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Description

BACKGROUND

[0001] Fibrosis is the formation of excess fibrous connective tissue in an organ or tissue. Fibrosis may occur in response
to physical or chemical injury as part of a reparative or reactive process, also referred to as scarring. Fibrosis may also
arise from a pathological aberration in a cell or tissue without external injury. Fibrosis results in the deposition of connective
tissue, which can support tissue homeostasis and healing after trauma. Excessive fibrosis, however, can obliterate the
architecture and impede the function of the underlying organ or tissue, leading to fibrotic disorders, such as, for example,
liver fibrosis, pulmonary fibrosis, and cystic fibrosis. Fibrotic tissue can typically not carry out the specialized functions
of the respective organ, and cannot be repaired. Treatment options for fibrotic disorders are, thus, limited to tissue
replacement approaches, such as organ transplantation, and palliative care.
[0002] It is desirable that effective compositions and methods for inhibiting and treating fibrosis be developed. These
include methods and compositions which can inhibit and/or reverse excessive fibrosis associated with fibrotic disorders.

SUMMARY

[0003] The invention provides an endoglin polypeptide comprising an amino acid sequence at least 95% identical to
amino acids 42-333 of SEQ ID NO: 1, for use in a method of treating or preventing nonalcoholic steatohepatitis (NASH)
or nonalcoholic fatty liver disease (NAFLD) in a patient in need thereof.
[0004] Other aspects of the invention are as defined in the appended claims.
[0005] In some embodiments, the endoglin polypeptide does not include a sequence consisting of amino acids 379-430
of SEQ ID NO: 1. In some embodiments, the endoglin polypeptide comprises an amino acid sequence at least 95%
identical to a sequence beginning at an amino acid corresponding to any of positions 26-42 of SEQ ID NO: 1 and ending
at an amino acid corresponding to any of positions 333-378 of SEQ ID NO: 1. In some embodiments, the endoglin
polypeptide comprises an amino acid sequence at least 95% identical to amino acids 26-346 of SEQ ID NO: 1, amino
acids 26-359 of SEQ ID NO: 1, or amino acids 26-378 of SEQ ID NO: 1. In some embodiments, the endoglin polypeptide
consists of a first portion consisting of an amino acid sequence at least 95% identical to amino acids 26-346 of SEQ ID
NO: 1, amino acids 26-359 of SEQ ID NO: 1, or amino acids 26-378 of SEQ ID NO: 1, and a second portion that is
heterologous to SEQ ID NO: 1. In some embodiments, the second portion of the endoglin polypeptide comprises an Fc
portion of an IgG. In some embodiments, the endoglin polypeptide does not include more than 50 consecutive amino
acids from a sequence consisting of amino acids 379-586 of SEQ ID NO: 1. In some embodiments the endoglin polypeptide
is a dimer or higher order multimer comprising two or more endoglin polypeptides, and may optionally be a homodimer,
heterodimer, homomultimer or heteromultimer.
[0006] In some embodiments, the endoglin polypeptide binds human BMP-9 with an equilibrium dissociation constant
(KD) less than 1 x 10-9 M or a dissociation rate constant (kd) less than 1 x 10-3 s-1. In some embodiments, the endoglin
polypeptide binds human BMP-9 with an equilibrium dissociation constant (KD) less than 1 x 10-9 M or a dissociation
rate constant (kd) less than 5 x 10-4 s-1. In some embodiments, the endoglin polypeptide binds human BMP-10 with an
equilibrium dissociation constant (KD) less than 1 x 10-9 M or a dissociation rate constant (kd) less than 5 x 10-3 s-1. In
some embodiments, the endoglin polypeptide binds human BMP-10 with an equilibrium dissociation constant (KD) less
than 1 x 10-9 M or a dissociation rate constant (kd) less than 2.5 x 10-3 s-1. Optionally the endoglin polypeptide charac-
terized by any of the above BMP-9 or BMP-10 binding properties is a dimer or higher order multimer. In some embod-
iments, the endoglin polypeptide does not bind human TGF-β1, human TGF-β3, human VEGF, or human basic fibroblast
growth factor (FGF-2). In some embodiments, the endoglin polypeptide is a fusion protein including, in addition to a
portion comprising an endoglin amino acid sequence, one or more polypeptide portions that enhance one or more of:
in vivo stability, in vivo half-life, uptake/administration, tissue localization or distribution, formation of protein complexes,
such as dimers or multimers, and/or purification. In some embodiments, the endoglin polypeptide includes a portion of
a constant domain of an immunoglobulin and/or a portion of a serum albumin. In some embodiments, the endoglin
polypeptide comprises an immunoglobulin Fc domain. In some embodiments, the immunoglobulin Fc domain is joined
to the ENG polypeptide portion by a linker. In some embodiments, the linker consists of an amino acid sequence consisting
of SEQ ID NO: 31 (TGGG) or GGG. In some embodiments the Fc domains form a dimer. In some embodiments, the
endoglin polypeptide includes one or more modified amino acid residues selected from: a glycosylated amino acid, a
PEGylated amino acid, a farnesylated amino acid, an acetylated amino acid, a biotinylated amino acid, an amino acid
conjugated to a lipid moiety, and an amino acid conjugated to an organic derivatizing agent.
[0007] The endoglin polypeptide may be administered intravenously, intramuscularly, intraarterially, subcutaneously,
or orally.
[0008] Described herein are endoglin polypeptides and the use of such endoglin polypeptides as selective antagonists
for BMP9 and/or BMP 10. As described herein, polypeptides comprising part or all of the endoglin extracellular domain
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(ECD) bind to BMP9 and BMP 10 while not exhibiting substantial binding to other members of the TGF-beta superfamily.
This disclosure demonstrates that polypeptides comprising part or all of the endoglin ECD are effective antagonists of
BMP9 and BMP 10 signaling and act to inhibit angiogenesis and tumor growth in vivo. Thus, endoglin polypeptides may
act as antagonists of BMP9 and/or BMP 10 for use in inhibiting angiogenesis as well as other disorders associated with
BMP9 or BMP10 described herein.
[0009] The endoglin polypeptide may be selected such that it does not include a full-length endoglin ECD (e.g., the
endoglin polypeptide may be chosen so as to not include the sequence of amino acids 379-430 of SEQ ID NO: 1, or a
portion thereof or any additional portion of a unique sequence of SEQ ID NO: 1). An endoglin polypeptide may be used
as a monomeric protein or in a dimerized form. An endoglin polypeptide may also be fused to a second polypeptide
portion to provide improved properties, such as an increased half-life or greater ease of production or purification. A
fusion may be direct or a linker may be inserted between the endoglin polypeptide and any other portion. A linker may
be a structured or unstructured and may consist of 1, 2, 3, 4, 5, 10, 15, 20, 30, 50 or more amino acids, optionally
relatively free of secondary structure. A linker may be rich in glycine and proline residues and may, for example, contain
a sequence of threonine/serine and glycines (e.g., TGGG (SEQ ID NO: 31)) or simply one or more glycine residues,(e.g.,
GGG (SEQ ID NO: 32). Fusions to an Fc portion of an immunoglobulin or linkage to a polyoxyethylene moiety (e.g.,
polyethylene glycol) may be particularly useful to increase the serum half-life of the endoglin polypeptide in systemic
administration (e.g., intravenous, intraarterial and intra-peritoneal administration). In certain embodiments, an endoglin-
Fc fusion protein comprises a polypeptide comprising, consisting of, or consisting essentially of, an amino acid sequence
that is at least 70%, 80%, 90%, 95%, 96%, 97%, 98%, 99% or 100% identical to a sequence of amino acids starting at
any of positions 26-42 of SEQ ID NO:1 and ending at any of positions 333-378 of the human endoglin sequence of SEQ
ID NO:1, and optionally may not include a full-length endoglin ECD (e.g., the endoglin polypeptide may be chosen so
as to not include the sequence of amino acids 379-430 of SEQ ID NO: 1, or a portion thereof, or so as not to include
any 5, 10, 20, 30, 40, 50, 52, 60, 70, 100, 150 or 200 or more other amino acids of any part of endoglin or any part of
amino acids 379 to 581 of SEQ ID NO: 1), which polypeptide is fused, either with or without an intervening linker, to an
Fc portion of an immunoglobulin. An endoglin polypeptide, including an endoglin-Fc fusion protein, may bind to BMP9
and/or BMP10 with a KD of less than 10-8M, 10-9M, 10-10M, 10-11M or less, or a dissociation constant (kd) of less than
10-3s-1, 3x10-1s-1, 5x10-1s-1 or 1x10-4s-1. The endoglin polypeptide may be selected to have a KD for BMP9 that is less
than the KD for BMP10, optionally less by 5-fold, 10-fold, 20-fold, 30-fold, 40-fold or more. The endoglin polypeptide
may have little or no substantial affinity for any or all of TGF-β1, -β2 or -β3, and may have a KD for any or all of TGF-β1,
-β2 or -β3 of greater than 10-9M, 10-8M, 10-7M or 10-6M. The endoglin polypeptide may be a dimer or higher order multimer.
[0010] An Fc portion may be selected so as to be appropriate to the organism. Optionally, the Fc portion is an Fc
portion of a human IgG1. Optionally, the endoglin-Fc fusion protein comprises the amino acid sequence of any of SEQ
ID NOs: 33, 34, 35, or 36. Optionally, the endoglin-Fc fusion protein is the protein produced by expression of a nucleic
acid of any of SEQ ID Nos: 17, 20, 22, 24, 26, 28 or 30 in a mammalian cell line, particularly a Chinese Hamster Ovary
(CHO) cell line. An endoglin polypeptide may be formulated as a pharmaceutical preparation that is substantially pyrogen
free. The pharmaceutical preparation may be prepared for systemic delivery (e.g., intravenous, intramuscular, intraarterial
or subcutaneous delivery) or local delivery (e.g., to the eye).
[0011] The endoglin polypeptides disclosed herein may be used in conjunction or sequentially with one or more
additional therapeutic agents, including, for example, anti-angiogenesis agents, VEGF antagonists, anti-VEGF antibod-
ies, anti-neoplastic compositions, cytotoxic agents, chemotherapeutic agents, anti-hormonal agents, and growth inhib-
itory agents. Further examples of each of the foregoing categories of molecules are provided herein.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012]

Figure 1 shows the native amino acid sequence of human ENG, isoform 1 (L-ENG). The leader (residues 1-25)
and predicted transmembrane domain (residues 587-611) are each underlined.

Figure 2 shows the native nucleotide sequence encoding human ENG, isoform 1 (L-ENG). Sequences encoding
the leader (nucleotides 414-488) and predicted transmembrane domain (nucleotides 2172-2246) are each under-
lined.

Figure 3 shows the native amino acid sequence of human ENG, isoform 2 (S-ENG). The leader (residues 1-25)
and predicted transmembrane domain (residues 587-611) are each underlined. Compared to isoform 1, isoform 2
has a shorter and distinct C-terminus, but the sequence of the extracellular domain (see Figure 9) is identical.

Figure 4 shows the native nucleotide sequence encoding human ENG, isoform 2 (S-ENG). Sequences encoding



EP 3 060 235 B1

4

5

10

15

20

25

30

35

40

45

50

55

the leader (nucleotides 414-488) and predicted transmembrane domain (nucleotides 2172-2246) are each under-
lined.

Figure 5 shows the native amino acid sequence of murine ENG, isoform 1 (L-ENG). The leader (residues 1-26)
and predicted transmembrane domain (residues 582-606) are underlined and bracket the extracellular domain of
the mature peptide (see Figure 10). Isoform 3 of murine ENG (GenBank accession NM_001146348) differs from
the depicted sequence only in the leader, where the threonine at position 23 (highlighted) is deleted and there is a
glycine-to-serine substitution at position 24 (also highlighted).

Figure 6 shows the native nucleotide sequence encoding murine ENG, isoform 1 (L-ENG). Sequences encoding
the leader (nucleotides 364-441) and predicted transmembrane domain (nucleotides 2107-2181) are underlined.
The nucleotide sequence encoding isoform 3 of murine ENG (GenBank accession NM_001146348) differs from the
depicted sequence only in the leader, specifically at positions 430-433 (highlighted).

Figure 7 shows the native amino acid sequence of murine ENG, isoform 2 (S-ENG). The leader (residues 1-26)
and predicted transmembrane domain (residues 582-606) are underlined. Compared to isoform 1, isoform 2 has a
shorter and distinct C-terminus, but the sequence of the extracellular domain (see Figure 10) is identical.

Figure 8 shows the native nucleotide sequence encoding murine ENG, isoform 2 (S-ENG). Sequences encoding
the leader (nucleotides 364-441) and predicted transmembrane domain (nucleotides 2107-2181) are underlined.

Figure 9 shows the amino acid sequence of the extracellular domain of human ENG. The extracellular domains of
the two human isoforms are identical in both amino-acid and nucleotide sequence.

Figure 10 shows the amino acid sequence of the extracellular domain of murine ENG, which is 69% identical to its
human counterpart. The extracellular domains of the two murine isoforms are identical in both amino-acid and
nucleotide sequence.

Figure 11 shows an amino acid sequence of the human IgG1 Fc domain. Underlined residues are optional mutation
sites as discussed in the text.

Figure 12 shows an N-terminally truncated amino acid sequence of the human IgG1 Fc domain. Underlined residues
are optional mutation sites as discussed in the text.

Figure 13 shows the amino acid sequence of hENG(26-586)-hFc. The ENG domain is underlined, the TPA leader
sequence is double underlined, and linker sequences are bold and highlighted.

Figure 14 shows a nucleotide sequence encoding hENG(26-586)-hFc. Nucleotides encoding the ENG domain are
underlined, those encoding the TPA leader sequence are double underlined, and those encoding linker sequences
are bold and highlighted.

Figure 15 shows the amino acid sequence of hENG(26-586)-hFc with an N-terminally truncated Fc domain. The
ENG domain is underlined, the TPA leader sequence is double underlined, and linker sequences are bold and
highlighted.

Figure 16 shows the amino acid sequence of mENG(27-581)-mFc. The ENG domain is underlined, the TPA leader
sequence is double underlined, and linker sequences are bold and highlighted.

Figure 17 shows a nucleotide sequence encoding mENG(27-581)-mFc. Nucleotides encoding the ENG domain
are underlined, those encoding the TPA leader sequence are double underlined, and those encoding linker se-
quences are bold and highlighted.

Figure 18 shows characterization of BMP-9 binding to hENG(26-586)-hFc, as determined in a surface plasmon
resonance (SPR)-based assay. BMP-9 binding to captured hENG(26-586)-hFc was assessed at ligand concentra-
tions of 0 and 0.01-0.625 nM (in two-fold increments, excluding 0.3125 nM), and non-linear regression was used to
determine the KD as 29 pM.

Figure 19 shows characterization of BMP-10 binding to hENG(26-586)-hFc, as determined in an SPR-based assay.
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BMP-10 binding to captured hENG(26-586)-hFc was assessed at ligand concentrations of 0 and 0.01-1.25 nM (in
two-fold increments), and non-linear regression was used to determine the KD as 400 pM.

Figure 20 shows the effect of soluble human ENG extracellular domain, hENG(26-586), on binding of BMP-9 to
ALK1. Concentrations of hENG(26-586) from 0-50 nM were premixed with a fixed concentration of BMP-9 (10 nM),
and BMP-9 binding to captured ALK1 was determined by an SPR-based assay. The uppermost trace corresponds
to no hENG(26-586), whereas the lowest trace corresponds to an ENG:BMP-9 ratio of 5:1. Binding of BMP-9 to
ALK1 was inhibited by soluble hENG(26-586) in a concentration-dependent manner with an IC50 of 9.7 nM.

Figure 21 shows the effect of soluble human ENG extracellular domain, hENG(26-586), on binding of BMP-10 to
ALK1. Concentrations of hENG(26-586) from 0-50 nM were premixed with a fixed concentration of BMP-10 (10 nM),
and BMP-10 binding to captured ALK1 was measured by an SPR-based assay. The uppermost trace corresponds
to no hENG(26-586), and the lowest trace corresponds to an ENG:BMP-10 ratio of 5:1. Binding of BMP-10 to ALK1
was inhibited by soluble hENG(26-586) in a concentration-dependent manner with an IC50 of 6.3 nM.

Figure 22 shows the effect of mENG(27-581)-hFC on cord formation by human umbilical vein endothelial cells
(HUVEC) in culture. Data are means of duplicate cultures 6 SD. The inducer endothelial cell growth substance
(ECGS) doubled mean cord length compared to no treatment, and mENG(27-581)-hFc cut this increase by nearly
60%. In the absence of stimulation (no treatment), mENG(27-581)-hFc had little effect.

Figure 23 shows the effect of mENG(27-581)-hFc on VEGF-stimulated angiogenesis in a chick chorioallantoic
membrane (CAM) assay. Data are means 6 SEM; *, p < 0.05. The number of additional blood vessels induced by
VEGF treatment was decreased by 65% with concurrent mENG(27-581)-hFc treatment.

Figure 24 shows the effect of mENG(27-581)-mFc treatment for 11 days on angiogenesis stimulated by a combination
of the growth factors (GF) vascular endothelial growth factor (VEGF) and basic fibroblast growth factor (FGF-2) in
a mouse angioreactor assay. Angiogenesis in units of relative fluorescence 6 SEM; *, p < 0.05. mENG(27-581)-mFc
completely blocked GF-stimulated angiogenesis in this in vivo assay.

Figure 25 shows the domain structure of hENG-Fc fusion constructs. Full-length ENG extracellular domain (residues
26-586 in top structure) consists of an orphan domain and N-terminal and C-terminal zona pellucida (ZP) domains.
Below it are shown structures of selected truncated variants and whether they exhibit high-affinity binding (+/-) to
BMP-9 and BMP-10 in an SPR-based assay.

Figure 26 shows the amino acid sequence of hENG(26-437)-hFc. The ENG domain is underlined, the TPA leader
sequence is double underlined, and linker sequences are bold and highlighted.

Figure 27 shows a nucleotide sequence encoding hENG(26-437)-hFc. Nucleotides encoding the ENG domain are
underlined, those encoding the TPA leader sequence are double underlined, and those encoding linker sequences
are bold and highlighted.

Figure 28 shows the amino acid sequence of hENG(26-378)-hFc with an N-terminally truncated Fc domain. The
ENG domain is underlined, the TPA leader sequence is double underlined, and linker sequences are bold and
highlighted.

Figure 29 shows a nucleotide sequence encoding hENG(26-378)-hFc with an N-terminally truncated Fc domain.
Nucleotides encoding the ENG domain are underlined and those encoding linker sequences are bold and highlighted.

Figure 30 shows the amino acid sequence of hENG(26-359)-hFc. The ENG domain is underlined, the TPA leader
sequence is double underlined, and linker sequences are bold and highlighted.

Figure 31 shows a nucleotide sequence encoding hENG(26-359)-hFc. Nucleotides encoding the ENG domain are
underlined, those encoding the TPA leader sequence are double underlined, and those encoding linker sequences
are bold and highlighted.

Figure 32 shows the amino acid sequence of hENG(26-359)-hFc with an N-terminally truncated Fc domain. The
ENG domain is underlined, the TPA leader sequence is double underlined, and linker sequences are bold and
highlighted.
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Figure 33 shows a nucleotide sequence encoding hENG(26-359)-hFc with an N-terminally truncated Fc domain.
Nucleotides encoding the ENG domain are underlined, those encoding the TPA leader sequence are double un-
derlined, and those encoding linker sequences are bold and highlighted.

Figure 34 shows the amino acid sequence of hENG(26-346)-hFc with an N-terminally truncated Fc domain. The
ENG domain is underlined, the TPA leader sequence is double underlined, and linker sequences are bold and
highlighted.

Figure 35 shows a nucleotide sequence encoding hENG(26-346)-hFc with an N-terminally truncated Fc domain.
Nucleotides encoding the ENG domain are underlined and those encoding linker sequences are bold and highlighted.

Figure 36 shows size-exclusion chromatograms for hENG(26-586)-hFc (A), hENG(26-359)-hFc (B), and
hENG(26-346)-hFc (C) after the respective CHO-cell-derived proteins were purified by protein A affinity chroma-
tography. Percent recovery of monomeric hENG(26-346)-hFc was equal to that of hENG(26-586)-hFc. In contrast,
recovery of monomeric hENG(26-359)-hFc was reduced by the presence of additional high-molecular-weight ag-
gregates, thus requiring additional procedures to obtain purity equivalent to that of the other constructs.

Figure 37 shows kinetic characterization of BMP-9 binding to hENG(26-586)-hFc (A), hENG(26-359)-hFc (B), and
hENG(26-346)-hFc (C), as determined in an SPR-based assay. BMP-9 binding to captured CHO-cell-derived pro-
teins was assessed at ligand concentrations of 0.0195-0.625 nM in two-fold increments. RU, response units. Note
slower off-rates for the truncated variants compared to hENG(26-586)-hFc.

Figure 38 shows the effect of hENG(26-359)-hFc on VEGF-stimulated angiogenesis in a CAM assay. Data are
means 6 SEM; *, p < 0.05. The number of additional blood vessels induced by VEGF treatment was decreased by
75% with concurrent hENG(26-359)-hFc treatment, even though hENG(26-359)-hFc does not bind VEGF.

Figure 39 shows the effect of hENG(26-346)-hFc treatment for 11 days on angiogenesis stimulated by a combination
of the growth factors (GF) VEGF and FGF-2 in a mouse angioreactor assay. A. Angiogenesis in units of relative
fluorescence 6 SEM; *, p < 0.05. B. Photographs of individual angioreactors (four per mouse) arranged by treatment
group, with blood vessel formation visible as darkened contents. Although unable to bind VEGF or FGF-2 itself,
hENG(26-346)-hFc completely blocked GF-stimulated angiogenesis in this in vivo assay.

Figure 40 shows the effect of mENG(27-581)-mFc on growth of 4T1 mammary tumor xenografts in mice. Data are
means 6 SEM. By day 24 post implantation, tumor volume was 45% lower (p < 0.05) in mice treated with
mENG(27-581)-mFc compared to vehicle.

Figure 41 shows the effect of mENG(27-581)-mFc on growth of Colon-26 tumor xenografts in mice.
mENG(27-581)-mFc treatment inhibited tumor growth in a dose-dependent manner, with tumor volume in the high-
dose group nearly 70% lower than vehicle by day 58 post implantation.

Figure 42 shows liver as % body weight in a mouse CC14 model of liver fibrosis with or without endoglin
(mENG(27-581)-mFc) treatment.

Figure 43 shows H&E staining of liver tissue in mock-injected (PBS) mice.

Figure 44 shows H&E staining of liver tissue in mENG(27-581)-mFc injected mice.

Figure 45 shows Masson’s Trichrome staining of liver tissue in CC14-induced mice.

Figure 46 shows Oil Red O staining of liver tissue in CC14-induced mice injected with PBS or with
mENG(27-581)-mFc. mENG(27-581)-mFc treated animals had the lowest percentage of livers with extensive positive
oil red O staining

Figure 47 shows serum alkaline phosphate levels in CC14-induced and mock-induced (olive oil) mice treated with
mENG(27-581)-mFc or with PBS. Serum AP was lower in the endoglin-treated cohorts.

Figure 48 shows the effect of ENG-Fc treatment on hepatic lipid deposition in MCDD mice, a model of liver fibrosis
caused by methionine and choline dietary deficiency. Compared to vehicle (A,C), treatment with mENG(27-581)-mFc
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for 3 weeks markedly reduced hepatic lipid deposits (B,D) in MCDD mice. Lipid deposits were identified by intense
staining with Oil Red O, a lipid-soluble diazo dye. Magnification, 1003 (A,B) and 2003 (C,D).

DETAILED DESCRIPTION

1. Overview

[0013] In certain aspects, the present invention relates to ENG polypeptides. ENG (also known as CD105) is referred
to as a coreceptor for the transforming growth factor-β (TGF-β) superfamily of ligands and is implicated in normal and
pathological fibrosis and angiogenesis. ENG expression is low in quiescent vascular endothelium but upregulated in
endothelial cells of healing wounds, developing embryos, inflammatory tissues, and solid tumors (Dallas et al, 2008,
Clin Cancer Res 14:1931-1937). Mice homozygous for null ENG alleles die early in gestation due to defective vascular
development (Li et al, 1999, Science 284:1534-1537), whereas heterozygous null ENG mice display angiogenic abnor-
malities as adults (Jerkic et al, 2006, Cardiovasc Res 69:845-854). In humans, ENG gene mutations have been identified
as the cause of hereditary hemorrhagic telangiectasia (Osler-Rendu-Weber syndrome) type-1 (HHT-1), an autosomal
dominant form of vascular dysplasia characterized by arteriovenous malformations resulting in direct flow (communica-
tion) from artery to vein (arteriovenous shunt) without an intervening capillary bed (McAllister et al, 1994, Nat Genet
8:345-351; Fernandez-L et al, 2006, Clin Med Res 4:66-78). Typical symptoms of patients with HHT include recurrent
epistaxis, gastrointestinal hemorrhage, cutaneous and mucocutaneous telangiectases, and arteriovenous malformations
in the pulmonary, cerebral, or hepatic vasculature.
[0014] Although the specific role of ENG in fibrosis and angiogenesis remains to be determined, it is likely related to
the prominent role of the TGF-β signaling system in this process (Cheifetz et al, 1992, J Biol Chem 267:19027-19030;
Pardali et al, 2010, Trends Cell Biol 20:556-567). Significantly, ENG expression is upregulated in proliferating vascular
endothelial cells within tumor tissues (Burrows et al, 1995, Clin Cancer Res 1:1623-1634; Miller et al, 1999, Int J Cancer
81:568-572), and the number of ENG-expressing blood vessels in a tumor is negatively correlated with survival for a
wide range of human tumors (Fonsatti et al, 2010, Cardiovasc Res 86:12-19). Thus, ENG is a promising target for
antiangiogenic therapy generally, and for cancer in particular (Dallas et al, 2008, Clin Cancer Res 14:1931-1937; Bern-
abeu et al, 2009, Biochim Biophys Acta 1792:954-973).
[0015] Structurally, ENG is a homodimeric cell-surface glycoprotein. It belongs to the zona pellucida (ZP) family of
proteins and consists of a short C-terminal cytoplasmic domain, a single hydrophobic transmembrane domain, and a
long extracellular domain (ECD) (Gougos et al, 1990, J Biol Chem 265:8361-8364). As determined by electron micros-
copy, monomeric ENG ECD consists of two ZP regions and an orphan domain located at the N-terminus (Llorca et al,
2007, J Mol Biol 365:694-705). In humans, alternative splicing of the primary transcript results in two ENG isoforms, one
consisting of 658 residues (long, L, SEQ ID NO: 1) and the other 625 residues (short, S, SEQ ID NO: 3), which differ
only in their cytoplasmic domain (Bellon et al, 1993, 23:2340-2345; ten Dijke et al, 2008, Angiogenesis 11:79-89). Murine
ENG exists as three isoforms: L-ENG (SEQ ID NO: 5), S-ENG (SEQ ID NO: 7), and a third variant (isoform 3) of unknown
functional significance identical to L-ENG except for changes at two positions within the leader sequence (Perez-Gomez
et al, 2005, Oncogene 24:4450-4461). The ECD of murine ENG displays 69% amino acid identity with that of human
ENG and lacks the Arg-Gly-Asp (RGD) integrin interaction motif found in the human protein. Recent evidence suggests
that the L-ENG and S-ENG isoforms may play different functional roles in vivo (Blanco et al, 2008, Circ Res
103:1383-1392; ten Dijke et al, 2008, Angiogenesis 11:79-89).
[0016] As a coreceptor, ENG is thought to modulate responses of other receptors to TGF-β family ligands without
direct mediation of ligand signaling by itself. Ligands in the TGF-β family typically signal by binding to a homodimeric
type II receptor, which triggers recruitment and transphosphorylation of a homodimeric type I receptor, thereby leading
to phosphorylation of Smad proteins responsible for transcriptional activation of specific genes (Massague, 2000, Nat
Rev Mol Cell Biol 1:169-178). Based on ectopic cellular expression assays, it has been reported that ENG cannot bind
ligands on its own and that its binding to TGF-β1, TGF-β3, activin A, bone morphogenetic protein-2 (BMP-2), and BMP-
7 requires the presence of an appropriate type I and/or type II receptor (Barbara et al, 1999, J Biol Chem 274:584-594).
Nevertheless, there is evidence that ENG expressed by a fibroblast cell line can bind TGF-β1 (St.-Jacques et al, 1994,
Endocrinology 134:2645-2657), and recent results in COS cells indicate that transfected full-length ENG can bind BMP-
9 in the absence of transfected type I or type II receptors (Scharpfenecker et al, 2007, J Cell Sci 120:964-972).
[0017] In addition to the foregoing, ENG can occur in a soluble form in vivo under certain conditions after proteolytic
cleavage of the full-length membrane-bound protein (Hawinkels et al, 2010, Cancer Res 70:4141-4150). Elevated levels
of soluble ENG have been observed in the circulation of patients with cancer and preeclampsia (Li et al, 2000, Int J
Cancer 89:122-126; Calabro et al, 2003, J Cell Physiol 194:171-175; Venkatesha et al, 2006, Nat Med 12:642-649;
Levine et al, 2006, N Engl J Med 355:992-1005). Although the role of endogenous soluble ENG is poorly understood,
a protein corresponding to residues 26-437 of the ENG precursor (amino acids 26-437 of SEQ ID NO: 1) has been
proposed to act as a scavenger or trap for TGF-β family ligands (Venkatesha et al, 2006, Nat Med 12:642-649; WO-
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2007/143023), of which only TGF-β1 and TGF-β3 have specifically been implicated.
[0018] The present disclosure describes polypeptides comprising a truncated portion of the extracellular domain of
ENG bind selectively to BMP9 and/or BMP10 and can act as BMP9 and/or BMP10 antagonists, provide advantageous
properties relative to the full-length extracellular domain, and may be used to inhibit fibrosis. In part, the disclosure
describes the identity of physiological, high-affinity ligands for soluble ENG polypeptides. Surprisingly, soluble ENG
polypeptides are shown herein to have highly specific, high affinity binding for BMP-9 and BMP-10 while not exhibiting
any meaningful binding to TGF-β1, TGF-β2 or TGF-β3, and moreover, soluble ENG polypeptides are shown herein to
inhibit BMP9 and BMP10 interaction with type II receptors, thereby inhibiting cellular signal transduction. The disclosure
further demonstrates that ENG polypeptides inhibit fibrosis. The data also demonstrate that an ENG polypeptide can
exert an anti-angiogenic effect despite the finding that ENG polypeptide does not exhibit meaningful binding to TGF-β1,
TGF-β3, VEGF, or FGF-2.
[0019] Thus, in certain aspects, the disclosure describes endoglin polypeptides as antagonists of BMP-9 or BMP-10
for use in inhibiting any BMP-9 or BMP-10 disorder generally, and particularly for inhibiting fibrosis and/or angiogenesis,
including both VEGF-dependent angiogenesis and VEGF-independent angiogenesis. However, it should be noted that
antibodies directed to ENG itself are expected to have different effects from an ENG polypeptide. A pan-neutralizing
antibody against ENG (one that inhibits the binding of all strong and weak ligands) would be expected to inhibit the
signaling of such ligands through ENG but would not be expected to inhibit the ability of such ligands to signal through
other receptors (e.g., ALK-1, ALK-2, BMPRII, ActRIIA or ActRIIB in the case of BMP-9 or BMP-10). It should further be
noted that, given the existence of native, circulating soluble ENG polypeptides that, based on the data presented here,
presumably act as natural BMP-9/10 antagonists, it is not clear whether a neutralizing anti-ENG antibody would primarily
inhibit the membrane bound form of ENG (thus acting as an ENG/BMP-9/10 antagonist) or the soluble form of ENG
(thus acting as an ENG/BMP-9/10 agonist). On the other hand, based on this disclosure, an ENG polypeptide would be
expected to inhibit all of the ligands that it binds to tightly (including, for constructs such as those shown in the Examples,
BMP-9 or BMP-10) but would not affect ligands that it binds to weakly. So, while a pan-neutralizing antibody against
ENG would block BMP-9 and BMP-10 signaling through ENG, it would not block BMP-9 or BMP-10 signaling through
another receptor. Also, while an ENG polypeptide may inhibit BMP-9 signaling through all receptors (including receptors
besides ENG) it would not be expected to inhibit a weakly binding ligand signaling through any receptor, even ENG.
[0020] Proteins described herein are the human forms, unless otherwise specified. Genbank references for the proteins
are as follows: human ENG isoform 1 (L-ENG), NM_001114753; human ENG isoform 2 (S-ENG), NM_000118; murine
ENG isoform 1 (L-ENG), NM_007932; murine ENG isoform 2 (S-ENG), NM_001146350; murine ENG isoform 3,
NM_001146348. Sequences of native ENG proteins from human and mouse are set forth in Figures 1-8.
[0021] The terms used in this specification generally have their ordinary meanings in the art, within the context of this
disclosure and in the specific context where each term is used. Certain terms are discussed in the specification, to
provide additional guidance to the practitioner in describing the compositions and methods disclosed herein and how to
make and use them. The scope or meaning of any use of a term will be apparent from the specific context in which the
term is used.

2. Therapeutic Methods and Uses of ENG polypeptides

[0022] As used herein, the terms "fibrotic disorder", "fibrotic condition," and "fibrotic disease," are used interchangeably
to refer to a disorder, condition or disease characterized by fibrosis. Examples of fibrotic disorders include, but are not
limited to vascular fibrosis, pulmonary fibrosis (e.g., idiopathic pulmonary fibrosis), pancreatic fibrosis, liver fibrosis
(e.g.,cirrhosis), renal fibrosis, musculoskeletal fibrosis, cardiac fibrosis (e.g., endomyocardial fibrosis, idiopathic myo-
cardiopathy), skin fibrosis (e.g., scleroderma, post-traumatic, operative cutaneous scarring, keloids and cutaneous keloid
formation), eye fibrosis (e.g., glaucoma, sclerosis of the eyes, conjunctival and corneal scarring, and pterygium), pro-
gressive systemic sclerosis (PSS), chronic graft-versus-host disease, Peyronie’s disease, post-cystoscopic urethral
stenosis, idiopathic and pharmacologically induced retroperitoneal fibrosis, mediastinal fibrosis, progressive massive
fibrosis, proliferative fibrosis, and neoplastic fibrosis.
[0023] As used herein, the term "cell" refers to any cell prone to undergoing a fibrotic response, including, but not
limited to, individual cells, tissues, and cells within tissues and organs. The term cell, as used herein, includes the cell
itself, as well as the extracellular matrix (ECM) surrounding a cell. For example, inhibition of the fibrotic response of a
cell, includes, but is not limited to the inhibition of the fibrotic response of one or more cells within the lung (or lung
tissue); one or more cells within the liver (or liver tissue); one or more cells within the kidney (or renal tissue); one or
more cells within muscle tissue; one or more cells within the heart (or cardiac tissue); one or more cells within the
pancreas; one or more cells within the skin; one or more cells within the bone, one or more cells within the vasculature,
one or more stem cells, or one or more cells within the eye.
[0024] NAFLD results from the metabolic conditions of obesity and type 2 diabetes. Patients with NAFLD may exhibit
a range of histopathologic findings including steatosis alone (fatty liver), to necroinflammation, which is often termed
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NASH. NAFLD and NASH patients may progress to more advanced states of fibrosis including advanced fibrosis and
cirrhosis. Patients with NASH develop progressive fibrosis in 25%- 50% over a period of 4 to 6 years and 15% to 25%
of individuals with NASH can progress to cirrhosis. NASH cirrhosis is an important cause of liver transplantation in the
United States and it is associated with an increased risk for hepatocellular carcinoma and mortality in patients awaiting
liver transplant. Alcoholism and viral infection can also cause liver damage that progresses to liver fibrosis and cirrhosis.
A variety of tools may be used to assess liver health and the progression of fibrotic disease. Liver biopsy permits the
assessment of histological features of the liver tissue, including staining for and quantitation of collagen levels in the
tissue and well as lipid levels in the case of fatty liver diseases. The NAFLD Activity Score (NAS) provides a numerical
score and is the sum of the separate scores for steatosis (0-3), hepatocellular ballooning (0-2) and lobular inflammation
(0-3), with the majority of patients with NASH having a NAS score of ≥5. See Kleiner et al.. Design and validation of a
histological scoring system for nonalcoholic fatty liver disease. Hepatology 41(6), 1313-1321 (2005). Serum markers
include markers of liver function, ALT and AST, and markers of extracellular matrix formation, markers of the fibrolytic
process, markers of extracellular matrix degradation and certain cytokines.
[0025] The ENG polypeptides may find application in combination with one or more other therapeutic modalities. Thus,
in addition to the use of ENG polypeptides, one may also administer to the subject one or more "standard" therapies for
treating fibrotic disorders. For example, the ENG polypeptides can be administered in combination with (i.e., together
with) cytotoxins, immunosuppressive agents, radiotoxic agents, and/or therapeutic antibodies. Particular co-therapeutics
contemplated by the present invention include, but are not limited to, steroids (e.g., corticosteroids, such as Prednisone),
immune-suppressing and/or anti-inflammatory agents (e.g., gamma-interferon, cyclophosphamide, azathioprine, meth-
otrexate, penicillamine, cyclosporine, colchicines, antithymocyte globulin, mycophenolate mofetil, and hydroxychloro-
quine), cytotoxic drugs, calcium channel blockers (e.g., nifedipine), angiotensin converting enzyme inhibitors (ACE)
inhibitors, para-aminobenzoic acid (PABA), dimethyl sulfoxide, transforming growth factor-beta (TGF-β) inhibitors, in-
terleukin-5 (IL-5) inhibitors, and pan caspase inhibitors.
[0026] Additional anti-fibrotic agents that may be used in combination with ENG polypeptides include, but are not
limited to, lectins (as described in, for example, U.S. Patent No.: 7,026,283), as well as the anti-fibrotic agents described
by Wynn et al (2007, J Clin Invest 117:524-529). For example, additional anti-fibrotic agents and therapies include, but
are not limited to, various anti-inflammatory/ immunosuppressive/ cytotoxic drugs (including colchicine, azathioprine,
cyclophosphamide, prednisone, thalidomide, pentoxifylline and theophylline), TGF-β signaling modifiers (including re-
laxin, SMAD7, HGF, and BMP7, as well as TGF-β1, TGFβRI, TGFβRII, EGR-I, and CTGF inhibitors), cytokine and
cytokine receptor antagonists (inhibitors of IL-1β, IL-5, IL-6, IL- 13, IL-21, IL-4R, IL-13Rα1, GM-CSF, TNF-α, oncostatin
M, W1SP-I, and PDGFs), cytokines and chemokines (IFN-γ, IFN-α/β, IL-12, IL-10, HGF, CXCL10, and CXCL11), chem-
okine antagonists (inhibitors of CXCL1, CXCL2, CXCL12, CCL2, CCL3, CCL6, CCL17, and CCL18), chemokine receptor
antagonists (inhibitors of CCR2, CCR3, CCR5, CCR7, CXCR2, and CXCR4), TLR antagonists (inhibitors of TLR3, TLR4,
and TLR9), angiogenesis antagonists (VEGF-specific antibodies and adenosine deaminase replacement therapy), an-
tihypertensive drugs (beta blockers and inhibitors of ANG 11, ACE, and aldosterone), vasoactive substances (ET-1
receptor antagonists and bosetan), inhibitors of the enzymes that synthesize and process collagen (inhibitors of prolyl
hydroxylase), B cell antagonists (rituximab), integrin/adhesion molecule antagonists (molecules that block α1β1 and
αvβ6 integrins, as well as inhibitors of integrin-linked kinase, and antibodies specific for ICAM-I and VCAM-I), proapoptotic
drugs that target myofibroblasts, MMP inhibitors (inhibitors of MMP2, MMP9, and MMP12), and T1MP inhibitors (anti-
bodies specific for TIMP-1).
[0027] The ENG polypeptide and the co-therapeutic agent or co-therapy can be administered in the same formulation
or separately. In the case of separate administration, the ENG polypeptide can be administered before, after, or con-
currently with the co-therapeutic or co-therapy. One agent may precede or follow administration of the other agent by
intervals ranging from minutes to weeks. In embodiments where two or more different kinds of therapeutic agents are
applied separately to a subject, one would generally ensure that a significant period of time did not expire between the
time of each delivery, such that these different kinds of agents would still be able to exert an advantageously combined
effect on the target tissues or cells.

3. Formulations and Effective Doses

[0028] The therapeutic agents described herein may be formulated into pharmaceutical compositions. Pharmaceutical
compositions for use in accordance with the present disclosure may be formulated in conventional manner using one
or more physiologically acceptable carriers or excipients. Such formulations will generally be substantially pyrogen free,
in compliance with most regulatory requirements.
[0029] In certain embodiments, the therapeutic method of the disclosure includes administering the composition sys-
temically, or locally as an implant or device. When administered, the therapeutic composition for use in this disclosure
is in a pyrogen-free, physiologically acceptable form. Therapeutically useful agents other than the ENG signaling an-
tagonists which may also optionally be included in the composition as described above, may be administered simulta-
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neously or sequentially with the subject compounds (e.g., ENG polypeptides) in the methods disclosed herein.
[0030] Typically, protein therapeutic agents disclosed herein will be administered parentally, and particularly intrave-
nously or subcutaneously. Pharmaceutical compositions suitable for parenteral administration may comprise one or
more ENG polypeptides in combination with one or more pharmaceutically acceptable sterile isotonic aqueous or non-
aqueous solutions, dispersions, suspensions or emulsions, or sterile powders which may be reconstituted into sterile
injectable solutions or dispersions just prior to use, which may contain antioxidants, buffers, bacteriostats, solutes which
render the formulation isotonic with the blood of the intended recipient or suspending or thickening agents. Examples
of suitable aqueous and nonaqueous carriers which may be employed in the pharmaceutical compositions of the dis-
closure include water, ethanol, polyols (such as glycerol, propylene glycol, polyethylene glycol, and the like), and suitable
mixtures thereof, vegetable oils, such as olive oil, and injectable organic esters, such as ethyl oleate. Proper fluidity can
be maintained, for example, by the use of coating materials, such as lecithin, by the maintenance of the required particle
size in the case of dispersions, and by the use of surfactants.
[0031] The disclosure describes formulations that may be varied to include acids and bases to adjust the pH; and
buffering agents to keep the pH within a narrow range. Additional medicaments may be added to the formulation. These
include, but are not limited to, pegaptanib, heparinase, ranibizumab, or glucocorticoids. The ophthalmic pharmaceutical
formulation according to the disclosure is prepared by aseptic manipulation, or sterilization is performed at a suitable
stage of preparation.
[0032] The compositions and formulations may, if desired, be presented in a pack or dispenser device which may
contain one or more unit dosage forms containing the active ingredient. The pack may for example comprise metal or
plastic foil, such as a blister pack. The pack or dispenser device may be accompanied by instructions for administration.

4. Technical reference information relating to soluble ENG Polypeptides

[0033] Except under certain conditions, naturally occurring ENG proteins are transmembrane proteins, with a portion
of the protein positioned outside the cell (the extracelluar portion) and a portion of the protein positioned inside the cell
(the intracellular portion). Aspects of the present disclosure encompass polypeptides comprising a portion of the extra-
cellular domain (ECD) of ENG.
[0034] ENG polypeptides may include a polypeptide consisting of, or comprising, an amino acid sequence at least
90% identical, and optionally at least 95%, 96%, 97%, 98%, 99%, or 100% identical to a truncated ECD domain of a
naturally occurring ENG polypeptide, whose C-terminus occurs at any of amino acids 333-378 of SEQ ID NO: 1 and
which polypeptide does not include a sequence consisting of amino acids 379-430 of SEQ ID NO: 1. Optionally, an ENG
polypeptide does not include more than 5 consecutive amino acids, or more than 10, 20, 30, 40, 50, 52, 60, 70, 80, 90,
100, 150 or 200 or more consecutive amino acids from a sequence consisting of amino acids 379-586 of SEQ ID NO:
1 or from a sequence consisting of amino acids 379-581 of SEQ ID NO:1. The unprocessed ENG polypeptide may either
include or exclude any signal sequence, as well as any sequence N-terminal to the signal sequence. As elaborated
herein, the N-terminus of the mature (processed) ENG polypeptide may occur at any of amino acids 26-42 of SEQ ID
NO: 1. Examples of mature ENG polypeptides include amino acids 25-377 of SEQ ID NO: 23, amino acids 25-358 of
SEQ ID NO: 25, and amino acids 25-345 of SEQ ID NO: 29. Likewise, an ENG polypeptide may comprise a polypeptide
that is encoded by nucleotides 73-1131 of SEQ ID NO: 24, nucleotides 73-1074 of SEQ ID NO: 26, or nucleotides
73-1035 of SEQ ID NO: 30, or silent variants thereof or nucleic acids that hybridize to the complement thereof under
stringent hybridization conditions (generally, such conditions are known in the art but may, for example, involve hybrid-
ization in 50% v/v formamide, 5x SSC, 2% w/v blocking agent, 0.1% N-lauroylsarcosine, and 0.3% SDS at 65°C overnight
and washing in, for example, 5x SSC at about 65°C). The term "ENG polypeptide" accordingly encompasses isolated
extracellular portions of ENG polypeptides, variants thereof (including variants that comprise, for example, no more than
2, 3, 4, 5, 10, 15, 20, 25, 30, or 35 amino acid substitutions in the sequence corresponding to amino acids 26-378 of
SEQ ID NO: 1), fragments thereof, and fusion proteins comprising any of the preceding, but in each case preferably any
of the foregoing ENG polypeptides will retain substantial affinity for BMP-9 and/or BMP-10. Generally, an ENG polypeptide
will be designed to be soluble in aqueous solutions at biologically relevant temperatures, pH levels, and osmolarity.
[0035] Data presented here show that Fc fusion proteins comprising shorter C-terminally truncated variants of ENG
polypeptides display no appreciable binding to TGF-β1 and TGF-β3 but instead display higher affinity binding to BMP-
9, with a markedly slower dissociation rate, compared to either ENG(26-437)-Fc or an Fc fusion protein comprising the
full-length ENG ECD. Specifically, C-terminally truncated variants ending at amino acids 378, 359, and 346 of SEQ ID
NO: 1 were all found to bind BMP-9 with substantially higher affinity (and to bind BMP-10 with undiminished affinity)
compared to ENG(26-437) or ENG(26-586). However, binding to BMP-9 and BMP-10 was completely disrupted by more
extensive C-terminal truncations to amino acids 332, 329, or 257. Thus, ENG polypeptides that terminate between amino
acid 333 and amino acid 378 are all expected to be active, but constructs ending at, or between, amino acids 346 and
359 may be most active. Forms ending at, or between, amino acids 360 and 378 are predicted to trend toward the
intermediate ligand binding affinity shown by ENG(26-378). Improvements in other key parameters are expected with
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certain constructs ending at, or between, amino acids 333 and 378 based on improvements in protein expression and
elimination half-life observed with ENG(26-346)-Fc compared to fusion proteins comprising full-length ENG ECD (see
Examples). Any of these truncated variant forms may be desirable to use, depending on the clinical or experimental setting.
[0036] At the N-terminus, it is expected that an ENG polypeptide beginning at amino acid 26 (the initial glutamate), or
before, of SEQ ID NO: 1 will retain ligand binding activity. As disclosed herein, an N-terminal truncation to amino acid
61 of SEQ ID NO: 1 abolishes ligand binding, as do more extensive N-terminal truncations. However, as also disclosed
herein, consensus modeling of ENG primary sequences indicates that ordered secondary structure within the region
defined by amino acids 26-60 of SEQ ID NO: 1 is limited to a four-residue beta strand predicted with high confidence at
positions 42-45 of SEQ ID NO: 1 and a two-residue beta strand predicted with very low confidence at positions 28-29
of SEQ ID NO: 1. Thus, an active ENG polypeptide will begin at (or before) amino acid 26, preferentially, or at any of
amino acids 27-42 of SEQ ID NO: 1.
[0037] Taken together, an active portion of an ENG polypeptide may comprise amino acid sequences 26-333, 26-334,
26-335, 26-336, 26-337, 26-338, 26-339, 26-340, 26-341, 26-342, 26-343, 26-344, 26-345, or 26-346 of SEQ ID NO: 1,
as well as variants of these sequences starting at any of amino acids 27-42 of SEQ ID NO: 1. Exemplary ENG polypeptides
comprise amino acid sequences 26-346, 26-359, and 26-378 of SEQ ID NO: 1. Variants within these ranges are also
contemplated, particularly those having at least 80%, 85%, 90%, 95%, or 99% identity to the corresponding portion of
SEQ ID NO: 1. An ENG polypeptide may not include the sequence consisting of amino acids 379-430 of SEQ ID NO:1.
[0038] As described above, the disclosure describes ENG polypeptides sharing a specified degree of sequence identity
or similarity to a naturally occurring ENG polypeptide. To determine the percent identity of two amino acid sequences,
the sequences are aligned for optimal comparison purposes (e.g., gaps can be introduced in one or both of a first and
a second amino acid or nucleic acid sequence for optimal alignment and non-homologous sequences can be disregarded
for comparison purposes). The amino acid residues at corresponding amino acid positions are then compared. When
a position in the first sequence is occupied by the same amino acid residue as the corresponding position in the second
sequence, then the molecules are identical at that position (as used herein amino acid "identity" is equivalent to amino
acid "homology"). The percent identity between the two sequences is a function of the number of identical positions
shared by the sequences, taking into account the number of gaps, and the length of each gap, which need to be introduced
for optimal alignment of the two sequences.
[0039] The comparison of sequences and determination of percent identity and similarity between two sequences can
be accomplished using a mathematical algorithm. (Computational Molecular Biology, Lesk, A. M., ed., Oxford University
Press, New York, 1988; Biocomputing: Informatics and Genome Projects, Smith, D. W., ed., Academic Press, New York,
1993; Computer Analysis of Sequence Data, Part 1, Griffin, A. M., and Griffin, H. G., eds., Humana Press, New Jersey,
1994; Sequence Analysis in Molecular Biology, von Heinje, G., Academic Press, 1987; and Sequence Analysis Primer,
Gribskov, M. and Devereux, J., eds., M Stockton Press, New York, 1991).
[0040] In one embodiment, the percent identity between two amino acid sequences is determined using the Needleman
and Wunsch (J Mol. Biol. (48):444-453 (1970)) algorithm which has been incorporated into the GAP program in the GCG
software package (available at http://www.gcg.com). In a specific embodiment, the following parameters are used in the
GAP program: either a Blosum 62 matrix or a PAM250 matrix, and a gap weight of 16, 14, 12, 10, 8, 6, or 4 and a length
weight of 1, 2, 3, 4, 5, or 6. In yet another embodiment, the percent identity between two nucleotide sequences is
determined using the GAP program in the GCG software package (Devereux, J., et al., Nucleic Acids Res. 12(1):387
(1984)) (available at http://www.gcg.com). Exemplary parameters include using a NWSgapdna.CMP matrix and a gap
weight of 40, 50, 60, 70, or 80 and a length weight of 1, 2, 3, 4, 5, or 6. Unless otherwise specified, percent identity
between two amino acid sequences is to be determined using the GAP program using a Blosum 62 matrix, a GAP weight
of 10 and a length weight of 3, and if such algorithm cannot compute the desired percent identity, a suitable alternative
disclosed herein should be selected.
[0041] In another embodiment, the percent identity between two amino acid sequences is determined using the algo-
rithm of E. Myers and W. Miller (CABIOS, 4:11-17 (1989)) which has been incorporated into the ALIGN program (version
2.0), using a PAM120 weight residue table, a gap length penalty of 12 and a gap penalty of 4.
[0042] Another embodiment for determining the best overall alignment between two amino acid sequences can be
determined using the FASTDB computer program based on the algorithm of Brutlag et al. (Comp. App. Biosci., 6:237-245
(1990)). In a sequence alignment the query and subject sequences are both amino acid sequences. The result of said
global sequence alignment is presented in terms of percent identity. In one embodiment, amino acid sequence identity
is performed using the FASTDB computer program based on the algorithm of Brutlag et al. (Comp. App. Biosci., 6:237-245
(1990)). In a specific embodiment, parameters employed to calculate percent identity and similarity of an amino acid
alignment comprise: Matrix=PAM 150, k-tuple=2, Mismatch Penalty=1, Joining Penalty=20, Randomization Group
Length=0, Cutoff Score=1, Gap Penalty=5 and Gap Size Penalty=0.05.
[0043] In certain embodiments, an ENG polypeptide binds to BMP-9 and BMP-10, and the ENG polypeptide does not
show substantial binding to TGF-β1 or TGF-β3. Binding may be assessed using purified proteins in solution or in a
surface plasmon resonance system, such as a Biacore™ system. ENG polypeptides may be selected to exhibit an anti-
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angiogenic activity. Bioassays for angiogenesis inhibitory activity include the chick chorioallantoic membrane (CAM)
assay, the mouse angioreactor assay, and assays for measuring the effect of administering isolated or synthesized
proteins on implanted tumors. The CAM assay, the mouse angioreactor assay, and other assays are described in the
Examples.
[0044] ENG polypeptides may additionally include any of various leader sequences at the N-terminus. Such a sequence
would allow the peptides to be expressed and targeted to the secretion pathway in a eukaryotic system. See, e.g., Ernst
et al., U.S. Pat. No. 5,082,783 (1992). Alternatively, a native ENG signal sequence may be used to effect extrusion from
the cell. Possible leader sequences include honeybee mellitin, TPA, and native leaders (SEQ ID NOs. 13-15, respectively).
Examples of ENG-Fc fusion proteins incorporating a TPA leader sequence include SEQ ID NOs: 23, 25, 27, and 29.
Processing of signal peptides may vary depending on the leader sequence chosen, the cell type used and culture
conditions, among other variables, and therefore actual N-terminal start sites for mature ENG polypeptides may shift by
1, 2, 3, 4 or 5 amino acids in either the N-terminal or C-terminal direction. Examples of mature ENG-Fc fusion proteins
include SEQ ID NOs: 33-36, as shown below with the ENG polypeptide portion underlined.

Human ENG(26-378)-hFc (truncated Fc)

[0045]

Human ENG(26-359)-hFc

[0046]
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Human ENG(26-359)-hFc (truncated Fc)

[0047]

Human ENG(26-346)-hFc (truncated Fc)

[0048]
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[0049] Described herein are specific mutations of the ENG polypeptides so as to alter the glycosylation of the polypep-
tide. Such mutations may be selected so as to introduce or eliminate one or more glycosylation sites, such as O-linked
or N-linked glycosylation sites. Asparagine-linked glycosylation recognition sites generally comprise a tripeptide se-
quence, asparagine-X-threonine (or asparagines-X-serine) (where "X" is any amino acid) which is specifically recognized
by appropriate cellular glycosylation enzymes. The alteration may also be made by the addition of, or substitution by,
one or more serine or threonine residues to the sequence of the wild-type ENG polypeptide (for O-linked glycosylation
sites). A variety of amino acid substitutions or deletions at one or both of the first or third amino acid positions of a
glycosylation recognition site (and/or amino acid deletion at the second position) results in non-glycosylation at the
modified tripeptide sequence. Another means of increasing the number of carbohydrate moieties on an ENG polypeptide
is by chemical or enzymatic coupling of glycosides to the ENG polypeptide. Depending on the coupling mode used, the
sugar(s) may be attached to (a) arginine and histidine; (b) free carboxyl groups; (c) free sulfhydryl groups such as those
of cysteine; (d) free hydroxyl groups such as those of serine, threonine, or hydroxyproline; (e) aromatic residues such
as those of phenylalanine, tyrosine, or tryptophan; or (f) the amide group of glutamine. These methods are described
in WO 87/05330 published Sep. 11, 1987, and in Aplin and Wriston (1981) CRC Crit. Rev. Biochem., pp. 259-306.
Removal of one or more carbohydrate moieties present on an ENG polypeptide may be accomplished chemically and/or
enzymatically. Chemical deglycosylation may involve, for example, exposure of the ENG polypeptide to the compound
trifluoromethanesulfonic acid, or an equivalent compound. This treatment results in the cleavage of most or all sugars
except the linking sugar (N-acetylglucosamine or N-acetylgalactosamine), while leaving the amino acid sequence intact.
Chemical deglycosylation is further described by Hakimuddin et al. (1987) Arch. Biochem. Biophys. 259:52 and by Edge
et al. (1981) Anal. Biochem. 118:131. Enzymatic cleavage of carbohydrate moieties on ENG polypeptides can be achieved
by the use of a variety of endo- and exo-glycosidases as described by Thotakura et al. (1987) Meth. Enzymol. 138:350.
The sequence of an ENG polypeptide may be adjusted, as appropriate, depending on the type of expression system
used, as mammalian, yeast, insect and plant cells may all introduce differing glycosylation patterns that can be affected
by the amino acid sequence of the peptide. In general, ENG polypeptides for use in humans will be expressed in a
mammalian cell line that provides proper glycosylation, such as HEK293 or CHO cell lines, although other mammalian
expression cell lines, yeast cell lines with engineered glycosylation enzymes, and insect cells are expected to be useful
as well.
[0050] This disclosure further contemplates a method of generating mutants, particularly sets of combinatorial mutants
of an ENG polypeptide, as well as truncation mutants; pools of combinatorial mutants are especially useful for identifying
functional variant sequences. The purpose of screening such combinatorial libraries may be to generate, for example,
ENG polypeptide variants which can act as either agonists or antagonist, or alternatively, which possess novel activities
all together. A variety of screening assays are provided below, and such assays may be used to evaluate variants. For
example, an ENG polypeptide variant may be screened for ability to bind to an ENG ligand, to prevent binding of an
ENG ligand to an ENG polypeptide or to interfere with signaling caused by an ENG ligand. The activity of an ENG
polypeptide or its variants may also be tested in a cell-based or in vivo assay, particularly any of the assays disclosed
in the Examples.
[0051] Combinatorially-derived variants can be generated which have a selective or generally increased potency
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relative to an ENG polypeptide comprising an extracellular domain of a naturally occurring ENG polypeptide. Likewise,
mutagenesis can give rise to variants which have serum half-lives dramatically different than the corresponding wild-
type ENG polypeptide. For example, the altered protein can be rendered either more stable or less stable to proteolytic
degradation or other processes which result in destruction of, or otherwise elimination or inactivation of, a native ENG
polypeptide. Such variants, and the genes which encode them, can be utilized to alter ENG polypeptide levels by
modulating the half-life of the ENG polypeptides. For instance, a short half-life can give rise to more transient biological
effects and can allow tighter control of recombinant ENG polypeptide levels within the patient. In an Fc fusion protein,
mutations may be made in the linker (if any) and/or the Fc portion to alter the half-life of the protein.
[0052] A combinatorial library may be produced by way of a degenerate library of genes encoding a library of polypep-
tides which each include at least a portion of potential ENG polypeptide sequences. For instance, a mixture of synthetic
oligonucleotides can be enzymatically ligated into gene sequences such that the degenerate set of potential ENG
polypeptide nucleotide sequences are expressible as individual polypeptides, or alternatively, as a set of larger fusion
proteins (e.g., for phage display).
[0053] There are many ways by which the library of potential ENG polypeptide variants can be generated from a
degenerate oligonucleotide sequence. Chemical synthesis of a degenerate gene sequence can be carried out in an
automatic DNA synthesizer, and the synthetic genes then be ligated into an appropriate vector for expression. The
synthesis of degenerate oligonucleotides is well known in the art (see for example, Narang, SA (1983) Tetrahedron 39:3;
Itakura et al., (1981) Recombinant DNA, Proc. 3rd Cleveland Sympos. Macromolecules, ed. AG Walton, Amsterdam:
Elsevier pp273-289; Itakura et al., (1984) Annu. Rev. Biochem. 53:323; Itakura et al., (1984) Science 198:1056; Ike et
al., (1983) Nucleic Acid Res. 11:477). Such techniques have been employed in the directed evolution of other proteins
(see, for example, Scott et al., (1990) Science 249:386-390; Roberts et al., (1992) PNAS USA 89:2429-2433; Devlin et
al., (1990) Science 249: 404-406; Cwirla et al., (1990) PNAS USA 87: 6378-6382; as well as U.S. Patent Nos: 5,223,409,
5,198,346, and 5,096,815).
[0054] Alternatively, other forms of mutagenesis can be utilized to generate a combinatorial library. For example, ENG
polypeptide variants can be generated and isolated from a library by screening using, for example, alanine scanning
mutagenesis and the like (Ruf et al., (1994) Biochemistry 33:1565-1572; Wang et al., (1994) J. Biol. Chem.
269:3095-3099; Balint et al., (1993) Gene 137:109-118; Grodberg et al., (1993) Eur. J. Biochem. 218:597-601; Nagashima
et al., (1993) J. Biol. Chem. 268:2888-2892; Lowman et al., (1991) Biochemistry 30:10832-10838; and Cunningham et
al., (1989) Science 244:1081-1085), by linker scanning mutagenesis (Gustin et al., (1993) Virology 193:653-660; Brown
et al., (1992) Mol. Cell Biol. 12:2644-2652; McKnight et al., (1982) Science 232:316); by saturation mutagenesis (Meyers
et al., (1986) Science 232:613); by PCR mutagenesis (Leung et al., (1989) Method Cell Mol Biol 1:11-19); or by random
mutagenesis, including chemical mutagenesis, etc. (Miller et al., (1992) A Short Course in Bacterial Genetics, CSHL
Press, Cold Spring Harbor, NY; and Greener et al., (1994) Strategies in Mol Biol 7:32-34). Linker scanning mutagenesis,
particularly in a combinatorial setting, is an attractive method for identifying truncated (bioactive) forms of ENG polypep-
tides.
[0055] A wide range of techniques are known in the art for screening gene products of combinatorial libraries made
by point mutations and truncations, and, for that matter, for screening cDNA libraries for gene products having a certain
property. Such techniques will be generally adaptable for rapid screening of the gene libraries generated by the combi-
natorial mutagenesis of ENG polypeptides. The most widely used techniques for screening large gene libraries typically
comprises cloning the gene library into replicable expression vectors, transforming appropriate cells with the resulting
library of vectors, and expressing the combinatorial genes under conditions in which detection of a desired activity
facilitates relatively easy isolation of the vector encoding the gene whose product was detected. Preferred assays include
ENG ligand binding assays and ligand-mediated cell signaling assays.
[0056] ENG polypeptides of the disclosure may further comprise post-translational modifications in addition to any
that are naturally present in the ENG polypeptides. Such modifications include, but are not limited to, acetylation, car-
boxylation, glycosylation, phosphorylation, lipidation, pegylation (polyehthylene glycol) and acylation. As a result, the
modified ENG polypeptides may contain non-amino acid elements, such as polyethylene glycols, lipids, poly- or mono-
saccharide, and phosphates. Effects of such non-amino acid elements on the functionality of an ENG polypeptide may
be tested as described herein for other ENG polypeptide variants. When an ENG polypeptide is produced in cells by
cleaving a nascent form of the ENG polypeptide, post-translational processing may also be important for correct folding
and/or function of the protein. Different cells (such as CHO, HeLa, MDCK, 293, WI38, NIH-3T3 or HEK293) have specific
cellular machinery and characteristic mechanisms for such post-translational activities and may be chosen to ensure
the correct modification and processing of the ENG polypeptides.
[0057] Functional variants or modified forms of the ENG polypeptides include fusion proteins having at least a portion
of the ENG polypeptides and one or more fusion domains. Well known examples of such fusion domains include, but
are not limited to, polyhistidine, Glu-Glu, glutathione S transferase (GST), thioredoxin, protein A, protein G, an immu-
noglobulin heavy chain constant region (Fc), maltose binding protein (MBP), or human serum albumin. A fusion domain
may be selected so as to confer a desired property. For example, some fusion domains are particularly useful for isolation
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of the fusion proteins by affinity chromatography. For the purpose of affinity purification, relevant matrices for affinity
chromatography, such as glutathione-, amylase-, and nickel- or cobalt- conjugated resins are used. Many of such matrices
are available in "kit" form, such as the Pharmacia GST purification system and the QIAexpress™ system (Qiagen) useful
with (HIS6) fusion partners. As another example, a fusion domain may be selected so as to facilitate detection of the
ENG polypeptides. Examples of such detection domains include the various fluorescent proteins (e.g., GFP) as well as
"epitope tags," which are usually short peptide sequences for which a specific antibody is available. Well known epitope
tags for which specific monoclonal antibodies are readily available include FLAG, influenza virus hemagglutinin (HA),
and c-myc tags. In some cases, the fusion domains have a protease cleavage site, such as for Factor Xa or Thrombin,
which allows the relevant protease to partially digest the fusion proteins and thereby liberate the recombinant proteins
therefrom. The liberated proteins can then be isolated from the fusion domain by subsequent chromatographic separation.
In certain preferred embodiments, an ENG polypeptide is fused with a domain that stabilizes the ENG polypeptide in
vivo (a "stabilizer" domain). By "stabilizing" is meant anything that increases serum half-life, regardless of whether this
is because of decreased destruction, decreased clearance by the kidney, or other pharmacokinetic effect. Fusions with
the Fc portion of an immunoglobulin are known to confer desirable pharmacokinetic properties on a wide range of
proteins. Likewise, fusions to human serum albumin can confer desirable properties. Other types of fusion domains that
may be selected include multimerizing (e.g., dimerizing, tetramerizing) domains and functional domains.
[0058] As specific examples, the present disclosure describes fusion proteins comprising variants of ENG polypeptides
fused to one of two Fc domain sequences (e.g., SEQ ID NOs: 11, 12). Optionally, the Fc domain has one or more
mutations at residues such as Asp-265, Lys-322, and Asn-434 (numbered in accordance with the corresponding full-
length IgG). In certain cases, the mutant Fc domain having one or more of these mutations (e.g., Asp-265 mutation) has
reduced ability of binding to the Fcγ receptor relative to a wildtype Fc domain. In other cases, the mutant Fc domain
having one or more of these mutations (e.g., Asn-434 mutation) has increased ability of binding to the MHC class I-
related Fc-receptor (FcRN) relative to a wildtype Fc domain.
[0059] It is understood that different elements of the fusion proteins may be arranged in any manner that is consistent
with the desired functionality. For example, an ENG polypeptide may be placed C-terminal to a heterologous domain,
or, alternatively, a heterologous domain may be placed C-terminal to an ENG polypeptide. The ENG polypeptide domain
and the heterologous domain need not be adjacent in a fusion protein, and additional domains or amino acid sequences
may be included C- or N-terminal to either domain or between the domains.
[0060] As used herein, the term "immunoglobulin Fc domain" or simply "Fc" is understood to mean the carboxyl-
terminal portion of an immunoglobulin chain constant region, preferably an immunoglobulin heavy chain constant region,
or a portion thereof. For example, an immunoglobulin Fc region may comprise 1) a CH1 domain, a CH2 domain, and a
CH3 domain, 2) a CH1 domain and a CH2 domain, 3) a CH1 domain and a CH3 domain, 4) a CH2 domain and a CH3
domain, or 5) a combination of two or more domains and an immunoglobulin hinge region. In a preferred embodiment
the immunoglobulin Fc region comprises at least an immunoglobulin hinge region a CH2 domain and a CH3 domain,
and preferably lacks the CH1 domain.
[0061] In one case, the class of immunoglobulin from which the heavy chain constant region is derived is IgG (Igγ) (γ
subclasses 1, 2, 3, or 4). Other classes of immunoglobulin, IgA (Igα), IgD (Igδ), IgE (Igε) and IgM (Igm), may be used.
The choice of appropriate immunoglobulin heavy chain constant region is discussed in detail in U.S. Pat. Nos. 5,541,087,
and 5,726,044. The choice of particular immunoglobulin heavy chain constant region sequences from certain immu-
noglobulin classes and subclasses to achieve a particular result is considered to be within the level of skill in the art.
The portion of the DNA construct encoding the immunoglobulin Fc region preferably comprises at least a portion of a
hinge domain, and preferably at least a portion of a CH3 domain of Fc gamma or the homologous domains in any of
IgA, IgD, IgE, or IgM.
[0062] Furthermore, it is contemplated that substitution or deletion of amino acids within the immunoglobulin heavy
chain constant regions may be useful in the practice of the methods and compositions disclosed herein. One example
would be to introduce amino acid substitutions in the upper CH2 region to create an Fc variant with reduced affinity for
Fc receptors (Cole et al. (1997) J. Immunol. 159:3613).
[0063] The present disclosure makes available isolated and/or purified forms of the ENG polypeptides, which are
isolated from, or otherwise substantially free of (e.g., at least 80%, 90%, 95%, 96%, 97%, 98%, or 99% free of), other
proteins and/or other ENG polypeptide species. ENG polypeptides will generally be produced by expression from re-
combinant nucleic acids.
[0064] The disclosure includes nucleic acids encoding soluble ENG polypeptides comprising the coding sequence for
an extracellular portion of an ENG protein. In further embodiments, this disclosure also pertains to a host cell comprising
such nucleic acids. The host cell may be any prokaryotic or eukaryotic cell. For example, a polypeptide of the present
disclosure may be expressed in bacterial cells such as E. coli, insect cells (e.g., using a baculovirus expression system),
yeast, or mammalian cells. Other suitable host cells are known to those skilled in the art. Accordingly, some embodiments
of the present disclosure further pertain to methods of producing the ENG polypeptides. It has been established that
ENG-Fc fusion proteins set forth in SEQ ID NOs: 25 and 29 and expressed in CHO cells have potent anti-angiogenic
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activity.

5. Nucleic Acids Encoding ENG Polypeptides

[0065] In certain aspects, the disclosure describes isolated and/or recombinant nucleic acids encoding any of the ENG
polypeptides, including fragments, functional variants and fusion proteins disclosed herein. For example, SEQ ID NOs:
2 and 4 encode long and short isoforms, respectively, of the native human ENG precursor polypeptide, whereas SEQ
ID NO: 30 encodes one variant of ENG extracellular domain fused to an IgG1 Fc domain. The subject nucleic acids may
be single-stranded or double stranded. Such nucleic acids may be DNA or RNA molecules. These nucleic acids may
be used, for example, in methods for making ENG polypeptides or as direct therapeutic agents (e.g., in an antisense,
RNAi or gene therapy approach).
[0066] In certain aspects, the subject nucleic acids encoding ENG polypeptides are further understood to include
nucleic acids that are variants of SEQ ID NOs: 24, 26, 28, or 30. Variant nucleotide sequences include sequences that
differ by one or more nucleotide substitutions, additions or deletions, such as allelic variants.
[0067] The disclosure provides isolated or recombinant nucleic acid sequences that are at least 80%, 85%, 90%, 95%,
96%, 97%, 98%, 99% or 100% identical to SEQ ID NOs: 24, 26, 28, or 30. One of ordinary skill in the art will appreciate
that nucleic acid sequences complementary to SEQ ID NOs: 24, 26, 28, or 30, and variants of SEQ ID NOs: 24, 26, 28,
or 30 are also within the scope of this disclosure. In further embodiments, the nucleic acid sequences of the disclosure
can be isolated, recombinant, and/or fused with a heterologous nucleotide sequence, or in a DNA library.
[0068] Nucleic acids of the disclosure also include nucleotide sequences that hybridize under highly stringent conditions
to the nucleotide sequences designated in SEQ ID NOs: 24, 26, 28, or 30, complement sequences of SEQ ID NOs: 24,
26, 28, or 30, or fragments thereof. As discussed above, one of ordinary skill in the art will understand readily that
appropriate stringency conditions which promote DNA hybridization can be varied. For example, one could perform the
hybridization at 6.0 x sodium chloride/sodium citrate (SSC) at about 45°C, followed by a wash of 2.0 x SSC at 50°C.
For example, the salt concentration in the wash step can be selected from a low stringency of about 2.0 x SSC at 50°C
to a high stringency of about 0.2 x SSC at 50°C. In addition, the temperature in the wash step can be increased from
low stringency conditions at room temperature, about 22°C, to high stringency conditions at about 65°C. Both temperature
and salt may be varied, or temperature or salt concentration may be held constant while the other variable is changed.
In one embodiment, the disclosure provides nucleic acids which hybridize under low stringency conditions of 6 x SSC
at room temperature followed by a wash at 2 x SSC at room temperature.
[0069] Isolated nucleic acids which differ from the nucleic acids as set forth in SEQ ID NOs: 24, 26, 28, or 30 due to
degeneracy in the genetic code are also within the scope of the disclosure. For example, a number of amino acids are
designated by more than one triplet. Codons that specify the same amino acid, or synonyms (for example, CAU and
CAC are synonyms for histidine) may result in "silent" mutations which do not affect the amino acid sequence of the
protein. However, it is expected that DNA sequence polymorphisms that do lead to changes in the amino acid sequences
of the subject proteins will exist among mammalian cells. One skilled in the art will appreciate that these variations in
one or more nucleotides (up to about 3-5% of the nucleotides) of the nucleic acids encoding a particular protein may
exist among individuals of a given species due to natural allelic variation. Any and all such nucleotide variations and
resulting amino acid polymorphisms are within the scope of this disclosure.
[0070] The recombinant nucleic acids of the disclosure may be operably linked to one or more regulatory nucleotide
sequences in an expression construct. Regulatory nucleotide sequences will generally be appropriate to the host cell
used for expression. Numerous types of appropriate expression vectors and suitable regulatory sequences are known
in the art for a variety of host cells. Typically, said one or more regulatory nucleotide sequences may include, but are
not limited to, promoter sequences, leader or signal sequences, ribosomal binding sites, transcriptional start and termi-
nation sequences, translational start and termination sequences, and enhancer or activator sequences. Constitutive or
inducible promoters as known in the art are contemplated by the disclosure. The promoters may be either naturally
occurring promoters, or hybrid promoters that combine elements of more than one promoter. An expression construct
may be present in a cell on an episome, such as a plasmid, or the expression construct may be inserted in a chromosome.
In a preferred embodiment, the expression vector contains a selectable marker gene to allow the selection of transformed
host cells. Selectable marker genes are well known in the art and will vary with the host cell used.
[0071] In certain aspects disclosed herein, the subject nucleic acid is provided in an expression vector comprising a
nucleotide sequence encoding an ENG polypeptide and operably linked to at least one regulatory sequence. Regulatory
sequences are art-recognized and are selected to direct expression of the ENG polypeptide. Accordingly, the term
regulatory sequence includes promoters, enhancers, and other expression control elements. Exemplary regulatory
sequences are described in Goeddel; Gene Expression Technology: Methods in Enzymology, Academic Press, San
Diego, CA (1990). For instance, any of a wide variety of expression control sequences that control the expression of a
DNA sequence when operatively linked to it may be used in these vectors to express DNA sequences encoding an ENG
polypeptide. Such useful expression control sequences, include, for example, the early and late promoters of SV40, tet
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promoter, adenovirus or cytomegalovirus immediate early promoter, RSV promoters, the lac system, the trp system, the
TAC or TRC system, T7 promoter whose expression is directed by T7 RNA polymerase, the major operator and promoter
regions of phage lambda, the control regions for fd coat protein, the promoter for 3-phosphoglycerate kinase or other
glycolytic enzymes, the promoters of acid phosphatase, e.g., Pho5, the promoters of the yeast α-mating factors, the
polyhedron promoter of the baculovirus system and other sequences known to control the expression of genes of
prokaryotic or eukaryotic cells or their viruses, and various combinations thereof. It should be understood that the design
of the expression vector may depend on such factors as the choice of the host cell to be transformed and/or the type of
protein desired to be expressed. Moreover, the vector’s copy number, the ability to control that copy number and the
expression of any other protein encoded by the vector, such as antibiotic markers, should also be considered.
[0072] A recombinant nucleic acid included in the disclosure can be produced by ligating the cloned gene, or a portion
thereof, into a vector suitable for expression in either prokaryotic cells, eukaryotic cells (yeast, avian, insect or mamma-
lian), or both. Expression vehicles for production of a recombinant ENG polypeptide include plasmids and other vectors.
For instance, suitable vectors include plasmids of the types: pBR322-derived plasmids, pEMBL-derived plasmids, pEX-
derived plasmids, pBTac-derived plasmids and pUC-derived plasmids for expression in prokaryotic cells, such as E. coli.
[0073] Some mammalian expression vectors contain both prokaryotic sequences to facilitate the propagation of the
vector in bacteria, and one or more eukaryotic transcription units that are expressed in eukaryotic cells. The pcDNAI/amp,
pcDNAI/neo, pRc/CMV, pSV2gpt, pSV2neo, pSV2-dhfr, pTk2, pRSVneo, pMSG, pSVT7, pko-neo and pHyg derived
vectors are examples of mammalian expression vectors suitable for transfection of eukaryotic cells. Some of these
vectors are modified with sequences from bacterial plasmids, such as pBR322, to facilitate replication and drug resistance
selection in both prokaryotic and eukaryotic cells. Alternatively, derivatives of viruses such as the bovine papilloma virus
(BPV-1), or Epstein-Barr virus (pHEBo, pREP-derived and p205) can be used for transient expression of proteins in
eukaryotic cells. Examples of other viral (including retroviral) expression systems can be found below in the description
of gene therapy delivery systems. The various methods employed in the preparation of the plasmids and in transformation
of host organisms are well known in the art. For other suitable expression systems for both prokaryotic and eukaryotic
cells, as well as general recombinant procedures, see Molecular Cloning A Laboratory Manual, 3rd Ed., ed. by Sambrook,
Fritsch and Maniatis (Cold Spring Harbor Laboratory Press, 2001). In some instances, it may be desirable to express
the recombinant polypeptides by the use of a baculovirus expression system. Examples of such baculovirus expression
systems include pVL-derived vectors (such as pVL1392, pVL1393 and pVL941), pAcUW-derived vectors (such as
pAcUW1), and pBlueBac-derived vectors (such as the β-gal containing pBlueBac III).
[0074] A vector may be designed for production of the subject ENG polypeptides in CHO cells, such as a Pcmv-Script
vector (Stratagene, La Jolla, Calif.), pcDNA4 vectors (Invitrogen, Carlsbad, Calif.) and pCI-neo vectors (Promega, Mad-
ison, Wisc.). As will be apparent, the subject gene constructs can be used to cause expression of the subject ENG
polypeptides in cells propagated in culture, e.g., to produce proteins, including fusion proteins or variant proteins, for
purification.
[0075] This disclosure also pertains to a host cell transfected with a recombinant gene including a coding sequence
(e.g., SEQ ID NOs: 24, 26, 28, or 30) for one or more of the subject ENG polypeptides. The host cell may be any
prokaryotic or eukaryotic cell. For example, an ENG polypeptide disclosed herein may be expressed in bacterial cells
such as E. coli, insect cells (e.g., using a baculovirus expression system), yeast, or mammalian cells. Other suitable
host cells are known to those skilled in the art.
[0076] Accordingly, the present disclosure further pertains to methods of producing the subject ENG polypeptides.
For example, a host cell transfected with an expression vector encoding an ENG polypeptide can be cultured under
appropriate conditions to allow expression of the ENG polypeptide to occur. The ENG polypeptide may be secreted and
isolated from a mixture of cells and medium containing the ENG polypeptide. Alternatively, the ENG polypeptide may
be retained cytoplasmically or in a membrane fraction and the cells harvested, lysed and the protein isolated. A cell
culture includes host cells, media and other byproducts. Suitable media for cell culture are well known in the art. The
subject ENG polypeptides can be isolated from cell culture medium, host cells, or both, using techniques known in the
art for purifying proteins, including ion-exchange chromatography, gel filtration chromatography, ultrafiltration, electro-
phoresis, immunoaffinity purification with antibodies specific for particular epitopes of the ENG polypeptides and affinity
purification with an agent that binds to a domain fused to the ENG polypeptide (e.g., a protein A column may be used
to purify an ENG-Fc fusion). In a preferred embodiment, the ENG polypeptide is a fusion protein containing a domain
which facilitates its purification. As an example, purification may be achieved by a series of column chromatography
steps, including, for example, three or more of the following, in any order: protein A chromatography, Q sepharose
chromatography, phenylsepharose chromatography, size exclusion chromatography, and cation exchange chromatog-
raphy. The purification could be completed with viral filtration and buffer exchange.
[0077] A fusion gene coding for a purification leader sequence, such as a poly-(His)/enterokinase cleavage site se-
quence at the N-terminus of the desired portion of the recombinant ENG polypeptide, can allow purification of the
expressed fusion protein by affinity chromatography using a Ni2+ metal resin. The purification leader sequence can then
be subsequently removed by treatment with enterokinase to provide the purified ENG polypeptide (e.g., see Hochuli et
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al., (1987) J. Chromatography 411:177; and Janknecht et al., PNAS USA 88:8972).
[0078] Techniques for making fusion genes are well known. Essentially, the joining of various DNA fragments coding
for different polypeptide sequences is performed in accordance with conventional techniques, employing blunt-ended
or stagger-ended termini for ligation, restriction enzyme digestion to provide for appropriate termini, filling-in of cohesive
ends as appropriate, alkaline phosphatase treatment to avoid undesirable joining, and enzymatic ligation. In another
embodiment, the fusion gene can be synthesized by conventional techniques including automated DNA synthesizers.
Alternatively, PCR amplification of gene fragments can be carried out using anchor primers which give rise to comple-
mentary overhangs between two consecutive gene fragments which can subsequently be annealed to generate a chimeric
gene sequence (see, for example, Current Protocols in Molecular Biology, eds. Ausubel et al., John Wiley & Sons: 1992).
[0079] Examples of categories of nucleic acid compounds that are antagonists of ENG, BMP-9, or BMP-10 include
antisense nucleic acids, RNAi constructs and catalytic nucleic acid constructs. A nucleic acid compound may be single
or double stranded. A double stranded compound may also include regions of overhang or non-complementarity, where
one or the other of the strands is single stranded. A single stranded compound may include regions of self-complemen-
tarity, meaning that the compound forms a so-called "hairpin" or "stem-loop" structure, with a region of double helical
structure. A nucleic acid compound may comprise a nucleotide sequence that is complementary to a region consisting
of no more than 1000, no more than 500, no more than 250, no more than 100 or no more than 50, 35, 30, 25, 22, 20
or 18 nucleotides of the full-length ENG nucleic acid sequence or ligand nucleic acid sequence. The region of comple-
mentarity will preferably be at least 8 nucleotides, and optionally at least 10 or at least 15 nucleotides, and optionally
between 15 and 25 nucleotides. A region of complementarity may fall within an intron, a coding sequence, or a noncoding
sequence of the target transcript, such as the coding sequence portion. Generally, a nucleic acid compound will have
a length of about 8 to about 500 nucleotides or base pairs in length, and optionally the length will be about 14 to about
50 nucleotides. A nucleic acid may be a DNA (particularly for use as an antisense), RNA, or RNA:DNA hybrid. Any one
strand may include a mixture of DNA and RNA, as well as modified forms that cannot readily be classified as either DNA
or RNA. Likewise, a double stranded compound may be DNA:DNA, DNA:RNA or RNA:RNA, and any one strand may
also include a mixture of DNA and RNA, as well as modified forms that cannot readily be classified as either DNA or
RNA. A nucleic acid compound may include any of a variety of modifications, including one or modifications to the
backbone (the sugar-phosphate portion in a natural nucleic acid, including internucleotide linkages) or the base portion
(the purine or pyrimidine portion of a natural nucleic acid). An antisense nucleic acid compound will preferably have a
length of about 15 to about 30 nucleotides and will often contain one or more modifications to improve characteristics
such as stability in the serum, in a cell or in a place where the compound is likely to be delivered, such as the stomach
in the case of orally delivered compounds and the lung for inhaled compounds. In the case of an RNAi construct, the
strand complementary to the target transcript will generally be RNA or modifications thereof. The other strand may be
RNA, DNA, or any other variation. The duplex portion of double stranded or single stranded "hairpin" RNAi construct
will preferably have a length of 18 to 40 nucleotides in length and optionally about 21 to 23 nucleotides in length, so long
as it serves as a Dicer substrate. Catalytic or enzymatic nucleic acids may be ribozymes or DNA enzymes and may also
contain modified forms. Nucleic acid compounds may inhibit expression of the target by about 50%, 75%, 90%, or more
when contacted with cells under physiological conditions and at a concentration where a nonsense or sense control has
little or no effect. Preferred concentrations for testing the effect of nucleic acid compounds are 1, 5 and 10 micromolar.
Nucleic acid compounds may also be tested for effects on, for example, angiogenesis.

6. Technical reference material relating to alterations in Fc-fusion proteins

[0080] ENG-Fc fusion proteins with engineered or variant Fc regions are described herein. Such antibodies and Fc
fusion proteins may be useful, for example, in modulating effector functions, such as, antigen-dependent cytotoxicity
(ADCC) and complement-dependent cytotoxicity (CDC). Additionally, the modifications may improve the stability of the
antibodies and Fc fusion proteins. Amino acid sequence variants of the antibodies and Fc fusion proteins are prepared
by introducing appropriate nucleotide changes into the DNA, or by peptide synthesis. Such variants include, for example,
deletions from, and/or insertions into and/or substitutions of, residues within the amino acid sequences of the antibodies
and Fc fusion proteins disclosed herein. Any combination of deletion, insertion, and substitution is made to arrive at the
final construct, provided that the final construct possesses the desired characteristics. The amino acid changes also
may alter post-translational processes of the antibodies and Fc fusion proteins, such as changing the number or position
of glycosylation sites.
[0081] Antibodies and Fc fusion proteins with reduced effector function may be produced by introducing changes in
the amino acid sequence, including, but are not limited to, the Ala-Ala mutation described by Bluestone et al. (see WO
94/28027 and WO 98/47531; also see Xu et al. 2000 Cell Immunol 200; 16-26). Thus in certain embodiments, antibodies
and Fc fusion proteins of the disclosure with mutations within the constant region including the Ala-Ala mutation may
be used to reduce or abolish effector function. According to these embodiments, antibodies and Fc fusion proteins may
comprise a mutation to an alanine at position 234 or a mutation to an alanine at position 235, or a combination thereof.
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In one embodiment, the antibody or Fc fusion protein comprises an IgG4 framework, wherein the Ala-Ala mutation would
describe a mutation(s) from phenylalanine to alanine at position 234 and/or a mutation from leucine to alanine at position
235. In another embodiment, the antibody or Fc fusion protein comprises an IgG1 framework, wherein the Ala-Ala
mutation would describe a mutation(s) from leucine to alanine at position 234 and/or a mutation from leucine to alanine
at position 235. The antibody or Fc fusion protein may alternatively or additionally carry other mutations, including the
point mutation K322A in the CH2 domain (Hezareh et al. 2001 J Virol. 75: 12161-8).
[0082] The antibody or Fc fusion protein may be modified to either enhance or inhibit complement dependent cytotoxicity
(CDC). Modulated CDC activity may be achieved by introducing one or more amino acid substitutions, insertions, or
deletions in an Fc region (see, e.g., U.S. Pat. No. 6,194,551). Alternatively or additionally, cysteine residue(s) may be
introduced in the Fc region, thereby allowing interchain disulfide bond formation in this region. The homodimeric antibody
thus generated may have improved or reduced internalization capability and/or increased or decreased complement-
mediated cell killing. See Caron et al., J. Exp Med. 176:1191-1195 (1992) and Shopes, B. J. Immunol. 148:2918-2922
(1992), WO99/51642, Duncan & Winter Nature 322: 738-40 (1988); U.S. Pat. No. 5,648,260; U.S. Pat. No. 5,624,821;
and WO94/29351.

EXAMPLES

[0083] The invention now being generally described, it will be more readily understood by reference to the following
examples, which are included merely for purposes of illustration of certain embodiments and embodiments of the present
invention, and are not intended to limit the invention.

Example 1: Expression of fusion protein comprising full-length extracellular domain of human ENG

[0084] Applicants constructed a soluble endoglin (ENG) fusion protein (hENG(26-586)-hFc) in which the full-length
extracellular domain (ECD) of human ENG (Figure 9, SEQ ID NO: 9) was attached to a human IgG1 Fc domain (Figure
11, SEQ ID NO: 11) with a minimal linker between these domains. hENG(26-586)-hFc was expressed by transient
transfection in HEK 293 cells. In brief, HEK 293 cells were set up in a 500-ml spinner at 6x105 cells/ml in a 250 ml volume
of Freestyle media (Invitrogen) and grown overnight. Next day, these cells were treated with DNA:PEI (1:1) complex at
0.5 ug/ml final DNA concentration. After 4 hrs, 250 ml media was added and cells were grown for 7 days. Conditioned
media was harvested by spinning down the cells and concentrated. For expression in CHO cells, ENG polypeptide
constructs were transfected into a CHO DUKX B11 cell line. Clones were selected in methotrexate (MTX), typically at
an initial concentration of 5 nM or 10 nM, and optionally followed by amplification in 50nM MTX to increase expression.
A high expressing clone could be identified by dilution cloning and adapted to serum-free suspension growth to generate
conditioned media for purification. Optionally, a ubiquitous chromatin opening element (UCOE) may be included in the
vector to facilitate expression. See, e.g., Cytotechnology. 2002 Jan;38(1-3):43-6.
[0085] Three different leader sequences may be used:

(i) Honey bee mellitin (HBML): MKFLVNVALVFMVVYISYIYA (SEQ ID NO: 13)

(ii) Tissue plasminogen activator (TPA): MDAMKRGLCCVLLLCGAVFVSP (SEQ ID NO: 14)

(iii) Native human ENG: MDRGTLPLAVALLLASCSLSPTSLA (SEQ ID NO: 15)

[0086] The selected form of hENG(26-586)-hFc uses the TPA leader, has the unprocessed amino acid sequence
shown in Figure 13 (SEQ ID NO: 16), and is encoded by the nucleotide sequence shown in Figure 14 (SEQ ID NO:
17). Applicants also envision an alternative hENG(26-586)-hFc sequence with TPA leader (Figure 15, SEQ ID NO: 18)
comprising an N-terminally truncated hFc domain (Figure 12, SEQ ID NO: 12) attached to hENG(26-586) by a TGGG
linker. Purification was achieved using a variety of techniques, including, for example, filtration of conditioned media,
followed by protein A chromatography, elution with low-pH (3.0) glycine buffer, sample neutralization, and dialysis against
PBS. Purity of samples was evaluated by analytical size-exclusion chromatography, SDS-PAGE, silver staining, and
Western blot. Analysis of mature protein confirmed the expected N-terminal sequence.

Example 2: Expression of fusion protein comprising full-length extracellular domain of murine ENG

[0087] Applicants constructed a soluble murine ENG fusion protein (mENG(27-581)-mFc) in which the full-length
extracellular domain of murine ENG (Figure 10, SEQ ID NO: 10) was fused to a murine IgG2a Fc domain with a minimal
linkers between these domains. mENG(27-581)-mFc was expressed by transient transfection in HEK 293 cells.
[0088] The selected form of mENG(27-581)-mFc uses the TPA leader, has the unprocessed amino acid sequence
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shown in Figure 16 (SEQ ID NO: 19), and is encoded by the nucleotide sequence shown in Figure 17 (SEQ ID NO: 20).
Purification was achieved by filtration of conditioned media from transfected HEK 293 cells, followed by protein A chro-
matography. Purity of samples was evaluated by analytical size-exclusion chromatography, SDS-PAGE, silver staining,
and Western blot analysis.

Example 3: Selective binding of BMP-9 / BMP-10 to proteins comprising full-length extracellular ENG domain

[0089] Considered a co-receptor, ENG is widely thought to function by facilitating the binding of TGF-β1 and -3 to
multiprotein complexes of type I and type II receptors. To investigate the possibility of direct ligand binding by isolated
ENG, Applicants used surface plasmon resonance (SPR) methodology (Biacore™ instrument) to screen for binding of
captured proteins comprising the full-length extracellular domain of ENG to a variety of soluble human TGF-β family
ligands.

[0090] As shown in this table, binding affinity to hENG(26-586)-hFc was high (++++, KD < 1 nM) for hBMP-9 and
hBMP-10 as evaluated at low ligand concentrations. Even at concentrations 40-fold higher, binding of TGF-β1, TGF-
β2, TGF-β3, activin A, BMP-2, and BMP-7 to hENG(26-586)-hFc was undetectable (-). For this latter group of ligands,
lack of direct binding to isolated ENG fusion protein is noteworthy because multiprotein complexes of type I and type II
receptors have been shown to bind most of them better in the presence of ENG than in its absence. As also shown in
the table above, similar results were obtained when ligands were screened for their ability to bind immobilized
hENG(26-586) (R&D Systems, catalog #1097-EN), a human variant with no Fc domain, or their ability to bind captured
mENG(27-581)-hFc (R&D Systems, catalog #1320-EN), consisting of the extracellular domain of murine ENG (residues
27-581) attached to the Fc domain of human IgG1 via a six-residue linker sequence (IEGRMD). Characterization by
SPR (Figures 18, 19) determined that captured hENG(26-586)-hFc binds soluble BMP-9 with a KD of 29 pM and soluble
BMP-10 with a KD of 400 pM. Thus, selective high-affinity binding of BMP-9 and BMP-10 is a previously unrecognized
property of the ENG extracellular domain that is generalizable across species.

Example 4: Soluble extracellular domain of hENG inhibits binding of BMP-9 / BMP-10 to ALK1 and other cognate 
receptors

[0091] BMP-9 and BMP-10 are high-affinity ligands at the type I receptor ALK1 (activin receptor-like kinase 1). An
SPR-based assay was used to determine the effect of soluble hENG(26-586) (R&D Systems, catalog #1097-EN) on
binding of BMP-9 and BMP-10 to ALK1. ALK1-hFc was captured and then exposed to solutions containing soluble
hENG(26-586) premixed with BMP-9 in various ratios. As shown in Figure 20, soluble hENG(26-586) inhibited binding
of BMP-9 to ALK1-Fc in a concentration-dependent manner with an IC50 less than 10 nM. Similar results were obtained
with BMP-10 (Figure 21). Separate experiments have demonstrated that soluble hENG(26-586) does not bind ALK1
and therefore does not inhibit ligand binding to ALK1 by this mechanism. Indeed, additional SPR-based experiments
indicate that soluble hENG(26-586) binds neither type I receptors ALK2-ALK7 nor type II receptors such as activin
receptor IIA, activin receptor IIB, bone morphogenetic protein receptor II, and TGF-β receptor II. These results provide
further evidence that ENG inhibits binding of BMP-9 and BMP-10 to ALK1 primarily through a direct interaction with
these ligands.
[0092] Taken together, these data demonstrate that soluble ENG-Fc chimeric proteins as well as non-chimeric soluble

Ligand Construct Binding
hENG(26-586)-hFc* hENG(26-586)** mENG(27-581)-hFc***

hBMP-2 - - -
hBMP-2/7 - - -
hBMP-7 - - -
hBMP-9 ++++ ++++ ++++
hBMP-10 ++++ ++++ ++++
hTGF-β1 - - -
hTGF-β2 - - -
hTGF-β3 - - -
hActivin A - - -
* [hBMP-9], [hBMP-10] = 2.5 nM; all other ligands tested at 100 nM
** [hBMP-9], [hBMP-10] = 2.5 nM; all other ligands tested at 25 nM
*** [hBMP-9], [hBMP-10] = 0.5 nM; [hTGF-β1], [hTGF-β2], [hTGF-β3] = 10 nM; all other ligands tested at 25 nM
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ENG can be used as antagonists of BMP-9 and BMP-10 signaling through multiple signaling pathways, including ALK1.

Example 5: Effect of mENG(27-581)-hFc on human umbilical vein endothelial cells (HUVEC) in culture

[0093] Applicants investigated the angiogenic effect of mENG(27-581)-hFc in a HUVEC-based culture system. HU-
VECs were cultured on a polymerized Matrigel substrate, and the effect of test articles on formation of endothelial-cell
tubes (cords) was assessed by phase-contrast microscopy after 12 h exposure. Cords possessing single-cell width and
at least three branches were identified visually, and computer-assisted image analysis was used to determine the total
length of such cords. Mean values are based on duplicate culture wells per experimental condition, with each well
characterized as the average of three fields of observation. Compared to basal conditions (no treatment), the strong
inducing agent endothelial cell growth substance (ECGS, 0.2 mg/ml) doubled mean cord length (Figure 22).
mENG(27-581)-hFc (R&D Systems, catalog #1320-EN; 10 mg/ml) cut this increase by nearly 60%, an effect specific for
stimulated conditions because the same concentration of mENG(27-581)-hFc had little effect in the absence of ECGS
(Figure 22). These results demonstrate that ENG-Fc fusion protein can inhibit endothelial cell aggregation under oth-
erwise stimulated conditions in a cell-culture model of angiogenesis.

Example 6: ENG-Fc inhibits VEGF-inducible angiogenesis in a chick chorioallantoic membrane (CAM) assay

[0094] A chick chorioallantoic membrane (CAM) assay system was used to investigate effects of ENG-Fc fusion protein
on angiogenesis. In brief, nine-day-old fertilized chick embryos were maintained in an egg incubator at controlled tem-
perature (37°C) and humidity (60%). The egg shell was softened with alcohol, punctured with a tiny hole to create a
"blister" between the shell membrane and CAM, and removed to create a window overlying prominent blood vessels.
Small filter disks were treated with VEGF (50 ng daily) in the presence or absence of mENG(27-581)-hFc protein (R&D
Systems, catalog #1320-EN; 14 mg daily) dissolved in buffer (pH 7.4) containing 0.01 M HEPES, 0.5 M NaCl, 3 mM
EDTA, 0.005% v/v Surfactant P20, and 0.5 mg/ml bovine serum albumin. Filter disks containing test article were then
inserted through the opening and apposed to the CAM. Eggs (n = 8 per group) were treated with fresh test article daily
for three days, and on the fourth day the number of blood vessels associated with the filter disk was determined by visual
inspection with the assistance of an egg lamp.
[0095] As expected, VEGF treatment in the CAM assay system increased the number of blood vessels markedly over
that of vehicle. The number of additional blood vessels induced by VEGF treatment was decreased by 65% with concurrent
mENG(27-581)-hFc treatment (Figure 23). SPR-based studies indicate that VEGF does not bind mENG(27-581)-mFc,
and thus effects of mENG(27-581)-hFc on angiogenesis in the present CAM experiment were not due to a direct interaction
between the fusion protein and VEGF. The foregoing results indicate that ENG-Fc can significantly inhibit the well-
established angiogenic effect of VEGF in an in vivo model without contacting VEGF itself.

Example 7: Effect of mENG(27-581)-mFc on angiogenesis in a mouse angioreactor assay

[0096] Effects of ENG-Fc fusion protein on angiogenesis were further investigated in a mouse angioreactor assay,
also known as a directed in vivo angiogenesis assay (DIVAA™; Guedez et al., 2003, Am J Pathol 162:1431-1439),
which was performed according to instructions of the manufacturer (Trevigen®). In brief, hollow cylinders made of
implant-grade silicone and closed at one end were filled with 20 ml of basement membrane extract (BME) premixed with
or without a combination of basic fibroblast growth factor (FGF-2, 1.8 g) and VEGF (600 ng). After the BME had gelled,
angioreactors were implanted subcutaneously in athymic nude mice (four per mouse). Mice were treated daily with
mENG(27-581)-mFc (10 mg/kg, s.c.) or vehicle (Tris-buffered saline) for 11 days, at which time mice were injected with
fluorescein isothiocyanate (FITC)-labeled dextran (20 mg/kg, i.v.) and euthanized 20 min later. Angioreactors were
removed, and the amount of FITC-dextran contained in each was quantified with a fluorescence plate reader (Infinite®
M200, Tecan) at 485 nm excitation / 520 nm emission as an index of blood vessel formation. As shown in Figure 24,
addition of FGF-2 and VEGF to the BME led to a significant increase in vascularization within the angioreactors at study
completion, whereas the concurrent administration of mENG(27-581)-mFc prevented this increase completely. These
results obtained in a mammalian system complement those obtained with the CAM assay described above and dem-
onstrate the in vivo anti-angiogenic activity of ENG-Fc fusion proteins incorporating a full-length ENG extracellular domain.

Example 8: Expression of variants with truncated hENG extracellular domain

[0097] Applicants generated soluble ENG fusion proteins in which truncated variants of the human ENG ECD were
fused to a human IgG1 Fc domain with a minimal linker. These variants are listed below, and the structures of selected
variants are shown schematically in Figure 25.
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[0098] These variants were expressed by transient transfection in HEK 293 cells or COS cells, as indicated.
[0099] The selected form of hENG(26-437)-hFc uses the TPA leader, has the unprocessed amino acid sequence
shown in Figure 26 (SEQ ID NO: 21), and is encoded by the nucleotide sequence shown in Figure 27 (SEQ ID NO:
22). The selected form of hENG(26-378)-hFc also uses the TPA leader, has the unprocessed amino acid sequence
shown in Figure 28 (SEQ ID NO: 23), and is encoded by the nucleotide sequence shown in Figure 29 (SEQ ID NO:
24). The selected form of hENG(26-359)-hFc also uses the TPA leader, has the unprocessed amino acid sequence
shown in Figure 30 (SEQ ID NO: 25), and is encoded by the nucleotide sequence shown in Figure 31 (SEQ ID NO:
26). Applicants also envision an alternative hENG(26-359)-hFc sequence with TPA leader (Figure 32, SEQ ID NO: 27)
comprising an N-terminally truncated hFc domain (Figure 12, SEQ ID NO: 12) attached to hENG(26-359) by a TGGG
linker. The nucleotide sequence encoding this alternative hENG(26-359)-hFc protein is shown in Figure 33 (SEQ ID
NO: 28). The selected form of hENG(26-346)-hFc uses the TPA leader, has the unprocessed amino acid sequence
shown in Figure 34 (SEQ ID NO: 29) comprising an N-terminally truncated hFc domain, and is encoded by the nucleotide
sequence shown in Figure 35 (SEQ ID NO: 30).
[0100] Selected hENG-hFc variants, each with an N-terminally truncated Fc domain (SEQ ID NO: 12), were stably
expressed in CHO cells (using methodology described above) and purified from conditioned media by filtration and
protein A chromatography. Analysis of mature protein expressed in CHO cells confirmed the N-terminal sequences of
hENG(26-359)-hFc and hENG(26-346)-hFc to be as expected. On the basis of protein yield (uncorrected for differences
in theoretical molecular weight), hENG(26-346)-hFc (90 mg/liter) was superior to both hENG(26-359)-hFc (9 mg/liter)
and full-length hENG(26-586)-hFc (31 mg/liter). As shown in Figure 36, analysis of these purified samples by size-
exclusion chromatography revealed the quality of hENG(26-346)-hFc protein (96% monomeric) to be superior to that of
hENG(26-359)-hFc protein (84% monomeric) and equivalent to that of hENG(26-586)-hFc protein (96% monomeric).
Thus, greater levels of high-molecular-weight aggregates require the use of additional purification steps for
hENG(26-359)-hFc compared to hENG(26-346)-hFc.

Example 9: High-affinity binding of BMP-9 / BMP-10 to truncated hENG-hFc variants

[0101] Applicants used SPR methodology to screen the following hENG-hFc protein variants for high-affinity binding
to human BMP-9 and BMP-10. In these experiments, captured hENG-hFc proteins were exposed to soluble BMP-9 or
BMP-10 at 100 nM each.

Human Construct Transient 
Expression

Purified Stable Expression 
(CHO Cells)

Full Length Carboxy-Terminal 
Truncations

hENG(26-586)-hFc HEK 293 Yes Yes
hENG(26-581)-hFc HEK 293 Yes No
hENG(26-437)-hFc HEK 293 Yes No
hENG(26-378)-hFc HEK 293 Yes No
hENG(26-359)-hFc HEK 293 Yes Yes
hENG(26-346)-hFc HEK 293 Yes Yes
hENG(26-332)-hFc HEK 293 Yes No
hENG(26-329)-hFc HEK 293 Yes No
hENG(26-257)-hFc HEK 293 Yes No

Amino-Terminal Truncations Double 
Truncations

hENG(360-586)-hFc HEK 293 Yes No
hENG(438-586)-hFc HEK 293 Yes No
hENG(458-586)-hFc COS No No
hENG(61-346)-hFc HEK 293 Yes No
hENG(129-346)-hFc HEK 293 Yes No
hENG(133-346)-hFc HEK 293 Yes No
hENG(166-346)-hFc HEK 293 Yes No
hENG(258-346)-hFc HEK 293 Yes No
hENG(360-581)-hFc HEK 293 Yes No
hENG(360-457)-hFc COS No No
hENG(360-437)-hFc COS No No
hENG(458-581)-hFc COS No No
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[0102] As indicated in the table above, high-affinity binding to BMP-9 and BMP-10 was observed only for the full-length
construct and for C-terminally truncated variants as short as hENG(26-346)-hFc. High-affinity binding to BMP-9 and
BMP-10 was lost for all N-terminal truncations of greater than 61 amino acids that were tested.
[0103] A panel of ligands were screened for potential binding to the C-terminal truncated variants hENG(26-346)-hFc,
hENG(26-359)-hFc, and hENG(26-437)-hFc. High-affinity binding of these three proteins was selective for BMP-9 and
BMP-10. Neither hENG(26-346)-hFc, hENG(26-359)-hFc, nor hENG(26-437)-hFc displayed detectable binding to BMP-
2, BMP-7, TGF-β1, TGF-β2, TGF-β3, or activin A, even at high ligand concentrations.

[0104] Applicants used SPR methodology to compare the kinetics of BMP-9 binding by five constructs:
hENG(26-586)-hFc, hENG(26-437)-hFc, hENG(26-378)-hFc, hENG(26-359)-hFc, and hENG(26-346)-hFc. Figure 37
shows binding curves for several of the constructs, and the table below lists calculated values for the equilibrium disso-

Human Construct Binding to hBMP-9 and hBMP-10
Full Length Carboxy-T erminal Truncations hENG(26-586)-hFc ++++

hENG(26-581)-hFc ++++
hENG(26-437)-hFc ++++
hENG(26-378)-hFc ++++
hENG(26-359)-hFc ++++
hENG(26-346)-hFc ++++
hENG(26-332)-hFc -
hENG(26-329)-hFc -
hENG(26-257)-hFc -

Amino-T erminal Truncations hENG(360-586)-hFc -
hENG(438-586)-hFc -
hENG(458-586)-hFc -

Double Truncations hENG(61-346)-hFc -
hENG(129-346)-hFc -
hENG(133-346)-hFc -
hENG(166-346)-hFc -
hENG(258-346)-hFc -
hENG(360-581)-hFc -
hENG(360-457)-hFc -
hENG(360-437)-hFc -
hENG(458-581)-hFc -

++++ KD < 1 nM
- Binding undetectable

Ligand Construct Binding
hENG(26-346)-hFc* hENG(26-359)-hFc** hENG(26-437)-hFc**

hBMP-2 - - -
hBMP-2/7 - - -
hBMP-7 - - -
hBMP-9 ++++ ++++ ++++
hBMP-10 ++++ ++++ ++++
hTGF-β1 - - -
hTGF-β2 - - -
hTGF-β3 - - -
hActivin A - - -
* [hBMP-9], [hBMP-10] = 5 nM; [hTGF-β3] = 50 nM; all other ligands tested at 100 nM
** [hBMP-9], [hBMP-10] = 5 nM; [hTGF-β3] = 50 nM; all other ligands tested at 100 nM
++++ KD < 1 nM
- Binding undetectable
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ciation constants and dissociation rate constants (kd). The affinity of human BMP-9 for hENG(26-359)-hFc or
hENG(26-346)-hFc (with KDs in the low picomolar range) was nearly an order of magnitude stronger than for the full-
length construct. It is highly desirable for ligand traps such as ENG-Fc to exhibit a relatively slow rate of ligand dissociation,
so the ten-fold improvement (decrease) in the BMP-9 dissociation rate for hENG(26-346)-hFc compared to the full-length
construct is particularly noteworthy.

[0105] As shown below, each of the truncated variants also bound BMP-10 with higher affinity, and with better kinetics,
compared to the full-length construct. Even so, the truncated variants differed in their degree of preference for BMP-9
over BMP-10 (based on KD ratio), with hENG(26-346)-hFc displaying the largest differential and hENG(26-437)-hFC
the smallest. This difference in degree of ligand preference among the truncated variants could potentially translate into
meaningful differences in their activity in vivo.

[0106] The foregoing results indicate that fusion proteins comprising certain C-terminally truncated variants of the
hENG ECD display high-affinity binding to BMP-9 and BMP-10 but not to a variety of other TGF-β family ligands, including
TGF-β1 and TGF-β3. In particular, the truncated variants hENG(26-359)-hFc, hENG(26-346)-hFc, and
hENG(26-378)-hFc display higher binding affinity at equilibrium and improved kinetic properties for BMP-9 compared
to both the full-length construct hENG(26-586)-hFc and the truncated variant hENG(26-437)-hFc.

Example 10: Prediction of secondary structure for ENG N-terminal region

[0107] As disclosed above, N-terminal truncations as short as 36 amino acids (hENG(61-346)-hFc) were found to
abolish ligand binding to ENG polypeptides. To anticipate the effect of even shorter N-terminal truncations on ligand
binding, the secondary structure for the human endoglin orphan domain was predicted computationally with a modified
Psipred version 3 (Jones, 1999, J Mol Biol 292:195-202). The analysis indicates that ordered secondary structure within
the ENG polypeptide region defined by amino acids 26-60 of SEQ ID NO: 1 is limited to a four-residue beta strand
predicted with high confidence at positions 42-45 of SEQ ID NO: 1 and a two-residue beta strand predicted with very
low confidence at positions 28-29 of SEQ ID NO: 1. Accordingly, ENG polypeptide variants beginning at amino acids
27 or 28 and optionally those beginning at any of amino acids 29-42 of SEQ ID NO: 1 are likely to retain important
structural elements and ligand binding.

Example 11: Potency of ENG-Fc variants in a cell-based assay

[0108] A reporter-gene assay in A204 cells was used to determine the potency with which hENG-hFc fusion proteins
inhibit signaling by BMP-9 and BMP-10. This assay is based on a human rhabdomyosarcoma cell line transfected with
a pGL3 BRE-luciferase reporter plasmid (Korchynskyi et al, 2002, J Biol Chem 277: 4883-4891), as well as a Renilla
reporter plasmid (pRLCMV-luciferase) to control for transfection efficiency. BRE motifs are present in BMP-responsive
genes (containing a Id1 promoter), so this vector is of general use for factors signaling through Smad1 and/or Smad5.

Ligand Construct KD (x 10-12 M) kd (x 10-4 s-1)
hBMP-9 hENG(26-586)-hFc * 33 25

hENG(26-437)-hFc ** 19 14
hENG(26-378)-hFc ** 6.7 3.4
hENG(26-359)-hFc * 4.2 3.5
hENG(26-346)-hFc * 4.3 2.4

* CHO-cell-derived protein
** HEK293-cell-derived protein

Ligand Construct KD (x 10-12 M) kd (x 10-4s-1)
hBMP-10 hENG(26-586)-hFc * 490 110

hENG(26-437)-hFc ** 130 28
hENG(26-378)-hFc ** 95 19
hENG(26-359)-hFc * 86 23
hENG(26-346)-hFc * 140 28

* CHO-cell-derived protein
** HEK293-cell-derived protein
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In the absence of ENG-Fc fusion proteins, BMP-9 and BMP-10 dose-dependently stimulate signaling in A204 cells.
[0109] On the first day of the assay, A204 cells (ATCC® number: HTB-82™; depositor: DJ Giard) were distributed in
48-well plates at 105 cells per well. On the next day, a solution containing 12 mg pGL3 BRE-luciferase, 0.1 mg pRLCMV-
luciferase, 30 ml Fugene 6 (Roche Diagnostics), and 970 ml OptiMEM (Invitrogen) was preincubated for 30 min at room
temperature before addition to 24 ml of assay buffer (McCoy’s medium supplemented with 0.1% BSA). This mixture
was applied to the plated cells (500 ml/well) for incubation overnight at 37 °C. On the third day, medium was removed
and replaced with test substances (250 ml/well) diluted in assay buffer. After an overnight incubation at 37°C, the cells
were rinsed and lysed with passive lysis buffer (Promega E1941) and frozen at -70°C. Prior to assay, the plates were
warmed to room temperature with gentle shaking. Cell lysates were transferred in duplicate to a chemoluminescence
plate (96-well) and analyzed in a luminometer with reagents from a Dual-Luciferase Reporter Assay system (Promega
E1980) to determine normalized luciferase activity.
[0110] Results indicate that hENG-hFc proteins are potent inhibitors of cellular signaling mediated by BMP-9 and
BMP-10. As shown in the table below, the full-length construct hENG(26-586)-hFc inhibits signaling by BMP-9 and BMP-
10 with IC50 values in the sub-nanomolar and low-nanomolar ranges, respectively. Moreover, truncated variants
hENG(26-359)-hFc and hENG(26-346)-hFc were both more potent than hENG(26-586)-hFc.

Example 12: Truncated variant hENG(26-359)-hFc inhibits VEGF-inducible angiogenesis in a CAM assay

[0111] Applicants investigated effects of the truncated variant hENG(26-359)-hFc on angiogenesis in the same CAM
assay system described in Example 6, in which VEGF is used to induce angiogenesis. The number of additional blood
vessels induced by VEGF treatment (50 ng daily) was decreased by 75% with concurrent hENG(26-359)-hFc (SEQ ID
NO: 25; 20 mg daily) (Figure 38). SPR-based studies confirmed that VEGF does not bind hENG(26-359)-hFc, and thus
effects of this variant on angiogenesis in the present CAM experiment were not due to a direct interaction between the
fusion protein and VEGF. Note that, for hENG(26-359)-hFc, a dose of 10 mg corresponds to the dose of 14 mg used for
the longer ENG-Fc constructs tested in Example 6, based on the theoretical molecular weight of each construct. Thus,
the truncated variant hENG(26-359)-hFc displayed equivalent, if not greater, effectiveness in inhibiting VEGF-inducible
angiogenesis compared to ENG constructs with full-length ECD (Figure 23) in this same assay system.

Example 13: Truncated variant hENG(26-346)-hFc inhibits angiogenesis in a mouse angioreactor assay

[0112] Truncated variant hENG(26-346)-hFc was tested in the same mouse angioreactor assay described in Example
7. Angioreactors were implanted subcutaneously in athymic nude mice (four per mouse), and mice were treated daily
with hENG(26-346)-hFc (10 mg/kg, s.c.) or vehicle (Tris-buffered saline) for 11 days, at which time the mice were injected
with fluorescein isothiocyanate (FITC)-labeled dextran (20 mg/kg, i.v.) and euthanized 20 min later. The quantity of FITC-
dextran contained in each angioreactor was then measured as an index of blood vessel formation. As shown in Figure
39, addition of the growth factors (GF) FGF-2 and VEGF to the angioreactors led to a significant increase in vascularization,
whereas concurrent administration of hENG(26-346)-hFc prevented this increase completely. SPR-based studies con-
firmed that hENG(26-346)-hFc binds neither FGF-2 nor VEGF, thereby excluding the possibility that effects of
hENG(26-346)-hFc on inducible angiogenesis in the present experiment were due to a direct interaction between the
fusion protein and either FGF-2 or VEGF. The present results in this mammalian assay system complement those
obtained for the truncated variant hENG(26-359)-hFc in a CAM assay (Example 12). Together, they demonstrate an-
tiangiogenic activity in vivo of ENG-Fc fusion proteins incorporating preferred truncations of the ENG extracellular domain.

Example 14: Longer in vivo half-life of truncated variant hENG(26-346)-hFc

[0113] Applicants conducted a modified pharmacokinetic study to determine the whole-body elimination half-life of
hENG(26-346)-hFc and compared it to that of the full-length protein mENG(27-581)-mFc. hENG(26-346)-hFc protein
was fluorescently labeled with Alexa Fluor® 750 dye using a SAIVI™ (small animal in vivo imaging) Rapid Antibody
Labeling kit according to instructions of the manufacturer (Invitrogen™). Labeled protein was separated from free label
by size exclusion chromatography. Athymic nude mice (n = 3, 17-20 g) were injected with labeled hENG(26-346)-hFc
(2 mg/kg, s.c.), and whole-body imaging was performed with an IVIS imaging system (Xenogen®/Caliper Life Sciences)

Construct IC50 (nM)
hBMP-9 hBMP-10

hENG(26-586)-hFc 0.26 7.9
hENG(26-359)-hFc 0.16 3.5
hENG(26-346)-hFc 0.19 4.6
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to determine fusion protein levels at 2, 4, 6, 8, 24, 32, 48, and 72 h post injection. The mean elimination half-life of
hENG(26-346)-hFc was 26.5 h, which is 20% longer than the 22 h half-life of mENG(27-581)-mFc determined in a similar
study.

Example 15: Effect of ENG-Fc proteins on tumor growth in mouse xenograft models

[0114] ENG-Fc proteins were tested in two different mouse xenograft models to determine whether these proteins
can inhibit tumor growth. In the first experiment, athymic nude mice were injected subcutaneously at 6 weeks of age
with 106 4T1 mammary carcinoma cells (ATCC® number: CRL-2539™; depositor: BA Pulaski). Mice (n = 10 per group)
were dosed daily (s.c.) with mENG(27-581)-mFc (10 mg/kg) or vehicle (Tris-buffered saline). Tumors were measured
manually with digital calipers, and tumor volume was calculated according to the formula: volume = 0.5(length)(width2).
As shown in Figure 40, treatment with mENG(27-581)-mFc reduced tumor volume by 45% compared to vehicle by day
24 post implantation.
[0115] ENG-Fc fusion proteins were also tested in a Colon-26 carcinoma xenograft model. BALB/c mice were injected
subcutaneously at 7 weeks of age with 1.5 x 106 Colon-26 carcinoma cells (ATCC® number: CRL-2638™; depositor:
N Restifo). Mice (n = 10 per group) were dosed daily (s.c.) with mENG(27-581)-mFc (at 1, 10, or 30 mg/kg) or vehicle
(Tris-buffered saline). Tumor volume was determined as described above. As shown in Figure 41, mENG(27-581)-mFc
treatment caused a dose-dependent reduction in tumor volume, with decreases of 55% and nearly 70% compared to
vehicle at doses of 10 mg/kg and 30 mg/kg, respectively, by day 58 post implantation. Thus, mENG(27-581)-mFc
markedly slowed the growth of two different tumor types in mouse xenograft models, consistent with the aforementioned
antiangiogenic activity of fusion proteins incorporating the full-length murine ENG extracellular domain (Examples 5-7).
In a preliminary experiment, the truncated variant hENG(26-346) also slowed tumor growth compared to vehicle in the
Colon-26 xenograft model, consistent with the antiangiogenic activity of this variant in the mouse angioreactor assay
(Example 13).
[0116] Taken together, the aforementioned results demonstrate that fusion proteins comprising the full-length ENG
ECD, and certain truncated variants thereof, display high-affinity binding to BMP-9 and BMP-10 but not a variety of other
TGFβ-family ligands, including TGFβ-1 and TGFβ-3. These ENG polypeptides can inhibit angiogenesis and tumor growth
in model systems and thus have the potential to treat patients with unwanted angiogenesis, including those with cancer.
Compared to constructs comprising the full-length ENG ECD, the truncated ENG polypeptides hENG(26-346)-hFc and/or
hENG(26-359)-hFc displayed higher potency and improved performance on several other key parameters (see summary
table below).

[0117] Variant hENG(26-346)-hFc, in particular, possessed a superior combination of attributes, with higher potency,
stronger binding affinity, slower dissociation rate, longer elimination half-life, and better protein production than full-length

Parameter ECD Polypeptide in Fusion Protein (CHO cell derived)
Full length ECD - Human 26-586 or 

Murine 27-581
Human 26-359 Human 26-346

Expression Quantity 31 mg/L 9 mg/L 90 mg/L
Quality 96% monomeric 84% monomeric 96% monomeric

Binding affinity 
(KD)

BMP-9 33 pM 4.2 pM 4.3 pM
BMP-10 490 pM 86 pM 140 pM

Dissociation 
rate (kd)

BMP-9 25 x 10-4 s-1 3.5 x 10-4 s-1 2.4 x 10-4 s-1

BMP-10 110 x 10-4 s-1 23 x 10-4 s-1 28 x 10-4 s-1

Potency (cell-
based IC50)

BMP-9 0.26 nM 0.16 nM 0.19 nM
BMP-10 7.9 nM 3.5 nM 4.6 nM

Elimination half-
life

22 h --- 26.5 h

Anti 
-angiogenesis 
activity

HUVEC Yes --- ---
CAM 65% inhibition 75% inhibition ---

Angioreactor 100% inhibition --- 100% inhibition
Anti-tumor 
activity

4T1 tumor Yes --- ---
Colon-26 tumor Yes Dose-dependent --- Yes

--- Not investigated
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ENG ECD constructs. As ligand traps, truncated ENG polypeptides should preferably exhibit a slow rate of ligand
dissociation, so the ten-fold reduction in the BMP-9 dissociation rate for hENG(26-346)-hFc compared to the full-length
construct is highly desirable. The variant hENG(26-378)-hFc displayed BMP-9 binding properties (affinity and dissociation
rate) intermediate between hENG(26-346)-hFc and hENG(26-359)-hFc, on one hand, and hENG(26-437)-hFc, on the
other, with hENG(26-378) more closely resembling the shorter constructs.

Example 16: Treatment of a mouse model of liver fibrosis with ENG-Fc proteins

[0118] The effectiveness of ENG-Fc proteins in the treatment of fibrosis was evaluated in the mouse CCL4 (carbon
tetrachloride) model of liver fibrosis. Fifty mice were used in this study. Male and female A/J mice of approximately 14
weeks of age at the start (day 0) of the experiment were acclimated in the laboratory for at least 48 hours. Animals were
monitored daily during the course of the experiment and were sacrificed if any signs of morbidity, mortality and Test
Article Toxicity were observed.
[0119] Animals received a dose of 1ml/kg of 50% CC14 in olive oil via oral gavage twice a week to induce liver fibrosis.
Animals were dosed for 13 weeks with mENG(27-581)-mFc as described in the table below.

[0120] Animals were analyzed for changes in body weight (BW), liver weight, liver performance, and histology. On
day 0, day 28, day 56, and day 90, animals were NMR scanned. Animals were euthanized on Day 45 or 90 using CO2.
For serum analysis, animals were fasted 12 hrs prior to sacrifice and serum sampling. Whole blood was collected for
liver function analysis, and the liver from each animal was collected and weighed. Half of the liver was put in a cartridge
in 10% Formalin, and a lobe of the liver was flash frozen in liquid nitrogen.
[0121] Treatment with mENG(27-581)-mFc did not affect liver weight (measured as a percentage of body weight) over
a period of 13 weeks (Figure 42). After the 13-week dosing period, animals were sacrificed and liver sections were
stained with H&E and Masson’s Trichrome staining (Figures 43-45). Treatment animals exhibited markedly reduced
fibrosis relative to untreated animals (Figure 45). Additionally, staining with Oil Red O revealed that mENG(27-581)-mFc
treatment resulted in decreased accumulation of fatty deposits in liver tissue, which are often a precursor of liver damage
and fibrotic deposition (Figure 46). Additionally, mENG(27-581)-mFc treatment appeared to reduce ballooning degen-
eration of hepatocytes, which is associated with apoptosis and is seen in connection with inflammation of the liver. Serum
alkaline phosphatase levels were lower in the endoglin-treated cohorts as compared to the untreated ones (Figure 47).
Collectively, these data indicate that mENG(27-581)-mFc treatment can decrease liver damage in this mouse model of
liver fibrosis, and thus ENG-Fc proteins are likely to be useful in the treatment of fibrotic disorders of the liver, including
cirrhosis and the eventual hepatocellular carcinomas.

Example 17: Effect of ENG-Fc protein in a mouse dietary model of liver fibrosis

[0122] Effectiveness of ENG-Fc proteins was also evaluated in a mouse model of nonalcoholic steatohepatitis (NASH)
caused by methionine and choline dietary deficiency (MCDD). Wild-type C57BL/6 mice were fed either a standard chow
diet or a diet containing high sucrose (40%) and fat (10%) but lacking methionine and choline, which are essential for
hepatic β-oxidation and production of very low density lipoprotein (Takahashi et al., 2012, World J Gastroenterol
18:2300-2308). As a result, MCDD mice exhibit fatty deposits considered to be a precursor of liver damage and fibrotic
deposition (Corbin et al., 2012, Curr Opin Gastroenterol 28:159-165). At 12 weeks of age, mice were placed on their
respective diets and began intraperitoneal treatment with either mENG(27-581)-mFc (10 mg/kg) or vehicle (n = 10 per
group) twice weekly for 3 weeks. At the conclusion of dosing, mice were killed and liver sections were stained with Oil
Red O, a lipid-soluble diazo dye, to assess the extent of lipid deposition.
[0123] As expected, mice fed the chow diet exhibited only tiny lipid deposits in liver tissue (data not shown), whereas
MCDD mice exhibited many large lipid deposits that collectively occupied a considerable fraction of total tissue area
(Figure 48A,C). In MCDD mice, mENG(27-581)-mFc treatment markedly reduced hepatic lipid deposits compared with
vehicle (Figure 48). Although endogenous TGFβ is heavily implicated in progression of liver disease (Dooley et al., 2012,
Cell Tissue Res 347:245-256), an Fc fusion protein which comprises TGFβ receptor type II and binds TGFβ with high

Group N Liver Fibrosis Treatment Dose Frequency Admin.

1 20 CCl4+Olive Oil PBS Isovolume B.I.W. I.P.

2 20 CCl4+Olive Oil mu-Endoglin 10 mg/kg T.I.W. I.P.

3 5 Olive Oil PBS Isovolume B.I.W. I.P.

4 5 Olive Oil mu-Endoglin 10 mg/kg T.I.W. I.P.
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affinity had little effect on the accumulation of hepatic lipid deposits (data not shown). As disclosed in Example 3,
mENG(27-581)-mFc and other ENG-Fc proteins bind neither TGFβ1, TGFβ2, nor TGFβ3, so the bioactivity of
mENG(27-581)-mFc in MCDD mice is not due to inhibition of signaling by these ligands. Together, these results indicate
that mENG(27-581)-mFc can markedly reduce deposition of lipids in a mouse model in which dietary deficiency leads
eventually to fibrosis and nonalcoholic steatohepatitis, thereby providing additional evidence that ENG-Fc proteins are
likely to be useful in the treatment of liver fibrosis.

EQUIVALENTS

[0124] While specific embodiments of the subject inventions are explicitly disclosed herein, the above specification is
illustrative and not restrictive. Many variations of the inventions will become apparent to those skilled in the art upon
review of this specification.

Claims

1. An endoglin polypeptide comprising an amino acid sequence at least 95% identical to amino acids 42-333 of SEQ
ID NO: 1, for use in a method of treating or preventing nonalcoholic steatohepatitis (NASH) or non-alcoholic fatty
liver disease (NAFLD) in a patient in need thereof.

2. The polypeptide for use according to claim 1, wherein the endoglin polypeptide does not include a sequence con-
sisting of amino acids 379-430 of SEQ ID NO: 1.

3. The polypeptide for use according to claim 1 or claim 2, wherein the endoglin polypeptide comprises an amino acid
sequence at least 95% identical to a sequence beginning at an amino acid corresponding to any of positions 26-42
of SEQ ID NO: 1 and ending at an amino acid corresponding to any of positions 333-378 of SEQ ID NO: 1.

4. The polypeptide for use according to any one of claims 1-3, wherein the endoglin polypeptide comprises an amino
acid sequence at least 95% identical to a sequence selected from a group consisting of:

i. amino acids 26-346 of SEQ ID NO: 1,
ii. amino acids 26-359 of SEQ ID NO: 1, and
iii. amino acids 26-378 of SEQ ID NO: 1.

5. The polypeptide for use according to any one of claims 1-4, wherein the endoglin polypeptide consists of a first
portion consisting of an amino acid sequence at least 95% identical to a sequence selected from a group consisting of:

i. amino acids 26-346 of SEQ ID NO: 1,
ii. amino acids 26-359 of SEQ ID NO: 1, and
iii. amino acids 26-378 of SEQ ID NO: 1;

and a second portion that is heterologous to SEQ ID NO: 1, optionally wherein the second portion of the endoglin
polypeptide comprises an Fc portion of an IgG.

6. The polypeptide for use according to any of the preceding claims, wherein the endoglin polypeptide is a dimer.

7. The polypeptide for use according to any of the preceding claims, wherein the endoglin polypeptide is a homodimer.

8. The polypeptide for use according to any one of the preceding claims, wherein the endoglin polypeptide does not
include more than 50 consecutive amino acids from a sequence consisting of amino acids 379-586 of SEQ ID NO: 1.

9. The polypeptide for use according to any one of the preceding claims, wherein the endoglin polypeptide: (a) binds
human BMP-9 with an equilibrium dissociation constant (KD) less than 1 x 10-9 M or a dissociation rate constant
(kd) less than 1 x 10-3 s-1; and/or (b) binds human BMP-9 with an equilibrium dissociation constant (KD) less than
1 x 10-9 M or a dissociation rate constant (kd) less than 5 x 10-4 s-1; and/or (c) binds human BMP-10 with an
equilibrium dissociation constant (KD) less than 1 x10-9 M or a dissociation rate constant (kd) less than 5 x 10-3 s-
1; and/or (d) binds human BMP-10 with an equilibrium dissociation constant (KD) less than 1 x 10-9 M or a dissociation
rate constant (kd) less than 2.5 x 10-3 s-1; and/or (e) does not bind human TGF-β1, human TGF-β3, human VEGF,
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or human basic fibroblast growth factor (FGF-2).

10. The polypeptide for use according to any one of the preceding claims, wherein the endoglin polypeptide is a fusion
protein including, in addition to a portion comprising an endoglin amino acid sequence, one or more polypeptide
portions that enhance one or more of: in vivo stability, in vivo half-life, uptake/administration, tissue localization or
distribution, formation of protein complexes, and/or purification.

11. The polypeptide for use according to any one of the preceding claims, wherein the endoglin polypeptide includes a
portion selected from the group consisting of: a constant domain of an immunoglobulin and a serum albumin.

12. The polypeptide for use according to any one of the preceding claims, wherein the endoglin polypeptide comprises
an immunoglobulin Fc domain.

13. The polypeptide for use according to claim 12, wherein the immunoglobulin Fc domain is joined to the ENG polypep-
tide portion by a linker, optionally wherein the linker consists of an amino acid sequence consisting of SEQ ID NO:
31 (TGGG) or GGG

14. The polypeptide for use according to any one of the preceding claims, wherein the endoglin polypeptide includes
one or more modified amino acid residues selected from: a glycosylated amino acid, a PEGylated amino acid, a
farnesylated amino acid, an acetylated amino acid, a biotinylated amino acid, an amino acid conjugated to a lipid
moiety, and an amino acid conjugated to an organic derivatizing agent.

15. The polypeptide for use according to any one of the preceding claims, wherein the endoglin polypeptide is admin-
istered intravenously, intramuscularly, intraarterially, subcutaneously, or orally.

Patentansprüche

1. Endoglinpolypeptid, umfassend eine Aminosäuresequenz, die zu mindestens 95 % mit den Aminosäuren 42-333
von SEQ ID NO: 1 identisch ist, zur Verwendung in einem Verfahren zur Behandlung oder Vorbeugung von nicht-
alkoholischer Steatohepatitis (NASH) oder nichtalkoholischer Fettlebererkrankung (NAFLD) bei einem Patienten,
der dies benötigt.

2. Polypeptid zur Verwendung nach Anspruch 1, wobei das Endoglinpolypeptid keine Sequenz enthält, die aus den
Aminosäuren 379-430 von SEQ ID NO: 1 besteht.

3. Polypeptid zur Verwendung nach Anspruch 1 oder Anspruch 2, wobei das Endoglinpolypeptid eine Aminosäurese-
quenz umfasst, die zu mindestens 95 % mit einer Sequenz identisch ist, die an einer Aminosäure beginnt, die einer
der Positionen 26 bis 42 von SEQ ID NO: 1 entspricht, und an einer Aminosäure endet, die einer der Positionen
333-378 von SEQ ID NO: 1 entspricht.

4. Polypeptid zur Verwendung nach einem der Ansprüche 1 bis 3, wobei das Endoglinpolypeptid eine Aminosäurese-
quenz umfasst, die zu mindestens 95 % identisch ist mit einer Sequenz, die ausgewählt ist aus einer Gruppe
bestehend aus:

i. Aminosäuren 26-346 von SEQ ID NO: 1,
ii. Aminosäuren 26-359 von SEQ ID NO: 1 und
iii. Aminosäuren 26-378 von SEQ ID NO: 1.

5. Polypeptid zur Verwendung nach einem der Ansprüche 1 bis 4, wobei das Endoglinpolypeptid aus einem ersten
Teil besteht, der aus einer Aminosäuresequenz besteht, die zu mindestens 95 % identisch ist mit einer Sequenz,
die ausgewählt ist aus einer Gruppe bestehend aus:

i. Aminosäuren 26-346 von SEQ ID NO: 1,
ii. Aminosäuren 26-359 von SEQ ID NO: 1 und
iii. Aminosäuren 26-378 von SEQ ID NO: 1;

und einen zweiten Teil, der heterolog zu SEQ ID NO: 1 ist, wobei der zweite Teil des Endoglinpolypeptids gegebe-
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nenfalls einen Fc-Teil eines IgG umfasst.

6. Polypeptid zur Verwendung nach einem der vorhergehenden Ansprüche, wobei das Endoglinpolypeptid ein Dimer ist.

7. Polypeptid zur Verwendung nach einem der vorhergehenden Ansprüche, wobei das Endoglinpolypeptid ein Homo-
dimer ist.

8. Polypeptid zur Verwendung nach einem der vorhergehenden Ansprüche, wobei das Endoglinpolypeptid nicht mehr
als 50 aufeinanderfolgende Aminosäuren aus einer Sequenz enthält, die aus den Aminosäuren 379-586 von SEQ
ID NO: 1 besteht.

9. Polypeptid zur Verwendung nach einem der vorhergehenden Ansprüche, wobei das Endoglinpolypeptid: (a) mensch-
liches BMP-9 mit einer Gleichgewichtsdissoziationskonstante (KD) von weniger als 1 x 10-9 M oder einer Dissozi-
ationsratenkonstante (kd) von weniger als 1 x 10-3 s-1 bindet; und/oder (b) menschliches BMP-9 mit einer Gleich-
gewichtsdissoziationskonstante (KD) von weniger als 1 x 10-9 M oder einer Dissoziationsratenkonstante (kd) von
weniger als 5 x 10-4 s-1 bindet; und/oder (c) menschliches BMP-10 mit einer Gleichgewichtsdissoziationskonstante
(KD) von weniger als 1 x 10-9 M oder einer Dissoziationsratenkonstante (kd) von weniger als 5 x 10-3 s-1 bindet;
und/oder (d) menschliches BMP-10 mit einer Gleichgewichtsdissoziationskonstante (KD) von weniger als 1 x 10-9

M oder einer Dissoziationsratenkonstante (kd) von weniger als 2,5 x 10-3 s-1 bindet; und/oder (e) nicht humanen
TGF-β1, humanen TGF-β3, humanen VEGF oder humanen basischen Fibroblasten-Wachstumsfaktor (FGF-2) bin-
det.

10. Polypeptid zur Verwendung nach einem der vorhergehenden Ansprüche, wobei das Endoglinpolypeptid ein Fusi-
onsprotein ist, das zusätzlich zu einem Teil, der eine Endoglin-Aminosäuresequenz umfasst, einen oder mehrere
Polypeptid-Teile umfasst, die einen oder mehrere der folgenden Faktoren verbessern: In-vivo-Stabilität, In-vivo-
Halbwertszeit, Aufnahme/Verabreichung, Lokalisierung oder Verteilung im Gewebe, Bildung von Proteinkomplexen
und/oder Reinigung.

11. Polypeptid zur Verwendung nach einem der vorhergehenden Ansprüche, wobei das Endoglinpolypeptid einen Teil
enthält, der ausgewählt ist aus der Gruppe bestehend aus: einer konstanten Domäne von Immunglobulin und
Serumalbumin.

12. Polypeptid zur Verwendung nach einem der vorhergehenden Ansprüche, wobei das Endoglinpolypeptid eine Im-
munglobulin-Fc-Domäne umfasst.

13. Polypeptid zur Verwendung nach Anspruch 12, wobei die Immunglobulin-Fc-Domäne durch einen Linker mit dem
ENG-Polypeptidteil verbunden ist, wobei der Linker gegebenenfalls aus einer Aminosäuresequenz besteht, die aus
SEQ ID NO: 31 (TGGG) oder GGG besteht.

14. Polypeptid zur Verwendung nach einem der vorhergehenden Ansprüche, wobei das Endoglinpolypeptid einen oder
mehrere modifizierte Aminosäurereste umfasst, ausgewählt aus: einer glykosylierten Aminosäure, einer PEGylierten
Aminosäure, einer farnesylierten Aminosäure, einer acetylierten Aminosäure, einer biotinylierten Aminosäure, einer
an eine Lipideinheit konjugierten Aminosäure und einer an ein organisches Derivatisierungsmittel konjugierte Ami-
nosäure.

15. Polypeptid zur Verwendung nach einem der vorhergehenden Ansprüche, wobei das Endoglinpolypeptid intravenös,
intramuskulär, intraarteriell, subkutan oder oral verabreicht wird.

Revendications

1. Polypeptide d’endogline comprenant une séquence d’acides aminés identique à au moins 95 % aux acides aminés
42 à 333 de SEQ ID NO : 1, à utiliser dans un procédé de traitement ou de prévention de la stéatohépatite non
alcoolique (SHNA) ou de la stéatose hépatique non alcoolique (NAFLD) chez un patient qui en a besoin.

2. Polypeptide à utiliser selon la revendication 1, dans lequel le polypeptide d’endogline ne comporte pas de séquence
constituée des acides aminés 379 à 430 de SEQ ID NO : 1.
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3. Polypeptide à utiliser selon la revendication 1 ou la revendication 2, dans lequel le polypeptide d’endogline comprend
une séquence d’acides aminés identique à au moins 95 % à une séquence commençant au niveau d’un acide aminé
correspondant à l’une quelconque des positions 26 à 42 de SEQ ID NO : 1 et se terminant au niveau d’un acide
aminé correspondant à l’une quelconque des positions 333 à 378 de SEQ ID NO : 1.

4. Polypeptide à utiliser selon l’une quelconque des revendications 1 à 3, dans lequel le polypeptide d’endogline
comprend une séquence d’acides aminés identique à au moins 95 % à une séquence choisie dans un groupe
constitué :

i. d’acides aminés 26 à 346 de SEQ ID NO : 1,
ii. d’acides aminés 26 à 359 de SEQ ID NO : 1, et
iii. d’acides aminés 26 à 378 de SEQ ID NO : 1.

5. Polypeptide à utiliser selon l’une quelconque des revendications 1 à 4, dans lequel le polypeptide d’endogline
consiste en une première partie consistant en une séquence d’acides aminés identique à au moins 95 % à une
séquence choisie dans un groupe constitué :

i. d’acides aminés 26 à 346 de SEQ ID NO : 1,
ii. d’acides aminés 26 à 359 de SEQ ID NO : 1, et
iii. d’acides aminés 26 à 378 de SEQ ID NO : 1 ;

et en une seconde partie qui est hétérologue à SEQ ID NO : 1, éventuellement dans laquelle la seconde partie du
polypeptide d’endogline comprend une partie Fc d’une IgG.

6. Polypeptide à utiliser selon l’une quelconque des revendications précédentes, dans lequel le polypeptide d’endogline
est un dimère.

7. Polypeptide à utiliser selon l’une quelconque des revendications précédentes, dans lequel le polypeptide d’endogline
est un homodimère.

8. Polypeptide à utiliser selon l’une quelconque des revendications précédentes, dans lequel le polypeptide d’endogline
ne comporte pas plus de 50 acides aminés consécutifs à partir d’une séquence constituée des acides aminés 379
à 586 de SEQ ID NO : 1.

9. Polypeptide à utiliser selon l’une quelconque des revendications précédentes, dans lequel le polypeptide
d’endogline : (a) se lie à la BMP-9 humaine avec une constante de dissociation à l’équilibre (KD) inférieure à 1 x
10-9 M ou une constante de vitesse de dissociation (kd) moins de 1 x 10-3 s-1 ; et/ou (b) se lie à la BMP-9 humaine
avec une constante de dissociation à l’équilibre (KD) inférieure à 1 x 10-9 M ou une constante de vitesse de disso-
ciation (kd) inférieure à 5 x 10-4 s-1 ; et/ou (c) se lie à la BMP-10 humaine avec une constante de dissociation à
l’équilibre (KD) inférieure à 1 x 10-9 M ou une constante de vitesse de dissociation (kd) inférieure à 5 x 10-3 s-1 ;
et/ou (d) se lie à la BMP-10 humaine avec une constante de dissociation à l’équilibre (KD) inférieure à 1 x 10-9 M
ou une constante de vitesse de dissociation (kd) inférieure à 2,5 x 10-3 s-1 ; et/ou (e) ne se lie pas au TGF-β1
humain, au TGF-G3 humain, au VEGF humain ou au facteur de croissance des fibroblastes basique humain (FGF-2).

10. Polypeptide à utiliser selon l’une quelconque des revendications précédentes, dans lequel le polypeptide d’endogline
est une protéine de fusion comportant, en plus d’une portion comprenant une séquence d’acides aminés d’endogline,
une ou plusieurs portions de polypeptide qui améliorent : la stabilité in vivo, et/ou la demi-vie in vivo, et/ou l’absorp-
tion/administration, et/ou la localisation ou distribution tissulaire, et/ou la formation de complexes protéiques et/ou
la purification.

11. Polypeptide à utiliser selon l’une quelconque des revendications précédentes, dans lequel le polypeptide d’endogline
comprend une partie choisie dans le groupe constitué par : un domaine constant d’une immunoglobuline et une
sérumalbumine.

12. Polypeptide à utiliser selon l’une quelconque des revendications précédentes, dans lequel le polypeptide d’endogline
comprend un domaine Fc d’immunoglobuline.

13. Polypeptide à utiliser selon la revendication 12, dans lequel le domaine Fc d’immunoglobuline est joint à la partie
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polypeptidique ENG par un lieur, éventuellement dans lequel le lieur consiste en une séquence d’acides aminés
constituée de SEQ ID NO : 31 (TGGG) ou GGG.

14. Polypeptide à utiliser selon l’une quelconque des revendications précédentes, dans lequel le polypeptide d’endogline
comprend un ou plusieurs résidus d’acides aminés modifiés choisis parmi : un acide aminé glycosylé, un acide
aminé PEGylé, un acide aminé farnésylé, un acide aminé acétylé, un acide aminé biotinylé, un acide aminé conjugué
à un fragment lipidique et un acide aminé conjugué à un agent de dérivation organique.

15. Polypeptide à utiliser selon l’une quelconque des revendications précédentes, dans lequel le polypeptide d’endogline
est administré par voie intraveineuse, intramusculaire, intra-artérielle, sous-cutanée ou orale.
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