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METHODS, USES AND COMPOSITIONS OF TIE2 AGONISTS

RELATED APPLICATIONS
[0001] This non-provisional application claims priority from U.S.
5 provisional application no. 61/810,879 filed on April 11, 2013, which is

incorporated herein by reference in its entirety.

Field of the disclosure

[0002] The disclosure relates to methods and uses of Tie2 agonists. In
particular, the disclosure relates to methods and uses for treating influenza
10 and/or a bacterial superinfection associated with influenza. The disclosure
also relates to compositions comprising (a) a Tie2 agonist and (b) an antiviral

agent and methods and uses thereof.

Background of the disclosure

[0003] The human influenza virus exacts a fearsome toll on the
15 economy and on public health (Majury, 2005; Falsey and Walsh, 2006).
Despite vaccination programs and antiviral drugs, seasonal influenza alone
causes an estimated 4000 Canadian deaths annually (Schanzer et al., 2007)
and is the number one infectious cause of death in Ontario (Kuster et al.,
2010). Influenza infects the respiratory epithelium and most deaths occur due
20 to pulmonary complications. About 25% of deaths occur as a direct result of
the initial viral infection (Louria et al., 1959), while the remainder are attributed
to a superimposed bacterial infection (also called a bacterial superinfection),
such as pneumonia from Staphylococcus aureus (Mohan et al., 2005). In
both cases, respiratory deterioration is marked by acute lung injury
25 (Dominguez-Cherit et al., 2009; Louria et al, 1959), a potentially fatal
syndrome of pulmonary edema that occurs due to increased permeability of
the lung microvasculature (Lee and Slutsky, 2001). Blood vessels in the Jung
are lined by a continuous layer of endothelium; thus, loss of barrier integrity of
the lung microvascular endothelium is a prerequisite for acute lung injury.
30 While antiviral drugs exist, they only partially reduce mortality (McGeer et al.,
2007), they must be administered early to be effective, and their use is
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complicated by the rapid development of resistance. Thus, new therapies for

the most severe cases of influenza are desperately needed.

[0004] Unlike high pathogenicity avian influenza viruses (e.g. H5N1
avian influenza) (Maines et al., 2008), human influenza strains lack certain
5 basic amino acids in their hemagglutinin molecules; this limits cleavage to
trypsin-like proteases that are contained within the respiratory tract. Thus
human influenza primarily infects the respiratory epithelium leading to
epithelial injury, apoptosis and desquamation (Kuiken and Taubenberger,
2008). In uncomplicated infections, these changes to the airway epithelium
10 are transient and the process of repair is evident within days. However, in
primary viral pneumonia, the virus also infects the distal lung, particularly type
| pneumocytes and ciliated bronchiolar epithelium, leading to damage to the
alveoli including frank alveolar denudement (Kuiken and Taubenberger,
2008); type Il pneumocytes and alveolar macrophages can also be infected.
15 In the 1957 flu pandemic, primary viral pneumonias accounted for about 20%
of deaths (Kuiken and Taubenberger, 2008). However, the mechanism of
lung injury in these cases is not clear, since epithelial apoptosis alone is not

sufficient to induce lung leak (Mura et al., 2010).

[0005] To date however, a possible effect of influenza on the lung
20 endothelium has been largely overlooked (Teijaro et al., 2011). In vivo,
epithelial and endothelial infection, platelet adhesion, and other factors such
as systemic cytokines and the release of leukocyte granules may synergize to
induce lung injury. To date, however, agents for human influenza targeting

the lung endothelium have not been described.

25 [00086] In addition to viral pneumonia, in the 1957 pandemic the
remainder of deaths (75%) occurred as a consequence of bacterial
superinfection. The classical clinical vignette is of a patient who initially
improves after the onset of influenza, only to dramatically deteriorate as early
as 2-3 days later (Peltola and McCullers, 2004; Mohan et al., 2005) from

30 Dbacterial superinfection with Gram-positive organisms like Staphylococcus

aureus. Autopsy data from the 1918 flu epidemic and data from animal
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models led to the commonly held hypothesis that the virus caused
immunosuppression leading to diminished clearance of bacteria (Speshock et
al.,, 2007). However, antibiotics were not available in 1918 and are not
typically used in animal models. Indeed, in the 1957 flu pandemic when

5 antibiotics were readily available, most autopsy lung cultures were negative
(Louria et al., 1959; Oseasohn et al., 1959). Thus, the almost universal
administration of empiric broad-spectrum antibiotics (McGeer et al., 2007) to
patients with severe flu (due to diagnostic uncertainty) makes bacterial
replication per se unlikely as the cause of acute lung injury. In support of this

10 notion, in @ mouse model of flu and S. aureus superinfection, death could not
be explained by unrestrained bacterial growth, nor could it be attenuated by
depletion of leukocytes (i.e. it was not leukocyte-mediated) (lverson et al.,
2011).

[0007] The US Centers for Disease Control and Prevention (CDC)
156 recommend antiviral medications with activity against influenza viruses as
important adjunct to influenza vaccines in the control of influenza
(http://lwww.cdc.gov/flu/professionals/antivirals/summary-clinicians.htm).
Antiviral medications are used in the treatment, as well as prevention, of
influenza. FDA-approved antiviral medications include oseltamivir (Tamiflu®)
20 and zanamivir (Relenza®). Clinical benefit is greatest when antivirals are
administered early, especially within 48 hours of illness onset and has

declining efficacy when given delayed.

[0008] Angiopoietins (Ang) 1-4 have all been shown to bind to and
activate Tie2 receptor tyrosine kinase activity to differing extents. All the Angs
25 are characterized structurally by an N-terminal super clustering domain (SCD)
followed by a coiled-coil domain (CCD) and a C-terminal fibrinogen-like
domain (FLD) (Ward and Dumont 2002; Tsigkos et al. 2003). Functional
studies have highlighted a role for the SCD and CCD in forming high order
homotypic multimers of Ang (Procopio et al. 1999). The specific nature of
30 these multimers is variable and is unique to each Ang family member. Binding

specificity of the Angs for the Tie2 receptor has been ascribed to the FLD
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(Tisgkos et al. 2003; Procopio et al. 1999). Taken together, it is the unique
structural attributes of each Ang family member that promotes binding and
differential clustering of Tie2. The pleiotropic physiological effects of Angs 1-4
are thought to at least in part be mediated by appropriate and specific
5 clustering of the receptor. For instance, mice engineered to overexpress the
CCD of Ang 1, capable of multimerizing with endogenous Ang1 produced in
the same cell, caused improper patterning of the coronary vessels (Ward et
al. 2004). Furthermore, chimeric forms of Ang 1 engineered to contain the C-
terminal FLD and one of several different CCDs differed in their ability to
10 activate the Tie2 receptor (Cho et al. 2004a; Cho et al. 2004b).

[0009] The present inventors previously designed peptide mimetics of

Angiopoietin that bind to Tie2 and when configured as a dimer or tetramer

(the tetramer is known as Vasculotide) result in the clustering of the receptor

and its activation (Van Slyke et al. 2009, David et al. 2011, and Kumpers et al.
15 2011; WO2008/049227).

[0010] Activating Tie2 through the tetramerization of high affinity Tie2
binding peptides using the biotin/avidin model (Van Slyke et al. 2009) has
established the use of the peptide as an agonist to the Tie2 receptor to
promote angiogenesis for applications in diabetic wound healing and other

20 cardiovascular indications. Vasculotide has also been shown to protect
against vascular leakage. Studies examining the impact of VT on in vitro
endothelium permeability as well as in endotoxemia- and polymicrobial-
induced sepsis demonstrated that VT was able to prevent and/or reverse
endothelial permeability induced by these treatments. Moreover VT was able

25 to prevent the breakdown of EC:EC interactions in vitro further illustrating its
ability to inhibit vascular permeability (David et al. 2011).

Summary of the disclosure

[0011] The present inventors have shown that that administration of a
multimeric form of a Tie2 binding peptide called “Vasculotide” is able to
30 increase survival in a mouse model of primary viral pneumonia and acute lung

injury due to influenza viral infection, and to increase survival when co-
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administered with an antiviral drug. The increase in survival persists even
when Vasculotide is given in a delayed fashion (i.e. after the onset of infection
with influenza). The inventors have also shown that low-dose infection with
influenza predisposes the lung endothelium to increased leak wupon
5 subsequent exposure to bacteria, a phenomenon known as priming and that

Vasculotide is able to abrogate this priming-induced leak.

[0012] Accordingly, the present disclosure provides a method of
treating an animal or cell infected with influenza comprising administering a
Tie2 agonist. The disclosure also provides use of a Tie2 agonist for treating
10 an animal or cell infected with influenza. Also provided is use of a Tie2 agonist
in the preparation of a medicament for treating an animal or cell infected with
influenza. Further provided is a Tie2 agonist for use in treating an animal or

cell infected with influenza.

[0013] The present disclosure also provides a method of increasing
15 survival and/or decreasing mortality in an animal infected with influenza
comprising administering a Tie2 agonist. The disclosure also provides use of
a Tie2 agonist for increasing survival and/or decreasing mortality in an animal
infected with influenza. Also provided is use of a Tie2 agonist in the
preparation of a medicament for increasing survival and/or decreasing
20 mortality in an animal infected with influenza. Further provided is a Tie2
agonist for use in increasing survival and/or decreasing mortality in an animal

infected with influenza.

[0014] The present disclosure also provides a method of decreasing
lung endothelial leak in an animal or cell infected with influenza comprising
25 administering a Tie2 agonist. The disclosure also provides use of a Tie2
agonist for decreasing lung endothelial leak in an animal or cell infected with
influenza. Also provided is use of a Tie2 agonist in the preparation of a
medicament for decreasing lung endothelial leak in an animal or cell infected
with influenza. Further provided is a Tie2 agonist for use in decreasing lung

30 endothelial leak in an animal or cell infected with influenza.
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[0015] The present disclosure also provides a method of increasing
arterial oxygen saturation in an animal or cell infected with influenza
comprising administering a Tie2 agonist. The disclosure also provides use of
a Tie2 agonist for increasing arterial oxygen saturation in an animal or cell
5 infected with influenza. Also provided is use of a Tie2 agonist in the
preparation of a medicament for increasing arterial oxygen saturation in an
animal or cell infected with influenza. Further provided is a Tie2 agonist for
use in increasing arterial oxygen saturation in an animal or cell infected with

influenza.

10 [0016] The present disclosure also provides a method of treating a
bacterial superinfection associated with influenza in an animal or cell in need
thereof comprising administering a Tie2 agonist. The disclosure also provides
use of a Tie2 agonist for treating a bacterial superinfection associated with
influenza in an animal or cell in need thereof. Also provided is use of a Tie2

15 agonist in the preparation of a medicament for treating a bacterial
superinfection associated with influenza in an animal or cell in need thereof.
Further provided is a Tie2 agonist for use in treating a bacterial superinfection

associated with influenza in an animal or cell in need thereof.

[0017] The present disclosure also provides a method of increasing
20 survival and/or decreasing mortality in an animal with a bacterial
superinfection associated with influenza comprising administering a Tie2
agonist. The disclosure also provides use of a Tie2 agonist for increasing
survival and/or decreasing mortality in an animai with a bacterial
superinfection associated with influenza. Also provided is use of a Tie2
25 agonist in the preparation of a medicament for increasing survival and/or
decreasing mortality in an animal with a bacterial superinfection associated
with influenza. Further provided is a Tie2 agonist for use in increasing survival
and/or decreasing mortality in an animal with a bacterial superinfection

associated with influenza.

30 [0018] The present disclosure also provides a method of decreasing

lung endothelial leak in an animal or cell with a bacterial superinfection
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associated with influenza comprising administering a Tie2 agonist. The
disclosure also provides use of a Tie2 agonist for decreasing lung endothelial
leak in an animal or cell with a bacterial superinfection associated with
influenza. Also provided is use of a Tie2 agonist in the preparation of a
5 medicament for decreasing lung endothelial leak in an animal or cell with a
bacterial superinfection associated with influenza. Further provided is a Tie2
agonist for use in decreasing lung endothelial leak in an animal or cell with a

bacterial superinfection associated with influenza.

[0019] The Tie2 agonist may be administered in any suitable manner,
10 including without limitation, topically, systemically, orally, intranasally or by

inhalation.

[0020] In an embodiment, the Tie2 agonist is used or administered
about or at least 24 hours post-infection. In another embodiment, the Tie2
agonist is used or administered about or at least 48 hours post-infection. In
15 vyet another embodiment, the Tie2 agonist is used or administered about or at

least 72 hours post-infection.

[0021] The present disclosure also provides a method of treating an
animal or cell infected with influenza comprising administering (a) a Tie2
agonist and (b) an antiviral agent. The disclosure also provides use of (a) a
20 Tie2 agonist and (b) an antiviral agent for treating an animal or cell infected
with influenza. Also provided is use of (a) a Tie2 agonist and (b) an antiviral
agent in the preparation of a medicament for treating an animal or cell
infected with influenza. Further provided is (a) a Tie2 agonist and (b) an
antiviral agent for use in treating an animal or cell infected with influenza.

25 [0022] The present disclosure also provides a method of increasing
survival and/or decreasing mortality in an animal infected with influenza
comprising administering (a) a Tie2 agonist and (b) an antiviral agent. The
disclosure also provides use of (a) a Tie2 agonist and (b) an antiviral agent for
increasing survival and/or decreasing mortality in an animal infected with

30 influenza. Also provided is use of (a) a Tie2 agonist and (b) an antiviral agent

in the preparation of a medicament for increasing survival and/or decreasing
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mortality in an animal infected with influenza. Further provided is (a) a Tie2
agonist and (b) an antiviral agent for use in increasing survival and/or

decreasing mortality in an animal infected with influenza.

[0023] The present disclosure also provides a method of decreasing
5 lung endothelial leak in an animal or cell infected with influenza comprising
administering (a) a Tie2 agonist and (b) an antiviral agent. The disclosure also
provides use of (a) a Tie2 agonist and (b) an antiviral agent for decreasing
lung endothelial leak in an animal infected with influenza. Also provided is use
of (a) a Tie2 agonist and (b) an antiviral agent in the preparation of a
10 medicament for decreasing lung endothelial leak in an animal infected with
influenza. Further provided is (a) a Tie2 agonist and (b) an antiviral agent for

use in decreasing lung endothelial leak in an animal infected with influenza.

[0024] The Tie2 agonist may be administered in any suitable manner,
including without limitation, topically, systemically, orally, intranasally or by
15 inhalation. The antiviral agent may also be administered in any suitable
manner, including without limitation, topically, systemically, orally, intranasally

or by inhalation.

[0025] The Tie2 agonist and the antiviral agent may be administered
concurrently (at the same time). The Tie2 agonist and the antiviral agent may
20 also be administered sequentially. The Tie2 agonist may be administered
before the antiviral agent or the antiviral agent may be administered before
the Tie2 agonist. In an embodiment, the Tie2 agonist is used or administered
about or at least 24 hours after the anti-viral agent. In another embodiment,
the Tie2 agonist is used or administered about or at least 48 hours after the
25 anti-viral agent. In yet another embodiment, the Tie2 agonist is used or

administered about or at least 72 hours after the anti-viral agent.
[0026] In one embodiment, the influenza is human influenza.

[0027] The present disclosure also provides a composition comprising
(a) a Tie2 agonist and (b) an antiviral agent. Optionally, the composition

30 further comprises a pharmaceutically acceptable carrier.
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[0028] The present disclosure also provides a kit comprising (a) a Tie2
agonist and (b) an antiviral agent. In one embodiment, the kit further
comprises instructions for use for treating influenza in an animal or cell in

need thereof.

5 [0029] In one embodiment, the antiviral agent is an inhibitor of an
influenza virus. In another embodiment, the antiviral agent is amantadine,
rimantadine, zanamivir, peramivir, viramidine, ribavirin or oseltamivir (also
known as Tamiflu®). In another embodiment, the antiviral agent is oseltamivir

(Tamiflu®).

10 [0030] In an embodiment, the Tie2 agonist is a binding and/or
activating agent. In an embodiment, the Tie2 agonist binds the Tie2 receptor
directly and thus is a Tie2 binding and activating agent. In another
embodiment, the Tie2 agonist activates the Tie2 receptor indirectly and thus is

a Tie2 activating agent.

15 [0031] In one embodiment, the Tie2 agonist comprises an angiopoietin-
1 or a nucleic acid encoding angiopoietin-1. In another embodiment, the Tie2
agonist comprises an inhibitor of angiopoietin-2, such as a blocking antibody
or peptibody against angiopoietin-2 or an antisense nucleic acid against

angiopoietin-2.

20 [0032] In another embodiment, the Tie2 agonist comprises a multimeric

form of a Tie2 binding peptide monomer.

[0033] The multimeric form can be, for example, a dimer, tetramer, or a
muitimeric form that comprises six, eight, ten or twelve units of the monomer.
In another embodiment, the multimeric form comprises an odd number of

25 units, such as three, five, seven, nine or eleven units.

[0034] in yet another embodiment, the Tie2 binding peptide monomer
comprises a structure: A-B-C, wherein A comprises a Tie2 binding peptide, B
comprises a spacer and C comprises a multimerizing group, wherein C has
affinity for D, a multimer agent comprising multipie binding sites for C. For

30 example, the multimer agent D can have four binding sites for the
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multimerizing group C such that a tetramer is formed when four Tie2 binding
peptide monomers, A-B-C, interact with the multimer agent D. In an
embodiment, C comprises a biotin group and D comprises an agent selected
from the group consisting of avidin, streptavidin and neutravidin. In yet

5 another embodiment, B comprises polyethylene glycol (PEG).

[0035] In a further embodiment, the Tie2 binding peptide monomer
comprises a structure: A-B, wherein A comprises a Tie2 binding peptide and
B comprises a common spacer, wherein the multimeric form is created by
covalent linkage of multiple Tie2 binding peptides via the common spacer B.

10 In an embodiment, B comprises polyethylene glycol (PEG).

[0036] Tie2 binding peptides for use in the monomers include, but are
not limited to, a T7 peptide as shown in SEQ ID NOs: 1 or 2, a GA3 peptide
as shown in SEQ ID NOs: 3 or 4, a T6 peptide as shown in SEQ ID NOs: 7 or
8 or a T8 peptide as shown in SEQ ID NOs: 5 or 6. In an alternative

15 embodiment, the Tie2 binding peptide is a T4 peptide as shown in SEQ ID
NOs: 9 or 10.

[0037] In another embodiment, the multimeric form is a dimer,
comprising: (a) a first peptide chain; (b) a second peptide chain; and (c) a
linking moiety connecting said first and second peptide chains, wherein said
20 peptide dimer binds to and activates the Tie2 receptor. In one embodiment,
the first peptide chain is a T7 peptide (SEQ ID NOs: 1 or 2) and/or the second
peptide chain is a T7 peptide (SEQ ID NOs: 1 or 2). Optionally, the linking
moiety comprises one or more water-soluble polymers covalently bound to the
first peptide chain and the second peptide chain. The one or more water-
25 soluble polymers may be linear polymers. In one embodiment, the water-
soluble polymer is a polyethylene glycol (PEG), optionally having a molecular
weight in the range of about 3,000 Daltons to 50,000 Daltons or about 3,000
Daltons to 20,000 Daltons. In various embodiments, the PEG has a molecular
weight of about 3,000, about 3,400, about 5,000, about 10,000, about 15,000,
30 about 20,000, about 25,000, about 30,000 or about 40,000 Daltons.
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[0038] In yet another embodiment, the multimeric form comprises a

peptide tetramer, comprising: (a) a first peptide chain; (b) a second peptide

chain; (c) a third peptide chain; (d) a fourth peptide chain; and (e) a linking

moiety connecting said first, second, third and fourth peptide chains, wherein

5 said peptide tetramer binds to and activates the Tie2 receptor. Optionally, the

first, second, third and fourth peptide chains are T7 peptides (SEQ ID NOs: 1

or 2). The linking moiety may comprise one or more water-soluble polymers

covalently bound to the first, second, third and fourth peptide chains. In one

embodiment, the water-soluble polymer is a branched chain water-soluble

10 polymer, such as PEG. The branched PEG may have a molecular weight in a

range of about 3,000 Daltons to about 50,000 Daltons or about 3,000 Daltons

to about 20,000 Daltons. In various embodiments, the PEG has a molecular

weight of about 3,000, about 3,400, about 5,000, about 10,000, about 15,000,
about 20,000, about 25,000, about 30,000 or about 40,000 Daltons.

15 [0039] The multimeric forms described herein exhibit Tie2 agonist
activity. For example, the multimeric form stimulates Tie2 phosphorylation or
stimulates phosphorylation of MAPK, AKT and eNOS.

[0040] In a particular embodiment, the multimeric form is a tetramer

and the Tie2 binding peptide monomer comprises a structure: A-B-C, wherein:

20 A comprises a Tie2 binding peptide selected from a T7 peptide (SEQ
ID NOs: 1 or 2) and a GA3 peptide (SEQ ID NOs: 3 or 4);
B comprises a polyethylene glycol spacer; and
C comprises a biotin group,
wherein four copies of A-B-C are associated with a tetramer agent, D, to
25 create the tetramer form, the tetramer agent, D, being selected from the group
consisting of avidin, streptavidin and neutravidin.
[0041] Other features and advantages of the present disclosure will
become apparent from the following detailed description. It should be
understood, however, that the detailed description and the specific examples
30 while indicating embodiments of the disclosure are given by way of illustration

only, since various changes and modifications within the spirit and scope of
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the disclosure will become apparent to those skilled in the art from this

detailed description.

Brief description of the drawings

[0042] The disclosure will now be described in relation to the drawings
5 in which:
[0043] Figure 1 shows (A) histology (H&E) of an uninfected lung with a

normal bronchovascular bundle and surrounding alveoli; (B) an infected lung
(3 days post-infection) showing bronchiolitis, peribronchiolitis with focal
interstitial inflammation and congested alveolar septae; (C) a higher power

10 view of the infected lung of (B) showing marked margination of inflammatory
cells and reactive change of endothelium (arrows), as well as necrotic debris
within the bronchiolar lumen; (D) the effect of influenza on mouse weight.
C57BI/6 mice were inoculated intranasally with influenza X31 (128
hemagglutinin units (HAU)) or saline and weighed daily; and (E) lung

15 microvascular leak is dose-dependent. Mice were infected intranasally with 64
or 128 HAU of influenza and lung vascular leak as measured by Evans Blue
dye leak on day 4 (p<0.01 by ANOVA).

[0044] Figure 2 shows that the Tie2-agonist peptide Vasculotide (VT)
prolongs survival from severe influenza. C57BI/6 mice were infected
20 intranasally with 128 HAU influenza and received VT (400 ng) or vehicle
intraperitoneally (IP) at the time of infection and daily. Data are from 2

experiments with 18 mice, *p=0.0131 by log-rank test.

[0045] Figure 3 shows that (A) the Tie2-agonist peptide Vasculotide
(VT) increases survival from severe influenza even if administration is
25 delayed, contrary to what would be expected from the literature where efficacy
decreases if given in a delayed fashion. This has particular clinical relevance
as the precise time of onset of infection (exposure to the virus) is often
unknown. C57BI/6 mice were infected intranasally with 64 HAU influenza
(half of the dose used in Figure 2) and received VT (400 ng) or vehicle
30 intraperitoneally (IP) starting (VTO) at the time of infection or 24-72 hours later
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(VT24, VT48, VT72) and then daily. Numbers in brackets denote number of
mice in each group. Data are from 2 experiments with 25 mice, *p=0.0004 by
log-rank test for all curves; p=0.0113 for VTO vs. flu alone; p=0.0029 for VT24
vs. flu alone; p=0.0029 for VT48 vs. flu alone; p=0.0113 for VT72 vs. flu alone;

5 and (B) VT decreases influenza-induced hypothermia, even if given delayed.
One-way ANOVA with Bonferroni post-test p =0.0117; p<0.05 for flu alone
compared to VTO, VT24 and VT72.

[0046] Figure 4 shows the effect of Vasculotide on lung edema.
Vasculotide (400 ng, IP daily) reduces lung microvascular leak as measured
10 by wet/dry ratio on day 3 after infection, p=0.0005 by one-way ANOVA and
p<0.05 for Flu vs. Flu/NT and Control vs. Flu by Bonferonni's Multiple

Comparison Test. n=18 mice from 2 experiments.

[0047] Figure 5 shows that Vasculotide (400 ng IP, daily) increases
mouse survival when administered simultaneously with the antiviral drug

15 amantadine (Amant; 46 mg/kg/day in 3 divided doses). *p=0.02 by log-rank
(Mantel-Cox) test, n=12 mice from 1 experiment. Mice were infected with 128
HAU influenza.

[0048] Figure 6 shows that (A) Vasculotide (400 ng P, daily) increases
mouse survival when administered with the antiviral drug amantadine (Amant;
20 46 mg/kg/day in 3 divided doses) even if VT was administered 24-72 hours
later (VT24, VT48, VT72; numbers in brackets denotes numbers of mice per
group).  *p<0.0001 by log-rank (Mantel-Cox) test, n=30 mice from 3
experiments. P=0.03 for Amant vs VT48/Amant, p=0.01 for Amant vs.
VT72/Amant; These data (and those in Figure 5) demonstrate that VT does
25 not diminish the efficacy of antiviral drugs and that VT could therefore be
safely given in concert with antiviral drugs. Mice were infected with 64 HAU of
influenza, half the dose used in Figure 5. (B) (baseline) and (C) (day 4) show
that VT significantly improves oxygenation even if given 24-72 hours after
infection; p<0.0001 by one-way ANOVA with Bonferroni’s multiple comparison
30 test. P<0.05 for Amant vs VT24/Amant; p<0.05 for Amant vs VT48/Amant,
p<0.05 for Amant vs VT72/Amant. (D) VT tends to prevent flu-induced



WO 2014/165963 PCT/CA2014/000269

-14 -

hypothermia; p=0.06 by one-way ANOVA with Tukey's test. (E) VT
decreases flu-induced weight loss, even if given 48 hours after infection;
p=0.0158 by one-way ANOVA; p<0.05 for VT48/Amant vs. Amant alone.

[0049] Figure 7 shows that Vasculotide's beneficial effects are
5 mediated by action on the endothelium and are not due to impaired viral
replication. (A) Viral plague forming units were measured 4 days after
infection from mouse lung homogenates (n=3 per group) and corrected for
flung weight; mice received 400 ng of Vasculotide (or vehicle) IP daily. (B)
Influenza was added to primary human lung microvascular endothelium for 1
10 hour, then cells were rinsed to remove uninternalized virus. Vasculotide (2ng
/mL) was then added. Viral replication was quantified by gPCR for influenza
A M1 protein after 24 hours using 18S RNA as a reference. Results are mean
and SD from 3 experiments. (C) The benefit of Vasculotide is not due to
impaired leukocyte chemotaxis. Human (THP-1) monocytes were incubated
15 with 2ng/mL VT or vehicle, then were allowed to migrate across a transwell in
response to ATP (10uM). The number of migrated cells was counted. Similar
results were obtained with mouse J774 monocytes. (D) Vasculotide also has
no effect on neutrophil chemotaxis. The same experiment was performed as
in Figure 5C, but using human neutrophils exposed to 10nM formyl-Methionyl-

20 Leucyl-Phenylalanine peptide (fMLP).

[0050] Figure 8 shows that prior infection with influenza leads to
synergistic endothelial permeability upon exposure to S. aureus that is
independent of endothelial polarity. (A) Human lung microvascular
endothelium seeded on transwells was infected with influenza at a multiplicity
25 of infection (MOI) of 0.1. 16 hours later, heat-killed S. aureus was added (10’
cfu/mL) for 24 hours and the permeability to fluorescein-Na (1 ug/mL) was
measured. (B) The effect of increasing the time interval between flu and S.
aureus: S. aureus was added 16-72 hours after influenza and the
transendothelial electrical resistance (TEER) was measured 24 hours later.
30 At each time point, the sequential infection by influenza and S. aureus

induced a marked loss of barrier integrity that is greater than the sum due to
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either infection alone. Data are mean and SD from 3 independent
experiments. (C) Cells treated as in (B) but cells were infected with influenza,
MOI 1.0, 24 hours. Increased leak after S. aureus still occurs. (D) Priming still
occurs after basolateral infection of the endothelium. Cells were treated as in

5 (C), but cells were infected with influenza at the basal membrane for 24 hours.
(E) Priming is order-specific: heat-killed S. aureus was added first to the
endothelium for 24 hours, followed by influenza (MOI 0.1) for 24 hours.
Infection with bacteria first followed by the virus does not induce greater leak.

(F) Influenza does not increase attachment/internalization of S. aureus. Lung

10  endothelium was infected with influenza (MOI 1) for 24 hours, then 107 cfu/mL
S. aureus were added. After 40 minutes, cells were rinsed 3 times to remove
unbound or non-internalized bacteria. Cells were then lysed and adherent

and internalized bacteria were plated.

[0051] Figure 9 shows (A) that Vasculotide prevents priming-induced
15 endothelial permeability in vitro. Human lung endothelium infected with flu
(MOI 0.1) for 24 hours followed by S. aureus with or without 2 ng/mL
Vasculotide. The transendothelial electrical resistance (TEER) was measured
24 hours later and compared to baseline. (B) Vasculotide prevents priming-
induced vascular leak in vivo. Lung edema (lung wet/dry ratio) after infection
20 of C57/BL6 mice with influenza (32HAU) followed 3 days later by tail-vein
injection of heat-killed S. aureus (staph). 12 hours later, mice were
euthanized and lung edema was measured. In one group of mice, VT (400
ng) was given 4 hours prior to S. aureus. N=11 from one experiment; p<0.05
for flu/staph versus flu alone and for flu/staph/VT versus flu/staph. (C)
25 Vasculotide attenuates cleavage of caspase-3 caused by sequential infection.
Western blots for cleaved caspase-3 in cells infected with flu (MOI 0.1) for 24
hours followed by S. aureus with or without 2 ng/mL Vasculotide are shown.

Beta-actin was the loading control.

Detailed description of the disclosure

30 [0052] The present inventors have shown that administration of a

multimeric form of a Tie2 binding peptide called “Vasculotide” is able to
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increase survival in a mouse model of primary viral pneumonia and acute lung
injury, and to increase survival when co-administered with an antiviral drug.
The inventors have also shown that low-dose infection with influenza
predisposes the lung endothelium to increased leak upon subsequent
5 exposure to bacteria, a phenomenon known as priming, and that Vasculotide

is able to abrogate this priming-induced leak.
Definitions:

[0053] As used herein, the term “Vasculotide” refers to a peptide
tetramer that binds to and activates the Tie2 receptor. Vasculotide comprises:
10 (a) a first peptide chain; (b) a second peptide chain; (c) a third peptide chain;
(d) a fourth peptide chain; and (e) a linking moiety connecting said first,
second, third and fourth peptide chains, wherein the first, second, third and
fourth peptide chains are T7 peptides and the linking moiety is 10,000 Dalton
PEG. Further details about the preparation of Vasculotide is found in the
15 Examples. In another embodiment, mercaptopropionic acid replaces the

cysteine.

[0054] As used herein, the term “Tie2” refers to a receptor protein
tyrosine kinase that is expressed almost exclusively on endothelial and
progenitor cells and that is also known in the art as TEK, p140 TEK, CD202B
20 and VMCM. The term “Tie2" is intended to encompass the receptor from any
species that expresses this receptor. In one embodiment, Tie2 is a human
Tie2. The mRNA and protein sequences of human Tie2 are set forth at
GenBank Accession Nos. NM_000459 and NP_000450, respectively.

[0055] As used herein, the term “angiopoietin” is intended to refer to
25 any one of a family of protein growth factors known to be ligands for Tie2,
including angiopoietin 1 (or Ang 1), angiopoietin 2 (or Ang 2), angiopoietin 3
(or Ang 3) and angiopoietin 4 (or Ang 4). The term “angiopoietin” is intended
to encompass the growth factor from any species that expresses the growth
factor, optionally human angiopoietin family members. The mRNA and
30 protein sequences of human Ang 1 are set forth at GenBank Accession Nos.
NM_001146 and NP_001137, respectively. The mRNA and protein
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sequences of human Ang 2 are set forth at GenBank Accession Nos.
NM_001147 and NP_001138, respectively. The mRNA and protein
sequences of human Ang 4 are set forth at GenBank Accession Nos.
NM_015985 and NP_057069, respectively.

5 [0056] As used herein, the term "MAPK” is intended to refer to mitogen
activated protein kinase, also known as ERK or extracellular signal-regulated
kinase, an intracellular kinase that is phosphorylated upon activation of Tie2.
The term “MAPK” is intended to encompass the kinase from any species that
expresses the kinase, optionally human MAPK. The mRNA and protein

10 sequences of human MAPK are set forth at GenBank Accession Nos.
NM_002736 and NP_002745, respectively.

[0057] As used herein, the term “AKT” is intended to refer to a protein
kinase also known as v-akt murine thymoma viral oncogene homolog, an
intracellular kinase that is phosphorylated upon activation of Tie2. The term

15 “AKT" is intended to encompass the kinase from any species that expresses
the kinase, optionally human AKT. The mRNA and protein sequences of
human AKT are set forth at GenBank Accession Nos. NM_001014431 and
NP_001014431, respectively.

[0058] As used herein, the term “eNOS” is intended to refer to
20 endothelial cell nitric oxide synthetase, also known as NOS 3, NOS |l or

ECNOS, an intracellular enzyme that is phosphorylated upon activation of

Tie2. The term “eNOS” is intended to encompass the enzyme from any

species that expresses the enzyme, optionally human eNOS. The mRNA and

protein sequences of human eNOS are set forth at GenBank Accession Nos.
25 NM_000603 and NP_000594, respectively.

[0059] As used herein, the term “Tie2 binding peptide” is intended to
encompass peptides at least four amino acids in length and optionally no
more than 100 amino acids in length that have binding affinity for Tie2.
Furthermore, the term “Tie2 binding peptide” is intended to encompass
30 peptides comprised in whole or in part of L-amino acids, peptides comprised

in whole or in part of D-amino acids and peptides comprised of both L- and D-
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amino acids. Still further, the term “Tie2 binding peptide” is intended to
encompass peptides comprised in whole or in part of the 20 naturally-
occurring amino acid residues, peptides comprised in whole or in part of non-
naturally-occurring amino acid residues and peptide comprised of both

5 naturally-occurring and non-naturally-occurring amino acid residues.

[0060] As used herein, the term “Tie2 binding peptide monomer” is
intended to refer to a single unit of a Tie2 binding peptide compound. The
Tie2 binding peptide compound, or monomer, comprises the Tie2 binding
peptide, and may comprise other chemical moieties (e.g., spacers,
10 multimerizing groups and the like), but the Tie2 binding peptide monomer
comprises only one copy (or unit) of the Tie2 binding peptide and thus has a

single valency for the Tie2 receptor.
[0061] As used herein, the term “peptide” can also refer to proteins.

[0062] As used herein, the term “muitimeric form” of a Tie2 binding
15 peptide monomer is intended to refer to forms that contain more than one unit
of the Tie2 binding peptide monomer such that the multimeric form (e.g.,
dimer, tetramer and the like) comprises more than one copy (or unit) of the
Tie2 binding peptide and thus has multivalency for the Tie2 receptor. In a
particular embodiment, the muitimeric form is a tetramer. Multimeric forms of
20 Tie2 binding peptides have been previously described in WO 2008/049227,

incorporated herein by reference in its entirety.

[0063] As used herein, the term “high affinity”, as used with respect to
binding of a Tie2 binding peptide to the Tie2 receptor, is intended to mean
binding of the peptide to the receptor with Ky of about 10° M or less, 10 M or

25 less, or 10° M or less.

[0064] As used herein, the term “Tie2 agonist” is intended to refer to an
agent that effects biology consistent with Tie2 receptor signaling, for example,
an agent that is capable of stimulating, enhancing, increasing or upregulating
Tie2 receptor activity and/or stability, as measured by any method, technique,
30 signal, detector or indicator that is known in the art to be indicative of Tie2
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receptor biology. Non-limiting examples of indicators of Tie2 activity include
phosphorylation of human Tie2 at amino acid residue Y897, Y992, Y1048,
Y1102, Y1108 or Y1113, or at amino acid Y1100, Y1106, or Y1106, 1111 of
mouse Tie2, or phosphorylation of one or more of MAPK, AKT and eNOS.

5 Methods and Uses

[0065] The present inventors have shown that administration of a
multimeric form of a Tie2 binding peptide, called Vasculotide, is able to
increase survival in a mouse model of primary viral pneumonia and acute lung
injury.

10 [0066] Accordingly, the present disclosure provides a method of
treating an animal or cell infected with influenza comprising administering a
Tie2 agonist. The disclosure also provides use of a Tie2 agonist for treating
an animal or cell infected with influenza. Also provided is use of a Tie2 agonist
in the preparation of a medicament for treating an animal or cell infected with

15 influenza. Further provided is a Tie2 agonist for use in treating an animal or

cell infected with influenza.

[0067] The present disclosure also provides a method of increasing
survival and/or decreasing mortality in an animal or cell infected with influenza
comprising administering a Tie2 agonist. The disclosure also provides use of
20 a Tie2 agonist for increasing survival and/or decreasing mortality in an animal
or cell infected with influenza. Also provided is use of a Tie2 agonist in the
preparation of a medicament for increasing survival and/or decreasing
mortality in an animal or cell infected with influenza. Further provided is a Tie2
agonist for use in increasing survival and/or decreasing mortality in an animal

25 or cell infected with influenza.

[0068] The present inventors have also shown that influenza induces
lung endothelial leak, in contrast to the traditional scientific consensus in
which influenza virus affects only the epithelium, and that this is a determinant

of mortality from lung infections. The inventors have further shown that
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Vasculotide reduces lung microvascular leak from influenza or complications

arising from influenza.

[0069] Accordingly, the present disclosure also provides a method of
decreasing lung endothelial leak in an animal or cell infected with influenza
5 comprising administering a Tie2 agonist. The disclosure also provides use of
a Tie2 agonist for decreasing endothelial leak in an animal or cell infected with
influenza. Also provided is use of a Tie2 agonist in the preparation of a
medicament for decreasing endothelial leak in an animal or cell infected with
influenza. Further provided is a Tie2 agonist for use in decreasing endothelial

10 leak in an animal or cell infected with influenza.

[0070] As used herein, the term ‘“influenza” refers to an infectious
disease caused by RNA viruses of the family Orthomyxoviridae. The term
influenza also refers to primary viral pneumonia. In one embodiment,
influenza is a disease caused by a human influenza virus. Human influenza

15 viruses can be distinguished from avian influenza viruses (for example, H5N1
avian influenza) by the lack of certain basic amino acids in their
hemaggluttinin molecules; this limits cleavage to trypsin-like proteases that
are contained within the respiratory tract. Thus, human influenza primarily
infects the respiratory epithelium leading to epithelial injury, apoptosis and

20 desquamation (Kuiken and Taubenberger, 2008). In contrast, avian influenza
viruses can replicate outside of the respiratory tract and target endothelial
cells. Human influenza viruses can also be distinguished from avian influenza
viruses on the basis that human influenza viruses can spread from human to
human but avian influenza viruses cannot spread from human to human. Non-

25 limiting examples of human influenza viruses include the following: H1N1,
H3N2, H2N2, and H1NZ.

[0071] As used herein, the term “lung endothelial leak” refers to a loss
of barrier integrity or increased permeability of the lung microvascular
endothelium. The term “decreasing lung endothelial leak” refers to a decrease
30 of lung endothelial leak of at least 5, 10, 15, 25, 50, 75 or 100% compared to
a control that is not treated by the methods and uses described herein. In one



WO 2014/165963 PCT/CA2014/000269

-21-

embodiment, lung endothelial leak is measured by transendothelial electrical
resistance (TEER) or fluorescence of a fluorescein-tagged compound such as
dextran. The term “decreasing lung endothelial leak” also refers to an
increase in permeability of lung microvascular endothelium of at least 5, 10,
5 15, 25, 50, 75 or 100% compared to a control that is not treated by the

methods and uses described herein.

[0072] The present inventors have also shown that low-dose infection
with influenza predisposes the lung endothelium to increased leak upon
subsequent exposure to bacteria, a phenomenon known as priming and that

10 Vasculotide is able to abrogate this priming-induced leak.

[0073] Accordingly, the present disclosure also provides a method of
treating a bacterial superinfection associated with influenza in an animal or
cell in need thereof comprising administering a Tie2 agonist. The disclosure
also provides use of a Tie2 agonist for treating a bacterial superinfection
15 associated with influenza in an animal or cell in need thereof. Also provided is
use of a Tie2 agonist in the preparation of a medicament for treating a
bacterial superinfection associated with influenza in an animal or cell in need
thereof. Further provided is a Tie2 agonist for use in treating a bacterial

superinfection associated with influenza in an animal or cell in need thereof.

20 [0074] The present disclosure also provides a method of increasing
survival and/or decreasing mortality in an animal or cell with a bacterial
superinfection associated with influenza comprising administering a Tie2
agonist. The disclosure also provides use of a Tie2 agonist for increasing
survival and/or decreasing mortality in an animal or cell with a bacterial

25 superinfection associated with influenza. Also provided is use of a Tie2
agonist in the preparation of a medicament for increasing survival and/or
decreasing mortality in an animal or cell with a bacterial superinfection
associated with influenza. Further provided is a Tie2 agonist for use in
increasing survival and/or decreasing mortality in an animal or cell with a

30 bacterial superinfection associated with influenza.



WO 2014/165963 PCT/CA2014/000269

-22-

[0075] The present disclosure also provides a method of decreasing
lung endothelial leak in an animal or cell with a bacterial superinfection
associated with influenza comprising administering a Tie2 agonist. The
disclosure also provides use of a Tie2 agonist for decreasing lung endothelial
5 leak in an animal or cell with a bacterial superinfection associated with
influenza. Also provided is use of a Tie2 agonist in the preparation of a
medicament for decreasing lung endothelial leak in an animal or cell with a
bacterial superinfection associated with influenza. Further provided is a Tie2
agonist for use in decreasing lung endothelial leak in an animal or cell with a

10 bacterial superinfection associated with influenza.

[0076] As used herein, the term “bacterial superinfection” refers to a
bacterial infection that arises secondary to, or typically following, a primary
influenza infection, including a low-dose influenza infection. A bacterial
superinfection can also be defined as a pneumonia that occurs simultaneous
15 with or following influenza infection. In one embodiment, the bacterium
responsible for the bacterial superinfection is a Gram-positive bacterium such
as Staphylococcus aureus (S. aureus) or Staphylococcus pneumonia (S.
pneumonia). Without being bound by theory, it is believed that influenza
primes the lung endothelium, making it more susceptible to leak when a
20 secondary bacterial infection occurs. As a result, bacterial superinfections can

cause severe lung injury after otherwise routine infections with influenza.

[0077] As used herein, the expression “a bacterial superinfection
associated with influenza” refers in one embodiment to a bacterial
superinfection that occurs at the same time, or simultaneously with, an
25 influenza infection. In another embodiment, the expression “a bacterial
superinfection associated with influenza” refers to a bacterial superinfection

that occurs subsequent to, or following, an influenza infection.

[0078] Current treatment with antiviral agents is not as effective as time
passes between initial onset of infection and treatment, which is problematic
30 as patients do not always present for treatment immediately after symptoms

arise. In contrast to the declining efficacy of antiviral treatment, the present
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inventors have demonstrated that Vasculotide is effective even if given in a

delayed fashion.

[0079] Accordingly, in an embodiment, the Tie2 agonist is used or
administered about or at least 24 hours post-infection. In another
5 embodiment, the Tie2 agonist is used or administered about or at least 48
hours post-infection. In yet another embodiment, the Tie2 agonist is used or

administered about or at least 72 hours post-infection.

[0080] The present inventors have also shown that treatment with
Vasculotide does not reduce the efficacy of antiviral treatment and
10 administration of a Tie2 agonist, for example, Vasculotide, in combination with
an antiviral drug is able to increase survival in a mouse model of primary viral
pneumonia and acute lung injury due to influenza. Accordingly, the present
disclosure also provides a method of treating an animal or cell infected with
influenza comprising administering (a) a Tie2 agonist and (b) an antiviral
15 agent to the animal or cell in need thereof. The disclosure also provides use
of (a) a Tie2 agonist and (b) an antiviral agent for treating an animal or cell
infected with influenza. Also provided is use of (a) a Tie2 agonist and (b) an
antiviral agent in the preparation of a medicament for treating an animal or cell
infected with influenza. Further provided is (a) a Tie2 agonist and (b) an

20 antiviral agent for use in treating an animal or cell infected with influenza.

[0081] The present disclosure also provides a method of increasing
survival and/or decreasing mortality in an animal or cell infected with influenza
comprising administering (a) a Tie2 agonist and (b) an antiviral agent. The
disclosure also provides use of (a) a Tie2 agonist and (b) an antiviral agent for
25 increasing survival and/or decreasing mortality in an animal or cell infected
with influenza. Also provided is use of (a) a Tie2 agonist and (b) an antiviral
agent in the preparation of a medicament for increasing survival and/or
decreasing mortality in an animal or cell infected with influenza. Further
provided is (a) a Tie2 agonist and (b) an antiviral agent for use in increasing
30 survival and/or decreasing mortality in an animal or cell infected with

influenza.
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[0082] The present disclosure also provides a method of decreasing
lung endothelial leak in an animal or cell infected with influenza comprising
administering (a) a Tie2 agonist and (b) an antiviral agent. The disclosure also
provides use of (a) a Tie2 agonist and (b) an antiviral agent for decreasing
5 lung endothelial leak in an animal or cell infected with influenza. Also provided
is use of (a) a Tie2 agonist and (b) an antiviral agent in the preparation of a
medicament for decreasing Jung endothelial leak in an animal or cell infected
with influenza. Further provided is (a) a Tie2 agonist and (b) an antiviral agent
for use in decreasing lung endothelial [eak in an animal or cell infected with

10 influenza.

[0083] The term “antiviral agent” as used herein refers to a drug used
to treat viral infections such as infections with influenza viruses. In one
embodiment, an antiviral agent is an agent that suppresses the ability of a
virus to reproduce. Examples of antiviral agents include, but are not limited to,
15 amantadine, rimantadine, zanamivir, peramivir, viramidine, ribavirin and

oseltamivir (also known as Tamiflu®).

[0084] The term "treatment or treating" as used herein means an
approach for obtaining beneficial or desired results, including clinical results.
Beneficial or desired clinical results can include, but are not limited to,
20 alleviation or amelioration of one or more symptoms or conditions,
diminishment of extent of disease, stabilized (i.e. not worsening) state of
disease, preventing spread of disease, delay or slowing of disease
progression, amelioration or palliation of the disease state, and remission
(whether partial or total), whether detectable or undetectable. As used herein,
25 the term “treatment or treating” also includes preventing or retarding a
bacterial superinfection secondary to viral infection with influenza. Examples
of beneficial results of flu treatment include increasing survival, decreasing
mortality, decreasing lung endothelial leak, decreasing weight loss and/or

preventing hypothermia and improving arterial oxygenation.

30 [0085] The term “increasing survival’ as used herein means increasing

the length of time an animal survives following infection with influenza and/or
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bacterial superinfection associated with influenza. In one embodiment, the
term “increasing survival” refers to at least a 5, 10, 25, 50, 75, 100, 200%
increase in the length of time an animal survives following infection with
influenza compared to an animal that is not treated with the methods and

5 uses described herein.

[0086] The term “decreasing mortality” as used herein means
decreasing the mortality rate of an animal or cell with influenza and/or
bacterial superinfection associated with influenza when compared to an
animal that is not treated with the methods and uses described herein. In one

10 embodiment, the mortality rate is decreased by at least 5, 10, 15, 20, 25, 30,
35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 85, 90, 95% when compared to an
animal that is not treated with the methods and uses described herein.

[0087] The term “administering” includes the administration of the

agents described herein to an animal or to a cell in vitro or in vivo.

15 [0088] The term "animal" as used herein includes all members of the

animal kingdom including humans.

[0089] The term “cell” includes a single cell as well as a plurality or
population of cells. Administering to a cell includes administering in vitro (or ex

vivo) as well as in vivo.

20 [0090] The Tie2 agonist may be administered by any suitable method,

including topically, systemically, orally, intranasally or by inhalation.

[0091] The antiviral agent may also be administered in any suitable
manner, including without limitation, topically, systemically, orally, intranasally

or by inhalation.

25 [0092] The Tie2 agonist and the antiviral agent may be administered
concurrently (at the same time). In another embodiment, the Tie2 agonist and
the antiviral agent may be administered sequentially. The Tie2 agonist may be
administered before the antiviral agent or the antiviral agent may be
administered before the Tie2 agonist. In an embodiment, the Tie2 agonist is

30 used or administered about or at least 24 hours after the anti-viral agent. In
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another embodiment, the Tie2 agonist is used or administered about or at
least 48 hours after the anti-viral agent. In yet another embodiment, the Tie2
agonist is used or administered about or at least 72 hours after the anti-viral

agent.

5 [0093] Administration of an “effective amount” of the agents described
herein is defined as an amount effective, at dosages and for periods of time
necessary to achieve the desired result. The effective amount of the Tie2
binding and/or activating agent may vary according to factors such as the
disease state, age, sex, and weight of the animal. The effective amount of the

10 antiviral agent may also vary according to factors such as the disease state,

age, sex, and weight of the animal.

[0094] Dosage regimens may be adjusted to provide the optimum
therapeutic response. For example, several divided doses may be
administered daily or the dose may be proportionally reduced as indicated by
15 the exigencies of the therapeutic situation. The mode of administration (e.g.
in vivo by injection or topical application or ex vivo in culture) will also impact

the dosage regime.

[0095] The methods and uses described herein include administration
or use of the Tie2 agonist alone or as part of a pharmaceutical composition

20 comprising the Tie2 agonist.

[0096] In one embodiment, the pharmaceutical composition comprising
the Tie2 agonist for use in the methods and uses herein further comprises an
antiviral agent. Optionally, the composition further comprises a

pharmaceutically acceptable carrier.

25 [0097] Such pharmaceutical compositions can be for intralesional,
intravenous, topical, rectal, parenteral, local, inhalant, intranasal or
subcutaneous, intradermal, intramuscular, intrathecal, transperitoneal, oral,
and intracerebral use. The composition can be in liquid, solid or semisolid

form, for example pills, tablets, creams, gelatin capsules, capsules,
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suppositories, soft gelatin capsules, gels, membranes, tubelets, solutions or

suspensions.

[0098] The pharmaceutical compositions can be prepared by per se
known methods for the preparation of pharmaceutically acceptable

5 compositions which can be administered to patients, and such that an
effective quantity of the active substance is combined in a mixture with a
pharmaceutically acceptable vehicle. Suitable vehicles are described, for
example, in Remington's Pharmaceutical Sciences (Remington's
Pharmaceutical Sciences, Mack Publishing Company, Easton, Pa., USA 2003

10 - 20" Edition) and in The United States Pharmacopeia: The National
Formulary (USP 24 NF19) published in 1999.

[0099] On this basis, the pharmaceutical compositions for use in the
methods and/or uses described herein include, albeit not exclusively, the
active compound or substance in association with one or more
15 pharmaceutically acceptable vehicles or diluents, and contained in buffered
solutions with a suitable pH and iso-osmotic with the physiological fluids. The
pharmaceutical compositions may additionally contain other agents such as

corticosteroids and immune modulators.

Compositions comprising (a) a Tie2 agonist and (b) an antiviral agent

20 [00100] The present inventors demonstrated that the administration of
the Tie2 agonist, Vasculotide, in combination with an antiviral drug does not
reduce the efficacy of the antiviral drug and is able to increase survival in a
mouse model of primary viral pneumonia and acute lung injury due to

influenza.

25 [00101] Accordingly, the disclosure provides a composition comprising
(a) a Tie2 agonist as described herein and (b) an antiviral agent. Optionally,

the composition further comprises a pharmaceutically acceptable carrier.

[00102] The antiviral agent is any agent used to treat viral infections
such as infections with influenza viruses. In one embodiment, an antiviral

30 agent is an agent that suppresses the ability of an influenza virus to
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reproduce. Examples of antiviral agents include, but are not limited to,
amantadine, rimantadine, zanamivir, peramivir, viramidine, ribavirin and

oseltamivir (also known as Tamiflu®).

[00103] Such pharmaceutical compositions can be for intralesional,
5 intravenous, topical, rectal, parenteral, local, inhalant, intranasal or
subcutaneous, intradermal, intramuscular, intrathecal, transperitoneal, oral,
and intracerebral use. The composition can be in liquid, solid or semisolid
form, for example pills, tablets, creams, gelatin capsules, capsules,
suppositories, soft gelatin capsules, gels, membranes, tubelets, solutions or

10 suspensions.

[00104] The pharmaceutical compositions can be prepared by per se
known methods for the preparation of pharmaceutically acceptable
compositions which can be administered to patients, and such that an
effective quantity of the active substance is combined in a mixture with a

15 pharmaceutically acceptable vehicle. Suitable vehicles are described, for
example, in Remington's Pharmaceutical Sciences (Remington's
Pharmaceutical Sciences, Mack Publishing Company, Easton, Pa., USA 2003
- 20" Edition) and in The United States Pharmacopeia: The National
Formulary (USP 24 NF19) published in 1999.

20 [00105] On this basis, the pharmaceutical compositions described herein
include, albeit not exclusively, the active compound or substance in
association with one or more pharmaceutically acceptable vehicles or
diluents, and contained in buffered solutions with a suitable pH and
iso-osmotic with the physiological fluids. The pharmaceutical compositions

25 may additionally contain other agents such as corticosteroids and immune

modulators.

[00106] The disclosure also provides a kit comprising (a) a Tie2 agonist

as described herein and (b) an antiviral agent as described herein.

[00107] In one embodiment, the kit further comprises a container. In

30 another embodiment, the kit contains instructions for use of the kit for treating
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influenza in an animal or cell in need thereof and/or for increasing survival
and/or decreasing mortality in an animal with influenza. In other embodiments,
the kit contains instructions for use of the kit for treating a bacterial
superinfection associated with influenza in an animal or cell in need thereof. In
5 further embodiments, the kit provides instructions for use of the kit for

decreasing lung endothelial leak in an animal with influenza.

[00108] The Tie2 agonist and the antiviral agent of the kit are optionally
for use concurrently or sequentially. The Tie2 agonist may be for use before
the antiviral agent or the antiviral agent may be for use before the Tie2

10 agonist.

Tie2 _agonists for use in the Methods, Uses, Compositions and Kits

described herein

Angiopoietin-1
15 [00109] The Tie2 agonist can either bind and activate the Tie2 receptor,
i.e. act directly, or it can activate the Tie2 receptor indirectly. As such, another

term of Tie2 agonist is Tie2 binding and/or activating agent.

[00110] In one embodiment, the Tie2 agonist comprises an angiopoietin-
1 protein or a variant thereof. In one embodiment, the angiopoietin-1 protein
20 comprises the amino acid sequence as shown in NP_00137 or a variant

thereof.

[00111] In another embodiment, the Tie2 agonist comprises a nucleic
acid encoding an angiopoietin-1 protein or variant thereof. In one
embodiment, the angiopoietin-1 nucleic acid molecule comprises the amino
25 acid sequence as shown in NM_00146 or a variant thereof. In another
embodiment, the Tie2 agonist comprises the receptor binding domain of

angiopoietin-1.

[00112] The term “nucleic acid” as used herein refers to a sequence of

nucleotide or nucleoside monomers consisting of naturally occurring bases,
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sugars and intersugar (backbone) linkages. The nucleic acid sequences may
be ribonucleic (RNA) or deoxyribonucleic acids (DNA).

[00113] The term "variant" as used herein includes maodifications,
substitutions, additions, derivatives, analogs, fragments, chimeric versions or
5 chemical equivalents of the angiopoietin amino acid sequences that perform
substantially the same function as the angiopoietin peptides disclosed herein
in substantially the same way. For instance, the variants of the angiopoietin
peptides would have the same function of being able to bind to and activate

Tie2 when presented as a multimeric form.

10 [00114] Variants also include peptides with amino acid sequences that

are substantially or essentially identical to the angiopoietin sequences.

[00115] The term "substantially identical" or "essentially identical" as
used herein means an amino acid sequence that, when optimally aligned, for
example using the methods described herein, share at least 75%, 80%, 85%,
15  90%, 95%, 96%, 97%, 98%, 99%, or 100% sequence identity with a second

amino acid sequence.

[00116] The term “angiopoietin-1 fragment” as used herein means a
portion of the angiopoietin-1 peptide that contains at least 10%, 20%, 30%,
40%, 50%, 60%, 70%, 80%, 90%, 95%, or more of the entire length of the
20 angiopoietin-1 polypeptide that is able to bind and/or activate Tie2 when

presented as a multimeric form.

[00117] The term "homolog" means those amino acid or nucleic acid
sequences which have slight or inconsequential sequence variations from
angiopoietin-1, i.e., the sequences function in substantially the same manner.
25 The variations may be attributable to local mutations or structural
modifications. Sequences having substantial homology include nucleic acid
sequences having at least 65%, at least 85%, or 90-95% identity with
angiopoietin-1 sequences. Sequence identity can be calculated according to
methods known in the art. Nucleic acid sequence identity can be assessed by
30 the algorithm of BLAST version 2.1 advanced search. BLAST is a series of



WO 2014/165963 PCT/CA2014/000269

-39 -

programs that are available online at http://www.ncbi.nim.nih.gov/BLAST.
The advanced blast search (http://www.ncbi.nim.nih.gov/
blast/blast.cgi?Jform=1) is set to default parameters. (ie Matrix BLOSUM®62;
Gap existence cost 11; Per residue gap cost 1; Lambda ratio 0.85 default).
5 References to BLAST searches are: Altschul, S.F., Gish, W., Miller, W.,
Myers, E.W. & Lipman, D.J. (1990) "Basic local alignment search tool." J. Mol.
Biol. 215:403410; Gish, W. & States, D.J. (1993) "Identification of protein
coding regions by database similarity search." Nature Genet. 3:266272;
Madden, T.L., Tatusov, R.L. & Zhang, J. (1996) "Applications of network
10 BLAST server" Meth. Enzymol. 266:131_141; Altschul, S.F., Madden, T.L.,
Schaffer, A.A., Zhang, J., Zhang, Z., Miller, W. & Lipman, D.J. (1997)
"Gapped BLAST and PSI_BLAST: a new generation of protein database
search programs." Nucleic Acids Res. 25:33893402; Zhang, J. & Madden,
T.L. (1997) "PowerBLAST: A new network BLAST application for interactive
15 or automated sequence analysis and annotation." Genome Res. 7:649656.

[00118] The term “analog” means an amino acid or nucleic acid
sequence which has been modified as compared to the angiopoietin-1
sequences wherein the modification does not alter the utility of the sequence
(e.g. as a Tie2 binding and/or activating agent) as described herein. The
20 modified sequence or analog may have improved properties over the
angiopoietin-1 sequences. One example of a nucleic acid modification to
prepare an analog is to replace one of the naturally occurring bases (i.e.
adenine, guanine, cytosine or thymidine) of the sequence with a modified
base such as xanthine, hypoxanthine, 2-aminoadenine, 6-methyl, 2-propyl
25 and other alkyl adenines, 5-halo uracil, 5-halo cytosine, 6-aza uracil, 6-aza
cytosine and 6-aza thymine, pseudo uracil, 4-thiouracil, 8-halo adenine, 8-
aminoadenine, 8-thiol adenine, 8-thiolalkyl adenines, 8-hydroxyl adenine and
other 8-substituted adenines, 8-halo guanines, 8 amino guanine, 8-thiol
guanine, 8-thiolalkyl guanines, 8-hydroxyl guanine and other 8-substituted
30 guanines, other aza and deaza uracils, thymidines, cytosines, adenines, or

guanines, 5-trifluoromethyl uracil and 5-trifluoro cytosine.
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[00119] Another example of a modification is to include modified
phosphorous or oxygen heteroatoms in the phosphate backbone, short chain
alkyl or cycloalkyl intersugar linkages or short chain heteroatomic or
heterocyclic intersugar linkages in the nucleic acid molecules. For example,
5 the nucleic acid sequences may contain phosphorothioates, phosphotriesters,

methyl phosphonates, and phosphorodithioates.

[00120] A further example of an analog of a nucleic acid molecule of the
disclosure is a peptide nucleic acid (PNA) wherein the deoxyribose (or ribose)
phosphate backbone in the DNA (or RNA), is replaced with a polyamide
10 backbone which is similar to that found in peptides (P.E. Nielsen et al.
Science 1991, 254, 1497). PNA analogs have been shown to be resistant to
degradation by enzymes and to have extended lives in vivo and in vitro.
PNAs also bind stronger to a complementary DNA sequence due to the lack
of charge repulsion between the PNA strand and the DNA strand. Other
15 nucleic acid analogs may contain nucleotides containing polymer backbones,
cyclic backbones, or acyclic backbones. For example, the nucleotides may
have morpholino backbone structures (U.S. Pat. No. 5,034,506). The analogs
may also contain groups such as reporter groups, a group for improving the

pharmacokinetic or pharmacodynamic properties of nucleic acid sequence.

20 [00121] The disclosure also includes sequences that hybridize to the
angiopoietin-1 sequences or a fragment thereof and maintain the property of
binding and activating Tie2 when presented as a multimeric form. The term
"sequence that hybridizes" means a nucleic acid sequence that can hybridize
to a sequence under stringent hybridization conditions. Appropriate "stringent

25 hybridization conditions" which promote DNA hybridization are known to those
skilled in the art, or may be found in Current Protocols in Molecular Biology,
John Wiley & Sons, N.Y. (1989), 6.3.1-6.3.6. The term “stringent hybridization
conditions” as used herein means that conditions are selected which promote
selective hybridization between two complementary nucleic acid molecules in

30 solution. Hybridization may occur to all or a portion of a nucleic acid

sequence molecule. The hybridizing portion is at least 50% the length with
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respect to one of the polynucleotide sequences encoding a polypeptide. In
this regard, the stability of a nucleic acid duplex, or hybrids, is determined by
the Tm, which in sodium containing buffers is a function of the sodium ion
concentration, G/C content of labeled nucleic acid, length of nucleic acid
5 probe (1), and temperature (Tm = 81.5°C — 16.6 (Log10 [Na+]) + 0.41(%(G+C)
— 600/1). Accordingly, the parameters in the wash conditions that determine
hybrid stability are sodium ion concentration and temperature. In order to
identify molecules that are similar, but not identical, to a known nucleic acid
molecule a 1% mismatch may be assumed to result in about a 1°C decrease
10 in Tm, for example if nucleic acid molecules are sought that have a greater
than 95% identity, the final wash will be reduced by 5°C. Based on these
considerations stringent hybridization conditions shall be defined as:
hybridization at 5 x sodium chloride/sodium citrate (SSC)/5 x Denhardt's
solution/1.0% SDS at Tm (based on the above equation) - 5°C, followed by a

15 wash of 0.2 x SSC/0.1% SDS at 60°C.

[00122] Angiopoietin-1 may be modified to contain amino acid
substitutions, insertions and/or deletions that do not alter the binding and/or
activating properties of the protein. Conserved amino acid substitutions
involve replacing one or more amino acids of the protein with amino acids of
20 similar charge, size, and/or hydrophobicity characteristics. When only
conserved substitutions are made the resulting analog should be functionally
equivalent to angiopoietin-1. Non-conserved substitutions involve replacing
one or more amino acids of the conjugate protein with one or more amino
acids which possess dissimilar charge, size, and/or hydrophobicity

25 characteristics.

[00123] Administration or use of a nucleic acid encoding Angiopoietin-1
or variant thereof includes administration or use of a vector containing the
nucleic acid molecule and the necessary regulatory sequences for the

transcription and translation of the inserted sequence.

30 [00124] Suitable regulatory sequences may be derived from a variety of

sources, including bacterial, fungal, viral, mammalian, or insect genes (for
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example, see the regulatory sequences described in Goeddel, Gene
Expression Technology: Methods in Enzymology 185, Academic Press, San
Diego, CA (1990)). Selection of appropriate regulatory sequences is
dependent on the host cell chosen as discussed below, and may be readily
5 accomplished by one of ordinary skill in the art. Examples of such regulatory
sequences include: a transcriptional promoter and enhancer or RNA
polymerase binding sequence, a ribosomal binding sequence, including a
translation initiation signal. Additionally, depending on the host cell chosen
and the vector employed, other sequences, such as an origin of replication,
10 additional DNA restriction sites, enhancers, and sequences conferring
inducibility of transcription may be incorporated into the expression vector. It
will also be appreciated that the necessary regulatory sequences may be

supplied by angiopoietin-1 sequences and/or its flanking regions.

[00125] The recombinant expression vectors used in the methods and
15 uses described herein may also contain a selectable marker gene which
facilitates the selection of host cells transformed or transfected with a
recombinant molecule described herein. Examples of selectable marker
genes are genes encoding a protein such as G418 and hygromycin which
confer resistance to certain drugs, [-galactosidase, chloramphenicol
20 acetyltransferase, firefly luciferase, or an immunoglobulin or portion thereof
such as the Fc portion of an immunoglobulin optionally IgG. Transcription of
the selectable marker gene is monitored by changes in the concentration of
the selectable marker protein such as [3-galactosidase, chloramphenicol
acetyltransferase, or firefly luciferase. If the seiectable marker gene encodes
25 a protein conferring antibiotic resistance such as neomycin resistance,
transformant cells can be selected with G418. Cells that have incorporated
the selectable marker gene will survive while the other cells die. This makes it
possible to visualize and assay for expression of recombinant expression
vectors and in particular to determine the effect of a mutation on expression
30 and phenotype. It will be appreciated that selectable markers can be

introduced on a separate vector from the nucleic acid of interest.
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[00126] Recombinant expression vectors can be introduced into host
cells to produce a transformed host cell. The term "transformed host cell" is
intended to include cells that are capable of being transformed or transfected
with a recombinant expression vector of the disclosure. The terms

5 T"transduced", "transformed with", "transfected with", "transformation" and
"transfection" are intended to encompass introduction of nucleic acid (e.g. a
vector or naked RNA or DNA) into a cell by one of many possible techniques
known in the art. Prokaryotic cells can be transformed with nucleic acid by,
for example, electroporation or calcium chloride-mediated transformation. For

10 example, nucleic acid can be introduced into mammalian cells via
conventional techniques such as calcium phosphate or calcium chloride co-
precipitation, DEAE-dextran mediated transfection, lipofectin, electroporation,
microinjection, RNA transfer, DNA fransfer, artificial chromosomes, viral
vectors and any emerging gene transfer technologies. Suitable methods for

15 transforming and transfecting host cells can be found in Sambrook et al.
(Molecular Cloning: A Laboratory Manual, 2nd Edition, Cold Spring Harbor
Laboratory press (1989)), and other laboratory textbooks.

[00127] Suitable host cells include a wide variety of eukaryotic host cells
and prokaryotic cells. For example, the proteins may be expressed in yeast

20 cells or mammalian cefls. Other suitable host cells can be found in Goeddel,
Gene Expression Technology: Methods in Enzymology 185, Academic Press,
San Diego, CA (1991). In addition, the proteins of the disclosure may be
expressed in prokaryotic cells, such as Escherichia coli (Zhang et al., Science
303(5656): 371-3 (2004)).

25 [00128] Suitable mammalian cells include, among others: 293T cells,
COS (e.g., ATCC No. CRL 1650 or 1651), BHK (e.g. ATCC No. CRL 6281),
CHO (ATCC No. CCL 61), HelLa (e.g., ATCC No. CCL 2), 293 (ATCC No.
1573) and NS-1 cells.

[00129] Suitable expression vectors for directing expression in
30 mammalian cells generally include a promoter (e.g., derived from viral

material such as polyoma, Adenovirus 2, cytomegalovirus and Simian Virus
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40), as well as other transcriptional and translational control sequences.
Examples of mammalian expression vectors include pCDM8 (Seed, B,
Nature 329:840 (1987)), pMT2PC (Kaufman et al., EMBO J. 6:187-195
(1987)) and pCMV (Clontech, California, U.S.A.).

5 Angiopoietin-2 inhibitors

[00130] In another embodiment, the Tie2 activating agent, i.e. Tie2

agonist, comprises an inhibitor of angiopoietin-2.

[00131] An "angiopoietin-2 inhibitor" as used herein includes any
substance that is capable of inhibiting the expression or activity of
10 angiopoietin-2 and thus, includes substances that inhibit angiopoietin-2 or the
interaction of angiopoietin-2 with the Tie2 receptor. Such inhibitors optionally
include antisense nucleic acid molecules, siRNAs, proteins, antibodies (and
fragments thereof), aptamers, peptibodies, small molecule inhibitors and other
substances. In an embodiment, the inhibitor is a blocking antibody or fragment
15 thereof against angiopoietin-2. In another embodiment, the inhibitor is a
peptibody against angiopoietin-2. In one embodiment, the angiopoietin-2 has
the amino acid sequence as shown in NP_001138. In another embodiment,
the inhibitor is an antisense nucleic acid or an siRNA against an angiopoietin-
2 nucleic acid molecule. In one embodiment, the angiopoietin-2 nucleic acid

20 molecule has the nucleic acid sequence as shown in NM_001147.

[00132] The term “antisense nucleic acid” as used herein means a
nucleic acid that is produced from a sequence that is inverted relative to its
normal presentation for transcription. Antisense nucleic acid molecules may
be chemically synthesized using naturally occurring nucleotides or variously
25 modified nucleotides designed to increase the biological stability of the
molecules or to increase the physical stability of the duplex formed with
mRNA or the native gene e.g. phosphorothioate derivatives and acridine-
substituted nucleotides. The antisense sequences may be produced
biologically using an expression vector introduced into cells in the form of a
30 recombinant plasmid, phagemid or attenuated virus in which antisense

sequences are produced under the control of a high efficiency regulatory
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region, the activity of which may be determined by the cell type into which the

vector is introduced.

[00133] The term "siRNA" refers to a short inhibitory RNA that can be
used to silence gene expression of a specific gene. The siRNA can be a short
RNA hairpin (e.g. shRNA) that activates a cellular degradation pathway
directed at MRNAs corresponding to the siRNA. Methods of designing specific
siRNA molecules and administering them are known to a person skilled in the
art. It is known in the art that efficient silencing is obtained with siRNA duplex
complexes paired to have a two nucleotide 3' overhang. Adding two thymidine
nucleotides is thought to add nuclease resistance. A person skilled in the art

will recognize that other nucleotides can also be added.

[00134] The term “aptamer” as used herein refers to short strands of
nucleic acids that can adopt highly specific 3-dimensional conformations.
Aptamers can exhibit high binding affinity and specificity to a target molecule.
These properties allow such molecules to specifically inhibit the functional
activity of proteins. Thus, in another embodiment, the Ang2 inhibitor is an

aptamer that binds and inhibits Ang2 activity.

[00135] The term “peptibody” as used herein refers to a recombinant
protein that fuses a peptide region with the Fc region of IgG. Thus, in another
embodiment, the Ang2 inhibitor is an Ang2 peptide inhibitor fused with the Fc
region of 1gG.

[00136] The term "antibody" as used herein is intended to include
monoclonal antibodies, polycional antibodies, and chimeric antibodies. The
antibody may be from recombinant sources and/or produced in transgenic
animals. The term "antibody fragment" as used herein is intended to include
without limitations Fab, Fab', F(ab')2, scFv, dsFv, ds-scFv, dimers,
minibodies, diabodies, and multimers thereof, multispecific antibody
fragments and domain antibodies. Antibodies can be fragmented using
conventional techniques. For example, F(ab’)2 fragments can be generated
by treating the antibody with pepsin. The resulting F(ab')2 fragment can be

treated to reduce disulfide bridges to produce Fab' fragments. Papain
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digestion can lead to the formation of Fab fragments. Fab, Fab' and F(ab')2,
scFv, dsFv, ds-scFv, dimers, minibodies, diabodies, bispecific antibody
fragments and other fragments can also be synthesized by recombinant

techniques.

5 [00137] Conventional methods can be used to prepare antibodies. For
example, by using a peptide from angiopoietin or Tie2, polyclonal antisera or
monoclonal antibodies can be made using standard methods. A mammal,
(e.g., a mouse, hamster, or rabbit) can be immunized with an immunogenic
form of the peptide which elicits an antibody response in the mammal.

10  Techniques for conferring immunogenicity on a peptide include conjugation to
carriers or other techniques well known in the art. For example, the peptide
can be administered in the presence of adjuvant. The progress of
immunization can be monitored by detection of antibody titers in plasma or
serum. Standard ELISA or other immunoassay procedures can be used with

15 the immunogen as antigen to assess the levels of antibodies. Following
immunization, antisera can be obtained and, if desired, polyclonal antibodies

isolated from the sera.

[00138] To produce monoclonal antibodies, antibody-producing cells
(lymphocytes) can be harvested from an immunized animal and fused with
20 myeloma cells by standard somatic cell fusion procedures thus immortalizing
these cells and yielding hybridoma cells. Such techniques are well known in
the art, (e.g., the hybridoma technique originally developed by Kohler and
Milstein (Nature 256:495-497, 1975) as well as other techniques such as the
human B-cell hybridoma technique (Kozbor and Roder, Immunology Today
25 4:3, 72-79, 1983), the EBV-hybridoma technique to produce human
monoclonal antibodies (Cole et al., “The EBV-Hybridoma Technique and its
Application to Human Lung Cancer” in “Monoclonal Antibodies in Cancer
Therapy”, Allen R. Bliss, Inc. (1985), pages 77-96) and screening of
combinatorial antibody libraries (Huse et al. Science 246:4935, 1275-1282,
30 1989). Hybridoma cells can be screened immunochemically for production of

antibodies specifically reactive with the peptide and the monoclonal antibodies
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can be isolated. Therefore, the disclosure also contemplates hybridoma cells

secreting monoclonal antibodies with specificity for angiopoietin-2 or Tie2.

[00139] Chimeric antibody derivatives, i.e., antibody molecules that
combine a non-human animal variable region and a human constant region

5 are also contemplated. Chimeric antibody molecules can include, for
example, the antigen binding domain from an antibody of a mouse, rat, or
other species, with human constant regions. Conventional methods may be
used to make chimeric antibodies containing the immunoglobulin variable
region which recognizes angiopoietin-2 or Tie2 protein (See, for example,

10 Morrison et al. (PNAS 81:21, 6851-6855, 1984), and Takeda et al. (Nature
314:452-454), and the patents of Cabilly et al., U.S. Patent No. 4,816,567;
Boss et al.,, U.S. Patent No. 4,816,397; Tanaguchi et al., European Patent
Publication No. EP171496; European Patent Publication No. 0173494, United
Kingdom patent GB 2177096B).

15 [00140] Monoclonal or chimeric antibodies specifically reactive with
angiopoietin-2 or Tie2 as described herein can be further humanized by
producing human constant region chimeras, in which parts of the variable
regions, particularly the conserved framework regions of the antigen-binding
domain, are of human origin and only the hypervariable regions are of non-

20 human origin. Such immunoglobulin molecules may be made by techniques
known in the art, (e.g., Teng et al. (1983) Proc. Natl. Acad. Sci. 80:12, 7308-
7312), Kozbor and Roder (1983) Immunology Today 4:3, 72-79; Olsson et al.
(1982) Methods in Enzymol. 92, 3-16, PCT Patent Application Publication No.
WQ92/06193 and EP Patent Application Publication No. 0 239 400).

25 Humanized antibodies can also be commercially produced (Scotgen Limited,

2 Holly Road, Twickenham, Middlesex, Great Britain.)

[00141] Specific antibodies, or antibody fragments, reactive against
angiopoietin-2 or Tie2 may also be generated by screening expression
libraries encoding immunoglobulin genes, or portions thereof, expressed in
30 bacteria with peptides produced from the nucleic acid molecules encoding a

angiopoietin-2 or Tie2. For example, complete Fab fragments, VH regions
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and FV regions can be expressed in bacteria using phage expression libraries
(See for example Ward et al. (1989) Nature 348:544-546, Huse et al. (1989)
Science 246:4935, 1275-1282, and McCafferty et al. (1989) Nature 348, 552-
555).

5 [00142] Antibodies may also be prepared using DNA immunization. For
example, an expression vector containing a nucleic acid encoding
angiopoietin-2 may be injected into a suitable animal such as mouse. The
protein will therefore be expressed in vivo and antibodies will be induced. The
antibodies can be isolated and prepared as described above for protein

10 immunization.

[00143] The angiopoietin-2 inhibitors, the angiopoietin-1 peptides or the
Tie2 binding peptides described herein may also contain or be used to obtain
or design "peptide mimetics". For example, a peptide mimetic may be made to
mimic the function of an angiopoietin-2 inhibitor. "Peptide mimetics" are

15 structures which serve as substitutes for peptides in interactions between
molecules (See Morgan et al. (1989), Ann. Reports Med. Chem. 24, 243-252
for a review). Peptide mimetics include synthetic structures which may or
may not contain amino acids and/or peptide bonds but retain the structural
and functional features of the protein, including binding to and/or activating

20 Tie2. Peptide mimetics also include peptoids, oligopeptoids (Simon et al.
(1992) Proc. Natl. Acad. Sci. 89, 9367-9371).

[00144] Peptide mimetics may be designed based on information
obtained by systematic replacement of L-amino acids by D-amino acids,
replacement of side chains with groups having different electronic properties,
25 and by systematic replacement of peptide bonds with amide bond
replacements. Local conformational constraints can also be introduced to
determine conformational requirements for activity of a candidate peptide
mimetic. The mimetics may include isosteric amide bonds, or D-amino acids
to stabilize or promote reverse turn conformations and to help stabilize the
30 molecule. Cyclic amino acid analogues may be used to constrain amino acid

residues to particular conformational states. The mimetics can also include
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mimics of the secondary structures of the proteins described herein. These
structures can model the 3-dimensional orientation of amino acid residues into
the known secondary conformations of proteins. Peptoids may also be used
which are oligomers of N-substituted amino acids and can be used as motifs

5 for the generation of chemically diverse libraries of novel molecules.

Tie2 Binding Peptides Monomers and Multimeric Forms

[00145] In another embodiment, the Tie2 agonist is a binding and/or
activating agent for use in the methods and uses described herein and

comprises a multimeric form of a Tie2 binding peptide monomer thereof.

10 [00146] In one embodiment, the multimeric form comprises an even
number of units of the monomer. In another embodiment, the multimeric form
is a tetramer. In yet another embodiment, the multimeric form is a dimer. In
yet other embodiments, the multimeric form comprises six, eight, ten or twelve
units of the Tie2 binding peptide monomer. Higher order multimers can for

15 example be multiple copies of a lower order multimer joined together. For
example, an octamer could be two tetramers joined together. In another
embodiment, the multimeric form comprises an odd number of units of the
monomer. For example, the multimeric form can be a trimer or the multimeric
form can comprise five, seven, nine or eleven units of the Tie2 binding peptide

20 monomer. In a particular embodiment, the multimeric form is a tetramer.

[00147] The Tie2 binding peptide contained within the monomer is at
least two amino acids in length, is at least five amino acids in length or is at
least seven amino acids in length. An optional size range for the peptide is 7-
25 amino acids in length, or 7-15 amino acids in length. Other size ranges
25 include 5-30 amino acids in length, 5-40 amino acids in length, 5-50 amino
acids in length, 5-60 amino acids in length, 5-70 amino acids in length, 5-80
amino acids in length, 5-90 amino acids in length or 5-100 amino acids in

length. Optionally, the peptide is no more than 100 amino acids in length.

[00148] in one embodiment, the Tie2 binding peptide within the
30 monomer comprises an amino acid sequence that is present in a native Tie2
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ligand (e.g., an angiopoietin, such as Ang 1 or Ang 2). For example, a

fragment of an angiopoietin that retains the ability to bind to Tie2 can be used

as the Tie2 binding peptide, such as the fibrinogen-like domain (FLD), also

called the receptor binding domain. Alternatively, in another embodiment, the

5 Tie2 binding peptide within the monomer comprises an amino acid sequence

that is not present in a native Tie2 ligand. It has been shown that peptides

having amino acid sequences that differ from the primary sequence of

angiopoietins can be selected that have affinity for Tie2 (see e.g., Tournaire,

R. et al. (2004) EMBO Reports 5, 262-267). Such peptides can be identified,

10 for example, by screening of a phage displayed peptide library (e.g., a random

7-mer library) for peptides that bind to Tie2 (e.g., a Tie2-Fc fusion protein),

with confirmation of peptide binding to Tie2 by screening of the selected

peptide for binding to Tie2 using an ELISA assay (e.g., as described in
Tournaire, R. et al. (2004) supra).

15 [00149] In an embodiment, the Tie2 binding peptide used in the
monomer binds to Tie2 with high affinity but does not substantially inhibit
binding of an angiopoietin to Tie2. In such an embodiment, the multimeric
form does not compete with native angiopoietins for binding to Tie2. For
example, the Tie2 binding peptide binds to Tie2 with high affinity but does not

20 substantially inhibit the binding of Ang 1 to Tie2. Additionally or alternatively,
the Tie2 binding peptide binds to Tie2 with high affinity but does not
substantially inhibit the binding of, for example, Ang 2 or Ang 4, to Tie2.

[00150] In an embodiment, the Tie2 binding peptide monomer comprises
a T7 peptide. In one embodiment, the T7 peptide comprises an amino acid
25 sequence:  His-His-His-Arg-His-Ser-Phe (SEQ ID NO: 1). In another
embodiment, the T7 peptide is modified to have an amino terminal cysteine
residue added to it and, thus, in this embodiment, the T7 peptide comprises
an amino acid sequence: Cys-His-His-His-Arg-His-Ser-Phe (SEQ ID NO: 2).

[00151] In another embodiment, the Tie2 binding peptide monomer
30 comprises a GA3 peptide. In one embodiment, the GA3 peptide comprises an

amino acid sequence: Trp-Thr-lle-lle-GIn-Arg-Arg-Glu-Asp-Gly-Ser-Val-Asp-
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Phe-GIn-Arg-Thr-Trp-Lys-Glu-Tyr-Lys (SEQ ID NO: 3). In another

embodiment, the GA3 peptide is modified to have an amino terminal cysteine

residue added to it and, thus, in this embodiment, the GA3 peptide comprises

an amino acid sequence: Cys-Trp-Thr-lle-lle-Gin-Arg-Arg-Glu-Asp-Gly-Ser-
5 Val-Asp-Phe-Gin-Arg-Thr-Trp-Lys-Glu-Tyr-Lys (SEQ ID NO: 4).

[00152] In yet another embodiment, the Tie2 binding peptide monomer
comprises a T8 peptide. In one embodiment, the T8 peptide comprises an
amino acid sequence: His-Pro-Trp-Leu-Thr-Arg-His (SEQ ID NO: 5). In
another embodiment, the T8 peptide is modified to have an amino terminal

10 cysteine residue added to it and, thus, in this embodiment, the T8 peptide
comprises an amino acid sequence: Cys-His-Pro-Trp-Leu-Thr-Arg-His (SEQ
ID NO: 6).

[00153] In yet another embodiment, the Tie2 binding peptide monomer
comprises a T6 peptide. In one embodiment the T6 peptide comprises an

156 amino acid sequence: Lys-Leu-Trp-Val-lle-Pro-Lys (SEQ ID NO: 7). In
another embodiment, the T6 peptide is modified to have an amino terminal
cysteine residue added to it and, thus, in this embodiment, the T6 peptide
comprises an amino acid sequence: Cys-Lys-Leu-Trp-Val-lle-Pro-Lys (SEQ
ID NO: 8).

20 [00154] In another embodiment, the Tie2 peptide binding monomer
comprises a T4 peptide. In one embodiment, the T4 peptide comprises an
amino acid sequence: Asn-Leu-Leu-Met-Ala-Ala-Ser (SEQ ID NO: 9). In
another embodiment, the T4 peptide has an amino terminal cysteine residue
added to it and, thus, in this embodiment, the T4 peptide comprises an amino

25 acid sequence: Cys-Asn-Leu-Leu-Met-Ala-Ala-Ser (SEQ ID NO: 10).

[00155] The Tie2 binding peptides T4, T6, T7 and T8 also are described
in Tournaire, R. et al. (2004) EMBO Reports 5, 262-267. The Tie2 binding
peptide GA3 also is described in Wu, X. et al. (2004) Biochem. Biophys. Res.
Commun. 315, 1004-1010.



WO 2014/165963 PCT/CA2014/000269

-44 -

[00156] The Tie2 binding peptides described herein may be modified to
contain amino acid substitutions, insertions and/or deletions that do not alter
the peptides ability to bind and/or activate Tie2. Conserved amino acid
substitutions involve replacing one or more amino acids of the peptide with
5 amino acids of similar charge, size, and/or hydrophobicity characteristics.
When only conserved substitutions are made the resulting analog should be
functionally equivalent to the peptide. Non-conserved substitutions involve
replacing one or more amino acids of the peptide with one or more amino
acids which possess dissimilar charge, size, and/or hydrophobicity
10 characteristics.

[00157] The Tie2 binding peptides described herein may be modified to
make them more therapeutically effective or suitable. For example, the
peptides may be converted into pharmaceutical salts by reacting with
inorganic acids including hydrochloric acid, sulphuric acid, hydrobromic acid,
15 phosphoric acid, etc., or organic acids including formic acid, acetic acid,
propionic acid, glycolic acid, lactic acid, pyruvic acid, oxalic acid, succinic
acid, malic acid, tartaric acid, citric acid, benzoic acid, salicylic acid,

benzenesulphonic acid, and toluenesulphonic acids.

[00158] In addition to the Tie2 binding peptide, the Tie2 binding peptide
20 monomer can comprise other chemical moieties or groups, such as spacers
and/or multimerizing groups. For example, the Tie2 binding peptide can be
linked to a spacer, which may serve one or more functionalities. The spacer
can, for example, function to increase the distance between the monomers
when they are multimerized to facilitate interaction of the multimeric form with
25 the Tie2 receptor (e.g., reduce steric hindrance). Additionally or alternatively,
the spacer can, for example, serve as a chemical group by which the
monomers can be multimerized and/or can contribute to the
pharmacodynamics/pharmacokinetics of the compound. Moreover, the Tie2
binding peptide monomer can comprise one or more multimerizing groups,
30 chemical moieties that function to facilitate multimerization of the monomers.

A particular multimerizing group is a biotin group, which has affinity for avidin,
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streptavidin and neutravidin such that any of the three latter compounds can
be used for multimerization of monomers comprising a biotin group. Another
example of a multimerizing group is a coiled-coil domain, which can be linked
to the amino terminus of the peptide through standard recombinant DNA
5 engineering techniques and which self-assembles into oligomeric structures
(see e.g., U.S. Patent Application Publication Nos. 2003/0220476 and
2006/0074230 for further description of the use of coiled coil domains for
multimerization). Non-limiting examples of coiled-coil domains suitable for
use are the coiled coil domains from the yeast transcription factor GCN4, from
10 cartilage matrix protein (CMP) or from cartilage oligomeric matrix protein
(COMP). Additional multimerizing agents using fused Fc domains resuiting in
a tetrameric configuration are provided in Davis et al. (2003) incorporated

herein by reference (see in particular Figure 1 of Davis et al.).

[00159] In one embodiment, the spacer is a polyethylene glycol (PEG)
15 spacer, which is a polymeric molecule that can contain different numbers of
units, such as 2, 4, 6, 8, 10, 11 or 12 units. PEG polymers are also known in
the art as polyethylene oxide (PEO) polymers and thus the terms PEG and
PEO as used herein are intended to be equivalent. Numerous other suitable
spacers (also known as linkers) are well known in the art, non-limiting
20 examples of which include other polyalkylene glycols, polyesters and
polyalkylene amines. Moreover, a wide variety of spacers linked on one end
to a reactive moiety and on the other end to a biotin group are commercially
available (EZ-Link Biotin reagents available from Pierce Chemical Co.,
Rockford, IL, USA) and can be used in the preparation of the Tie2 binding
25 peptide monomers used with the methods and uses described herein. Non-
limiting examples of commercially available reagents of the structure: reactive

moiety-spacer-biotin include:

Sulfhydryl Reactive Reagents:

EZ-Link Biotin-BMCC  (1-Biotinamido-4-(4'-[maleimidoethyl-cyciohexane]-
30 carboxamido)butane)

EZ-Link Biotin-HPDP (N~(6-(Biotinamido)hexyl)-3'-(2'-pyridyldithio)-

propionamide

EZ-Link lodoacetyl-LC-Biotin (N-iodoacetyl-N-biotinylhexylenediamine)
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EZ-Link  lodoacetyl-PEO,  Biotin  ((+)-Biotinyl-iodoacetamidyl-3,  6-
dioxaoctanediamine)
EZ-Link Maleimide PEO,-Biotin (n = 2 or 11)

5 Amine Reactive Reagents:
EZ-Link NHS-PEQO,-Biotin (n = 4 or 12)
EZ-Link  NHS-SS-Biotin  (succinimidyl  2-(biotinamido)-ethyl-1,3' -
dithiopropionate)
EZ-Link Sulfo-NHS-LC-Biotin (Sulfosuccinimidyl-6-(biotinamido) hexanoate)
10 EZ-Link TFP-PEOQ;-Biotin (Tetrafluorophenyl Ester PEQ3- biotin)

Carboxyl Reactive Reagents:

EZ-Link 5-(Biotinamido)pentylamine

EZ-Link Amine-PEQ,-Biotin Labeling Reagent ((+)-Biotiny!-3,6-
15 dioxaoctanediamine)

EZ-Link  Amine-PEO;-Biotin Labeling Reagent  ((+)-Biotinyl-3,6,9-

trioxaundecanediamine)

EZ-Link Biotin PEO-Amine ((+)-Biotinyl-3, 6-dioxaoctanediamine)

EZ-Link Biotin-PEO-LC-Amine ((+)-Biotinyl-3, 6, 9-trioxaundecanediamine)

20
[00160] Furthermore, a branched arm spacer can be linked to mulitiple

copies of the Tie2 binding peptide as a means to multimerize the peptide.
Non-limiting examples include 2 and 4 armed activated branched PEG
spacers, although spacers with more arms, such as 8 or 12 armed activated
25 branched PEG spacers also can be used. Branched activated PEG spacers
(e.g., activated with maleimide) are commercially available (e.g., NOF

Corporation, Tokyo, Japan).

[00161] In an embodiment, the Tie2 binding peptide monomer comprises
a structure: A-B-C, wherein A comprises a Tie2 binding peptide, B comprises
30 a spacer and C comprises a multimerizing group, wherein C has affinity for D,
a multimer agent comprising multiple binding sites for C. In one embodiment,
the multimer agent D has four binding sites for the multimerizing group C such
that a tetramer is formed when four Tie2 binding peptide monomers, A-B-C,
interact with the multimer agent D.  In an embodiment, the multimerizing
35 group, C, for use in creating tetramers is a biotin group. Optional multimer
agents, D, for use in creating tetramers are avidin, streptavidin and
neutravidin. It is well known in the art that avidin, streptavidin and neutravidin
have four binding sites for biotin and that biotin binds with high affinity to each
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of avidin, streptavidin and neutravidin. An optional spacer, B, for use inh a

monomer of the structure A-B-C is a polyethylene glycol (PEG) spacer.

[00162] in another embodiment, the Tie2 binding peptide monomer
comprises a structure: A-B, wherein A comprises a Tie2 binding peptide and
5 B comprises a spacer, wherein the multimeric form is created by covalent
linkage of multiple Tie2 binding peptides via the common spacer B. An
optional spacer, B, for use in a monomer of the structure A-B is a

polyethylene glycol (PEG) spacer.

[00163] In yet another embodiment, the Tie2 binding peptide monomer

10 comprises a structure: A-B-C, wherein:

A comprises a Tie2 binding peptide selected from a T7 peptide and a
GA3 peptide;

B comprises a polyethylene glycol spacer; and

C comprises a biotin group,

15 wherein four copies of A-B-C are associated with a tetramer agent, D, to
create the tetramer form, the tetramer agent, D, being selected from the group
consisting of avidin, streptavidin and neutravidin. A specific example of this
embodiment is a compound in which A comprises a T7 peptide, B comprises
a polyethylene glycol spacer and C comprises a biotin group, and wherein the

20 tetramer agent D comprises avidin.

[00164] In yet another embodiment, the Tie2 binding peptide monomer

comprises a structure A-B-C, wherein:

A comprises a Tie2 binding peptide;
B comprises a spacer; and
25 C comprises a multimerizing group.
[00165] Optionally, the Tie2 binding peptide, A, comprises a T7 peptide
or a GA3 peptide. Alternatively, the Tie2 binding peptide can comprise, for
example, a T8 peptide, a T6 peptide or a T4 peptide. In an embodiment, the
spacer, B, comprises a polyethylene glycol spacer. In another embodiment,
30 the multimerizing group, C, comprises a biotin group.
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[00166] In yet a further embodiment, the multimeric form for use in the
methods and uses described herein comprises a peptide dimer, comprising:
(a) a first peptide chain; (b) a second peptide chain; and (c) a linking moiety
connecting said first and second peptide chains, wherein said peptide dimer
binds to and activates the Tie2 receptor. Optionally, the first peptide chain is
a T7 peptide and/or the second peptide chain is a T7 peptide. In an
embodiment, both the first and second peptide chains are T7 peptides.
Alternatively, the first and second peptide chains independently can be
selected from the group consisting of a T7 peptide, a GA3 peptide, a T4
peptide, a T6 peptide and a T8 peptide. In an embodiment, the first and
second peptide chains are both the same type of peptide chain. Additional
Tie2 binding peptides that can be used are described in further detail above.

[00167] Optionally, the linking moiety comprises one or more water-
soluble polymers covalently bound to the first peptide chain and the second
peptide chain. In one embodiment, the one or more water-soluble polymers
are linear polymers. Optionally, the water-soluble polymer is a polyethylene
glycol (PEG) (e.g., a linear PEG molecule). The PEG can have a molecular
weight of less than about 50,000 Daitons. [n one embodiment, the linear PEG
has a molecular weight in the range of about 3,000 Daltons to about 20,000
Daltons. In various embodiments, the linear PEG has a molecular weight of
about 3,000 Daltons, about 3,400 Daltons, about 5,000 Daltons or about
10,000 Daltons. It is understood» that in a given preparation of PEG, the
molecular weights will typically vary among individual molecules. Some
molecules will weigh more, and some less, than the stated molecular weight.
Such variation is generally reflected by use of the word "about" to describe the

molecular weights of the PEG molecules.

[00168] In another embodiment, the multimeric form comprises dimers
utilizing a linear PEG linker having a molecular weight less than about 20,000
Da, or having a molecular weight in the range of about 3,000 Daltons to about
10,000 Da.
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[00169] In another embodiment, the multimeric form comprises a peptide
tetramer, comprising: (a) a first peptide chain; (b) a second peptide chain; (c)
a third peptide chain; (d) a fourth peptide chain; and (e) a linking moiety
connecting said first, second, third and fourth peptide chains, wherein said
5 peptide tetramer binds to and activates the Tie2 receptor. In one
embodiment, the first, second, third and fourth peptide chains are T7
peptides. Alternatively, the first, second, third and fourth peptide chains
independently can be selected from the group consisting of a T7 peptide, a
GA3 peptide, a T4 peptide, a T6 peptide and a T8 peptide, and optionally the
10 first, second, third and fourth peptide chains are all the same type of peptide
chain. Additional Tie2 binding peptides that can be used are described in

further detail above.

[00170] In such an embodiment, the linking moiety comprises one or
more water-soluble polymers covalently bound to the first, second, third and
15 fourth peptide chains. In one embodiment, the one or more water-soluble
polymers are branched chain polymers, such as a polyethylene glycol (PEG)
(e.g., a branched chain PEG molecule). Optionally, the branched PEG has a
molecular weight in the range of about 3,000 Daltons to about 50,000 Daltons.
In various embodiments, the branched PEG has a molecular weight of about
20 3,000 Daltons, about 3,400 Daltons, about 5,000 Daltons, about 10,000
Daltons, about 20,000 Daltons, about 25,000 Daltons, about 30,000 Daltons,
or about 40,000 Daltons. It is understood that in a given preparation of PEG,
the molecular weights will typically vary among individual molecules. Some
molecules will weigh more, and some less, than the stated molecular weight.
25 Such variation is generally reflected by use of the word "about” to describe the
molecular weights of the PEG molecules. In the case of a 20 kDa PEG for a

tetramer, the arm length would be 5 kDa.

[00171] In the PEG-containing dimers, a single, optionally linear, PEG
moiety is simultaneously attached to the termini (e.g., the N-termini) of both
30 peptide chains of the peptide dimer. In the PEG-containing tetramers, a

single, branched chain PEG moiety is simultaneously attached to the termini
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of the four peptide chains of the peptide tetramer. To prepare the PEG-
containing dimeric and tetrameric compounds described above, Tie2 binding
peptides can be reacted with activated PEG linkers (e.g., PEG dimaleimide for
preparation of dimers, PEG tetramaleimide for preparation of tetramer. Such
5 activated PEG linkers (linear or branched chain) are commercially available

(e.g., from NOF America Corporation).

[00172] In addition to the dimers and tetramers described above, other
multimeric forms comprising two or more Tie2 binding peptides linked by a
linking moiety can be used, such as those containing three, five, six, seven,
10  eight, nine, ten, eleven or twelve Tie2 binding peptides covalently linked to a
linking moiety, optionally a branched linking moiety, such as a branched chain
PEG molecule. Such alternative multimeric forms can be prepared as
described for the dimers and tetramers, using linker moieties having the
appropriate number of reactive ends (e.g., six reactive ends for a multimer
15 containing six peptide chains) and the appropriate ratio of peptide to linker
(e.g., 6:1 for a multimer containing six peptide chains). In such cases, larger
PEG molecules are used to maintain a similar arm length between monomers.
For example, a multimer of 8 monomers made with a 40 kDa PEG molecule

would have an arm length of 5 kDa.

20 [00173] Alternative water-soluble polymer linkers include, but are not
limited to, copolymers of ethylene  glycollpropylene  glycol,
carboxymethylcellulose, dextran, polyvinyl alcohol, polyvinyl pyrrolidone, poly-
1,3-dioxolane, poly-1,3,6-trioxane, ethylene/maleic anhydride copolymer,
polyaminoacids (either homopolymers or random copolymers), poly(n-vinyl

25 pyrrolidone)polyethylene  glycol, propropylene glycol homopolymers,
polypropylene oxide/ethylene oxide copolymers, and polyoxyethylated
polyols. For peptide dimers, the polymer linker can have a molecular weight
of less than 20,000 Da. In one embodiment, the molecular weight is about
10,000 Da. For peptide tetramers, the polymer linker has a molecular weight

30 of about 20,000 Da.
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[00174] Other types of linking moieties known in the art can be used to
join the peptide chains in the multimers (e.g., two peptide chains in the dimer,
four peptide chains in the tetramer). Non-limiting examples of additional
suitable linker moieties that can be used to join multiple peptide chains to form
5 multimers include those described in US Patent Application Publication Nos.
2007/0104704 and US Publication 2007/0027074, the entire contents of both

of which are expressly incorporated herein by reference.

[00175] In another embodiment, the Tie2 agonist comprises an agent
that activates Tie2 without binding to Tie2. The activation may be direct or

10 indirect. For example, an inhibitor of a Tie2 inhibitor indirectly activates Tie2.
Accordingly, an inhibitor of a Tie2 inhibitor is a Tie2 activating agent/agonist.
One example of an inhibitor of a Tie2 inhibitor is AKB9778 from Aerpio.
Another example of an inhibitor of a Tie2 inhibitor is an antibody that inhibits
VE-PTP (the target of AKB9778).

15 [00176) The above disclosure generally describes the present
disclosure. A more complete understanding can be obtained by reference to
the following specific examples. These examples are described solely for the
purpose of illustration and are not intended to limit the scope of the disclosure.
Changes in form and substitution of equivalents are contemplated as

20 circumstances might suggest or render expedient. Although specific terms
have been employed herein, such terms are intended in a descriptive sense

and not for purposes of limitation.

[00177] The following non-limiting examples are illustrative of the
present disclosure:

25
EXAMPLES

Example 1

Materials and Methods
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Preparation of Vasculotide

[00178] T7 peptides were reacted with a 10kDa tetrameric polyethylene
glycol-maleimide. Specifically, activated PEG and T7 peptide were added to a
50mL round bottom flask protected from light and PBS (pH 6.5, 22mL) was
5 added for a final peptide concentration of 5mg/mL. The reaction was stirred at
room temperature, the pH verified using a pH meter and the progress of the
reaction monitored by HPLC at various time intervals. The reaction mixture

was then acidified to pH 3.5 after which the following steps were performed:
Step 1 FLASH LC:

10 Column: Reverse Phase C18, Fuji, 200A, 40g column
30pm (custom packed)
Gradient Profile: 10-100% B in 63 mins

Eluents: Eluent A=0.1% TFA in water, Eluent B=0.1% TFA in 60%
acetonitrile, 40% water
15 Detection: UV (A-210nm/254nm)
Column temp: room temperature
Flow Rate: 40 mL/min

Step 2 Preparative HPLC:

Column: Reverse Phase C18, Daiso Bio C18, 200A, 10um 25mm
20 X 250mm (custom packed)

Gradient Profile: 50-100% B in 70 mins

Eluents: Eluent A=0.1% HFBA in 3% acetonitrile in water, Eluent

B=0.1% HFBA in 60% acetonitrile, 40% water

Detection: UV (A-210nm)
25 Column temp: room temperature

Flow Rate: 30 mL/min

Step 3 Preparative HPLC:

Column: Reverse Phase C18, Daiso Bio C18, 200A, 10um 25mm
X 250mm (custom packed)
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Gradient Profile: 45-100% B in 77 mins

Eluents: Eluent A=0.1% TFA in water, Eluent B=0.1% TFA in 60%
acetonitrile, 40% water
Detection: UV (A-210nm)
5 Column temp: room temp
Flow Rate: 30 mL/min

Final material for QC was lyophilized after step 3 into a tared vial to determine
the amount of material. This resulted in a 4-arm 10kDa PEG maleimide (H-
Cys(succinimido-propionylaminoethyl)-His-His-His-Arg-His-Ser-Phe-OH),-

10 PEG 10kDa trifluoroacetate salt.

Cells and Influenza and Staphylococcus aureus infection

[00179] Primary human lung microvascular endothelial cells (HMVECs)
obtained from Lonza were cultured in EBM-2 media with the recommended
supplements and used in passages 6-9. Primary C57Bl/6 mouse lung

15 microvascular endothelial cells were obtained from Cell Biologics (Chicago,
IL) and were cultured with Mouse Endothelial Cell Medium with the
recommended supplements. Influenza A X31 (H3N2) was used since the
H3N2 subtype is most commonly associated with complications and death
(Thompson et al., 2003); a clinical isolate (H3N2) was also used to confirm

20 key findings. The virus was added to cells in serum-free media. After one
hour, 0.5% serum was added. All infections were for 24 hours unless
otherwise indicated. S. aureus (ATCC 29213) was heat-killed by incubation at
56°C for 2 hours and added to cells at a multiplicity of infection of 100.

25 Permeability assay

[00180] HMVECs seeded on 0.4 um-pore polyester transwells (Costar)
coated with Attachment Factor (Invitrogen) were grown to confluency for 3-4
days. Baseline permeability to fluorescein-Na was then measured as
previously described (Armstrong et al., 2012). As a complementary approach,

30 the transendothelial electrical resistance (TEER) of endothelial monolayers



WO 2014/165963 PCT/CA2014/000269

-54 -

was measured using the Endohm-12 (WP, Florida). Cells were then treated
with influenza at different multiplicities of infection (MOI; defined as the ratio of
plaque forming units to endothelial cells) for 24 hours. Permeability to
fluorescein-Na and/or the TEER were then measured and compared to (pre-
5 infection) baseline. For priming experiments, Vasculotide (VT) 2 ng/mL was

added at the same time as the bacteria.

Mouse model of severe influenza

[00181] C57BI/6 mice were inoculated intranasally with X31 influenza

10 (64-128 HAU/mouse) and lung vascular leak was assessed 4 days after
infection. In some experiments, VT 400 ng or vehicle control was injected
intraperitoneally immediately after infection and daily after that. Amantadine
was given by oral gavage three times a day (46 mg/kg/mouse). Vascular leak
was assessed by measuring wet/dry ratio of lungs or by quantifying Evans

15 blue dye leak; Evans blue (EB) dye binds tightly to albumin and is a
reproducible and accurate means to assess vascular permeability (Patterson
et al., 1992). Ten minutes prior to euthanasia, 100 pL of 1% EB was injected
via tail vein. 200 uL of whole blood was collected for EB measurement. The
thorax was opened and the mouse perfused with 10 mL PBS to flush the

20 vasculature, after which the lungs were harvested. EB was extracted from
tissue by incubation in formamide and absorbances at 620 (A620) and 740
(A740) nm were recorded. EB content was calculated by correcting A620 for
heme and converted to ug EB by comparing to a standard curve.

25 Results:
Mouse model of primary viral pneumonia and acute lung injury

[00182] C57BI/6 mice infected with influenza (H3N2, 128 HAU/mouse)
develop weight loss (Fig. 1D) and marked lung edema (Fig. 1A-C, E), dying
approximately 5 days after infection. Administration of VT (400 ng,
30 intraperitoneally daily, at the time of infection, significantly prolonged survival
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of infected mice (p<0.001) (Fig. 2). In a less severe model of influenza in
which mice are given 64 HAU of influenza, infected mice die between 5 and 8
days after infection. Administration of VT (400 ng, intraperitoneally daily)
even when given in a delayed fashion (Fig. 3A), significantly increased
5 survival. In addition, VT decreased influenza-induced hypothermia (Fig. 3B)
and reduced lung edema significantly (Fig. 4). When co-administered with
the antiviral drug Amantadine, VT significantly increased survival of flu-
infected mice compared to controls using both the higher (Figure 5) and lower
dose (Figure 6A) of influenza. The benefit of VT was observed even if given
10 as long as 72 hours after the infection (Fig. 6A). VT significantly improved
arterial oxygen levels in infected mice (Fig. 6B-C), decreased influenza-
induced hypothermia (Fig. 6D) and attenuated influenza-induced weight loss
(Fig. 6E). Remarkably, VT itself has no intrinsic antiviral activity and no effect
on leukocyte chemotaxis (Fig. 7). Without being bound by theory, it is
15 believed that the mechanism of benefit is by action of VT on the endothelium.
Another possible explanation is that VT acts on non-endothelial cell types that

express Tie2, such as Tie2-expressing leukocyte populations.

In vitro and In vivo model of sequential infection with influenza followed by S.

20 aureus

[00183] The data indicate that prior infection with influenza (MOI 0.1-
1.0), even days earlier, leads to a marked increase in lung endothelial
permeability upon exposure to S. aureus (Fig. 8A-C). The leak after
sequential infection is greater than either infection alone (i.e. it is synergistic)
25 and is independent of endothelial polarity (Fig. 8D); it is also order-specific,
since adding S. aureus before influenza does not have the same effect (Fig.
8E). In addition, leak is not due to enhanced adhesion of the bacteria to the
endothelium (Fig. 8F). Importantly, VT was able to almost completely prevent
priming-induced leak despite having no effect on viral replication (Fig. 9A).
30 The beneficial effect of VT was also seen in vivo (Fig. 9B). Leak appears to



WO 2014/165963 PCT/CA2014/000269

10

15

20

25

30

-56 -

occur due to apoptosis, since sequential infection induces lung endothelial

apoptosis, an effect that is attenuated by VT (Fig. 9C).
Summary

[00184] Enhancing or agonizing Tie2 activity, demonstrated using
Vasculotide, significantly increases survival in a mouse model of severe
human influenza and increases survival when co-administered with an
antiviral drug, even if administered in a delayed fashion. Traditional treatment
for influenza using antiviral drugs is most effective if given at the time of
infection, and becomes progressively less effective over time. Since patients
cannot be certain of the exact time of infection, the persistent benefit of
delayed administration of VT is of clinical relevance. In addition, low-dose
exposure to flu primes the lung endothelium to become leaky upon
subsequent exposure (even days later) to bacteria; this effect is blocked by

Vasculotide.

[00185] Leakiness of the lung endothelium is an important determinant
of mortality from severe human influenza, and administration of Vasculotide is
a therapy for treating both primary viral pneumonia and for decreasing lung

edema and mortality after a bacterial superinfection.

[00186] While the present disclosure has been described with reference
to what are presently considered to be the examples, it is to be understood
that the disclosure is not limited to the disclosed examples. To the contrary,
the disclosure is intended to cover various modifications and equivalent

arrangements included within the spirit and scope of the appended claims.

[00187] All publications, patents and patent applications are herein
incorporated by reference in their entirety to the same extent as if each
individual publication, patent or patent application was specifically and

individually indicated to be incorporated by reference in its entirety.
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Table of Sequences
SEQ ID NO | SEQUENCE DESCRIPTION
1 His His His Arg His Ser Phe Peptide;
Artificial
Sequence T7
2 Cys His His His Arg His Ser Phe Peptide;
Artificial
Sequence T7
3 Trp Thr lle lle Gin Arg Arg Glu Asp Gly Ser | Peptide;
Val Asp Phe GIn Arg Thr Trp Lys Glu Tyr | Artificial
Lys Sequence GA3
4 Cys Trp Thr lle lle GIn Arg Arg Glu Asp Gly | Peptide;
Ser Val Asp Phe Gin Arg Thr Trp Lys Glu | Artificial
Tyr Lys Sequence GA3
5 His Pro Trp Leu Thr Arg His Peptide;
Artificial
Sequence T8
6 Cys His Pro Trp Leu Thr Arg His Peptide;
Artificial
Sequence T8
7 Lys Leu Trp Val lle Pro Lys Peptide;
Artificial
Sequence T6
8 Cys Lys Leu Trp Val lle Pro Lys Peptide;
Artificial
Sequence T6
9 Asn Leu Leu Met Ala Ala Ser Peptide;
Artificial
Sequence T4
10 Cys Asn Leu Leu Met Ala Ala Ser Peptide;
Artificial
Sequence T4
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Claims:
1. Use of a Tie2 agonist for treating an animal or cell infected with influenza.

2. Use of a Tie2 agonist for treating a bacterial superinfection associated with

influenza in an animal or cell in need thereof.
5 3. The use of claim 1 or 2, further comprising use of an antiviral agent.

4. The use of claim 3, wherein the Tie2 agonist and the antiviral agent are

used concurrently.

5. The use of claim 3, wherein the Tie2 agonist and the antiviral agent are

used sequentially.

10 6. The use of any one of claims 3 to 5, wherein the antiviral agent is
amantadine, rimantadine, zanamivir, peramivir, viramidine, ribavirin or

oseltamivir.

7. The use of any one of claims 1 to 6, wherein the influenza is human

influenza.

15 8. The use of any one of claims 1 to 7, wherein the Tie2 agonist comprises
angiopoietin-1 or receptor binding portion thereof or a nucleic acid encoding

angiopoietin-1 or receptor binding portion thereof.

9. The use of any one of claims 1 to 7, wherein the Tie2 agonist comprises a

blocking antibody against angiopoietin-2.

20 10.The use of any one of claims 1 to 9, wherein the Tie2 agonist comprises a

multimeric form of a Tie2 binding peptide monomer.
11.The use of ctaim 10, wherein the multimeric form is a tetramer.
12. The use of claim 10, wherein the multimeric form is a dimer.

13.The use of claim 10, wherein the multimeric form comprises six, eight, ten

25 or twelve units of the Tie2 binding peptide monomer.
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14. The use of claim 10, wherein the Tie2 binding peptide monomer comprises
a structure: A-B, wherein A comprises a Tie2 binding peptide and B
comprises a common spacer, wherein the multimeric form is created by

covalent linkage of multiple Tie2 binding peptides via the common spacer B.
5 15.The use of claim 14, wherein B comprises polyethylene glycol (PEG).

16. The use of any one of claims 10 to 15, wherein the Tie2 binding peptide
monomer comprises a T7 peptide as shown in SEQ ID NOs: 1 or 2.

17.The use of any one of claims 10 to 15, wherein the Tie2 binding peptide

monomer comprises a GA3 peptide as shown in SEQ ID NOs: 3 or 4.

10 18.The use of any one of claims 10 to 15, wherein the Tie2 binding peptide
monomer comprises a peptide selected from the group consisting of a T4
peptide, a T6 peptide and a T8 peptide as shown in SEQ ID NOs: 5-10.

19.The use of claim 10, wherein the multimeric form is a dimer, comprising:
(a) a first peptide chain; (b) a second peptide chain; and (c) a linking moiety
15 connecting said first and second peptide chains, wherein said peptide dimer

binds to and activates the Tie2 receptor.

20.The use of claim 19, wherein the first peptide chain is a T7 peptide (SEQ
ID NOs: 1 or 2).

21.The use of claim 19 or 20, wherein the second peptide chain is a T7
20 peptide (SEQ ID NOs: 1 or 2).

22.The use of any one of claims 19 to 21, wherein the linking moiety
comprises one or more water-soluble polymers covalently bound to the first

peptide chain and the second peptide chain.

23.The use of claim 22, wherein the one or more water-soluble polymers are

25 linear polymers.
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24.The use of claim 22, wherein the water-soluble polymer is a polyethylene
glycol (PEG).

25.The use of claim 10, wherein the multimeric form comprises a peptide
tetramer, comprising: (a) a first peptide chain; (b) a second peptide chain; (c)
5 a third peptide chain; (d) a fourth peptide chain; and (e) a linking moiety
connecting said first, second, third and fourth peptide chains, wherein said

peptide tetramer binds to and activates the Tie2 receptor.

26.The use of claim 25, wherein the first, second, third and fourth peptide
chains are T7 peptides (SEQ ID NOs: 1 or 2).

10 27.The use of claim 25 or 26, wherein the linking moiety comprises one or
more soluble polymers covalently bound to the first, second, third and fourth

peptide chains.

28.The use of any one of claims 25 to 27, wherein the water-soluble polymer

is a branched chain water-soluble polymer.

15 29.The use of claim 28, wherein the water-soluble polymer is a branched

chain polyethylene glycol (PEG).

30.The use of claim 29, wherein the PEG has a molecular weight in a range
of about 3,000 Daltons to about 20,000 Daltons.

31.The use of claim 25, wherein the first, second, third and fourth peptide
20 chains are T7 peptides (SEQ ID NOs: 1 or 2) and the linking moiety is PEG,
the PEG having a molecular weight of about 10,000 Daltons.

32.The use of any one of claims 1 to 31, wherein the Tie2 agonist is

administered systemically.

33.The use of any one of claims 1 to 31, wherein the Tie2 agonist is

25 administered intranasally or by inhalation.

34.The use of any one of claims 1 to 33, wherein the animal is human.
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35. A composition comprising (a) a Tie2 agonist and (b) an antiviral agent.

36.A kit comprising (a) a Tie2 agonist, (b) an antiviral agent and (c)
instructions for use of the kit for treating an animal or cell infected with -
influenza and/or for treating a bacterial superinfection in an animal or cell

5 infected with influenza.

37.The composition or kit of claim 35 or 36, wherein the antiviral agent is an

inhibitor of influenza virus.

38.The composition or kit of claim 35 or 36, wherein the antiviral agent is
amantadine, rimantadine, zanamivir, peramivir, viramidine, ribavirin or

10 oseltamivir.

39.The composition or kit of any one of claims 35 to 38, wherein the Tie2

agonist comprises angiopoietin-1 or a nucleic acid encoding angiopoietin-1.

40. The composition or kit of any one of claims 35 to 38, wherein the Tie2

agonist comprises a blocking antibody against angiopoietin-2.

15 41.The composition or kit of any one of claims 35 to 38, wherein the Tie2

agonist comprises a multimeric form of a Tie2 binding peptide monomer.

42.The composition or kit of claim 41, wherein the multimeric form is a

tetramer.
43. The composition or kit of claim 41, wherein the multimeric form is a dimer.

20 44.The composition or kit of claim 41, wherein the multimeric form comprises

six, eight, ten or twelve units of the Tie2 binding peptide monomer.

45.The composition or kit of claim 41, wherein the Tie2 binding peptide
monomer comprises a structure: A-B, wherein A comprises a Tie2 binding
peptide and B comprises a common spacer, wherein the multimeric form is
25 created by covalent linkage of multiple Tie2 binding peptide monomers via the

common spacer B.
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46.The composition or kit of claim 45, wherein B comprises polyethylene
glycol (PEG).

47.The composition or kit of any one of claims 41 to 46, wherein the Tie2
binding peptide monomer comprises a T7 peptide as shown in SEQ ID NOs: 1
5 or2.

48.The composition or kit of any one of claims 41 to 46, wherein the Tie2
binding peptide monomer comprises a GA3 peptide as shown in SEQ ID NOs:
3or4.

49.The composition or kit of any one of claims 41 to 46, wherein the Tie2

10 binding peptide monomer comprises a peptide selected from the group
consisting of a T4 peptide, a T6 peptide and a T8 peptide as shown in SEQ ID
NOs:5-10.

50. The composition or kit of claim 41, wherein the multimeric form is a dimer,
comprising: (a) a first peptide chain; (b) a second peptide chain; and (c) a
15 linking moiety connecting said first and second peptide chains, wherein said

peptide dimer binds to and activates the Tie2 receptor.

51. The composition or kit of claim 50, wherein the first peptide chain is a T7
peptide (SEQ ID NOs: 1 or 2).

52. The composition or kit of claim 50 or 51, wherein the second peptide chain
20 is a T7 peptide (SEQ ID NOs: 1 or 2).

53.The composition or kit of any one of claims 50 to 52, wherein the linking
moiety comprises one or more water-soluble polymers covalently bound to the

first peptide chain and the second peptide chain.

54. The composition or kit of claim 53, wherein the one or more water-soluble

25 polymers are linear polymers.

55.The composition or kit of claim 53, wherein the water-soluble polymer is a

polyethylene glycol (PEG).
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56. The composition or kit of claim 41, wherein the multimeric form comprises

a peptide tetramer, comprising: (a) a first peptide chain; (b) a second peptide

chain; (c) a third peptide chain; (d) a fourth peptide chain; and (e) a linking

moiety connecting said first, second, third and fourth peptide chains, wherein
5 said peptide tetramer binds to and activates the Tie2 receptor.

57.The composition or kit of claim 56, wherein the first, second, third and
fourth peptide chains are T7 peptides (SEQ ID NOs: 1 or 2).

58.The composition or kit of claim 56 or 57, wherein the linking moiety
comprises one or more soluble polymers covalently bound to the first, second,
10 third and fourth peptide chains.

59. The composition or kit of any one of claims 56 to 58, wherein the water-

soluble polymer is a branched chain water-soluble polymer.

60. The composition or kit of claim 59, wherein the water-soluble polymer is a

branched chain polyethylene glycol (PEG).

15 61.The composition or kit of claim 60, wherein the PEG has a molecular
weight in a range of about 3,000 Daltons to about 20,000 Daltons.

62. The composition or kit of claim 57, wherein the first, second, third and
fourth peptide chains are T7 peptides (SEQ ID NOs: 1 or 2) and the linking
moiety is PEG, the PEG having a molecular weight of about 10,000 Daltons.

20 63.The composition or kit of any one of claims 35 to 62, wherein the

composition further comprises a pharmaceutically acceptable carrier.

64. The composition or kit of any one of claims 35 to 63, wherein the
composition is formulated for intralesional, intravenous, topical, rectal,
parenteral, local, inhalant, intranasal or subcutaneous, intradermal,

25 intramuscular, intrathecal, transperitoneal, oral or intracerebral use.
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