAATGTGAGAAACCTTTGTGAGACAGAGAACAGGGAATTAAATGTG
TCATACATATCCACTTGAGGGCGATTTGTCTGAGAGC TGGGGCTGGATGCTTGGGTAACTGGGGCAGGGT
AGGTGGAGGGGAGACCTCCATTCAGGTCGAGGTCCCGAGTGGGCGGGGCAGCGACTGGGAGATGGGTCGE
TCACCCAGACAGCTCTGTGGAGGCAGGGTCTGAGCCTTGCCTGGGGCCCCGCACTGCATAGGGCCTTTTG
TTTGTTTTTTGAGATGGAGTCTCGCTCTGTTGCCTAGGCTGCAGTGCAGTGAGGCAATCTGAGGTCACTG
CAACCTCCACCTCCCGGGTTCAAGCAATTCTCCTGCCTCAGCCTCCCGATTAGCTGGGATCACAGCTGTG
CACCACCATGCCCAGCTAATTATTTATTTCTTTTGTATTTTTAGTAGAGACAGGGTTTCACCATGTTGGC
CAGGCTGGTTTCGAACTCCTGACCTCAGGTGATCCTCCTGCCTCGGCCTCCCARAGTGCTGGGATTACAG
GTGTGAGCCACCACACCTGACCCATAGGTCTTCAATAAATATTTAATGGAAGGTTCCACAAGTCACCCTG
TGATCAACAGTACCCGTATGGGACAAAGCTGCAAGGTCAAGA j
CAAACTGGAAACAATCTAGATATCCAACAGTGAGGGTTAAGCAACATGGTGCATCTGTGGATAGAACGCC
ACCCAGCCGCCCGGAGCAGGGACTGTCATTCAGGGAGGC TAAGCGAGAGAGGCTTGCTTGCGATATAGAAR
GATATCCTGACATTGGCCAGGCATGGTGGCTCACGCCTGTAATCCTGGCACTTTGGGAGGACGAAGCGAG
TGGATCACTGAAGTCCAAGAGTTCGAGACCGGCCTGCGAGACATGGCAAAACCCTGTCTCARAARAAGAAR
GAATGATGTCCTGACATGAAACAGCAGGCTACAAAACCACTGCATGCTGTGATCCCAATTTTGTGTTTTT
CTTTCTATATATGGATTAAAACAAAAATCCTAAAGGGAAATACGCCAAAATGTTGACAATGACTGTCTCC
AGGTCAAAGGAGAGAGGTGGGATTGTGGGTGACT T TTAATGTGTATGATTGTCTGTATT TTACAGAATTT
CTGCCATGACTGTGTATTTTGCATGACACATTTTAAAAATAATAAACACTATT TTTAGAATAACAGAARA
A [SEQ ID NO:1]

CCTTCCAAAGCCAGATCTT [SEQ ID NO:2]
GCCTGGGCAGGAACATATA [SEQ ID NO:3]
CCTGGGCAGGAACATATAT [SEQ ID NO:4]

GGTTCATTATGGCTGTGTT [SEQ ID NO:5]

Figure 11
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GCTGTAGCTGGTGAGAGGAAGTCCTAGAGGCTATGGACACTCTGCTGCTGGGATCACCGAGATGAGCAGC
AGCTGCTCAGGGCTGAGCAGGGTCCTGGTGGCCGTGGCTACAGCCCTGGTGTCTGCCTCCTCCCCCTGCL
CCCAGGCCTGGGGCCCCCCAGGGGTCCAGTATGGGCAGCCAGGGAGGTCCGTGAAGCTGTGTTGTCCTGG
AGTGACTGCCGGGGACCCAGTGTCCTGGTTTCGGGATGGGGAGCCAAAGCTGCTCCAGGGACCTGACTCT
GGGCTAGGGCATGAACTGGTCCTGGCCCAGGCAGACAGCACTGATGAGGGCACCTACATCTGCCAGACCC
TGGATGGTGCACTTGGGGGCACAGTGACCCTGCAGCTGGGCTACCCTCCAGCCCGCCCTGTTGTCTCCTG
CCAAGCAGCCGACTATGAGAACTTCTCTTGCACTTGGAGTCCCAGCCAGATCAGCGGTTTACCCACCCGC
TACCTCACCTCCTACAGGAAGAAGACAGTCCTAGGAGCTGATAGCCAGAGGAGGAGTCCATCCACAGGGC
CCTGGCCATGCCCACAGGATCCCCTAGGGGCTGCCCGCTGTGTTGTCCACGGGGCTGAGTTCTGGAGCCA
GTACCGGATTAATGTGACTGAGGTGAACCCACTGGGTGCCAGCACACGCCTGCTGGATGTGAGCTTGCAG
AGCATCTTGCGCCCTGACCCACCCCAGGGCCTGCGGGTAGAGTCAGTACCAGGTTACCCCCGACGCLCTGL
GAGCCAGCTGGACATACCCTGCCTCCTGGCCGTGCCAGCCCCACTTCCTGCTCAAGTTCCGTTTGCAGTA
CCGTCCGGCGCAGCATCCAGCCTGGTCCACGGTGGAGCCAGCTGGACTGGAGGAGGTGATCACAGATGCT
GTGGCTGGGCTGCCCCATGCTGTACGAGTCAGTGCCCGGGACTTTCTAGATGCTGGCACCTGGAGCACCT
GGAGCCCGGAGGCCTGGGGAACTCCGAGCACTG CCAGCATGGGGCCAGCT
ACACACGCAGCCAGAGGTGGAGCCTCAGGTGGACAGCCCTGCTCCTCCAAGGCCCTCCCTCCAACCACAC
CCTCGGCTACTTGATCACAGGGACTCTGTGGAGCAGGTAGCTGTGCT
TCCTGGGACTGGTGGCTGGGGCCCTGGCACTGGGGCTCTGGCTGAGGCTGAGACGGGGTGGGAAGGATGG
ATCCCCAAAGCCTGGGTTCTTGGCCTCAGTGATTCCAGTGGACAGGCGTCCAGGAGCTCCAAACCTGTAG
AGGACCCAGGAGGGCTTCGGCAGATTCCACCTATAATTCTGTCTTGCTGGTGTGGATAGAAACCAG
,ATGGTTGGATCTCAGCTGGAAGTTCTGTTTGGAGCCCATTTCTGTGAGACCCTGTA
GCTGAAAGGTGCTTGTACCTCTGATTTCACCCCAGAGTTGGAGTTC
TGTGTACATCTGTGTCCATGTGTGACCATGTGTCTGTGAAGGCCAGGGAACATGTATTCCT
CTGCATGCATGTATGTAGGTGCCTGGGAGTGTGTGTGGTCCTTGCTCTGGCCCTTTCCCTTGCAGGGTTG
TGCAGGTGTGAATAAA [SEQ ID NO:6]

GGACCATACCAAAGGAGAT [SEQ ID NO:7]
GCGTCTTTGGGAATCCTTT [SEQ ID NO:8]
GCAGGACAGTAGATCCCT [SEQ ID NO:9]

GCTCAAGGAACGTGTGTAA [SEQ ID NO:10]

Figure 12
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