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METHODS OF TREATMENT AND NOVEL CONSTRUCTS

FIELD

The present invention relates to novel methods for targeting compounds to hypoxic cells,
including methods of treatment involving same, and constructs for such use. The present
invention further relates to novel methods for use in treatment of disorders and/or diseases

of the eye and constructs for such use.

BACKGROUND

Many diseases and disorders are associated with hypoxic cells and/or tissues. For
example, age-related macular degeneration (AMD) and diabetic retinopathy are both
associated with ischemia of the retina, causing the death of retinal pigment epithelium
cells. By way of further example, tumours (such as in cancer) have poor vascular supply
and are hypoxic and/or have portions or zones that are hypoxic, resulting in tissue with
reduced oxygen levels. In the case of tumours, continued ischemia can promote the
survival of hypoxia-resistant tumour cells over normal cells. Structural abnormalities in

tumour blood vessels may influence therapeutic responses to treatments.

By way of further example, there are a number of diseases and disorders associated with
hypoperfusion leading to hypoxia, including stroke and transient ischemic attacks, cardiac
ischemia, ischemic colitis (ischemia of the large intestine), sepsis, acute limb ischemia,

cutaneous ischemia, multiple sclerosis, vascular dementia, and Alzheimer’s disease.

While there are some treatments available for certain diseases associated with hypoxia,

these are not without problem.

For example, current treatment options for acute ischemia most commonly target the cause
of the ischemia (for example thrombosis), and include injection of an anticoagulant,
thrombolysis, embolectomy, surgical revascularisation, or amputation. Another option is
lowering body or organ temperature in an attempt to reduce the aerobic metabolic rate of
the affected cells, reducing the immediate effects of hypoxia. However, ischemic tissue
continues to degenerate after such treatments. For example, sepsis is associated with the

development of hypoperfusion. Treatment approaches then move to attempting to limit the



10

15

20

25

30

WO 2018/199777 PCT/NZ2018/050059

-2

subsequent effects of the ischemic insult. However, these approaches are frequently

associated with off-target effects and side effects.

Similarly, current approaches for treatment of diseases and disorders associated with
chronic ischemia are associated with off-target effects and side effects. For example, both
AMD and diabetic retinopathy are currently treated primarily with intravitreal injections of
anti-VEGF agents, including for example VEGF-Trap. It has recently been acknowledged
that long-term treatment may result in anti-VEGF resistance with best-corrected visual
acuity after five years of treatment being below baseline in a number of cases (1-3). In
addition, overuse of anti-VEGF agents may contribute to loss of good vessels, increasing

tissue ischemia (24).

In the case of tumours, the side effects of chemotherapy are well documented. These side
effects are frequently attributable to the fact that therapeutic agents of use in the treatment
of cancer are taken up by cells in a non-specific manner and have toxic effects on normal

cells.

Connexin channel blockers have previously been shown to reduce chronic inflammation
and promote blood vessel integrity (18, 29, 30). Certain connexin channel blockers, for
example Gap19, need to enter the cell in order to bind cytoplasmic domains of connexins.
For example Gap19 binds to the cytoplasmic tail of the connexin Cx43. The plasma
membrane of eukaryotic cells has poor permeability to many chemical compounds,
significantly reducing their efficacy, for example as therapeutics or experimental reagents,
particularly when they need to reach the cytoplasm to be efficacious. Due to poor
permeability of connexin channel blockers such as Gap19, high concentrations have
previously been used in order to achieve efficacy (6, 7). However, administration of
Gap19 at high concentrations may have undesirable side effects such as off-target effects

or an unsolicited immune response.

Technologies have been developed to improve the cell permeability of chemical
compounds, including the use of lipid-, polycationic-, nanoparticle- and peptide-based
methods. However, these technologies are not without problem. For example, cell

permeable carrier peptides may be large and expensive to manufacture, making them
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commercially non-viable. Carrier peptides may also interfere with the conformation of the
molecule which they carry, reducing efficacy of those compounds. Carrier peptides may
also lack specificity for target tissues or cells resulting in off-target effects which may be
undesirable. Many carrier peptides are highly cationic. For example, they may contain
high concentrations of the amino acid arginine. Such carrier peptides may show toxicity at

higher concentrations owing to induced membrane leakage (31).

The above examples demonstrate the need for alternative treatment options for delivery to
hypoxic cells, and for alternative options for delivery of intracellularly acting connexion

channel blockers.

Bibliographic details of the publications referred to herein are collected at the end of the

description.

OBJECT

It is an object of the present invention to provide methods of targeting delivery of a
compound to hypoxic cells, methods of treating a disease or disorder associated with
hypoxia, methods of treating a disease or disorder of the eye, uses of a construct, uses of a
nucleic acid, uses of a nucleic acid vector comprising a nucleic acid encoding a construct,
methods of increasing uptake of a compound, methods of preparing medicaments for
increasing uptake of a compound, methods of reducing off-target effects of a therapeutic
agent, constructs, nucleic acids encoding constructs, and/or nucleic acid vectors encoding a
construct that overcomes or ameliorates a disadvantage of the prior art. It is a further

alternate object of the invention to provide the public with a useful choice.

STATEMENT OF INVENTION

The invention provides a novel method of targeting delivery of a compound to hypoxic
cells, for example treatment of diseases and disorders associated with hypoxia, comprising
administration of a construct comprising a targeting carrier peptide and a compound for

delivery to a hypoxic cell.
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The invention also provides a novel method for the treatment of diseases or disorders of
the eye by administration of a novel construct, a nucleic acid encoding a novel construct,

and/or a nucleic acid vector comprising a nucleic acid encoding a novel construct.

The invention further provides novel constructs, nucleic acids encoding such constructs,

and/or nucleic acid vectors comprising nucleic acids encoding such constructs.

Accordingly, in a first broad aspect, the invention provides a method of targeting delivery
of a compound to hypoxic cells in a subject comprising: administering to the subject a
construct comprising (a) a targeting carrier peptide derived from the X-protein of the

Hepatitis B virus and (b) the compound.

In a second broad aspect, the invention provides a method of targeting delivery of a
peptide compound to hypoxic cells in a subject comprising: administering to the subject a
nucleic acid encoding a construct comprising (a) a targeting carrier peptide derived from

the X-protein of the Hepatitis B virus and (b) the peptide compound.

In a third broad aspect, the invention provides a method of targeting delivery of a peptide
compound to hypoxic cells in a subject comprising: administering to the subject a nucleic
acid vector comprising a nucleic acid encoding a construct comprising (a) a targeting
carrier peptide derived from the X-protein of the Hepatitis B virus and (b) the peptide

compound.

In a fourth broad aspect, the invention provides a method of treating a disease or disorder
associated with hypoxia comprising: administering to a subject a construct comprising (a)
a targeting carrier peptide derived from the X-protein of the Hepatitis B virus and (b) a

therapeutic agent of use in treating the disease or disorder.

In a fifth broad aspect, the invention provides a method of treating a disease or disorder of
the eye comprising: administering to a subject a construct comprising (a) a targeting carrier
peptide derived from the X-protein of the Hepatitis B virus and (b) a peptide capable of

interacting with an intracellular domain of connexin43 (Cx43).
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In a sixth broad aspect, the invention provides a method of treating a disease or disorder
associated with hypoxia comprising: administering to a subject a nucleic acid encoding a
construct comprising (a) a targeting carrier peptide derived from the X-protein of the
Hepatitis B virus and (b) a peptide therapeutic agent of use in treating the disease or

disorder.

In a seventh broad aspect, the invention provides a method of treating a disease or disorder
of the eye comprising: administering to a subject a nucleic acid encoding a construct
comprising (a) a targeting carrier peptide derived from the X-protein of the Hepatitis B
virus and (b) a peptide capable of interacting with an intracellular domain of connexin43

(Cx43).

In an eighth broad aspect, the invention provides a method of treating a disease or disorder
associated with hypoxia comprising: administering to a subject a nucleic acid vector
comprising a nucleic acid encoding a construct comprising (a) a targeting carrier peptide
derived from the X-protein of the Hepatitis B virus and (b) a peptide therapeutic agent of

use in treating the disease or disorder.

In a ninth broad aspect, the invention provides a method of treating a disease or disorder of
the eye comprising: administering to a subject a nucleic acid vector comprising a nucleic
acid encoding a construct comprising (a) a targeting carrier peptide derived from the X-
protein of the Hepatitis B virus and (b) a peptide capable of interacting with an

intracellular domain of connexin43 (Cx43).

In a tenth broad aspect, the invention provides a method of treating a disease or disorder
associated with hypoxia comprising: administering to a subject a composition comprising a
construct comprising (a) a targeting carrier peptide derived from the X-protein of the
Hepatitis B virus and (b) a therapeutic agent of use in treating the disease or disorder, in

combination with one or more carrier, excipient, and/or diluent.

In an eleventh broad aspect, the invention provides a method of treating a disease or
disorder of the eye comprising: administering to a subject a composition comprising a

construct comprising (a) a targeting carrier peptide derived from the X-protein of the
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Hepatitis B virus and (b) a peptide capable of interacting with an intracellular domain of

connexin43 (Cx43) in combination with one or more carrier, excipient, and/or diluent.

In a twelfth broad aspect, the invention provides a method of treating a disease or disorder
associated with hypoxia comprising: administering to a subject a composition comprising a
nucleic acid encoding a construct comprising (a) a targeting carrier peptide derived from
the X-protein of the Hepatitis B virus and (b) a peptide therapeutic agent of use in treating

the disease or disorder, in combination with one or more carrier, excipient, and/or diluent.

In a thirteenth broad aspect, the invention provides a method of treating a disease or
disorder of the eye comprising: administering to a subject a composition comprising a
nucleic acid encoding a construct comprising (a) a targeting carrier peptide derived from
the X-protein of the Hepatitis B virus and (b) a peptide capable of interacting with an
intracellular domain of connexin43 (Cx43)in combination with one or more carrier,

excipient, and/or diluent.

In a fourteenth broad aspect, the invention provides a method of treating a disease or
disorder associated with hypoxia comprising: administering to a subject a composition
comprising a nucleic acid vector comprising a nucleic acid encoding a construct
comprising (a) a targeting carrier peptide derived from the X-protein of the Hepatitis B
virus and (b) a peptide therapeutic agent of use in treating the disease or disorder, in

combination with one or more carrier, excipient, and/or diluent.

In a fifteenth broad aspect, the invention provides a method of treating a disease or
disorder of the eye comprising: administering to a subject a composition comprising a
nucleic acid vector comprising a nucleic acid encoding a construct comprising (a) a
targeting carrier peptide derived from the X-protein of the Hepatitis B virus and (b) a
peptide capable of interacting with an intracellular domain of connexin43 (Cx43)in

combination with one or more carrier, excipient, and/or diluent.

In an sixteenth broad aspect, the invention provides the use of a construct comprising (a) a

targeting carrier peptide derived from the X-protein of the Hepatitis B virus and (b) a



10

15

20

25

30

WO 2018/199777 PCT/NZ2018/050059

-7 -

therapeutic agent, in the manufacture of a medicament for treating a disease or disorder

associated with hypoxia.

In a seventeenth broad aspect, the invention provides the use of a construct comprising (a)
a targeting carrier peptide derived from the X-protein of the Hepatitis B virus and (b) a
peptide capable of interacting with an intracellular domain of connexin43 (Cx43) in the

manufacture of a medicament for treating a disease or disorder of the eye.

In a eighteenth broad aspect, the invention provides the use of a nucleic acid encoding a
construct comprising (a) a targeting carrier peptide derived from the X-protein of the
Hepatitis B virus and (b) a peptide therapeutic agent, in the manufacture of a medicament

for treating a disease or disorder associated with hypoxia.

In a nineteenth broad aspect, the invention provides the use of a nucleic acid encoding a
construct comprising (a) a targeting carrier peptide derived from the X-protein of the
Hepatitis B virus and (b) a peptide capable of interacting with an intracellular domain of
connexin43 (Cx43)in the manufacture of a medicament for treating a disease or disorder of

the eye.

In a twentieth broad aspect, the invention provides the use of a nucleic acid vector
comprising a nucleic acid encoding a construct comprising (a) a targeting carrier peptide
derived from the X-protein of the Hepatitis B virus and (b) a peptide therapeutic agent, in
the manufacture of a medicament for treating a disease or disorder associated with

hypoxia.

In a twenty-first broad aspect, the invention provides the use of a nucleic acid vector
comprising a nucleic acid encoding a construct comprising (a) a targeting carrier peptide
derived from the X-protein of the Hepatitis B virus and (b) a peptide capable of interacting
with an intracellular domain of connexin43 (Cx43) in the manufacture of a medicament for

treating a disease or disorder of the eye.
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In a twenty-second broad aspect, the invention provides the use of a construct comprising
(a) a targeting carrier peptide derived from the X-protein of the Hepatitis B virus and (b) a

therapeutic agent, for the treatment of a disease or disorder associated with hypoxia.

In a twenty-third broad aspect, the invention provides the use of a construct comprising (a)
a targeting carrier peptide derived from the X-protein of the Hepatitis B virus and (b) a
peptide capable of interacting with an intracellular domain of connexin43 (Cx43) for

treating a disease or disorder of the eye.

In a twenty-fourth broad aspect, the invention provides the use of a nucleic acid encoding a
construct comprising (a) a targeting carrier peptide derived from the X-protein of the
Hepatitis B virus and (b) a peptide therapeutic agent, for the treatment of a disease or

disorder associated with hypoxia.

In a twenty-fifth broad aspect, the invention provides the use of a nucleic acid encoding a
construct comprising (a) a targeting carrier peptide derived from the X-protein of the
Hepatitis B virus and (b) a peptide capable of interacting with an intracellular domain of

connexin43 (Cx43) for treating a disease or disorder of the eye.

In a twenty-sixth broad aspect, the invention provides the use of a nucleic acid vector
comprising a nucleic acid encoding a construct comprising (a) a targeting carrier peptide
derived from the X-protein of the Hepatitis B virus and (b) a peptide therapeutic agent, for

the treatment of a disease or disorder associated with hypoxia.

In a twenty-seventh broad aspect, the invention provides the use of a nucleic acid vector
comprising a nucleic acid encoding a construct comprising (a) a targeting carrier peptide
derived from the X-protein of the Hepatitis B virus and (b) a peptide capable of interacting
with an intracellular domain of connexin43 (Cx43) for treating a disease or disorder of the

eye.

In a twenty-eighth broad aspect, the invention provides a method of targeting delivery of a

compound to hypoxic cells, the method comprising: contacting a construct comprising (a)
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a targeting carrier peptide derived from the X-protein of the Hepatitis B virus and (b) the

compound with a population of hypoxic cells.

In a twenty-ninth broad aspect, the invention provides a method of targeting delivery of a
compound to hypoxic cells in a mixed population of hypoxic and non-hypoxic cells, the
method comprising: contacting a construct comprising (a) a targeting carrier peptide
derived from the X-protein of the Hepatitis B virus and (b) the compound with a mixed

population of cells or a composition comprising a mixed population of cells.

In an thirtieth broad aspect, the invention provides a method of targeting delivery of a
peptide compound to hypoxic cells, the method comprising: contacting a nucleic acid
encoding a construct comprising (a) a targeting carrier peptide derived from the X-protein

of the Hepatitis B virus and (b) the peptide compound with a population of hypoxic cells.

In a thirty-first broad aspect, the invention provides a method of targeting delivery of a
peptide compound to hypoxic cells in a mixed population of hypoxic and non-hypoxic
cells, the method comprising: contacting a nucleic acid encoding a construct comprising
(a) a targeting carrier peptide derived from the X-protein of the Hepatitis B virus and (b)
the compound with a mixed population of cells or a composition comprising a mixed

population of cells.

In a thirty-second broad aspect, the invention provides a method of targeting delivery of a
peptide compound to hypoxic cells, the method comprising: contacting a nucleic acid
vector comprising a nucleic acid encoding a construct comprising (a) a targeting carrier
peptide derived from the X-protein of the Hepatitis B virus and (b) the peptide compound

with a population of hypoxic cells.

In a thirty-third broad aspect, the invention provides a method of targeting delivery of a
peptide compound to hypoxic cells in a mixed population of hypoxic and non-hypoxic
cells, the method comprising: contacting a nucleic acid vector comprising a nucleic acid
encoding a construct comprising (a) a targeting carrier peptide derived from the X-protein
of the Hepatitis B virus and (b) the compound with a mixed population of cells or a

composition comprising a mixed population of cells.
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In a thirty-fourth broad aspect, the invention provides a method of increasing uptake of a
compound (including a therapeutic agent) by a hypoxic cell or cells, the method
comprising connecting the compound to a targeting carrier peptide derived from the X-

protein of the Hepatitis B virus.

In a thirty-fifth broad aspect, the invention provides a method of increasing uptake of a
peptide compound (including a therapeutic agent) by a hypoxic cell or cells, the method
comprising connecting a nucleic acid encoding the peptide compound to a nucleic acid

encoding a targeting carrier peptide derived from the X-protein of the Hepatitis B virus.

In a thirty-sixth broad aspect, the invention provides a method of preparing a medicament
for increased uptake of a compound (including a therapeutic agent) by a hypoxic cell or
cells, the method comprising connecting the compound to a targeting carrier peptide

derived from the X-protein of the Hepatitis B virus.

In a thirty-seventh broad aspect, the invention provides a method of preparing a
medicament for increased uptake of a peptide compound (including a therapeutic agent) by
a hypoxic cell or cells, the method comprising connecting a nucleic acid encoding the
peptide compound to a nucleic acid encoding a targeting carrier peptide derived from the

X-protein of the Hepatitis B virus.

In a thirty-eighth broad aspect, the invention provides a method of reducing off-target
effects of a therapeutic agent, the method comprising connecting the therapeutic agent to a
targeting carrier peptide derived from the X-protein of the Hepatitis B virus, wherein the

therapeutic agent is for delivery to a hypoxic cell or cells.

In a thirty-ninth broad aspect, the invention provides the invention provides a method of
reducing off-target effects of a peptide therapeutic agent, the method comprising
connecting a nucleic acid encoding the peptide therapeutic agent to a nucleic acid encoding

a targeting carrier peptide derived from the X-protein of the Hepatitis B virus.
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In a fortieth broad aspect, the invention provides a construct comprising (a) a targeting
carrier peptide derived from the X-protein of the Hepatitis B virus and (b) a peptide

capable of interacting with an intracellular domain of connexin43 (Cx43).

In a forty-first broad aspect, the invention provides a composition comprising a construct
comprising (a) a targeting carrier peptide derived from the X-protein of the Hepatitis B
virus and (b) a peptide capable of interacting with an intracellular domain of connexin43

(Cx43) in combination with one or more carrier, excipient, and/or diluent.

In a forty-second broad aspect, the invention provides a nucleic acid encoding a construct
comprising (a) a targeting carrier peptide derived from the X-protein of the Hepatitis B
virus and (b) a peptide capable of interacting with an intracellular domain of connexin43

(Cx43).

In a forty-third broad aspect, the invention provides a composition comprising a nucleic
acid encoding a construct comprising (a) a targeting carrier peptide derived from the X-
protein of the Hepatitis B virus and (b) a peptide capable of interacting with an
intracellular domain of connexin43 (Cx43) in combination with one or more carrier,

excipient, and/or diluent.

In a forty-fourth broad aspect, the invention provides a nucleic acid vector comprising a
nucleic acid encoding a construct comprising (a) a targeting carrier peptide derived from
the X-protein of the Hepatitis B virus and (b) a peptide capable of interacting with an

intracellular domain of connexin43 (Cx43).

In a forty-fifth broad aspect, the invention provides a composition comprising a nucleic
acid vector comprising a nucleic acid encoding a construct comprising (a) a targeting
carrier peptide derived from the X-protein of the Hepatitis B virus and (b) a peptide
capable of interacting with an intracellular domain of connexin43 (Cx43) in combination

with one or more carrier, excipient, and/or diluent.

The invention may also be said broadly to consist in the parts, elements and features

referred to or indicated in the specification of the application, individually or collectively,
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in any or all combinations of two or more of said parts, elements or features, and where
specific integers are mentioned herein which have known equivalents in the art to which
the invention relates, such known equivalents are deemed to be incorporated herein as if

individually set forth.

FIGURES

These and other aspects of the present invention, which should be considered in all its
novel aspects, will become apparent from the following description, which is given by way

of example only, with reference to the accompanying figures.

A number of the figures illustrate cells or nuclei which have been labelled or stained in
different colours. When reproduced in black and white, all the spots visible in these
Figures represent cells or nuclei, in accordance with the label or stain used, unless
otherwise stated. In some cases, colours became very dim or invisible when the figures
were reproduced in black and white, hence contrast and brightness were increased. The

changes were made to faithfully reproduce the colour photographs.

Figure 1. hARMEC uptake of Gap19 and XG19. hRMEC cells were treated with XG19
(10, 20 or 50 uM) or Gap19 (10, 20, 50 or 100 uM) or left untreated (no peptide) as a
control. Peptides were FITC labelled and therefore uptake was observed by visualising
FITC levels in the cytoplasm (white areas in the FITC panel) and nuclei were visualised by
DAPI stain (white areas in the DAPI panel). The merge panel shows the overlap of the
DAPI and FITC panels for each treatment. This figure shows effective XG19 uptake into
endothelial cells at concentrations as low as 10 uM, whereas Gap19 alone is undetectable

inside the cells even at 50 uM.

Figure 2. ARPE-19 uptake of Gap19 and XG19. ARPE-19 cells were treated with
XG19 (10, 20 or 50 uM), Gap19 (10, 20, 50 or 100 uM) or left untreated (no peptide) as a
control. Peptides were FITC labelled and therefore uptake was observed by visualising
FITC levels in the cytoplasm (white areas in the FITC panel) and nuclei were visualised by
DAPI stain (white areas in the DAPI panel). The merge panel shows the overlap of the
DAPI and FITC panels for each treatment. This figure shows effective XG19 uptake into
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ARPE-19 cells at concentrations as low as 10 uM, whereas Gap19 alone is undetectable

inside the cell even at 100 uM.

Figure 3. TAT-Gap19 and XG19 uptake into ARPE-19 cells. ARPE-19 cells were
treated with XG19 (10, 20 or 50 uM) or TAT-Gap19 (10, 20, 50 pM), Gap19 (100 pM) or
left untreated (no peptide) as a control. Peptides were FITC labelled and therefore uptake
was observed by visualising FITC levels in the cytoplasm (white areas in the FITC panel)
and nuclei were visualised by DAPI stain (white areas in the DAPI panel). The merge
panel shows the overlap of the DAPI and FITC panels for each treatment. Whilst TAT-
Gap19 appears to have higher cell uptake than XG19 at this magnification TAT-Gap19 is

mainly accumulated into the nucleus (see Figures 4 and 4A).

Figure 4. Nuclear uptake of TAT-Gap19 into ARPE-19 cells. Observation and
comparison of TAT-GAP19 (right) and XG19 (left) nuclear uptake in ARPE19 cells.
Peptides were FITC labelled and therefore uptake was observed by visualising FITC levels
(white areas in the FITC panel) and nuclei were visualised by DAPI stain (white areas in
the DAPI panel). The merge panel shows the overlap of the DAPI and FITC panels for
each treatment. Whilst TAT-Gap19 appears to have higher uptake, it is accumulated into
the nucleus. This could be detrimental to nuclear function and means that the attached

Gap19 is not available for block of hemichannel opening.

Figure 4A. Nuclear uptake of TAT-Gap19 into ARPE-19 cells. This is the same as
Figure 4 but reproduced in greyscale rather than black and white. Observation and
comparison of TAT-GAP19 (right) and XG19 (left) nuclear uptake in ARPE19 cells.
Peptides were FITC labelled and therefore uptake was observed by visualising FITC levels
(white spots and grey areas in the FITC panel) and nuclei were visualised by DAPI stain
(grey areas in the DAPI panel). The merge panel shows the overlap of the DAPI and FITC
panels for each treatment. Whilst TAT-Gap19 appears to have higher uptake, it is
accumulated into the nucleus as indicated by the presence of white spots in the nuclear area
seen in the FITC channel, which is not seen with XG19 uptake. This could be detrimental
to nuclear function and means the Gap19 is not available for block of hemichannel

opening.
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Figure 5. XG19 does not show cytotoxicity. MTT cytotoxicity assay of ARPE-19 cells
exposed to increasing concentrations of XG19 (5 uM (vertical stripes), 10 uM (check
pattern) or 20 pM (horizontal stripes)) for 1 or 24 h and compared to untreated cells as a
control (black). There was no significant difference in cell viability in untreated cells
compared to XG19 treated cells at any of the concentrations or time points tested. This
showed that XG19 was not toxic to cells at both short and long time intervals. Statistical
analysis was carried out by two-way ANOVA and post hoc comparisons using Dunnett’s

multiple comparisons test.

Figure 6. Hemichannel mediated uptake of EthD-1. ARPE-19 cells were treated with
low calcium solution alone to allow hemichannel opening (top left), high calcium solution
to block hemichannel opening (top right), 5 uM XG19 (bottom left) or 5 pM FITC-XG19
(bottom right) in low calcium solution and EthD-1 (white area) uptake was observed by
confocal microscopy. Cells treated with 5 uM XG19 (or FITC coupled XG19) show
reduced EthD-1 uptake indicating inhibition of hemichannel opening by Gap19 (indicating
that the FITC label has not affected function). The images were quantified by measuring
the mean EthD-1 fluorescence intensity in four areas per treatment and a graph was plotted
(right) (n=4; mean + SD). One-way ANOVA was carried out with post hoc Dunett’s test
and significance was represented as a difference from the low calcium control

(**#p<0.001, ****p<0.0001).

Figure 7. Hemichannel mediated ATP release. 5 uM XG19 (stripe), 100 uM PeptideS
(Pep5) (diamond) and 100 uM carbenoxolone (CBX) (brick) were applied to ARPE-19
cells for 1 h before treating cells with low calcium solution (to open hemichannels) (solid
black) for 25-45 min. The solutions were collected and ATP was measured by a
luminescence assay (n=3; mean + SD). Low concentrations of XG19 (even as low as 5
uM) were as effective at reducing ATP release as much higher concentrations of the
extracellular acting Pep5. Statistical analysis was carried out by two-way ANOVA and post
hoc comparisons using Dunnett’s multiple comparisons test. Significance is in comparison

to the low calcium control at each time point (p*<0.05, p***<0.001, p****<0.0001).

Figure 8. XG19 inhibits Cx43 hemichannel mediated ATP release at 1 and 2h post

uptake. Hemichannel function was assessed via ATP release assay in ARPE-19 cells
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either 1 h or 24 h post cellular uptake of increasing concentrations of XG19 (5§ uM
(vertical stripes), 10 uM (check pattern) or 20 uM (horizontal stripes)) and compared to
untreated cells (black). XG19 treated cells showed significantly less ATP release compared
to untreated cells at both 1 and 24 h time points. This showed that XG19 function can be
maintained 24 h post cellular uptake. Therefore XG19 is in a bioavailable and functional
form 24 h post uptake. Statistical analysis was carried out by two-way ANOVA and post
hoc comparisons using Sidak's multiple comparisons test. Significance is in comparison to

the untreated control at each time point (p**<0.01, p***<0.001, p****<0.0001).

Figure 9. Dye scrape/load gap junction assay in ARPE-19 cells. ARPE-19 cells that
were not scraped (top left) did not take up the Lucifer yellow dye (white area in all panels).
Cells that were scraped (white dotted line) took up dye at the site of injury which was
passed onto neighbouring cells via open gap junctions (top right). Carbenoxolone (CBX), a
known gap junction blocker, inhibited gap junction communication and thus dye spread
(bottom left). Dye spread was seen in cells treated with XG19 showing functional gap
junctions (bottom right). XG19 at the dose previously shown to block hemichannel

opening has no effect on gap junction coupling.

Figure 10. Syndecan-4 expression in normal vs hyperglycaemic and inflamed ARPE-
19 cells. ARPE-19 cells were exposed to either normal media or hyperglycaemia and
inflammation solution for 1, 3, 6 or 24 h. The cells were labelled for Syndecan-4 and
detected with Alexa Fluor 488 (AF488) (white area in AF488 panel) and nuclei were
visualised by DAPI stain (white area in DAPI panel). The merge panel shows the overlap
of the AF488 and DAPI panels for each treatment. Syndecan-4 expression was quantified
by taking three area measurements of mean fluorescence intensity of AF488 for each
treatment and plotted on a graph (bottom) (n=3; mean + SD). Two-way ANOVA was
carried out with post hoc Sidak’s test and significance is represented as a difference in
expression from normal cells for each time point (**p<0.01, ***p<0.001, ****p<0.0001).

Syndecan-4 levels were increased in hyperglycaemic and inflamed cells.

Figure 11. Uptake of XG19 and Gap19 in normal vs hyperglycaemic and inflamed
ARPE-19 cells. The uptake of XG19 and Gap19 was investigated in normal (media) and
hyperglycaemic and inflamed ARPE-19 cells and was compared to the no peptide control.



10

15

20

25

30

WO 2018/199777 PCT/NZ2018/050059

-16 -

Peptides were FITC labelled and therefore uptake was observed by visualising FITC levels
in the cytoplasm (white areas in the FITC panel) and nuclei were visualised by DAPI stain
(white areas in DAPI panel). The merge panel shows the overlap of the DAPI and FITC
panels for each treatment. XG19 uptake has been increased in hyperglycaemic and

inflamed cells whereas there is no change in uptake of Gap19 alone.

Figure 12. Syndecan-4 expression in normal vs hypoxic ARPE-19 cells. ARPE-19 cells
were exposed to either media or hypoxic solution to induce hypoxia for 1, 3, 6 or 24 h. The
cells were labelled for syndecan-4 and detected with Alexa Fluor 488 (AF488) (white area
in AF488 panel) and nuclei were visualised by DAPI stain (white area in DAPI panel). The
merge panel shows the overlap of the AF488 and DAPI panels for each treatment.
Syndecan-4 expression was quantified by taking four area measurements of mean
fluorescence intensity of AF488 for each treatment and plotted on a graph (bottom) (n=4;
mean + SD). Two-way ANOVA was carried out with post hoc Sidak’s test and significance
is represented as a difference in expression from normal cells for each time point (*p<0.05,
**p<0.01, ***p<0.001, ****p<0.0001). Syndecan-4 levels were increased in hypoxic cells

at each time point compared to normal conditions.

Figure 13. Uptake of XG19 and Gap19 in hypoxic vs normal ARPE-19 cells. The
uptake of XG19 and Gap19 was investigated in normal (media) and hypoxic ARPE-19
cells and was compared to the no peptide control. Peptides were FITC labelled and
therefore uptake was observed by visualising FITC levels in the cytoplasm (white areas in
the FITC panel) and nuclei were visualised by DAPI stain (white areas in DAPI panel).
The merge panel shows the overlap of the DAPI and FITC panels for each treatment.
XG19 uptake was increased significantly in hypoxic cells whereas there was no change in
uptake of Gap19 alone. Therefore the increased uptake of Gap19 by hypoxic cells was

dependent on the inclusion of the targeted carrier peptide.

Figure 14. XG19 maintains cell viability during hypoxia. Cells were treated with either
5 uM (vertical stripe) or 20 uM (horizontal stripes) of XG19 or were untreated
(crosshatch) before making the cells hypoxic by applying HAIR solution. Cell viability
was assessed by MTT assay and compared to cells in normal media as a control (black).

The cell viability of XG19 treated cells was not significantly different to the untreated cells
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in normal media. The untreated cells in HAIR showed significantly less viability compared
to the untreated cells in normal media. This showed that XG19 was able to maintain cell
viability during hypoxia. One-way ANOVA was carried out with post hoc Dunnett’s test
and significance was represented as a difference from the untreated cells in normal media

control (***p<0.001).

Figure 15. XG19 inhibits Cx43 hemichannel mediated ATP release in HAIR solution.
Cells were treated with 5 uM (vertical stripe), 10 uM (check pattern) or 20 uM (horizontal
stripes) of XG19 or left untreated (black) before applying HAIR solution to induce
hypoxia before assessing hemichannel function via the ATP release assay. All XG19
treated cells resulted in significantly less ATP release compared to untreated cells.
Therefore XG19 significantly reduced ATP release during hypoxic injury by specifically
inhibiting Cx43 hemichannels. One-way ANOV A was carried out with post hoc Dunett’s
test and significance was represented as a difference from the untreated cells in HAIR

solution (***p<0.001, (****p<0.0001).

Figure 16. Laser induced choroidal neovascularisation (CNV) mouse model fundus
measurements. The lesion area was measured from fundus images acquired one day and
seven days post laser induction and averaged per eye. On day 1 there were no differences
between the saline (n= 8 eyes), low dose (n= 8 eyes) or high dose XG19 (n= 7 eyes)
groups. On day 7 the saline treated groups resulted in largest lesion areas while the high
dose XG19 group resulted in the smallest lesion areas. This showed that XG19 was able to

reduce lesion area in a dose dependant manner.

Figure 17. Laser induced choroidal neovascularisation (CNV) mouse model Ellipsoid
volume measurements. Optical coherence tomography (OCT) images acquired seven
days post laser induction were measured and quantified to produce ellipsoid volume
measurements of the CNV areas, and were averaged per eye. Mice treated with low dose
XG19 (n= 8 eyes) or high dose XG19 (n= 7 eyes) resulted in significantly smaller ellipsoid
volumes compared to mice treated with saline alone (n= 8 eyes). One-way ANOVA was
carried out with post hoc Dunnett’s test and significance was represented as a difference
from the saline group (**p<0.01, mean + SD). This figure shows that XG19 treatment

reduced the CNV lesion volume.
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Figure 18. Syndecan-4 and glial fibrillary acidic protein (GFAP) expression in CNV
laser induced choroidal neovascularisation (CNV) mouse model tissues. Ocular tissue
from mice injected with saline, low dose X(G19 or high dose XG19 were labelled for
Syndecan-4, GFAP and nuclei were stained with DAPI. The merged panels show labelling
of GFAP, Syndecan-4 and DAPI staining of nuclei in the mouse retina orientated with the
ganglion cell layer (GCL) on top inner nuclear layer in the middle (INL) and the outer
nuclear layer (ONL) at the bottom of each image. The Syndecan-4 panels show the greatest
amount of Syndecan-4 labelling was seen in the saline injected group extending from the
GCL layer down to the ONL . GFAP labelling was seen in all groups as shown in the
GFAP panels, however the labelling of GFAP in the saline injected group was more
intense than in the XG19 injected groups. The elevated Syndecan-4 and GFAP expression
seen in the saline injected mice suggested that these mice were experiencing retinal
inflammation and ischaemia. XG19 injected mice had reduced retinal inflammation and
ischaemia as indicated by the reduction of Syndecan-4 and GFAP expression and therefore

showed XG19 promoted healing in a mouse model of CNV.

Figure 19. Syndecan-4 expression in human retinal sections. Retinal sections from
human donor tissues were either labelled for Syndecan-4 expression (left) or were
unlabelled (right) as an antibody control. Syndecan-4 was detected with Alexa Fluor 488
(AF488) (white area in AF488 panel) and nuclei were visualised by DAPI stain (white area
in DAPI panel). The image focusses on the outer retinal layers; outer nuclear layer (ONL),
retinal pigment epithelium (RPE) and choroid. This figure shows that Syndecan-4 is

present in the ocular tissues that XG19 targets, in particular around blood vessels.

Figure 20. Syndecan-4 and GFAP expression in the macular region of human donor
tissues. The merged panel shows labelling of GFAP, Syndecan-4 and DAPI staining of
nuclei in normal or diabetic retinopathy (DR) human donor tissue. The Syndecan-4 panel
shows increased labelling in the DR tissue compared to normal tissue. There was elevated
Syndecan-4 labelling in the ganglion cell layer (GCL), especially Miiller cell endfeet, and
around the blood vessel seen in the upper part of the section. The DR tissues also had a
well preserved inner limiting membrane (ILM) which showed strong Syndecan-4 labelling.
The GFAP panel also showed increased labelling in the DR tissue compared to the normal

as seen in the GCL in the upper portion of the tissue. This was indicative of tissue injury
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and retinal inflammation as GFAP labels activated astrocytes and Miiller cells. Syndecan-4
and GFAP expression was upregulated in DR and is an indication of tissue injury.
Therefore XG19 can be used to target Syndecan-4 in these tissues to reduce retinal

inflammation and ischemaia.

Figure 21. Syndecan-4 and GFAP expression in the paramacular region of human
donor tissues. The merged panel show labelling of GFAP, Syndecan-4 and DAPI staining
of nuclei in normal or diabetic retinopathy (DR) human donor tissue. The Syndecan-4
panel showed increased labelling in the DR tissue compared to normal tissue. There was
elevated Syndecan-4 labelling in the upper portion of the tissue between the GCL and INL,
resulting in a dysregulation of the lower retinal layers which suggested leaky blood vessel
growth in this area. The GFAP panel also showed increased labelling in the DR tissue
compared to the normal as seen in the GCL in the upper portion of the tissue. This was
indicative of tissue injury and retinal inflammation. Syndecan-4 and GFAP expression was
upregulated in DR and was an indication of tissue injury. Therefore XG19 can be used to

target Syndecan-4 in these tissues to reduce retinal inflammation and ischemia.

Figure 22. Syndecan-4 expression in lung tissue of rat sepsis model. The merged panel
shows labelling of Syndecan-4 and DAPI staining of nuclei in rat lung tissue from a sepsis
model and compared to a sham tissue. Syndecan-4 expression as seen in the Syndecan-4
panel was lower in the sham tissue than in the sepsis tissue. The sham tissue has distinct
Syndecan-4 expression around bronchioles and alveoli with weak Syndecan-4 labelling in
the rest of the tissue. The sepsis tissue has strong Syndecan-4 expression throughout the
section with elevated expression around the bronchioles and alveoli. This shows that the
global inflammation caused by sepsis has resulted in injury in the lung tissue which is

indicated by increased Syndecan-4 expression.

Figure 23. Syndecan-4 expression in lung tissue of rat acute pancreatitis model. The
merged panel shows labelling of Syndecan-4 and DAPI staining of nuclei in rat lung tissue
from an acute pancreatitis (AP) model and compared to a sham control. Syndecan-4
expression as seen in the Syndecan-4 panel was lower in the sham tissue than in the AP
tissue. The sham tissue had distinct Syndecan-4 expression around bronchioles and alveoli

with weak Syndecan-4 labelling in the rest of the tissue. The AP tissue has strong
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Syndecan-4 expression throughout the section with elevated expression around the
bronchioles and alveoli. This shows that AP results in an upregulation of Syndecan-4 in the

lung.

Figure 24. Syndecan-4 labelling of normal sinus and chronic rhinosinusitis (CRS)
human tissue. Confocal images of human tissue sections of normal sinus (upper panel)
and chronic rhinosinusitis (lower panel), labelled for Syndecan-4 (left panel) and cell
nuclei stained with DAPI (middle panel). The merged image is shown in the right panel.
Images are representative of three individual tissues analysed in each group. Syndecan-4
expression of these tissues was quantified by measuring mean fluorescence intensity of
each image (n=3 for each of CRS samples and 3 normals; mean + SD). This figure shows

that Syndecan-4 expression is elevated in CRS tissue compared to normal.

Figure 25. Syndecan-4 and GFAP expression in mouse glioma model. The merged
panel shows labelling of GFAP, Syndecan-4 and DAPI staining of nuclei at a site at which
mouse brain tissue meets the tumour. The Syndecan-4 panel shows elevated Syndecan-4
labelling in the tumour tissue (upper third) relative to normal adjacent brain tissue (lower
two thirds). There are also distinct areas of elevated Syndecan-4 in the brain tissue due to
the tumour cells infiltrating the brain and causing inflammation in the surrounding tissue.
The GFAP panel shows labelling of activated astrocytes only in the brain tissue (lower two
thirds) and at the interface with the tumour. The tumour (upper one third) does not express
GFAP as it does not contain astrocytes. The infiltrating tumour cells in the brain tissue is
surrounded by elevated GFAP expression similar to what is seen at the interface of the

brain and the tumour tissue suggesting there is inflammation and ischemia at these sites.

Figure 25A. Syndecan-4 and GFAP expression in blood vessels in mouse glioma
model. The merged panel shows labelling of GFAP, Syndecan-4 and DAPI staining of
nuclei in the tumour hemisphere and the adjacent hemisphere. The adjacent hemisphere
shows labelling of GFAP and single elongated nuclei along the blood vessel. There is weak
Syndecan-4 labelling along the blood vessel and the surrounding tissue. In the tumour
hemisphere there is strong Syndecan-4 labelling along the blood vessel and in the
surrounding tissue. GFAP labelling was also increased in the tissue and along the blood

vessels which showed this tissue was highly inflamed. Furthermore the blood vessel
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contains multiple nuclei in close proximity suggested the blood vessel contained
proliferating cells within the blood vessel. This showed that Syndecan-4 is upregulated
around blood vessels in inflamed hypoxic tissues and furthermore is expressed highly in
the blood brain barrier (BBB). This suggests that constructs of the invention can be used

for targeted delivery of therapeutics for brain injury.

Figure 26. Syndecan-4 expression of subcutaneous human A431 tumour in mouse
flank. Sections of human A431(epidermal carcinoma) tumour tissue grown
subcutaneously in mouse flank were labelled for Syndecan-4 and nuclei were stained for
DAPI Images were taken at 4x, 10x, 20x and 60x showing that central regions of the
tumour expressed very high levels of Syndecan-4. The high Syndecan-4 labelling was seen

in clusters of nucleated cells.

Figure 27. Syndecan-4 expression of SKOV3 tumours. Sections of human SKOV3
tumour tissue grown subcutaneously in mouse flank were labelled for Syndecan-4 and
nuclei were stained for DAPIL Images were taken at 4x, 10x and 20x showing areas of high
Syndecan-4 labelling. Syndecan-4 labelling was seen in cell clusters as well as in the

surrounding tissue.

PREFERRED EMBODIMENT(S)

The following is a description of the present invention, including preferred embodiments
thereof, given in general terms. The invention is further elucidated from the disclosure given
under the heading “Examples” herein below, which provides experimental data supporting
the invention, specific examples of various aspects of the invention, and means of

performing the invention.

The inventors have surprisingly found that a construct comprising a carrier peptide derived
from the Hepatitis B virus (HBV) X-protein can be used for effective delivery of a compound

to the cytoplasm of cells.

The inventors have also surprisingly found that the construct has higher uptake in hypoxic
cells than non-hypoxic cells. Accordingly, the use of carrier peptides derived from the X-

protein of the Hepatitis B virus will beneficially enable preferential uptake of compounds
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(including therapeutic agents) by hypoxic cells and tissues, i.e. targeting to hypoxic cells.
This would reduce the effective drug dose required while minimising any potential off-target

effects, improving efficacy and safety.

The inventors have identified that, unexpectedly, carrier peptides derived from the X-protein
of the Hepatitis B virus (HBV) can be used as a targeting carrier peptides to target
compounds, for example therapeutic agents, to hypoxic cells by way of constructs
comprising the targeting carrier peptide and the compound. Such constructs have use in a
number of applications, for both research applications and therapy, as outlined herein. In
one example, such constructs have use in the treatment of diseases and disorders of the eye,
and in particular, diseases and disorders of the eye associated with inflammation, hypoxia,
ischemia, haemorrhage, and/or neovascularisation. Such diseases and disorders include:
inflammatory ocular conditions where there is subsequent vessel die back and/or leak,
including retinal vein and/or branch vein occlusion, retinal artery occlusion or retinal stroke,

diabetic macular oedema, uveitis, blepharitis, severe dry eye syndrome, and optic neuritis.

Further, the inventors have found there is increased syndecan-4 expression around blood
vessel endothelium in inflamed and hypoxic brain tissue, with high levels of expression in
the blood brain barrier (BBB). The BBB is often a barrier to drug delivery to the central
nervous system. Accordingly, constructs of the invention can be used to advantageously
target delivery of therapeutic agents requiring transfer across the blood brain barrier to treat

diseases and disorders of the central nervous system.

As will be appreciated, the blood retina barrier is analogous to the blood brain barrier.

In addition to the increased expression of syndecan-4 in the BBB in hypoxic and
inflammatory conditions, the inventors have also found increased syndecan-4 expression in
the inner limiting membrane (ILM) of the retina, which forms a barrier between the retina
and the vitreous humour, in hypoxic and inflammatory conditions. The ILM often acts as a
barrier for drug delivery to the retina from the vitreous humour. However, activated Miiller
cells at the ILM have the potential to improve drug delivery to the outer retina as the cells
span the entire retina (32). For example, drug delivery systems such as nanoparticles may

be endocytosed into Miiller cells at the inner limiting membrane, diffuse within their
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intracellular space, and are then exocytosed from the Miiller cells at the external limiting
membrane and into the interphotoreceptor matrix (33). Accordingly, the upregulation of
syndecan-4 in the [ILM means constructs of the invention can be effectively delivered to the
retina. Furthermore, syndencan-4 is upregulated in endothelial cells of the choroid and retina
which means that constructs of the invention will be taken up by these tissues favouring

transfer across the blood retina barrier.

It will be apparent to those skilled in the art that reference to a “construct” herein includes
a construct in accordance with the fortieth to forty-fifth aspects of the invention as well as
a construct of use in the in the first to thirty-third aspects of the invention, unless the

context clearly requires otherwise.

The use of constructs comprising a targeting carrier peptide derived from the X-protein of
the HBV virus is applicable to diseases and disorders that are associated with hypoxia, both
in the eye and in other organs. In particular, by way of non-limiting example, use of such
constructs is applicable to diseases and disorders having similar aetiology to AMD and/or
diabetic retinopathy. That is, for example, disease or disorders contributed by inflammation,
vascular leak resulting haemorrhaging and/or ischemia. By way of non-limiting example,
the use of the construct is applicable in disorders and diseases such as heart attack, stroke,
cancer, transient ischemic attacks, Alzheimer’s disease, Parkinson’s disease, multiple
sclerosis, vascular dementia, cardiac ischemia, ischemic colitis, .acute limb ischemia,
cutaneous ischemia, AMD, diabetic retinopathy, retinal vein and/or branch occlusion, retinal
artery occlusion, retinal stroke, macular oedema, uveitis, blepharitis, severe dry eye
syndrome, or optic neuritis. Other diseases and disorders to which the invention applies will

be apparent from the description herein.

In one particular example, the inventors have identified that a construct comprising Gap19,
a peptide capable of interacting with an intracellular domain of connexin43, and a carrier
peptide derived from the Hepatitis B virus (HBV) X-protein, can be used for effective
delivery of Gap19 to the cytoplasm of human retinal pigment epithelium cells (ARPE-19)
and primary human Retinal Microvascular Endothelial Cells (hWMREC). The inventors have
found that the construct maintains the function of Gap19 in inhibiting connexin43 (Cx43)

hemichannel opening, and has an unexpectedly high uptake into cells, high efficacy, and low
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toxicity. Furthermore, uptake is increased in hypoxic human retinal pigment epithelium
cells (ARPE-19) and hypoxic primary human Retinal Microvascular Endothelial Cells
(hMREC). Without wishing to be bound by theory, this targeted carrier function appears to
be facilitated by the inventors’ surprising discovery that syndecan-4 is upregulated in

hypoxic tissues.

Many disorders or diseases of the eye are the result of, or contributed to by, inflammation,
vascular leak resulting in haemorrhaging, ischemia and/or hypoxia. In particular, many
disorders or diseases of the posterior cavity of the eye are the result of, or contributed to by,
inflammation, vascular leak resulting in haemorrhaging, ischemia, and/or hypoxia.
Constructs of the invention have use in therapy for AMD, diabetic neuropathy, and other
disease and disorders of the eye with similar aetiology (including, for example, retinal vein
and/or branch vein occlusion, retinal artery occlusion or retinal stroke, diabetic macular

oedema, uveitis, blepharitis, severe dry eye syndrome or optic neuritis).

Furthermore, many disorders or diseases of other organs and organ systems, in particular
chronic disorders or diseases, are the result of, or contributed to by, inflammation, vascular
leak resulting in haemorrhaging, ischemia and/or hypoxia. In particular, these diseases or
disorders include many cancers (including for example brain glioma, ovarian cancer,
hypoxic tumours in general), brain stroke, cardiovascular disease (including cardiac
ischemia, pericarditis, myocardial infarction, ischemic valve disease), sepsis (including
acute pancreatitis, colitis, autoimmune diseases, coeliac disease, glomerulonephritis,

hepatitis, inflammatory bowel disease, pre-perfusion injury and transplant rejection)

The particular construct produced by the inventors and used in their studies has the amino

KQIEIKKFK (SEQ ID NO: 1), in which lowercase letters represent

a D-isomer. This construct comprises the targeting carrier peptide LCLRPV (SEQ ID NO:
2) and a peptide capable of interacting with an intracellular domain of Cx43 hemichannels
KQIEIKKFK (SEQ ID NO: 3), aka Gap19, connected via a GG linker. For ease of reference,
the peptide of SEQ ID NO: 1 will be termed XG19.

Constructs comprising variants of the targeting carrier peptide derived from the X-protein

of the Hepatitis B virus are also of use in methods of the invention, as outlined above and
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elsewhere herein. Constructs comprising alternative compounds for delivery to hypoxic
cells are also of use in methods of the invention, as outlined above and elsewhere herein.
For example, constructs comprising variant and alternative peptides capable of interacting
with an intracellular domain of Cx43 are of use in the treatment of diseases and disorders of

the eye as outlined above and elsewhere herein.

Accordingly, the invention comprises the use of such targeting carrier peptides derived from
the X-protein of the Hepatitis B virus for targeting delivery of compounds (including
therapeutic agents) to hypoxic cells. For example, peptides for targeting delivery of
therapeutic agents to hypoxic cells (tissues) in subjects as well as for targeting delivery of

compounds to hypoxic cells for research purposes.

Use of constructs comprising targeting carrier peptides derived from the X-protein of the
Hepatitis B virus and compounds (including therapeutic agents) will mean that the
compound will be able to be administered at lower doses than, for example, the native
compound, reducing side effects. Furthermore, targeting a compound to hypoxic cells will

reduce off-target effects and mean that more of the compound is available to the target cells.

Furthermore, nucleic acids encoding such constructs and nucleic acid vectors comprising
nucleic acids encoding such constructs are of use in methods of the invention as outlined

above and elsewhere herein.

Skilled persons will readily appreciate that reference to delivery of a compound to a cell, as

used herein, includes delivery to the surface of a cell or delivery within a cell.

As will be appreciated, a “carrier peptide” or “cell penetrating peptide” is a peptide that
facilitates cellular intake or uptake of various “cargo” by translocating the membrane,
acting as a molecular delivery vehicle and functioning to deliver cargo to a cell.

2% ¢

As used herein the phrases “move across a cell membrane”, “carry a cargo across a cell

2% ¢
2

membrane”, “cell membrane translocation” and like phrases, should be taken broadly to
encompass transport of the carrier peptide, a compound for delivery to a cell, and/or a

construct comprising a carrier peptide and compound from the outside of a cell to the
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inside of the cell. These phrases, and the like, should not be taken to imply a particular

mode or mechanism of transport across or through the cell membrane.

As used herein, the phrase “targeting carrier peptide” and the like should be taken broadly
to encompass a carrier peptide that is capable of targeting a cell or cells in a particular

physiological or pathophysiological state. In this context, the term “targeting” should not
be taken to mean targeting a particular cell type or cell line. In one preferred embodiment
of the invention, the targeted cells are in a state of hypoxia and the carrier peptide may be

termed a “hypoxia-targeting carrier peptide” or a “hypoxic cell targeting peptide”.

Furthermore, it will be appreciated that a targeting peptide that is capable of being used as

a carrier peptide may also be used to deliver a cargo to the surface of a cell.

As used herein, the terms “target” and “targeting” and the like should be taken to mean a
preferential interaction with, binding to, or uptake by, the specified cell(s), and should not

be taken to require 100% specificity.

As detailed herein, the invention provides methods of targeting delivery of a compound to
hypoxic cells. In certain embodiments, the invention provides methods of targeting delivery

of a compound to hypoxic cells in a mixed population of hypoxic and non-hypoxic cells.

As used herein, “hypoxic cells” refers to cells that have been exposed to a concentration of
oxygen delivery that is insufficient to meet the oxygen demand of the cell. For example, a
concentration of oxygen that is significantly lower than the normal physiological
concentration of oxygen in a healthy well-perfused tissue. The phrase should be interpreted
broadly to include circumstances where there is a reduction in oxygen delivery as well as
circumstances where there is a complete lack of oxygen delivery. Preferably, the hypoxic
cell exhibits upregulation of syndecan-4 as a result of the hypoxia. Hypoxia which triggers
syndecan-4 upregulation may be transient, and does not need to be a sustained or particular
level of hypoxia. The phrase “hypoxic cells” should be taken to include the singular, i.e. “a

hypoxic cell”, unless the context clearly requires otherwise.
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It will be understood by those skilled in the art that “hypoxic cells” may constitute a tissue,
or a part or zone of a tissue. For example, hypoxic cells may constitute a tissue with differing
degrees or zones of oxygen perfusion. It should be appreciated that a tissue may be
constituted of normal tissue, diseased tissue (for example tumour tissue or an inflamed
tissue), or a mixture of the two. It should be appreciated that a tissue may have differing
degrees or zones of oxygen perfusion due to a disease process, but this is not necessarily the

case.

Delivery of constructs, nucleic acids, and /or vectors comprising nucleic acids may occur
in vivo or in vitro, depending on the purposes for which delivery is required. Such
methods may be used for research purposes or in the treatment of disease.

2% LC 2%

As used herein, the terms “treatment”, “treating”, “treated” and the like are to be considered
in their broadest context. These terms do not necessarily imply that a subject is treated until
total recovery. Accordingly, “treatment” broadly includes, for example, the prevention,
amelioration or management of one or more symptoms of a disease or disorder, the severity
of one or more symptoms, and preventing or otherwise reducing the risk of developing

secondary complications.

It should be appreciated that methods of the invention may comprise administering a nucleic
acid encoding a construct of the invention to a subject and/or administering a vector
comprising a nucleic acid encoding a construct of the invention to a subject. Likewise, it
should be appreciated that methods of the invention may comprise contacting a nucleic acid
encoding a construct of the invention with a population of cells and/or contacting a vector

comprising a nucleic acid encoding a construct of the invention with a population of cells.

The constructs (or nucleic acids or vectors encoding same) may be delivered to a cell by a
number of different means, as will be readily appreciated by persons skilled in the art.
However, by way of example, an in vitro method may comprise bringing the construct (or
nucleic acids or vectors encoding same) into contact with one or more cells or a
composition comprising one or more cells, for example, contacting the construct or peptide
(or nucleic acids or vectors encoding same) with a sample, composition or media in which

the one or more cells are contained (such as mixing a composition of the invention with a
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liquid sample containing one or more cells). In another embodiment, a method of the
invention comprises administering a construct (or nucleic acids or vectors encoding same)

to a subject.

In one embodiment of any aspect of the invention described herein, the targeting carrier

peptide comprises the amino acid sequence LCL (SEQ ID NO: 4).

In certain embodiments any aspect of the invention described herein, the targeting carrier
peptide comprises an amino acid sequence selected from the group consisting of: LCLRP
(SEQ ID NO: 5), LCLRPV (SEQ ID NO: 2), LCLRPVG (SEQ ID NO: 6), LCLRPVGAE
(SEQ ID NO: 7), LCLRPVGAESR (SEQ ID NO: 8), LCLRPVGAESRGRPV (SEQ ID

NO: 9), or LCLRPVGAESRGRPVSGPFG (SEQ ID NO:10), and functionally equivalent

variants thereof.

Targeting carrier peptides of these embodiments of the invention may further comprise one
or more amino acids at the C-terminus, at the N-terminus, or both. The further amino acids
at the C-terminus may comprise one or more amino acid corresponding to amino acids 1 to
15 of a native HBV X-protein, such that the peptide sequence corresponds to a region of
consecutive amino acids from the native HBV X-protein. The further amino acids at the
N-terminus may comprise one or more amino acid corresponding to amino acids 21 to 35
of a native HBV X-protein, such that the peptide sequence corresponds to a region of
consecutive amino acids from the native HBV X-protein. The further amino acids at the
C- and/or N-terminus may also comprise heterologous amino acids, such that the peptide
sequence of the further amino acids does not correspond to a region of consecutive amino

acids from the native HBV X-protein.

In one embodiment of any aspect of the invention described herein, the targeting carrier

peptide consists of the amino acid sequence LCL (SEQ ID NO: 4).

In certain embodiments of any aspect of the invention described herein, the targeting
carrier peptide consists of an amino acid sequence selected from the group consisting of’
LCLRP (SEQ ID NO: 5), LCLRPV (SEQ ID NO: 2), LCLRPVG (SEQ ID NO: 6),
LCLRPVGAE (SEQ ID NO: 7), LCLRPVGAESR (SEQ ID NO: 8),



10

15

20

25

30

WO 2018/199777 PCT/NZ2018/050059

-29 .

LCLRPVGAESRGRPYV (SEQ ID NO: 9), or LCLRPVGAESRGRPVSGPFG (SEQ ID

NO: 10), and functionally equivalent variants thereof.

In certain embodiments of any aspect of the invention described herein, the targeting
carrier peptide consists of the amino acid sequence LCLX (SEQ ID NO: 11), XLCL (SEQ
ID NO: 12), or XLCLX (SEQ ID NO: 13), wherein X is any amino acid.

As mentioned above, in certain embodiments X can be any amino acid, including naturally
and non-naturally occurring amino acids. In the sequence listing, X is noted to be any
naturally occurring amino acid, but the invention should not be construed to be limited in
this way. By way of example only, X may be chosen from G, A, V,L, L S,C, T, M, F, Y,
W, P, H, K, R, D, E N, Q, taurine, ornithine, 5-hydroxylysine, e-N-methyllysine, and 3-
methylhistidine. X may also comprise a modified amino acid, including selenocysteine,
hydroxyproline, selenomethionine, hypusine, carboxylated glutamate. The primary amine
group and primary carboxyl group may be modified to include nucleophilic addition,
amide bond formation and imine formation for the amine group, and esterification, amide
bond formation and decarboxylation for the carboxylic acid group. Certain amino acid
residues may have added hydrophobic groups for membrane localization or endosome
release, or have undergone myristoylation, palmitoylation, isoprenylation or prenylation,
farnesylation, geranylgeranylation, glypiation, lipoylation, attachment of a flavin moiety
(FMN or FAD), phosphopantetheinylation, ethanolamine phosphoglycerol attachment,
acylation, N-acylation (amides), S-acylation (thioesters), acetylation, alkylation (methyl,
ethyl), methylation, amidation, polyglutamylation, butyrylation, glycosylation, glycation,
polysialylation, malonylation, hydroxylation, iodination, nucleotide addition (eg ADP-
ribosylation), oxidation, phosphate ester (O-linked) or phosphoramidate (N-linked)
formation, phosphorylation, histidine (N-linked) adenylylation, propionylation,
pyroglutamate formation, S-glutathionylation, S-nitrosylation, succinylation addition,
stearylation, sulfation, selenoylation, biotinylation, pegylation, citrullination, deimination,

or carbamylation.

In certain embodiments of any aspect of the invention described herein, the targeting
carrier peptide comprises an amino acid sequence LCLK (SEQ ID NO: 14), LCLH (SEQ
ID NO: 15), LCLR (SEQ ID NO: 16), LCLE (SEQ ID NO: 17), LCLN (SEQ ID NO: 18),
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LCLQ (SEQ ID NO: 19), VLCLR (SEQ ID NO: 20), or LCLD (SEQ ID NO: 21). In one
particular embodiment, the targeting carrier peptide comprises an L-isomer of LCLK (SEQ
ID NO: 14), LCLH (SEQ ID NO: 15), LCLR (SEQ ID NO: 16), LCLE (SEQ ID NO: 17),
LCLN (SEQ ID NO: 18), LCLQ (SEQ ID NO: 19), or LCLD (SEQ ID NO: 21). In one
particular embodiment, the targeting carrier peptide comprises a D-isomer of VLCLR

(SEQ ID NO: 20).

Targeting carrier peptides of these embodiments of the invention may further comprise one
or more amino acids at the C-terminus, at the N-terminus, or both. The further amino acids
at the C-terminus may comprise one or more amino acid corresponding to amino acids 1 to
15 of a native HBV X-protein, such that the peptide sequence of the further amino acids
corresponds to a region of consecutive amino acids from the native HBV X-protein. The
further amino acids at the N-terminus may comprise one or more amino acid
corresponding to amino acids 21 to 35 of a native HBV X-protein, such that the peptide
sequence of the further amino acids corresponds to a region of consecutive amino acids
from the native HBV X-protein. The further amino acids at the C- and/or N-terminus may
also comprise heterologous amino acids, such that the peptide sequence of the further
amino acids does not correspond to a region of consecutive amino acids from the native

HBYV X-protein.

In certain embodiments of any aspect of the invention described herein, the targeting
carrier peptide consists of the amino acid sequence LCLK (SEQ ID NO: 14), LCLH (SEQ
ID NO: 15), LCLR (SEQ ID NO: 16), LCLE (SEQ ID NO: 17), LCLN (SEQ ID NO: 18),
LCLQ (SEQ ID NO: 19), VLCLR (SEQ ID NO: 20), or LCLD (SEQ ID NO: 21). In one
particular embodiment, the targeting carrier peptide consists of an L-isomer of LCLK
(SEQ ID NO: 14), LCLH (SEQ ID NO: 15), LCLR (SEQ ID NO: 16), LCLE (SEQ ID
NO: 17), LCLN (SEQ ID NO: 18), LCLQ (SEQ ID NO: 19), or LCLD (SEQ ID NO: 21).
In one particular embodiment, the targeting carrier peptide consists of a D-isomer of

VLCLR (SEQ ID NO: 20).

In certain embodiments of any aspect of the invention described herein, the targeting

carrier peptide comprises an amino acid sequence XCXR (SEQ ID NO: 22), wherein X is
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any hydrophobic amino acid. In one embodiment, the targeting carrier peptide comprises

the sequence ICIR (SEQ ID NO: 23) or VCVR (SEQ ID NO: 24).

Targeting carrier peptides of these embodiments of the invention may further comprise one
or more amino acids at the C-terminus, at the N-terminus, or both. The further amino acids
at the C-terminus may comprise one or more amino acid corresponding to amino acids 1 to
15 of a native HBV X-protein, such that the peptide sequence corresponds to a region of
consecutive amino acids from the native HBV X-protein. The further amino acids at the
N-terminus may comprise one or more amino acid corresponding to amino acids 21 to 35
of a native HBV X-protein, such that the peptide sequence corresponds to a region of
consecutive amino acids from the native HBV X-protein. The further amino acids at the
C- and/or N-terminus may also comprise heterologous amino acids, such that the peptide
sequence of the further amino acids does not correspond to a region of consecutive amino

acids from the native HBV X-protein.

In certain embodiments of any aspect of the invention described herein, the targeting
carrier peptide consists of the amino acid sequence XCXR (SEQ ID NO: 22), wherein X is
any hydrophobic amino acid. In one embodiment, the targeting carrier peptide consists of

the amino acid sequence ICIR (SEQ ID NO: 23) or VCVR (SEQ ID NO: 24).

The hydrophobic amino acid of this embodiment of the invention may be naturally or non-
naturally occurring or may comprise a modified amino acid (for example modified as
described above). By way of example only, the hydrophobic amino acid may be chosen

fromL, V,I, M, F and W.

Unless otherwise specified herein, peptides of use in the invention and constructs of the
invention may be composed of L-amino acids, D-amino acids or a mixture thereof, and

may include non-naturally occurring amino acids.

Skilled persons will readily appreciate amino acids at positions 1 to 35 of a native X-
protein, having regard to the information herein and other published sequence information.
By way of example, see GenBank accession number Y 18857 also provides exemplary

sequence information, and the reader is specifically directed to this database by way of
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reference and the entry is included in the general description of the invention herein. In
addition Gunther S, Fischer L, Pult I, Sterneck M, Will H. Naturally occurring variants of
hepatitis B virus. Adv Virus Res. 1999;52:25-137 provides sequence information for a
number of X-proteins. Further, examples of useful sequence information is provided in

Table 1, below.

Table 1:

Protein Locus | Sequence SE

Accessio Q

n No. ID

NO

Q81163 HBVCS8 | MAARVCCQLDPARDVLCLRPVGAESRGRPVSGPF | 25
G

POC689 HBVCS5 | As above 25

P12936 HBVC3 | As above 25

POC686 HBVC1 | As above 25

Q9YZR6 HBVC2 | MAARMCCQLDPARDVLCLRPVGAESRGRPVSGP | 26
FG

093195 HBVD7 | MAARLCCQLDPARDVLCLRPVGAESRGRPFSGPF | 27
G

Q67863 HBVC4 | MAARVCCQLDPARDVLCLRPVGAESRGRPVSRPF | 28
G

Q67877 HBVD6 | MAARLCCQLDPARDVLCLRPVGAESRGRPFSGPL | 29
G

P24026 HBVD2 | MAARLCCQLDPARDVLCLRPVGAESRGRPFSGPL | 30
G

POC687 HBVC9 | MAARLCCQLDPTRDVLCLRPVGAESRGRPVSGPL | 31
G

POCo681 HBVDS | MAARLCCQLDPARDVLCLRPVGAESRGRPFSGPL | 32
G

Q913A9 HBVC7 | MAARLCCQLDPARDVLCLRPVGAESRGRPFSGPL | 33
G

091531 HBVA7 | MAARLCCQLDPSRDVLCLRPVGAESRGRPLSGPL | 34
G

QIE6S8 HBVCO | MAARLCCQLDPARDVLCLRPVGAESRGRPVSGSL | 35
G

Q9PX75 HBVB7 | MAARLCCQLDPARDVLCLRPVGAESRGRPLPGPL | 36
G

P20975 HBVB2 | MAARLCCQLDPARDVLCLRPVGAESRGRPLPGPL | 37
G

POC685 HBVB3 | MAARLCCQLDPARDVLCLRPVGAESRGRPLPGPL | 38
G

P20976 HBVB1 | MAARLCCQLDPARDVLCLRPVGAESRGRPLPGPL | 39
G
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P17102 HBVA4 | MATRLCCQLDPSRDVLCLRPVGAESRGRPLSGPL | 40
QOPXA2 | HBVBS l?/IAARLCCQLDPARDVLCLRPVGAESRGRPLPGPL 41
P03165 HBVD3 l?/IAARLCCQLDPARDVLCLRPVGAESRGRPFSGSL 42
P20977 HBVB4 l?/IAARLCCQLDPARDVLCLRPVGAESRGRPFPGPL 43
Q99HR6 | HBVF4 l?/IAARMCCQLDPARDVLCLRPVGAESRGRPLPGP 44
Q67923 HBVB6 II\J/ICI}AARVCCQLDPARDVLCLRPVGAESRGRPLPGPL 45
P69714 HBVA2 l?/IAARLYCQLDPSRDVLCLRPVGAESRGRPLSGPL 46
P69713 HBVA3 l?/IAARLYCQLDPSRDVLCLRPVGAESRGRPLSGPL 47
QOIBI5 HBVG3 l?/IAARLCCQLDPSRDVLCLRPVSAESSGRPLPGPF 48
POC678 HBVBS l?/IAARLCCQLDTARDVLCLRPVGAESRGRPLPGPL 49
Q05499 HBVF1 l?/IAARMCCKLDPARDVLCLRPIGAESRGRPLPGPL 50
Q80IU5 HBVE4 l?/IAARLCCQLDPARDVLCLRPVGAESCGRPVSGSL 51
Q8IMY3 | HBVF2 l?/IAARLCCQLDPARDVLCLRPVGAESRGRSLSGSL 52
Q9J5S3 HBVO l?/IAARLCCQLDTARDVLCLRPVGAESRGRPFSGSV 53
Q9QAXO }}{IBVE3 l?/IAARLCCQLDPARDVLCLRPVSAESCGRPVSGSL 54
Q69604 HBVEI l?/IAARLCCQLDPARDVLCLRPVSAESCGRPVSGSL 55
Q4R1S9 | HBVAS l?/IAARLYCQLDSSRDVLCLRPVGAESRGRPFSGPL 56
QV1C38 | HBVAG6 l?/IAARLYCQLDSSRDVLCLRPVGAESRGRPLAGPL 57
Q8JMY5 | HBVHI l?/IAARLCCQLDPARDVLCLRPVGAESCGRPLSWS 58
Q80IUS HBVE2 II\J/ICI}AARLCCQLDPARDVLCLRPVSAESCGRSVSGSL 59
P12912 HBVCP l?/IAARLCCQLDTSRDVLCLRPVGAESCGRPFSGPL 60
Q69607 HBVF6 | MAARLCCQLDPARDVLCLRPVGAESSGRTLPGSL | 61
Q8JMZ5 | HBVH3 l?/IAARLCCQLDPARDVLCLRPVGAESCGRPLS 62
Q8JN0O6 | HBVH2 | MAARLCCQLDPARDVLCLRPVGAESCGRPLS 63
P87743 HBVG | MAARMCCQLDPSQDVLCLRPVGAESRGRP 64
QOYJT2 }BIBVGO MAARLCCQLDPARDVLCLRPVGAEPCRRPVSG | 65
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Q4R1S1 HBVAY9 | MAARLYCQLDSSRNVLCLRPVGAESCGRPLSGPV | 66
G

Additional information regarding targeting carrier peptides of use in the present invention
can be found in WO 2011/155853 and WO 2013/165262, the disclosures of which are
incorporated herein by reference. The skilled reader will understand that reference in these

publications to peptides for non-carrier uses are not relevant.

As outlined above, the fifth, seventh, ninth, eleventh, thirteenth, fifteenth, seventeenth,
nineteenth, twenty-first, twenty-third, twenty-fifth, twenty-seventh, fortieth, forty-first,
forty-second, forty-third, forty-fourth and/or forty-fifth aspects of the invention provide
constructs comprising a peptide capable of interacting with an intracellular domain of
connexin43 (Cx43), nucleic acids encoding such constructs, nucleic acid vectors
comprising nucleic acids encoding such constructs, compositions comprising same, use of
same in methods of treatment, use of same methods of manufacturing medicaments, and/or

use of same for treatment of diseases or disorders.

In one embodiment of the fifth, seventh, ninth, eleventh, thirteenth, fifteenth, seventeenth,
nineteenth, twenty-first, twenty-third, twenty-fifth, twenty-seventh, fortieth, forty-first,
forty-second, forty-third, forty-fourth and/or forty-fifth aspects of the invention, the
peptide capable of interacting with an intracellular domain of Cx43 is capable of
interacting with the intracellular C-terminal tail of Cx43. In one embodiment, the peptide
capable of interacting with an intracellular domain of Cx43 is capable of interacting with
the intracellular loop of Cx43. In one embodiment, the peptide capable of interacting with
an intracellular domain of Cx43 is capable of interacting with the intracellular N-terminal

tail of Cx43.

In one embodiment of the fifth, seventh, ninth, eleventh, thirteenth, fifteenth, seventeenth,
nineteenth, twenty-first, twenty-third, twenty-fifth, twenty-seventh, fortieth, forty-first,
forty-second, forty-third, forty-fourth and/or forty-fifth aspects of the invention, the
peptide capable of interacting with an intracellular domain of Cx43 is capable of inhibiting

interaction of the intracellular C-terminal tail of Cx43 with the intracellular loop of Cx43.
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In one embodiment of the fifth, seventh, ninth, eleventh, thirteenth, fifteenth, seventeenth,
nineteenth, twenty-first, twenty-third, twenty-fifth, twenty-seventh, fortieth, forty-first,
forty-second, forty-third, forty-fourth and/or forty-fifth aspects of the invention, the
peptide capable of interacting with an intracellular domain of Cx43 is capable of inhibiting

Cx43 hemichannel opening, preferably without blocking gap junctions.

In one embodiment of the fifth, seventh, ninth, eleventh, thirteenth, fifteenth, seventeenth,
nineteenth, twenty-first, twenty-third, twenty-fifth, twenty-seventh, fortieth, forty-first,
forty-second, forty-third, forty-fourth and/or forty-fifth aspects of the invention, the
peptide capable of interacting with an intracellular domain of Cx43 comprises an amino
acid sequence selected from the group consisting of’
KQIEIKKFK (SEQ ID NO: 3; Gap-19);,
DGVNVEMHLKOQIEIKKFKYGIEEHGK (SEQ ID NO: 67);
DGANVDMHLKOQIEIKKFKYGIEEHGK (SEQ ID NO: 68);
RPSSRASSRASSRPRPDDLEI (SEQ ID NO: 69);
RQPKIWFPNRRKPWKKRPRPDDLEI (SEQ ID NO: 70);
RPRPDDLEI (SEQ ID NO: 71);
SRPRPDDLEI (SEQ ID NO: 72);

and functionally equivalent variants thereof.

Peptides capable of interacting with an intracellular domain of Cx43 of such embodiments
of the invention may further comprise one or more amino acids at the C-terminus, at the N-
terminus, or both. The further amino acids at the C- and/or N-terminus may comprise one
or more amino acid corresponding to amino acids of a native Cx43 protein, such that the
peptide sequence corresponds to a region of consecutive amino acids from a native Cx43
protein. The further amino acids at the C- and/or N-terminus may also comprise
heterologous amino acids, such that the peptide sequence of the further amino acids does

not correspond to a region of consecutive amino acids from the native Cx43 protein.

In one embodiment of the fifth, seventh, ninth, eleventh, thirteenth, fifteenth, seventeenth,
nineteenth, twenty-first, twenty-third, twenty-fifth, twenty-seventh, fortieth, forty-first,
forty-second, forty-third, forty-fourth and/or forty-fifth aspects of the invention, the
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peptide capable of interacting with an intracellular domain of Cx43 consists of an amino
acid sequence selected from the group consisting of’
KQIEIKKFK (SEQ ID NO: 3);
DGVNVEMHLKOQIEIKKFKYGIEEHGK (SEQ ID NO: 67);
DGANVDMHLKOQIEIKKFKYGIEEHGK (SEQ ID NO: 68);
RPSSRASSRASSRPRPDDLEI (SEQ ID NO: 69);
RQPKIWFPNRRKPWKKRPRPDDLEI (SEQ ID NO: 70);
RPRPDDLEI (SEQ ID NO: 71);
SRPRPDDLEI (SEQ ID NO: 72);

and functionally equivalent variants thereof.

Skilled persons will readily appreciate amino acids of a native Cx43 protein, having regard
to the information herein and other published sequence information. By way of example,

http://www.uniprot.org/uniprot/P17302 also provides exemplary sequence information,

and the reader is specifically directed to this database by way of reference and the entry is

included in the general description of the invention herein.

In one embodiment of the fifth, seventh, ninth, eleventh, thirteenth, fifteenth, seventeenth,
nineteenth, twenty-first, twenty-third, twenty-fifth, twenty-seventh, fortieth, forty-first,
forty-second, forty-third, forty-fourth and/or forty-fifth aspects of the invention, the
peptide capable of interacting with an intracellular domain of Cx43 is a peptide capable of
promoting gap junction coupling and/or increasing gap junctional conductance. Persons
skilled in the art will readily be able to identify such peptides. By way of non-limiting
example, peptides capable of interacting with an intracellular domain of Cx43 and capable
of promoting gap junction coupling and/or increasing gap junctional conductance include
Rotigaptide (ZP-123; N-Acetyl-D-tyrosyl-D-prolyl-(4S)-4-hydroxy-D-prolylglycyl-D-
alanylglycinamide; Ac-D-Tyr-D-Pro-D-Hyp-Gly-D-Ala-Gly-NH2) and its dipeptide
analogue Danegaptide (ZP-1609; (2S,4R)-1-(2-aminoacetyl)-4-benzamidopyrrolidine-2-
carboxylic acid; aka GAP-134).

In one particular embodiment of the fifth, seventh, ninth, eleventh, thirteenth, fifteenth,
seventeenth, nineteenth, twenty-first, twenty-third, twenty-fifth, twenty-seventh, fortieth,

forty-first, forty-second, forty-third, forty-fourth and/or forty-fifth aspects of the invention,
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the targeting carrier peptide is LCLRPV (SEQ ID NO: 2) and the peptide capable of
interacting with an intracellular domain of Cx43 is KQIEIKKFK (SEQ ID NO: 3).

However, it will be appreciated that the targeting carrier peptides described herein and the
peptides capable of interacting with an intracellular domain of Cx43 described herein may
be used in a construct of the invention in any suitable combination.

As used herein “inhibit”, “inhibiting”, “inhibition”, “inhibitor”, “block”, “blocking”,
“blocker”, and like terms should be taken broadly to refer to a reduction in function or
activity. They should not be taken to imply complete inhibition or block of function or
activity. Persons skilled in the art will readily appreciate methods that may be used to
assess function and activity. However, by way of example, the methodology described in

the “Examples” section may be used.

In other aspects of the invention, a targeting carrier peptide derived from the X-protein of
the Hepatitis B virus is used to deliver therapeutic agents that reduce vascular haemorrhage,
inflammation, and injury spread and/or promote revascularization. Such treatments can
include, for example, therapeutic agents for reducing gap junction hemichannel opening (4).
Therapeutic agents targeting connexin43 such as Gapl9, as used in the inventors’ studies,
are an appropriate therapeutic agent for such a strategy. Strategies of this nature are suitable
for use in tumours, where it is proposed that poor integrity rather than neovascularisation

per se is an underlying cause of tumour hypoxia (5).

Accordingly, in certain embodiments of the first, second, third, fourth, sixth, eighth, tenth,
twelfth, fourteenth, sixteenth, eighteenth, twentieth, twenty-second, twenty-fourth, twenty-
sixth, twenty-eighth, twenty-ninth, thirtieth, thirty-first, thirty-second, thirty-third, thirty-
fourth, thirty-sixth, thirty-seventh, thirty-eighth and/or thirty-ninth broad aspects of the
invention the compound or therapeutic agent is a peptide capable of interacting with an

intracellular domain of connexin43 (Cx43).

In accordance with the foregoing, it will be apparent to those skilled in the art that

references to a “compound(s)” and a “therapeutic agent(s)” herein will encompass a
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peptide capable of interacting with an intracellular domain of connexin43 (Cx43) unless

the context clearly requires otherwise.

As described above, the first, second, third, fourth, sixth, eighth, tenth, twelfth, fourteenth,
sixteenth, eighteenth, twentieth, twenty-second, twenty-fourth, twenty-sixth, twenty-
eighth, twenty-ninth, thirtieth, thirty-first, thirty-second, thirty-third, thirty-fourth, thirty-
sixth, thirty-seventh, thirty-eighth, and/or thirty-ninth aspects of the invention provide
methods of targeting delivery of a compound to hypoxic cells in a subject, methods of
treating a disease or disorder associated with hypoxia, use of constructs, nucleic acids, and
nucleic acid vectors in the manufacture of a medicament, use of constructs, nucleic acids,
and nucleic acid vectors for the treatment of a disease or disorder associated with hypoxia,
methods of targeting delivery of a compound to hypoxic cells, methods of increasing
uptake of a compound, methods of preparing a medicament for increased uptake of a
compound by a hypoxic cell or cells, and methods of reducing off-target effects of a

therapeutic agent involving a compound or therapeutic agent.

The compound may be any compound to be targeted for delivery to a hypoxic cell in
accordance with the invention. It will be appreciated that reference herein to a “hypoxic
cell” should be taken to include reference to the plural “hypoxic cells”. It will be
appreciated that this should also be taken to include reference to a hypoxic tissue or

tissues.

In certain embodiments of the first, second, third, fourth, sixth, eighth, tenth, twelfth,
fourteenth, sixteenth, eighteenth, twentieth, twenty-second, twenty-fourth, twenty-sixth,
twenty-eighth, twenty-ninth, thirtieth, thirty-first, thirty-second, thirty-third, thirty-fourth,
thirty-sixth, thirty-seventh, thirty-eighth, and/or thirty-ninth aspects of the invention, the
compound may be a therapeutic agent of use in treating a disease or disorder associated
with hypoxia or an agent of therapeutic benefit for a disease or disorder associated with
hypoxia. In certain embodiments, the compound may provide a diagnostic benefit for a
disease or disorder associated with hypoxia. In certain embodiments, the compound may

be a compound for use in research purposes.
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In certain embodiments of the first, second, third, fourth, sixth, eighth, tenth, twelfth,
fourteenth, sixteenth, eighteenth, twentieth, twenty-second, twenty-fourth, twenty-sixth,
twenty-eighth, twenty-ninth, thirtieth, thirty-first, thirty-second, thirty-third, thirty-fourth,
thirty-sixth, thirty-seventh, thirty-eighth, and/or thirty-ninth aspects of the invention, the
compound may be a nucleic acid, peptide nucleic acid, polypeptide (including for example,
fusion proteins), carbohydrate, peptidomimetic, small molecule inhibitor,
chemotherapeutic drug, anti-inflammatory drug, antibody, single chain Fv fragment
(SCFV), lipid, proteoglycan, glycolipid, lipoprotein, glycomimetic, natural product, or
fusion protein. Where the compound is a nucleic acid it may be DNA, RNA, cDNA,
double-stranded, single-stranded, sense, antisense, or circular, including DNAzymes,

iRNA, siRNA, miRNA, piRNA, IcRNA, and ribozymes, phagemid, aptamer for example.

It will be apparent to those skilled in the art that certain compounds (including therapeutic
agents and diagnostic agents) will be desired to be delivered to hypoxic cells in certain
situations. For example, for methods involving treatment of disorders or diseases
associated with hypoxia the compound may be a therapeutic agent for treatment of that
disease where targeting of the agent to hypoxic cells would be desirable. By way of
further example, for methods involving treatment of disorders or disease associated with

hypoxia the compound may be a therapeutic agent for treatment of the hypoxia per se.

For example, a targeting carrier peptide derived from the X-protein of the Hepatitis B virus
can be used to deliver therapeutic agents that reduce vascular haemorrhage, inflammation,
and injury spread and/or promote revascularization. Such treatments can include, for
example, therapeutic agents for reducing gap junction hemichannel opening (4).
Therapeutic agents targeting connexin43 such as Gap19, as used in the inventors’ studies,
would be an appropriate therapeutic agent for such a strategy. Strategies of this nature may
be suitable for use in tumours, where it is proposed that poor integrity rather than

neovascularisation per se is an underlying cause of tumour hypoxia (5).

As outlined above, in certain embodiments of the first, second, third, fourth, sixth, eighth,
tenth, twelfth, fourteenth, sixteenth, eighteenth, twentieth, twenty-second, twenty-fourth,
twenty-sixth, twenty-eighth, twenty-ninth, thirtieth, thirty-first, thirty-second, thirty-third,
thirty-fourth, thirty-sixth, thirty-seventh, thirty-eighth, and/or thirty-ninth aspects of the
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invention, the compound or therapeutic agent may be a peptide capable of interacting with
an intracellular domain of connexin43 (Cx43) as described elsewhere herein. In particular,
in embodiments where the compound or therapeutic agent is a peptide capable of
interacting with an intracellular domain of connexion43 (Cx43), it may be capable of:

e interacting with the intracellular C-terminal tail of Cx43;

e interacting with the intracellular loop of Cx43;

e interacting with the intracellular N-terminal tail of Cx43;

¢ inhibiting interaction of the intracellular C-terminal tail of Cx43 with the

intracellular loop of Cx43; and/or

e inhibiting Cx43 hemichannel opening, preferably without blocking gap junctions.

In certain embodiments of the first, second, third, fourth, sixth, eighth, tenth, twelfth,
fourteenth, sixteenth, eighteenth, twentieth, twenty-second, twenty-fourth, twenty-sixth,
twenty-eighth, twenty-ninth, thirtieth, thirty-first, thirty-second, thirty-third, thirty-fourth,
thirty-sixth, thirty-seventh, thirty-eighth, and/or thirty-ninth aspects of the invention the
compound or therapeutic agent may be a peptide capable of interacting with an
intracellular domain of Cx43 comprising an amino acid sequence selected from the group
consisting of’

KQIEIKKFK (SEQ ID NO: 3; Gap-19);,

DGVNVEMHLKOQIEIKKFKYGIEEHGK (SEQ ID NO: 67);

DGANVDMHLKOQIEIKKFKYGIEEHGK (SEQ ID NO: 68);

RPSSRASSRASSRPRPDDLEI (SEQ ID NO: 69);

RQPKIWFPNRRKPWKKRPRPDDLEI (SEQ ID NO: 70);

RPRPDDLEI (SEQ ID NO: 71); and

SRPRPDDLEI (SEQ ID NO: 72);

and functionally equivalent variants thereof.

Peptides capable of interacting with an intracellular domain of Cx43 of embodiments of
the invention may further comprise one or more amino acids at the C-terminus, at the N-
terminus, or both. The further amino acids at the C- and/or N-terminus may comprise one
or more amino acid corresponding to amino acids of a native Cx43 protein, such that the
peptide sequence corresponds to a region of consecutive amino acids from a native Cx43

protein. The further amino acids at the C- and/or N-terminus may also comprise
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heterologous amino acids, such that the peptide sequence of the further amino acids does

not correspond to a region of consecutive amino acids from the native Cx43 protein.

In certain embodiments of the first, second, third, fourth, sixth, eighth, tenth, twelfth,
fourteenth, sixteenth, eighteenth, twentieth, twenty-second, twenty-fourth, twenty-sixth,
twenty-eighth, twenty-ninth, thirtieth, thirty-first, thirty-second, thirty-third, thirty-fourth,
thirty-sixth, thirty-seventh, thirty-eighth, and/or thirty-ninth aspects of the invention the
compound or therapeutic agent may be a peptide capable of interacting with an
intracellular domain of Cx43 consisting of an amino acid sequence selected from the group
consisting of’

KQIEIKKFK (SEQ ID NO: 3; Gap-19);,

DGVNVEMHLKOQIEIKKFKYGIEEHGK (SEQ ID NO: 67);

DGANVDMHLKOQIEIKKFKYGIEEHGK (SEQ ID NO: 68);

RPSSRASSRASSRPRPDDLEI (SEQ ID NO: 69);

RQPKIWFPNRRKPWKKRPRPDDLEI (SEQ ID NO: 70);

RPRPDDLEI (SEQ ID NO: 71); and

SRPRPDDLEI (SEQ ID NO: 72);

and functionally equivalent variants thereof.

In other embodiments of the first, second, third, fourth, sixth, eighth, tenth, twelfth,
fourteenth, sixteenth, eighteenth, twentieth, twenty-second, twenty-fourth, twenty-sixth,
twenty-eighth, twenty-ninth, thirtieth, thirty-first, thirty-second, thirty-third, thirty-fourth,
thirty-sixth, thirty-seventh, thirty-eighth, and/or thirty-ninth aspects of the invention the
compound is a peptide capable of promoting gap junction coupling and/or increasing gap
junctional conductance. By way of non-limiting example, peptides capable of promoting
gap junction coupling and/or increasing gap junctional conductance include Rotigaptide
(ZP-123; N-Acetyl-D-tyrosyl-D-prolyl-(4S)-4-hydroxy-D-prolylglycyl-D-
alanylglycinamide; Ac-D-Tyr-D-Pro-D-Hyp-Gly-D-Ala-Gly-NH2) and its dipeptide
analogue Danegaptide (ZP-1609; (2S,4R)-1-(2-aminoacetyl)-4-benzamidopyrrolidine-2-
carboxylic acid; aka GAP-134).

By way of further example, in accordance with the first, second, third, fourth, twenty-eighth,

or twenty-ninth aspects of the invention a targeting carrier peptide derived from the X-
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protein of the Hepatitis B virus is used to preferentially deliver cytotoxins, for example for
the treatment of tumours, to hypoxic (cancerous) cells thus reducing normal, non-cancer cell
exposure and therefore side effects. As a result, more potent therapeutic agents or higher
doses would be able to be administered without encountering side effects. Alternatively,
lower doses would be more efficiently delivered to the target tissue, reducing side effects

and off-target effects.

For example, for methods involving treatment of cancer the compound (or therapeutic
agent) may be surface acting or cytoplasmic acting toxins for targeting to hypoxic tumour
cells. For example, surface acting toxins include the fish toxin pardoxin (or active portions
thereof), enzymes of lipid metabolism (PLA2, PLC), those acting membrane ion channel
function (such as a-scorpion toxin or dendrotoxins or active portions thereof), or those
acting on tyrosine kinase receptors (such as a-S.aureus or active portions thereof). For
example, cytoplasmic acting toxins may include those targeting the mitochondrial
respiratory system (rotenone), nucleic acids (mycotoxins or active portions thereof), the
ribosome (diphtheria or active portions thereof) of vesicular release (botulinum tetanus or

active portions thereof).

Specific examples of compounds of use in methods involving treatment of cancer include:
e Temozolomide, an alkylating agent, for treatment of brain cancers; as a second-line
treatment for astrocytoma and a first-line treatment for glioblastoma multiforme
(brain glioma);
e Docetaxel for breast cancer;
e S-fluorouracil for breast cancer, stomach cancer and colorectal cancer;
e Doxorubicin for breast cancer, lung cancer, bladder cancer or Hodgkin’s and non-

Hodgkin’s lymphoma.

Skilled persons will appreciate that one or more of the foregoing compounds may be
used in combination. By way of non-limiting examples, the combinations of

compounds identified in Table 2 may be used.

Table 2: Combination chemotherapy

| Indication | Compounds | Regimen name
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Breast cancer Cyclophosphamide, CMF
methotrexate, 5-
fluorouracil
Doxorubicin, AC
cyclophosphamide

Hodgkin’s lymphoma Docetaxel, doxorubicin, TAC
cyclophosphamide
Doxorubicin, bleomycin, ABVD
vinblastine, dacarbazine
Mustine, vincristine, MOPP
procarbazine, prednisolone

Non-Hodgkin's lymphoma | Cyclophosphamide, CHOP
doxorubicin, vincristine,
prednisolone

Germ cell tumor Bleomycin, etoposide, BEP
cisplatin

Stomach cancer Epirubicin, cisplatin, 5- ECF
fluorouracil
Epirubicin, cisplatin, ECX
capecitabine

Bladder cancer Methotrexate, vincristine, | MVAC
doxorubicin, cisplatin

Lung cancer Cyclophosphamide, CAV
doxorubicin, vincristine

Colorectal cancer S-fluorouracil, folinic acid, | FOLFOX
oxaliplatin

Those skilled in the art will readily be able to identify further compounds or therapeutic

agents suitable for use in methods involving treatment of cancer.

In addition to delivery of active compounds, for which constructs of the invention would be
particular useful, it will be appreciated that compounds (or therapeutic agents) of the
invention could be prodrugs or activatable drugs. For example, a targeting carrier peptide
derived from the X-protein of the Hepatitis B virus can be used to target a hypoxia-activated
prodrug for treatment of a tumour, concentrating the prodrug to a hypoxia tissue to allow for
lower dosing. Such prodrugs include aromatic nitro hypoxia activated prodrugs, such as
evofosfamide, tarloxotinib, PR-104 or nitroCBI, and N-oxide hypoxia activated prodrugs
such as tirapazamine, or SN30000. These drugs are “activated in tumours by a process that

is initiated by enzymatic one-electron reduction to yield a prodrug radical anion” (25).
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In another example, in accordance with the fourth, sixth, and/or eighth aspects of the
invention constructs comprising (a) a targeting carrier peptide derived from the X-protein of
the Hepatitis B virus and (b) a peptide capable of interacting with an intracellular domain of
connexin43 (Cx43) are used in the treatment of cancer, and in particular for blocking tumour
growth. Tumours (such as in cancer) have poor vascular supply and are hypoxic and/or have
portions or zones that are hypoxic, resulting in tissue with reduced oxygen levels. In the
case of tumours, continued ischemia can promote the survival of hypoxia-resistant tumour
cells over normal cells. Structural abnormalities in tumour blood vessels may influence

therapeutic responses to treatments.

Without wishing to be bound by theory, it is believed that transient block of connexin43
hemichannels using constructs of the invention reduces vessel leak, promote normal
vascularisation, protect, maintain, and/or restore vasculature, and block tumour growth and
promote tissue recovery. Further, these outcomes will lead to improved outcomes from

treatment with cytotoxic chemotherapeutic agents and/or radiation therapy.

Accordingly, in one embodiment the invention provides a method of treating cancer
comprising: administering to a subject a construct comprising (a) a targeting carrier peptide
derived from the X-protein of the Hepatitis B virus and (b) a peptide capable of interacting
with an intracellular domain of connexin43 (Cx43). In a further embodiment, the invention
provides a method of treating cancer comprising: administering to a subject a nucleic acid
encoding a construct comprising (a) a targeting carrier peptide derived from the X-protein
of the Hepatitis B virus and (b) a peptide capable of interacting with an intracellular domain
of connexin43 (Cx43). In a further embodiment, the invention provides a method of treating
cancer comprising: administering to a subject a nucleic acid vector comprising a nucleic acid
encoding a construct comprising (a) a targeting carrier peptide derived from the X-protein
of the Hepatitis B virus and (b) a peptide capable of interacting with an intracellular domain
of connexin43 (Cx43). In other embodiments the invention also provides methods of
treating cancer comprising administering a composition comprising a construct, nucleic acid,
or nucleic acid vector as described in combination with one or more carrier, excipient, and/or

diluent.



10

15

20

25

30

WO 2018/199777 PCT/NZ2018/050059

-45 -

Accordingly, in another embodiment the invention provides the use of a construct
comprising (a) a targeting carrier peptide derived from the X-protein of the Hepatitis B virus
and (b) a peptide capable of interacting with an intracellular domain of connexin43 (Cx43)
in the manufacture of a medicament for treating cancer. In a further embodiment the
invention provides the use of a nucleic acid encoding a construct comprising (a) a targeting
carrier peptide derived from the X-protein of the Hepatitis B virus and (b) a peptide capable
of interacting with an intracellular domain of connexin43 (Cx43) in the manufacture of a
medicament for treating cancer. In a further embodiment the invention provides the use of
a nucleic acid vector comprising a nucleic acid encoding a construct comprising (a) a
targeting carrier peptide derived from the X-protein of the Hepatitis B virus and (b) a peptide
capable of interacting with an intracellular domain of connexin43 (Cx43) in the manufacture

of a medicament for treating cancer.

Accordingly, in another embodiment the invention provides the use of a construct
comprising (a) a targeting carrier peptide derived from the X-protein of the Hepatitis B virus
and (b) a peptide capable of interacting with an intracellular domain of connexin43 (Cx43)
for treating cancer. In a further embodiment, the invention provides the use of a nucleic acid
encoding a construct comprising (a) a targeting carrier peptide derived from the X-protein
of the Hepatitis B virus and (b) a peptide capable of interacting with an intracellular domain
of connexin43 (Cx43) for treating cancer. In a further embodiment, the invention provides
the use of a nucleic acid vector comprising a nucleic acid encoding a construct comprising
(a) a targeting carrier peptide derived from the X-protein of the Hepatitis B virus and (b) a
peptide capable of interacting with an intracellular domain of connexin43 (Cx43) for treating

cancer.

In certain embodiments the cancer is a brain glioma (glioblastoma), astrocytoma, ovarian
carcinoma, epidermal carcinoma, breast cancer, stomach cancer, germ cell tumour,
colorectal cancer, lung cancer, bladder cancer, Hodgkin’s lymphoma, non-Hodgkin’s

lymphoma.

In certain embodiments the treatment of cancer involves reducing tumour growth. In other
embodiments the treatment of cancer involves reduction of vascular leak. In other

embodiments the treatment of cancer involves promotion of normal vascularisation. In other
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embodiments the treatment of cancer involves protection, maintenance and/or restoration of

vasculature.

In another example, in accordance with the fourth, sixth, and/or eighth aspects of the
invention a targeting carrier peptide derived from the X-protein of the Hepatitis B virus can
be used to treat “secondary” disease processes stemming from conditions of hypoxia. For
example, protective agents would be preferentially delivered to hypoxic cells to prevent or
ameliorate further cell injury. Use of a peptide compound capable of interacting with an

intracellular domain of Cx43 is one example of such a strategy.

By way of non-limiting example, in accordance with the fourth, sixth, and/or eighth aspects
of the invention neuroprotective agents could be used in the case of stroke. Examples of
neuroprotective agents of use in the invention include compounds targeting excitotoxicity
(such as NMDA antagonists), antioxidants, free radical scavengers, agents that reduce pro-
inflammatory response of neuroglia, and agents that enhance anti-inflammatory response of

neuroglia.

By way of further non-limiting example, neurorepair agents could be used in the case of

stroke, muscular dystrophy, multiple sclerosis, amyloid lateral sclerosis.

In another example, for methods involving treatment of stroke in accordance with the
fourth, sixth, and/or eighth aspects of the invention the compound (or therapeutic agent)
may be a tissue plasminogen activator (tPA) or recombinant tissue plasminogen activator
(rtPA). For example, the rtPA may be alteplase (Activase, Actilyse), reteplase (Retavase,
Rapilysin), tenecteplase (TNKase), or desmoteplase.

By way of further non-limiting example, for methods involving treatment of myocardial
infarction stroke in accordance with the fourth, sixth, and/or eighth aspects of the invention
the compound (or therapeutic agent) may be a tissue plasminogen activator (tPA) or
recombinant tissue plasminogen activator (rtPA). For example, the rtPA may be alteplase
(Activase, Actilyse), reteplase (Retavase, Rapilysin), tenecteplase (TNKase), or

desmoteplase.
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Targeting to hypoxic cells in accordance with the invention would reduce side effects and
off-target effects to normal (non-hypoxic) cells and tissues. As a result, more potent
therapeutic agents or higher doses can be administered without encountering side effects.
Alternatively, lower doses would be more efficiently delivered to the target tissue, reducing

side effects and off-target effects.

In another example, constructs comprising (a) a targeting carrier peptide derived from the
X-protein of the Hepatitis B virus and (b) a peptide capable of interacting with an
intracellular domain of connexin43 (Cx43) are of use in the treatment of stroke, in particular

ischemic stroke, and more particularly to promote neuronal survival after stroke.

Without wishing to be bound by theory, it is understood that transient block of connexin43
hemichannels reduces vessel leak and promote neuronal survival after ischaemic stroke
through prevention of lesion spread and vascular disruption minimising reperfusion damage
and enhancing functional recovery. As described herein the inventors have surprisingly
found that constructs of the invention are preferentially delivered to hypoxic cells and are
not sequestered by circulating blood cells. This will result in rapid targeted delivery to
hypoxic cells, which is advantageous as treatment of stroke is time-critical. This is in
addition to the beneficial reduction of off-target effects as described elsewhere herein. The
inventors observe successful retinal administration. This will translate to efficient delivery
across the blood-brain-barrier. Furthermore, as outlined above, the inventors observe
increased syndecan-4 expression around blood vessel endothelium in inflamed and hypoxic
brain tissue, with high levels of expression in the blood brain barrier. Therefore, constructs

of the invention can be used to target drug delivery to the central nervous system.

Accordingly, in one embodiment the invention provides a method of treating stroke
comprising: administering to a subject a construct comprising (a) a targeting carrier peptide
derived from the X-protein of the Hepatitis B virus and (b) a peptide capable of interacting
with an intracellular domain of connexin43 (Cx43). In a further embodiment, the invention
provides a method of treating stroke comprising: administering to a subject a nucleic acid
encoding a construct comprising (a) a targeting carrier peptide derived from the X-protein
of the Hepatitis B virus and (b) a peptide capable of interacting with an intracellular domain

of connexin43 (Cx43). In a further embodiment, the invention provides a method of treating
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stroke comprising: administering to a subject a nucleic acid vector comprising a nucleic acid
encoding a construct comprising (a) a targeting carrier peptide derived from the X-protein
of the Hepatitis B virus and (b) a peptide capable of interacting with an intracellular domain
of connexin43 (Cx43). In other embodiments the invention also provides methods of
treating stroke comprising administering a composition comprising a construct, nucleic acid,
or nucleic acid vector as described in combination with one or more carrier, excipient, and/or

diluent.

Accordingly, in another embodiment the invention provides the use of a construct
comprising (a) a targeting carrier peptide derived from the X-protein of the Hepatitis B virus
and (b) a peptide capable of interacting with an intracellular domain of connexin43 (Cx43)
in the manufacture of a medicament for treating stroke. In a further embodiment the
invention provides the use of a nucleic acid encoding a construct comprising (a) a targeting
carrier peptide derived from the X-protein of the Hepatitis B virus and (b) a peptide capable
of interacting with an intracellular domain of connexin43 (Cx43) in the manufacture of a
medicament for treating stroke. In a further embodiment the invention provides the use of a
nucleic acid vector comprising a nucleic acid encoding a construct comprising (a) a targeting
carrier peptide derived from the X-protein of the Hepatitis B virus and (b) a peptide capable
of interacting with an intracellular domain of connexin43 (Cx43) in the manufacture of a

medicament for treating stroke.

Accordingly, in another embodiment the invention provides the use of a construct
comprising (a) a targeting carrier peptide derived from the X-protein of the Hepatitis B virus
and (b) a peptide capable of interacting with an intracellular domain of connexin43 (Cx43)
for treating stroke. In a further embodiment, the invention provides the use of a nucleic acid
encoding a construct comprising (a) a targeting carrier peptide derived from the X-protein
of the Hepatitis B virus and (b) a peptide capable of interacting with an intracellular domain
of connexin43 (Cx43) for treating stroke. In a further embodiment, the invention provides
the use of a nucleic acid vector comprising a nucleic acid encoding a construct comprising
(a) a targeting carrier peptide derived from the X-protein of the Hepatitis B virus and (b) a
peptide capable of interacting with an intracellular domain of connexin43 (Cx43) for treating

stroke.
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In certain examples the stroke is ischemic stroke. In other examples, the treatment of stroke

is the promotion neuronal survival after stroke, in particular ischemic stroke.

In another example, tPA is co-administered with a construct comprising (a) a targeting
carrier peptide derived from the X-protein of the Hepatitis B virus and (b) a peptide capable
of interacting with an intracellular domain of connexin43 (Cx43) in accordance with the
fourth aspect of the invention. Administration of a construct comprising (a) a targeting
carrier peptide derived from the X-protein of the Hepatitis B virus and (b) a peptide capable
of interacting with an intracellular domain of connexin43 (Cx43) can extend the therapeutic
window of tPA through reduced vessel leak preventing of lesion spread and vascular

disruption.

By way of further non-limiting example, sepsis is associated with hypoperfusion and the
invention provides that a targeting carrier peptide derived from the X-protein can be used to
deliver an antibacterial or antifungal agent to hypoxic (hypoperfused) cells at sites of

infection.

Targeting to hypoxic cells in accordance with the invention will reduce side effects and oft-
target effects to normal (non-hypoxic) cells and tissues. As a result, more potent therapeutic
agents or higher doses would be able to be administered without encountering side effects.
Alternatively, lower doses would be more efficiently delivered to the target tissue, reducing

side effects and off-target effects.

Skilled persons may readily appreciate further examples of compounds (including

therapeutic agents) of use in accordance with the invention.

As noted above, the invention includes functionally equivalent variants of peptides of use
in the invention, for example functionally equivalent variants of the targeting carrier
peptide and/or a peptide capable of interacting with an intracellular domain of connexin43.
The phrase “functionally equivalent variants” as used herein, includes those peptides in
which one or more conservative amino acid substitutions have been made, while
substantially retaining the desired function of the peptide. As used herein, a “functionally

equivalent variant” of a peptide is intended to include fragments of the peptide or variants
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of the peptide in which one or more amino acid has been deleted or added, provided such
variants retain at least a level of the desired activity of the protein or peptide of which they

are a variant.

By way of example, in the case of targeting carrier peptides, the peptide and a functionally
equivalent variant thereof will have the ability to (a) move across a cell membrane to enter
a cell, preferably carrying the compound or the therapeutic agent or the peptide capable of
interacting with an intracellular domain of connexin43 (Cx43) across a cell membrane and
(b) the ability to target a cell or cells in a particular physiological or pathophysiological

state, preferably cells in a state of hypoxia.

Furthermore, it will be appreciated that a targeting peptide that is capable of being used as

a carrier peptide may also be used to deliver a cargo to the surface of a cell.

A peptide(s) of use in the invention and its functionally equivalent variant(s) may be
referred to herein collectively as “peptide(s)”. Accordingly, where not specifically
mentioned, references to a “peptide” or “peptides” of use in the invention herein should be

taken to include reference to functionally equivalent variants thereof.

It should be appreciated that a “functionally equivalent variant” may have a level of
activity higher or lower than the peptide of which it is a variant. In various embodiments
of the invention a functionally equivalent variant has at least 50%, at least 60%, at least
70%, at least 80%, at least 90%, at least 95% or at least 99% of the level of activity of the

peptide of which it is a variant.

Skilled persons will readily appreciate the desired function and be able to assess function
and determine the level of activity of a peptide or functionally equivalent variant thereof,

based on the information contained herein and using techniques known in the art.

By way of example, in the case of a targeting carrier peptide, the peptide or variant will
have (a) the ability to move across a cell membrane to enter a cell, preferably carrying the
compound across a cell membrane and (b) the ability to target a cell or cells in a particular

physiological or pathophysiological state, preferably cells in a state of hypoxia. This
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function and the level of activity may be assessed based on uptake of the variant
(preferably, constructs comprising the variant) into the cell, for example, using the

techniques described in the “Examples” section.

By way of example, in the case of peptides capable of interacting with an intracellular
domain of connexin43 (Cx43), the peptide and a functionally equivalent variant thereof
will have the ability to interact with an intracellular domain of connexin43. In the case of
peptides capable of inhibiting interaction of the intracellular C-terminal tail of Cx43 with
the intracellular loop of Cx43, the peptide and a functionally equivalent variant thereof will
have the ability to inhibit interaction of the intracellular C-terminal tail of Cx43 with the
intracellular loop of Cx43. In the case of peptides capable of inhibiting Cx43 hemichannel
opening, the peptide and a functionally equivalent variant thereof will have the ability to
inhibit Cx43 hemichannel opening. This function and the level of activity may be

assessed, for example, using the techniques described in the “Examples” section.

As used herein “conservative amino acid substitution(s)” should be taken broadly to mean
substitution of amino acids that have similar biochemical properties. Persons skilled in the
art will appreciate appropriate conservative amino acid substitutions based on the relative
similarity between different amino acids, including the similarity of the amino-acid side
chain substituents (for example, their size, charge, hydrophilicity, hydrophobicity and the
like). By way of example, a conservative substitution includes: substitution of one
aliphatic amino acid for another aliphatic amino acid, substitution of an amino acid with a
hydroxyl- or sulphur-containing side chain with another amino acid with a hydroxyl- or
sulphur-containing side chain, substitution of an aromatic amino acid with another
aromatic amino acid, substitution of a basic amino acid with another basic amino acid, or
substitution of an acidic amino acid with another acid amino acid. By way of further
example, “conservative amino acid substitution(s)” include:

- substitution of Glycine, Alanine, Valine, Leucine, or Isoleucine, one for another;

- substitution of Serine, Cysteine, Threonine, or Methionine, one for another;

- substitution of Phenylalanine, Tyrosine, or Tryptophan, one or another;

- substitution of Histidine, Lysine, or Arginine, one for another; and

- substitution of Aspartic acid, Glutamic acid, Asparagine or Glutamine, one for

another.
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Functionally equivalent variants containing amino acid substitutions in accordance with
the invention will preferably retain at least 70%, 80%, 90%, 95% or 99% amino acid
sequence similarity to the original peptide. In one embodiment, the functionally equivalent
variant has at least 70%, 80% 90%, 95% or 99% sequence identity with the original
peptide.

Peptides of use in the invention (including functionally equivalent variants) and constructs
of the invention may be composed of L-amino acids, D-amino acids, or a mixture thereof,
and may include non-naturally occurring amino acids. In particular, D-isomeric forms of
peptides of use according to the invention can be produced by chemical peptide synthesis.
In certain embodiments of the invention, D-isomeric forms of the targeting carrier peptide
and/or the peptide capable of interacting with an intracellular domain of Cx43 may be
preferred. For example, D-isomers may be preferred as they are more resistant to
proteases. In other embodiments of the invention, L-isomeric forms of the targeting carrier
peptide and/or the peptide capable of interacting with an intracellular domain of Cx43 may
be preferred. For example, L-isomers may be preferred as they more closely mimic
naturally occurring peptides. Persons skilled in the art will readily recognise appropriate

use of D- and L-isomers.

It should be understood that peptides of use in the invention, or a construct of the invention
being a fusion peptide, (including functionally equivalent variants), are “isolated” or
“purified” peptides. An “isolated” or “purified” peptide is one which has been identified
and separated from the environment in which it naturally resides, or artificially
synthesized. It should be appreciated that these terms do not reflect the extent to which the

peptide has been purified or separated from an environment in which it naturally resides.

A peptide of use in the invention, or a construct of the invention being a fusion peptide,
may be isolated from natural sources, or preferably derived by chemical synthesis (for
example, fmoc solid phase peptide synthesis as described in Fields GB, Lauer-Fields JL,
Liu RQ and Barany G (2002) Principles and Practice of Solid-Phase peptide Synthesis;
Grant G (2002) Evaluation of the Synthetic Product. Synthetic Peptides, A User’s Guide,
Grant GA, Second Edition, 93-219; 220-291, Oxford University Press, New York) or
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genetic expression techniques, methods for which are readily known in the art to which the
invention relates. Standard recombinant DNA and molecular cloning techniques are
described for example in: Sambrook, and Maniatis, Molecular Cloning: A Laboratory
Manual, Second Edition, Cold Spring Harbor Laboratory Press, Cold Spring Harbor, N.Y.
(1989); Silhavy et al., Experiments with Gene Fusions, Cold Spring Harbor Laboratory
Press, Cold Spring Harbor, N.Y. (1984); and, Ausubel et al., Current Protocols in
Molecular Biology, published by Greene Publishing Assoc. and Wiley-Interscience (1987).
Production of a peptide of the invention may also be achieved by an appropriate transgenic

animal, microbe, or plant.

The targeting carrier peptide and the compound (including a therapeutic agent and
including a peptide capable of interacting with an intracellular domain of Cx43) may be
“connected” to each other by any means that allows the targeting carrier peptide to carry
the compound (or therapeutic agent) across a cell membrane into a cell while retaining at
least a level of the function and structure of the compound (or therapeutic agent). The
word “connected” or like terms should be taken broadly to encompass any form of
attachment, bonding, fusion or association between the targeting carrier peptide and the
compound or therapeutic agent (for example, but not limited to, covalent bonding, ionic
bonding, hydrogen bonding, aromatic stacking interactions, amide bonds, disulfide
bonding, chelation) and should not be taken to imply a particular strength of connection.
The targeting carrier peptide and the compound (or therapeutic agent) may be connected in
an irreversible or a reversible manner, such that upon entry into a cell the compound is

released from the targeting carrier peptide.

The compound (or therapeutic agent) may be connected to the targeting carrier peptide at
its N-terminus, its C-terminus, or any other location. In one particular embodiment, the
compound (or therapeutic agent) is connected to the targeting carrier peptide at its N-
terminus. In another particular embodiment, the compound (or therapeutic agent) is
connected to the targeting carrier peptide at its C-terminus. The compound (or therapeutic
agent) may be connected to the targeting carrier peptide as described above. As described
herein, the compound (or therapeutic agent) may be connected to the targeting carrier

peptide directly or indirectly.
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It should be appreciated that while the targeting carrier peptide and the compound
(including a therapeutic agent and including a peptide capable of interacting with an
intracellular domain of Cx43) may be connected directly to one another, constructs of use
in the invention may also utilise linker molecules that connect the targeting carrier peptide
and the compound (including a therapeutic agent and including a peptide capable of
interacting with an intracellular domain of Cx43). Skilled persons will appreciate
appropriate linker molecules of use in the invention. However, by way of example, the
linker molecule may be a peptide, for example a flexible peptide linker, a rigid peptide
linker, or a cleavable peptide linker. Examples of appropriate linker molecules are also
provided in WO 91/09958, WO 03/064459, WO 00/29427, and WO 01/13957. Examples
of linkers include glycine linkers and polyglutamine linkers. Examples of linker designing
tools that may be of use include the Linker Database of the Centre for Integrative
Bioinformatics VU at Vrije University of Amsterdam

(http://www.ibi.vu.nl/programs/linkerdbwww/).

In one embodiment, the construct further comprises a linker to connect the targeting carrier

peptide and the compound (or therapeutic agent).

In one embodiment, the compound (or therapeutic agent) is a peptide. In one embodiment,

the compound (or therapeutic agent) is a peptide and the construct is a fusion peptide.

By way of example, where the compound (or therapeutic agent) is a peptide the construct
may be produced using known recombinant expression or chemical synthesis techniques
(as described herein); for example where the construct comprises a peptide capable of
interacting with an intracellular domain of Cx43. The targeting carrier peptide and the
peptide compound (or therapeutic agent) may also be manufactured separately and later
connected to one another. For example, the targeting carrier peptide may be produced
using known recombinant expression or chemical synthesis techniques (as described
herein) and then later connected to a recombinantly expressed or chemically synthesised
peptide compound (for example, a peptide capable of interacting with an intracellular

domain of Cx43).
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By way of example only, the methodology described in WO 91/09958, WO 03/064459,
WO 00/29427, WO 01/13957 may be used to manufacture various constructs of the

invention.

In accordance with the thirty-fourth, thirty-sixth, and/or thirty-eighth aspects of the
invention, certain methods of the invention comprise connecting a compound or
therapeutic agent to a targeting carrier peptide derived from the X-protein of the Hepatitis
B virus. Targeting carrier peptides of use in these aspects of the invention as described
elsewhere herein. In certain embodiments, as described herein, the compound or
therapeutic agent is a peptide capable of interacting with an intracellular domain of Cx43.
However, skilled persons will readily appreciate other compounds of use in these aspects
of the invention. The compound/therapeutic agent and targeting carrier peptide can be

manufactured and connected as described elsewhere herein.

In accordance with the thirty-fifth, thirty-seventh, and/or thirty-eighth aspects of the
invention, certain methods of the invention comprise connecting a nucleic acid encoding a
peptide compound or peptide therapeutic agent to a nucleic acid encoding a targeting
carrier peptide derived from the X-protein of the Hepatitis B virus. Targeting carrier
peptides of use in these aspects of the invention as described elsewhere herein. In certain
embodiments, as described herein, the peptide compound or peptide therapeutic agent is a
peptide capable of interacting with an intracellular domain of Cx43. However, skilled
persons will readily appreciate other peptide compounds of use in these aspects of the
invention. The nucleic acid encoding the peptide compound/therapeutic agent and the
nucleic acid encoding the targeting carrier peptide can be manufactured and connected as

described elsewhere herein.

In certain embodiments of any aspect of the invention described herein, the construct
comprises at least one further compound, for example for delivery to a hypoxic cell, that is,
in addition to the first compound/therapeutic agent/ peptide capable of interacting with an

intracellular domain of Cx43.

As previously mentioned, it will be apparent to those skilled in the art that reference to a

“construct” herein includes a construct in accordance with the fortieth to forty-fifth aspects
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of the invention as well as a construct of use in the in the first to thirty-third aspects of the

invention, unless the context clearly requires otherwise.

The at least one further compound may be any compound, for example a desired to be
delivered to a hypoxic cell, including compounds which may provide a therapeutic or
diagnostic benefit and compounds for use for research purposes. In certain embodiments,
the compounds are chosen from: nucleic acids, peptide nucleic acids, peptides,
polypeptides (including for example, fusion proteins), proteins, carbohydrates,
peptidomimetics, small molecule inhibitors, chemical compounds, drugs, therapeutic
compounds or agents, chemotherapeutic drugs, anti-inflammatory drugs, antibodies, single
chain Fv fragments (SCFV), lipids, proteoglycans, glycolipids, lipoprotein, liposomes,
glycomimetics, natural products, radioisotopes, dendrimers, micelles, nanoparticles,
nanotubes, polymeric particles, imaging agents (for example, paramagnetic ions) and
molecules, or fusion proteins. Where the compound is a nucleic acid it may be DNA,
RNA, ¢cDNA, double-stranded, single-stranded, sense, antisense, or circular, including
DNAzymes, iRNA, siRNA, miRNA, piRNA, IcRNA, and ribozymes, phagemid, aptamer
for example. Skilled persons may readily appreciate further examples of compounds in

accordance with this embodiment of the invention.

The targeting carrier peptide and at least one further compound for delivery to a hypoxic
cell may be “connected” to each other by any means that allows the targeting carrier
peptide to carry the at least one further compound across a cell membrane into a cell while
retaining at least a level of the function and structure of the compound. The word
“connected” or like terms should be taken broadly to encompass any form of attachment,
bonding, fusion or association between the targeting carrier peptide and the at least one
compound (for example, but not limited to, covalent bonding, ionic bonding, hydrogen
bonding, aromatic stacking interactions, amide bonds, disulfide bonding, chelation) and
should not be taken to imply a particular strength of connection. The targeting carrier
peptide and the at least one further compound may be connected in an irreversible or a
reversible manner, such that upon entry into a cell the compound is released from the

targeting carrier peptide.
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The at least one further compound may be connected to the targeting carrier peptide at its
N-terminus, its C-terminus, or at any other location. In one particular embodiment, the
compound is connected to the targeting carrier peptide at its N-terminus. In another
particular embodiment, the compound is connected to the targeting carrier peptide at its C-
terminus. The compound may be connected to the targeting carrier peptide as described

above.

It should be appreciated that while the at least one further compound may be connected
directly to the targeting carrier peptide, constructs of the invention may also utilise linker
molecules which connect the at least one further compound to the targeting carrier peptide.
Skilled persons will appreciate appropriate linker molecules of use in the invention, for

example as described above.

It should be appreciated that the at least one further compound may be connected to the
targeting carrier peptide indirectly via another compound, for example but not necessarily
via the compound/therapeutic agent (including for example a peptide capable of interacting
with an intracellular domain of Cx43). In one particular embodiment the
compound/therapeutic agent is a peptide and the at least one further compound may be
connected at its N-terminus. In another particular embodiment the compound/therapeutic
agent is a peptide and the at least one further compound may be connected at its C-
terminus. The at least one further compound may be connected to the peptide compound

as described above.

Persons skilled in the art will readily appreciate methodology for manufacturing constructs
of use in the invention, having regard to the nature of the targeting carrier peptide and the
compound (including a therapeutic agent and including a peptide capable of interacting
with an intracellular domain of Cx43), and optionally further compound(s) to be included
in the construct. Such methods include manufacturing the peptide and compound (or
therapeutic agent(s)) or compounds separately and then connecting them, chemical

synthesis of the construct, recombinant expression of the construct, and the like.

For example, peptides of use according to the invention or constructs of the invention may

be produced by chemical peptide synthesis using known techniques such as liquid-phase
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and solid-phase synthesis, for example Fmoc or Boc solid-phase peptide synthesis. In
particular, D-isomeric forms of peptides of use according to the invention can be produced
by chemical peptide synthesis. In certain embodiments of the invention, D-isomeric forms
of the targeting carrier peptide and/or a peptide compound (including a therapeutic agent
and including a peptide capable of interacting with an intracellular domain of Cx43) may
be preferred. For example, D-isomers may be preferred as they are more resistant to
proteases. In other embodiments of the invention, L-isomeric forms of the targeting
carrier peptide and/or a peptide compound (including a therapeutic agent and including a
peptide capable of interacting with an intracellular domain of Cx43) may be preferred. For
example, L-isomers may be preferred as they more closely mimic naturally occurring
peptides. Persons skilled in the art will readily recognise appropriate use of D- and L-

isomers.

By way of example, in embodiments of the invention where the compound, or therapeutic
agent, or at least one further compound is a peptide, the constructs may be produced in the
form of fusion peptides using known recombinant expression or chemical synthesis
techniques as described herein. The targeting carrier peptide and the peptide compound(s)
may also be manufactured separately and later connected to one another. Alternatively,
parts of the construct may be produced in the form of separate fusion peptides using known
recombinant expression or chemical synthesis techniques (as described herein) and later
connected to one another. By way of example, a fusion peptide comprising a targeting
carrier peptide and a peptide compound, for example a peptide capable of interacting with
an intracellular domain of Cx43, may be produced, and then later connected to a further
peptide compound for delivery to a hypoxic cell. By way of further example, a fusion
peptide comprising two or more peptide compounds may be produced, and then later

connected to a targeting carrier peptide.

By way of further example, where the compound, or therapeutic agent, or at least one
further compound, is a nucleic acid, the targeting carrier peptide and the nucleic acid
compound may be made separately (using chemical synthesis or recombinant techniques,
for example) and then connected via one of a number of known techniques. For example,

in certain embodiments a fusion peptide comprising a targeting carrier peptide and a
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peptide capable of interacting with an intracellular domain of Cx43 may be produced, and

then connected to the nucleic acid compound for delivery to a cell.

By way of further example, in embodiments of the invention where the compound is a
carbohydrate, the targeting carrier peptide and the carbohydrate compound may be made
separately and then connected via one of a number of known techniques. For example, in
certain embodiments a fusion peptide comprising a targeting carrier peptide and a peptide
capable of interacting with an intracellular domain of Cx43 may be produced, and then

connected to the carbohydrate compound for delivery to a cell.

By way of further example, in embodiments of the invention where the compound is a
lipid, the targeting carrier peptide and the lipid compound for delivery to a cell may be
made separately and then connected via one of a number of known techniques. For
example, in certain embodiments, a fusion peptide comprising a targeting carrier peptide
and a peptide capable of interacting with an intracellular domain of Cx43 may be

produced, and then connected to the lipid compound for delivery to a cell.

By way of example only, the methodology described in WO 91/09958, WO 03/064459,
WO 00/29427, WO 01/13957 may be used to manufacture various constructs of the

invention.

While it is not necessary for the performance of the invention, in one embodiment, a
construct in accordance with the fortieth to forty-fifth aspects of the invention or of use in
the first to thirty-third aspects of the invention may further comprise at least one additional
heterologous molecule. By way of example only, the heterologous molecule may be a
molecule which may assist the activity of the construct (for example, the activity of the
targeting carrier peptide, a compound, or a combination thereof), aid in release of the
peptide from endosomes (for example, fusogenic lipids and membrane-disruptive peptides
or polymers), enable targeting to a particular intracellular compartment or organelle,
protect the construct from degradation or otherwise increase the half-life of the construct,
aid in isolation and purification of the construct during manufacture, or aid in the binding

of a cargo.
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In one embodiment, the additional heterologous molecule may be a his-tag, a c-myc tag, a

GST tag, or biotin, which may aid in isolation of a construct expressed recombinantly.

In another embodiment, the additional heterologous molecule may be a molecule that may

assist in targeting the construct to a specific cell type. When used herein “targeting the

2% LC
2

construct to a specific cell type”, “specifically target a desired cell” and like phrases should

not be taken to require 100% specificity, although this may be preferred. When used herein

2%
2

“targeting the construct to a specific molecular target”, “specifically target a desired
molecule” and like phrases should not be taken to require 100% specificity, although this
may be preferred. For example, in certain embodiments relating to diseases or disorders of
the eye the additional heterologous molecule may assist in targeting to an endothelial cell
or a retinal pigment epithelial cell. Those skilled in the art will readily be able to identify
appropriate heterologous molecules that may assist in targeting the construct to a specific

cell type.

Those skilled in the art will readily be able to identify cell types of interest for targeting
having regard, for example, to the disease or disorder being treated. However, by way of
example, constructs of use in certain aspects and embodiments of the invention could be
targeted to blood vessel endothelial cells, tumour cells, neuronal cells, astrocytes,
inflammatory cells, retinal pigment epithelial cells, or cardiomyocytes. For example, it
may be desirable to target astrocytes to maintain a functional astrocytic syncytium for
neuronal protection. Those skilled in the art will readily be able to identify appropriate

heterologous molecules that may assist in targeting the construct to a specific cell type.

In another embodiment, the molecule is a nucleic-acid binding peptide which may assist in

the delivery of RNA/DNA/nucleic acids to a cell.

It should be appreciated that a combination of two or more different heterologous

molecules may be used in a construct of the invention.

The heterologous molecules may be connected to the targeting carrier peptide or
compound, or synthesised as a part of the construct, using any appropriate means (as

described above), having regard to the chemical nature of the heterologous molecule. In
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one embodiment, the heterologous molecules are peptide-based. However, those of skill in
the art to which the invention relates will readily recognise molecules of an alternative
nature that may be connected to or incorporated in the constructs of the invention.
Examples of alternative molecules are provided, for example, in WO 91/09958, WO
03/064459, WO 00/29427, and WO 01/13957.

As described above, in accordance with the tenth to fifteenth aspects the invention also
provides methods of treatment comprising administration of compositions comprising (a)
constructs of the invention, (b) nucleic acids encoding constructs of the invention, and (c)
nucleic acid vectors comprising nucleic acids encoding constructs of the invention in
association with one or more diluents, carriers and/or excipients and/or additional
ingredients. Persons skilled in the art will appreciate carriers, excipients, diluents and/or
additional therapeutic agents of use in the invention with reference to the description

provided herein.

As described above, in accordance with the forty-first, forty-third, and forty-fifth aspects,
the invention also provides compositions comprising (a) constructs of the invention, (b)
nucleic acids encoding constructs of the invention, and/or (¢) nucleic acid vectors
comprising nucleic acids encoding constructs of the invention in association with one or
more diluents, carriers and/or excipients and/or additional ingredients. Persons skilled in
the art will appreciate carriers, excipients, diluents and/or additional therapeutic agents of

use in the invention with reference to the description provided herein.

To this extent, it should be appreciated that reference herein to administration of a construct,
a nucleic acid, and/or a nucleic acid vector of the invention is to include reference to delivery
or administration of a composition comprising a construct, a nucleic acid, and/or a nucleic
acid vector of the invention. For example, in the first to third broad aspects of the invention
administration of a construct, a nucleic acid, and/or a nucleic acid vector is to be taken to
include administration of a composition comprising a construct, a nucleic acid, and/or a

nucleic acid vector.

In one embodiment of the tenth to fifteenth, forty-first, forty-third, and forty-fifth aspects of

the invention, the one or more diluents, carriers and/or excipients are suitable for use in vitro.
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In another embodiment, the one or more diluents, carriers and/or excipients are suitable for
use 7n vivo (in this instance they may be referred to as “pharmaceutically acceptable”). It
will be appreciated that compositions as described in the tenth to fifteenth, forty-first, forty-
third, and forty-fifth aspects of the invention will be suitable for use in manufacturing
medicaments in accordance with the sixteenth to twenty-first aspects of the invention. It
will also be appreciated that compositions as described in the tenth to fifteenth, forty-first,
forty-third, and forty-fifth aspects of the invention will be suitable for use in treatment in
accordance with the twenty-second to twenty-seventh aspects of the invention. It will further
be appreciated that constructs, nucleic acids, and nucleic acid vectors described in the
fortieth, forty-second, and forty-fourth aspects of the invention and compositions described
in the tenth to fifteenth, forty-first, forty-third, and forty-fifth aspects of the invention will
be suitable for use in methods of targeting delivery of a peptide compound to hypoxic cells

in accordance with the first to third and twenty-eighth to thirty-third aspects of the invention.

"Pharmaceutically acceptable diluents, carriers and/or excipients" is intended to include
substances that are useful in preparing a pharmaceutical composition, may be co-
administered with a construct or nucleic acid encoding a construct of the invention while
allowing it to perform its intended function, and are generally safe, non-toxic and neither
biologically nor otherwise undesirable. Pharmaceutically acceptable diluents, carriers
and/or excipients include those suitable for veterinary use as well as human pharmaceutical
use. Examples of pharmaceutically acceptable diluents, carriers and/or excipients include

solutions, solvents, dispersion media, delay agents, emulsions, and the like.

In addition to standard diluents, carriers and/or excipients, a composition for use in
accordance with the invention may be formulated with one or more additional constituents,
or in such a manner, so as to enhance the activity of a construct, nucleic acid encoding a
construct, and/or compound for delivery to a cell, help protect the integrity or increase the
half-life or shelf life of such agents, or provide other desirable benefits, for example. By
way of example, the composition may further comprise constituents which provide
protection against proteolytic degradation, enhance bioavailability, decrease antigenicity, or
enable slow release upon administration to a subject. For example, slow release vehicles
include macromers, poly(ethylene glycol), hyaluronic acid, poly(vinylpyrrolidone), or a

hydrogel. By way of further example, the compositions may also include preserving agents,
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solubilising agents, stabilising agents, wetting agents, emulsifying agents, sweetening
agents, colouring agents, flavouring agents, coating agents, buffers and the like. Those of
skill in the art to which the invention relates will readily identify further additives which

may be desirable for a particular purpose.

Furthermore, while not necessary for the performance of the invention, cell permeability of
the constructs, nucleic acids encoding the constructs and/or compounds may be increased,
or facilitated, through formulation of the composition. For example, the constructs, nucleic
acids encoding the constructs, and/or compounds of the invention may be formulated into
liposomes. Further examples are provided in WO 91/09958, WO 03/064459, WO 00/29427,
and WO 01/13957.

Additionally, a pharmaceutical composition in accordance with the invention may be
formulated with additional active ingredients which may be of benefit to in particular
instances for particular diseases and disorders. Persons of ordinary skill in the art to which
the invention relates will readily appreciate suitable additional active ingredients having
regard to the description of the invention herein and the purposes for which the compound
and/or construct is required, including, for example, the nature and progression of any

disease to be treated.

As a general example, agents used to treat age-related macular degeneration and/or diabetic
retinopathy such as an antisense oligonucleotide to reduce production of proteins in the
inflammatory or complement pathway such as Ang2, Tie2, integrin or Cx43, or an antisense
oligonucleotide interfering with production of any VEGF or PDGF or their receptors may
be used. A further example is the use of an anti-VEGF and/or anti-PDGF antisense
oligonucleotide to reduce neovascularisation in age related macular degeneration, diabetic

retinopathy or a cancer.

Compositions of the invention may be formulated into any customary form such as
solutions, orally administrable liquids, injectable liquids, injectable solutions, tablets,
coated tablets, capsules, pills, granules, suppositories, trans-dermal patches, suspensions,
emulsions, sustained release formulations, gels, aerosols, powders, injectable colloidal

systems (such as nanoparticles, liposomes, and microemulsions), hydrogels, and solid
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implants (including biodegradable implants, such as those based on poly(lactic-co-glycolic
acid) (PLGA)), for example. Additionally, sustained release formulations may be utilised.
The form chosen will reflect the purpose for which the composition is intended and the

mode of delivery or administration to a sample (e.g. a population of cells) or a subject.

For example, compositions of the invention may be formulated into customary forms for
ocular delivery, for example injectable liquids, injectable solutions, injectable colloidal
systems (such as nanoparticles, liposomes, and microemulsions), injectable hydrogels, and

solid implants.

Skilled persons will readily recognise appropriate formulation methods. However, by way
of example, certain methods of formulating compositions may be found in Gennaro AR:
Remington: The Science and Practice of Pharmacy, 20th ed., Lippincott, Williams &
Wilkins, 2000.

It will be appreciated by those of general skill in the art to which the invention relates, having
regard to the nature of the invention and the results reported herein, that the present invention
is applicable to a variety of different animals. Accordingly, a “subject” includes any animal
of interest. However, in one particular embodiment the “subject” is a mammal, more

particularly human.

In the fourth, sixth, eighth, tenth, twelfth, fourteenth, sixteenth, eighteenth, twentieth,
twenty-second, twenty-fourth, and/or twenty-sixth aspects the invention relates to methods
of treating a diseases or disorder associated with hypoxia, the manufacture of medicaments
for treating a disease or disorder associated with hypoxia, and uses of constructs for the

treatment of a disease or disorder associated with hypoxia.

As used herein, the phrase “disease or disorder associated with hypoxia” and the like
should be interpreted broadly to include primary diseases or disorders as well as diseases
or disorders that are secondary to physical injury. The phrase should be interpreted to
include diseases and disorders of structure and/or function. It should be taken into include
syndromes. The phrase should be interpreted broadly to include an association, linkage, or

correlation with generalised, local, or cellular hypoxia and includes acute and chronic
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hypoxia. As will be understood by skilled persons, hypoxia refers to a tissue that has been
exposed to a concentration of oxygen that is significantly lower than the normal
physiological concentration of oxygen in healthy well-perfused tissue. It should be
interpreted broadly to include circumstances where there is a reduction in oxygen delivery
as well as circumstances where there is a complete lack of oxygen delivery.. Preferably,
the hypoxic tissue or hypoxic cell(s) within the tissue exhibits upregulation of syndecan-4
as a result of the hypoxia. Hypoxia which triggers syndecan-4 upregulation may be

transient, and does not need to be a sustained or particular level of hypoxia.

In one embodiment of the fourth, sixth, eighth, tenth, twelfth, fourteenth, sixteenth,
eighteenth, twentieth, twenty-second, twenty-fourth, and/or twenty-sixth aspects of the
invention, the disease or disorder is associated with ischemia. In another embodiment, the
disease or disorder is associated with haemorrhage. In another embodiment, the disease or
disorder is associated with neovascularisation. In one embodiment, the disease or disorder

is associated with hypoperfusion.

In another embodiment of the fourth, sixth, eighth, tenth, twelfth, fourteenth, sixteenth,
eighteenth, twentieth, twenty-second, twenty-fourth, and/or twenty-sixth aspects of the
invention, the disease or disorder involves inflammation. In a particular embodiment, the

disease or disorder involves chronic inflammation.

It will be appreciated that the disease or disorder may be associated with two or more of

the foregoing.

As used herein, the phrase “associated with ischemia” or “associated with ischemic
hypoxia” should be interpreted broadly to include an association, linkage, or correlation
with hypoxia associated with insufficient blood flow to a tissue or organ. For example, as
will be understood by those skilled in the art, ischemic hypoxia may be the result of
embolism, aneurysm, heart attack, trauma, or insufficient blood flow secondary to a
pathophysiological process, including insufficient capillary blood flow. It should be taken
to include acute and chronic ischemia. It should be taken to include partial and total

ischemia.
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As used herein, the term “associated with haemorrhage” should be interpreted broadly to
include arterial, venous and capillary haemorrhage. It should be taken to include primary

and secondary haemorrhage, and external and internal haemorrhage.

As used herein, the phrase “associated with neovascularisation” should be interpreted
broadly to include an association, linkage, or correlation with the formation of new blood
vessels, including microvascular networks, capable of perfusion by red blood cells. It

should be taken to include both normal and abnormal neovascularisation.

As used herein, the phrase “disease or disorder involving inflammation”, and the like,
should be taken to include diseases or disorders involving inflammatory processes
associated with acute inflammation and/or chronic inflammation. It should be taken to

include a range of severities of inflammatory response.

As used herein, the phrase “associated with hypoperfusion” should be interpreted broadly
to include an association, linkage, or correlation with local or systemic hypoperfusion. It
should be taken to include both acute and chronic hypoperfusion. It should not be taken to

indicate a particular degree of hypoperfusion.

It will be appreciated that the disease or disorder associated with hypoxia may affect any
organ or organ system of the body. For example, the disease or disorder may affect the
integumentary system, the musculoskeletal system, the nervous system (including the
central nervous system, peripheral nervous system, and sensory nervous system, for
example), the cardiovascular system, the lymphatic system, the respiratory system, the

endocrine system, the urinary system, the digestive system, or the reproductive system.

Persons of ordinary skill in the art will readily be able to identify diseases or disorders
associated with hypoxia, including those associated with ischemic hypoxia, haemorrhage,

and/or neovascularisation, and those involving inflammation.

In one embodiment of the fourth, sixth, eighth, tenth, twelfth, fourteenth, sixteenth,
eighteenth, twentieth, twenty-second, twenty-fourth, and/or twenty-sixth aspects of the

invention, the disease or disorder associated with hypoxia is cancer. In one embodiment,
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the cancer is brain glioma, for example astrocytomas, ependymomas, and
oligodendrogliomas. In another embodiment, the cancer is epidermal carcinoma. In

another embodiment, the cancer is ovarian carcinoma.

In one embodiment of the fourth, sixth, eighth, tenth, twelfth, fourteenth, sixteenth,
eighteenth, twentieth, twenty-second, twenty-fourth, and/or twenty-sixth aspects of the
invention, the disease or disorder associated with hypoxia is stroke. In one embodiment,
the disease or disorder is transient ischemic attacks. In one embodiment, the disease or
disorder associated with hypoxia is Alzheimer’s disease. In one embodiment, the disease
or disorder is Parkinson’s disease. In one embodiment, the disease or disorder associated
with hypoxia is multiple sclerosis. In one embodiment, the disease or disorder associated

with hypoxia is vascular dementia.

In one embodiment of the fourth, sixth, eighth, tenth, twelfth, fourteenth, sixteenth,
eighteenth, twentieth, twenty-second, twenty-fourth, and/or twenty-sixth aspects of the
invention, the disease or disorder associated with hypoxia is cardiac ischemia. In one
embodiment, the disease or disorder associated with hypoxia is ischemic colitis. In one
embodiment, the disease or disorder associated with hypoxia is acute limb ischemia. In

one embodiment, the disease or disorder associated with hypoxia is cutaneous ischemia.

In one embodiment of the fourth, sixth, eighth, tenth, twelfth, fourteenth, sixteenth,
eighteenth, twentieth, twenty-second, twenty-fourth, and/or twenty-sixth aspects of the
invention, the disease or disorder associated with hypoxia is sepsis. For example, sepsis
secondary to bacterial, fungal, and/or viral infection of any organ system. By way of non-
limiting example the infection could be pneumonia, appendicitis, peritonitis, urinary tract
infection, cholecystitis, cholangitis, cellulitis, meningitis, or encephalitis. By way of
further non-limiting example the sepsis could be secondary to acute pancreatitis, colitis,
autoimmune diseases, coeliac disease, glomerulonephritis, hepatitis, inflammatory bowel

disease, pre-perfusion injury, and transplant rejection

In one embodiment of the fourth, sixth, eighth, tenth, twelfth, fourteenth, sixteenth,
eighteenth, twentieth, twenty-second, twenty-fourth, and/or twenty-sixth aspects of the

invention, the disease or disorder associated with hypoxia is a disease or disorder of the
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eye. The phrase “disease or disorder of the eye” should be interpreted broadly as described
elsewhere herein. In one embodiment, the disease or disorder is of the posterior cavity of

the eye. In one embodiment, the disease or disorder is of the anterior cavity of the eye.

In one embodiment of the fourth, sixth, eighth, tenth, twelfth, fourteenth, sixteenth,
eighteenth, twentieth, twenty-second, twenty-fourth, and/or twenty-sixth aspects of the
invention, the disease or disorder associated with hypoxia is AMD (including wet and/or
dry AMD). In one embodiment, the disease or disorder associated with hypoxia is diabetic
retinopathy. In one embodiment, the disease or disorder associated with hypoxia is retinal
vein and/or branch occlusion, retinal artery occlusion, or retinal stroke. In one
embodiment, the disease or disorder associated with hypoxia is macular oedema. In one
embodiment, the disease or disorder associated with hypoxia is uveitis. In one
embodiment, the disease or disorder associated with hypoxia is blepharitis. In one
embodiment, the disease or disorder associated with hypoxia is severe dry eye syndrome.

In one embodiment, the disease or disorder associated with hypoxia is optic neuritis.

In one embodiment of the fourth, sixth, eighth, tenth, twelfth, fourteenth, sixteenth,
eighteenth, twentieth, twenty-second, twenty-fourth, and/or twenty-sixth aspects of the
invention, the disease or disorder associated with hypoxia is associated with upregulation
of one or more heparan sulfate proteoglycan (HSPG), for example a syndecan or a
glypican. In one particular embodiment, the disease or disorder associated with hypoxia is
associated with upregulation of syndecan-1, syndecan-2, syndecan-3, syndecan-4 or
glypican-4. In one particular embodiment, the disease or disorder associated with hypoxia

is associated with upregulation of syndecan-4.

Persons of ordinary skill in the art will readily be able to identify diseases or disorders
associated with hypoxia that are also associated with upregulation of one or more heparin

sulphate proteoglycan.

In the fifth, seventh, ninth, eleventh, thirteenth, fifteenth, seventeenth, nineteenth, twenty-
first, twenty-third, twenty-fifth, and twenty-seventh aspects the invention relates to

methods of treating a disease or disorder of the eye, the manufacture of medicaments for
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treating a disease or disorder of the eye, and uses of constructs for the treatment of a

disease or disorder of the eye.

As used herein, the phrase “disease or disorder of the eye” and the like should be
interpreted broadly to include diseases or disorders that are directly or primarily of the eye,
including those that are secondary to physical injury, as well as diseases or disorders
secondary to a disease that directly or primarily affect another organ or organ system. The
phrase should be interpreted to include diseases and disorders of structure and/or function.

It should be taken into include syndromes.

In one embodiment of the fifth, seventh, ninth, eleventh, thirteenth, fifteenth, seventeenth,
nineteenth, twenty-first, twenty-third, twenty-fifth, and twenty-seventh aspects of the
invention, the disease or disorder is of the posterior cavity of the eye. In one embodiment
of the fifth, seventh, ninth, eleventh, thirteenth, fifteenth, seventeenth, nineteenth, twenty-
first, twenty-third, twenty-fifth, and twenty-seventh aspects of the invention, the disease or

disorder is of the anterior cavity of the eye.

As used herein, “the posterior cavity of the eye” (and the like) refers to the part of the eye
posterior to the lens, including the anterior hyaloid membrane, vitreous humor, retina,

choroid, and optic nerve.

As used herein, “the anterior cavity of the eye” (and the like) refers to the part of the eye
anterior to the lens, including the lens, iris, conjunctiva, trabecular network, ocular tear

glands, eyelid, and cornea.

In one embodiment of the fifth, seventh, ninth, eleventh, thirteenth, fifteenth, seventeenth,
nineteenth, twenty-first, twenty-third, twenty-fifth, and twenty-seventh aspects of the
invention, the disease or disorder of the eye is associated with hypoxia. In one
embodiment, the disease or disorder of the eye is associated with ischemic hypoxia. In
another embodiment, the disease or disorder of the eye is associated with haemorrhage. In
another embodiment, the disease or disorder of the eye is associated with
neovascularisation. The terms “associated with hypoxia” and the like should be taken as

described elsewhere herein.
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In one embodiment of the fifth, seventh, ninth, eleventh, thirteenth, fifteenth, seventeenth,
nineteenth, twenty-first, twenty-third, twenty-fifth, and twenty-seventh aspects of the
invention, the disease or disorder of the eye is one that involves inflammation. In a
particular embodiment, the disease or disorder is one that involves chronic inflammation.
In another particular embodiment, the disease or disorder is one that involves acute
inflammation. For example, acute inflammation may occur in acute retinal vein or branch
vein occlusion. The terms “inflammation” and the like should be taken as described

elsewhere herein.

It will be appreciated that the disease or disorder of the eye may be associated with two or

more of the foregoing.

Persons of ordinary skill in the art will readily be able to identify diseases or disorders of
the eye associated with hypoxia, hypoperfusion, ischemic hypoxia, haemorrhage, and/or
neovascularisation. By way of example only, diseases or disorders of the eye associated
with hypoxia include AMD, diabetic retinopathy, glaucoma, retinal vein and/or branch
vein occlusion, retinal artery occlusion or retinal stroke, and diabetic macular oedema. By
way of example only, diseases or disorders of the eye associated with hypoperfusion
include AMD, diabetic retinopathy, glaucoma, retinal vein and/or branch vein occlusion,
retinal artery occlusion or retinal stroke, and diabetic macular oedema, uveitis, blepharitis,
severe dry eye syndrome, diabetic peripheral neuropathy, and optic neuritis. By way of
example only, diseases or disorders of the eye associated with ischemic hypoxia include
AMD, diabetic retinopathy, glaucoma, retinal vein and/or branch vein occlusion, retinal
artery occlusion or retinal stroke, and diabetic macular oedema. By way of example only,
disease or disorders of the eye associated with haemorrhage include AMD, diabetic
retinopathy, retinal vein and/or branch vein occlusion, retinal artery occlusion or retinal
stroke, diabetic macular oedema, uveitis, blepharitis, severe dry eye syndrome, diabetic
peripheral neuropathy, and optic neuritis. By way of example only, diseases or disorders
of the eye associated with neovascularisation include AMD, diabetic retinopathy, retinal
vein and/or branch vein occlusion, and diabetic macular oedema. By way of example only,

disease or disorders of the eye involving inflammation include AMD, diabetic retinopathy,
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retinal vein and/or branch vein occlusion, diabetic macular oedema, blepharitis, severe dry

eye syndrome, diabetic peripheral neuropathy, and optic neuritis.

In one embodiment of the fifth, seventh, ninth, eleventh, thirteenth, fifteenth, seventeenth,
nineteenth, twenty-first, twenty-third, twenty-fifth, and twenty-seventh aspects of the
invention, the disease or disorder of the eye is associated with connexin43 hemichannel
dysfunction. In one embodiment, the disease or disorder of the eye is associated with

uncontrolled pathological connexin43 hemichannel opening.

Persons of ordinary skill in the art will readily be able to identify diseases or disorders of
the eye associated with connexin43 hemichannel dysfunction. By way of example only,
disease associated with connexin43 hemichannel dysfunction include AMD, diabetic
retinopathy, glaucoma, retinal vein and/or branch vein occlusion, retinal artery occlusion
or retinal stroke, diabetic macular oedema, uveitis, blepharitis, severe dry eye syndrome,

diabetic peripheral neuropathy, and optic neuritis.

In one embodiment of the fifth, seventh, ninth, eleventh, thirteenth, fifteenth, seventeenth,
nineteenth, twenty-first, twenty-third, twenty-fifth, and twenty-seventh aspects of the
invention, the disease or disorder of the eye is associated with upregulation of one or more
heparan sulfate proteoglycan (HSPG), for example a syndecan or a glypican. In one
particular embodiment, the disease or disorder of the eye is associated with upregulation of
syndecan-1, syndecan-2, syndecan-3, syndecan-4 or glypican-4. In one particular
embodiment, the disease or disorder of the eye is associated with upregulation of

syndecan-4.

Persons of ordinary skill in the art will readily be able to identify diseases or disorders of
the eye associated with upregulation of one or more heparin sulphate proteoglycan. By
way of example only, diseases or disorders of the eye associated with upregulation of one
or more heparin sulphate proteoglycan include AMD, diabetic retinopathy, glaucoma,
retinal vein and/or branch vein occlusion , retinal artery occlusion or retinal stroke, diabetic

macular oedema, uveitis, blepharitis, severe dry eye syndrome, and optic neuritis.
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In one embodiment of the fifth, seventh, ninth, eleventh, thirteenth, fifteenth, seventeenth,
nineteenth, twenty-first, twenty-third, twenty-fifth, and twenty-seventh aspects of the
invention, the disease or disorder of the eye is age related macular degeneration (AMD),
including wet and/or dry AMD. In one embodiment, the disease or disorder of the eye is
diabetic retinopathy. In one embodiment, the disease or disorder of the eye is retinal vein
and/or branch vein occlusion. In one embodiment, the disease or disorder of the eye is
retinal artery occlusion. In one embodiment, the disease or disorder of the eye is retinal
stroke. In one embodiment, the disease or disorder of the eye is diabetic macular oedema.
In one embodiment, the disease or disorder is uveitis. In one embodiment, the disease or
disorder of the eye is blepharitis. In one embodiment, the disease or disorder of the eye is
severe dry eye syndrome. In one embodiment, the disease or disorder of the eye is optic
neuritis. In one embodiments, the disease or disorder of the eye is diabetic peripheral

neuropathy.

In one embodiment of the first to fifteenth aspects of the invention, the construct, nucleic
acid, or nucleic acid vector, or composition comprising the construct, nucleic acid, or
nucleic acid vector, is administered systemically. In one embodiment, administration is
enteral, for example oral or by suppository. In one embodiment, administration is
parenteral, for example by intravenous injection, subcutaneous injection, or intramuscular

injection.

In one embodiment of the first to fifteenth aspects of the invention, the construct, nucleic
acid, or nucleic acid vector, or composition comprising the construct, nucleic acid, or
nucleic acid vector is administered topically. For example, administration may be by way
of cream, ointment, gel, eye drops, ear drops, or inhalation. For example, administration
may be by way of a topical device such as a transdermal device, soft contact lens, or

external ocular insert.

In one embodiment of the first to fifteenth aspects of the invention, the construct or
composition comprising the construct may be administered locally. For example,
administration may be by way of periocular injection (for example subconjunctival
injection or subtenon injection) or intraocular injection (for example intracameral

injection, intravitreal injection or suprachoroidal injection). In one embodiment,
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administration may be by way of a local implant or device such as, for example, an
intraocular insert or implant or a vaginal ring device. Examples of intraocular implants
include a biodegradable polymer such as PLGA (as is used for Ozurdex®), self-assembling
polymeric particles, a cell-based implant producing the drug construct, or a pellet encased

in a semipermeable membrane (as is used for Retisert® or Vitrosert®).

For example, administration may be by way of chemical penetration enhancers such

as surfactants (as described in Som, I, Bhatia, K., Yasir, M., 2012. Status of surfactants as
penetration enhancers in transdermal drug delivery. J. Pharm. Bioallied Sci. 4, 2-9),
terpenes (for example as described in Aqil, M., Ahad, A., Sultana, Y., Ali, A., 2007. Status
of terpenes as skin penetration enhancers. Drug Discov. Today 12, 1061-1067), or
physical methods such as microneedles, thermal ablation, microdermabrasion,
electroporation and cavitational ultrasound (for example as described in Mark R. Prausnitz
and Robert Langer. Transdermal drug delivery Nat Biotechnol. 2008 26(11): 1261-1268.
and Escobar-Chavez, J.J., Bonilla-Martinez, D., Villegas-Gonzalez, M.A., Revilla-
Vazquez, A L., 2009. Electroporation as an efficient physical enhancer for skin drug
delivery. J. Clin. Pharmacol. 49, 1262—-1283) and iontophoresis including pulse
depolarization (PDP) iontophoresis (for example as described in Aramaki, Y., Arima, H.,
Takahashi, M., Miyazaki, E., Sakamoto, T., Tsuchiya, S., 2003. Intradermal delivery of
antisense oligonucleotides by the pulse depolarization iontophoretic system. Biol. Pharm.
Bull. 26, 1461-1466 and Sakamoto, T., Miyazaki, E., Aramaki, Y., Arima, H., Takahashi,
M., Kato, Y., Koga, M, Tsuchiya, S., 2004. Improvement of dermatitis by
iontophoretically delivered antisense oligonucleotides for interleukin-10 in NC/Nga mice.

Gene Ther. 11, 317-324).

In one embodiment of the fifth, seventh, ninth, eleventh, thirteenth, and/or fifteenth aspects
of the invention, the construct, nucleic acid, or nucleic acid vector, or composition
comprising the construct, nucleic acid, or nucleic acid vector, is administered by periocular
injection. For example, administration may be by subconjunctival injection or subtenon

injection.

In one embodiment of the fifth, seventh, ninth, eleventh, thirteenth, and/or fifteenth aspects

of the invention, the construct, nucleic acid, or nucleic acid vector, or composition
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comprising the construct, nucleic acid, or nucleic acid vector, is administered by
intraocular injection. For example, administration may be by intracameral injection,
intravitreal injection or suprachoroidal injection. In one embodiment, the administration is
by way of an intraocular insert or implant. A range of intraocular inserts or implants may
be suitable. For example, an intraocular implant could include a biodegradable polymer
such as PLGA (as is used for Ozurdex®), self-assembling polymeric particles, a cell-based
implant producing the drug construct, or a pellet encased in a semipermeable membrane

(as 1s used for Retisert® or Vitrosert®).

Skilled persons may identify other appropriate administration modes for methods of the

invention.

In one embodiment of the sixteenth to twenty-first aspects of the invention, the
medicament is formulated for systemic administration. In one embodiment, the
medicament is formulated for enteral administration, for example oral or by suppository.
In one embodiment, the medicament is formulated for parenteral administration, for

example by intravenous injection, subcutaneous injection, or intramuscular injection.

In one embodiment of the sixteenth to twenty-first aspects of the invention, the
medicament is formulated for topical administration. For example, the medicament may
be formulated for administration by way of cream, ointment, gel, eye drops, ear drops, or
inhalation. For example, the medicament may be formulated for administration by way of

a topical device such as a transdermal device, a soft contact lens or external ocular insert.

In one embodiment of the sixteenth to twenty-first aspects of the invention, the construct
or composition comprising the construct is formulated for local administration. For
example, the medicament may be formulated for administration may by way of periocular
injection (for example subconjunctival injection or subtenon injection) or intraocular
injection (for example intracameral injection, intravitreal injection or suprachoroidal
injection). In one embodiment, the medicament may be formulated for administration may
by way of a local implant or device such as, for example, an intraocular implant or a

vaginal ring device.
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In one embodiment of the seventeenth, nineteenth, and/or twenty-first aspects of the
invention, the medicament is formulated for administration by periocular injection. For
example, the medicament may be formulated for administration by subconjunctival

injection or subtenon injection.

In one embodiment of the seventeenth, nineteenth, and/or twenty-first aspects of the
invention, the medicament is formulated for administration by intraocular injection. For
example, the medicament may be formulated for administration by intracameral injection,
intravitreal injection or suprachoroidal injection. In one embodiment, the medicament is

formulated for administration by way of an intraocular insert or implant.

In one embodiment of the twenty-second to twenty-seventh aspects of the invention, the
use is by systemic administration. In one embodiment, the use is by enteral administration,
for example oral or by suppository. In one embodiment, the use is by paraenteral
administration, for example by intravenous injection, subcutaneous injection, or

intramuscular injection.

In one embodiment of the twenty-second to twenty-seventh aspects of the invention, the
use is by topical administration. For example, the use may be by administration of cream,
ointment, gel, eye drops, ear drops, or an inhalable formulation. For example, the use may
be by way of administration via a topical device such as a transdermal device, soft contact

lens, or external ocular insert.

In one embodiment of the twenty-second to twenty-seventh aspects of the invention, the
use is by local administration. For example, the use may be by administration of a
periocular injection (for example subconjunctival or subtenon injection) or intraocular
injection (for example intracameral injection, intravitreal injection, or suprachoroidal
injection). In one embodiment, the use may be by administration via a local implant or

device such as, for example, an intraocular implant or a vaginal ring device

In one embodiment of the twenty-third, twenty-fifth, and/or twenty-seventh aspects of the
invention, the use in treating a disease or disorder of the eye is by periocular injection. For

example, the use may be by subconjunctival or subtenon injection.
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In one embodiment of the twenty-third, twenty-fifth, and/or twenty-seventh aspects of the
invention, the use in treating a disease or disorder of the eye may be by intraocular
injection. For example, the use may be by intracameral injection, intravitreal injection or
suprachoroidal injection. In one embodiment, the use may be by administration by way of

an intraocular insert or implant.

Where reference is made to a medicament comprising a construct, nucleic acid, or nucleic
acid vector it will be appreciated that the medicament may comprise a composition

comprising a construct, nucleic acid, or nucleic acid vector.

As will be appreciated, the dose administered, period of administration, and general
administration regime in accordance with the fourth to fifteenth aspects of the invention may
differ between subjects depending on such variables as the compound or therapeutic agent
comprising the construct, particular disease or disorder being treated, the severity of any
symptoms of a subject to be treated, the mode of administration chosen, and the age, sex

and/or general health of a subject.

It should be appreciated that administration may occur daily, and may include a single daily
dose, administration of a number of discrete divided doses, or continuous administration as
may be appropriate. For example, continuous administration may be achieved using an
external or internal device or implant, such as, for example, an external ocular device or an

intraocular device

It should be appreciated that administration may occur less frequently than daily, for
example administration may be by way of an initial dose, with redosing administered
weekly, fortnightly, monthly, bimonthly and so on, depending on the formulation and mode
of administration. Furthermore, it should be appreciated that the dosing regimen may
involve an initial period of relatively frequent loading doses followed by less frequent
maintenance doses. For example, in the case of intravitreal injection a number of loading
doses may be administered approximately monthly, followed by approximately bimonthly
maintenance doses. By way of example only, administration may comprise 2, 3, 4, 5 or 6

loading doses.
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By way of example, unit doses may be administered once or more than once per day, for
example 1, 2, 3, 4, 5 or 6 times a day to achieve a desired total daily dose. By way of
example, a unit dose of a construct of the invention may be administered in a single daily

dose or a number of discrete doses or continuously.

In embodiments of the fourth to fifteenth aspects of the invention where the compound is a
peptide capable of interacting with an intracellular domain of Cx43, systemic unit doses may
be administered once or more than once per day, for example 1, 2, 3, 4, 5 or 6 times a day to
achieve a desired total daily dose. By way of example, a unit dose of a construct of the
invention may be administered in a single daily dose or a number of discrete doses, or
continuously to achieve a daily dose of approximately 70 mg to approximately 1,750 mg of

the peptide capable of interacting with an intracellular domain of Cx43.

By way of example, a systemic unit dose of a construct of the invention may be administered
once or more than once a day (for example 1, 2, 3, 4, 5 or 6, typically 1 to 4 times a day),
such that the total daily dose is in the range (for a 70 kg adult) of approximately 70 mg to
approximately 1,750 mg, that is in the range of approximately 1 to approximately 25
mg/kg/day of the peptide capable of interacting with an intracellular domain of Cx43.

By way of further example, a construct of the invention may be administered systemically
once or more than once a day to achieve a dose of the peptide capable of interacting with an
intracellular domain of Cx43 of approximately 1mg to approximately 2mg/kg of body
weight per day or approximately Smg to approximately 25mg/kg of body weight per day.

In embodiments of the fourth to fifteenth aspects of the invention where the compound is a
peptide capable of interacting with an intracellular domain of Cx43, a construct of the
invention may be administered systemically to achieve a circulating concentration of the
peptide capable of interacting with an intracellular domain of Cx43 in the range of
approximately 5 micromolar to approximately 20 micromolar. In another example, a
construct of the invention may be administered to achieve a circulating concentration of
approximately 5 micromolar. In another example, a construct of the invention may be

administered systemically to achieve a circulating concentration of approximately 10
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micromolar. In another example, a construct of the invention may be administered
systemically to achieve a circulating concentration of approximately 15 micromolar. In
another example, a construct of the invention may be administered systemically to achieve

a circulating concentration of approximately 20 micromolar.

In embodiments of the fourth to fifteenth aspects of the invention where the compound is a
peptide capable of interacting with an intracellular domain of Cx43, a construct of the
invention may be administered by systemic infusion at a concentration sufficient to
maintain a circulating concentration of the peptide capable of interacting with an
intracellular domain of Cx43 of approximately 2.5 micromolar to approximately 250
micromolar for a desired period. In another example, a construct of the invention may be
administered by systemic infusion at a concentration sufficient to maintain a circulating
concentration of the peptide capable of interacting with an intracellular domain of Cx43 of
approximately 2.5 micromolar to approximately 100 micromolar. In another example, a
construct of the invention may be administered by systemic infusion at a concentration
sufficient to maintain a circulating concentration of approximately 10 micromolar to
approximately 100 micromolar for a desired period. In another example, a construct of the
invention may be administered by systemic infusion at a concentration sufficient to
maintain a circulating concentration of approximately 100 micromolar to approximately

250 micromolar for a desired period.

In embodiments of the fourth to fifteenth aspects of the invention where the compound is a
peptide capable of interacting with an intracellular domain of Cx43, a construct of the
invention may be administered topically to achieve a tissue concentration of the peptide
capable of interacting with an intracellular domain of Cx43 in the range of approximately 1
micromolar to approximately 100 micromolar. In another example, a construct of the
invention may be administered intravitreally to achieve a tissue concentration of 1, 2, 3, 4
or 5 micromolar. In another example, a construct of the invention may be administered
intravitreally to achieve a tissue concentration of approximately 10, 15 or 20 micromolar.
In another example, a construct of the invention may be administered intravitreally to
achieve a tissue concentration of approximately 30, 40, 50, 60, 70, 80, 90, or 100
micromolar. In another example, a construct of the invention may be administered

intravitreally to achieve a tissue concentration in the range of approximately 1 to
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approximately 20 micromolar. In another example, a construct of the invention may be
administered intravitreally to achieve a tissue concentration in the range of approximately
1 to approximately 5 micromolar, or in the range of approximately 5 to approximately 10

micromolar, or in the range of approximately 10 to approximately 20 micromolar.

It should be appreciated that topical administration may be suitable, for example, for the
treatment of diseases or disorders of the anterior cavity of the eye, such as, for example,
severe dry eye or blepharitis. It should also be appreciated that topical administration may
be suitable, for example, for the treatment of diseases or disorders of the skin or mucosa

(e.g. oral mucosa, nasal mucosa, vaginal mucosa), for example cancer.

Persons skilled in the art will readily be able to determine appropriate dosages based on the
variables mentioned above, in particular having regard to the compound or therapeutic agent

comprising the construct.

Data obtained from cell culture assays and animal studies can be used in formulating a range
of dosages for use in humans. The dosage may vary within this range depending upon the
dosage form and route of administration. A therapeutically effective dose can be estimated
initially from cell culture assays. A dose may be formulated in cell cultures or animal models
to achieve a cellular concentration range that includes the IC50 (i.e., the concentration of the
test compound that achieves a half-maximal inhibition of symptoms) as determined in cell
culture. Such information can be used to more accurately determine useful doses in humans.
The exact formulation, route of administration and dosage can be chosen by the individual
physician in view of the patient's condition. (See, e.g., Fingl et al., 1975, In: The
Pharmacological Basis of Therapeutics, Ch.1, p.1).

Administration could occur at any time during the progression of the disease or disorder of

the to be treated, or prior to or after the development of the disease or disorder.

In one embodiment of the first to ninth aspects of the invention, a construct of the invention
or a composition comprising a construct of the invention is administered on a daily basis for
an extended period to assist with ongoing management of symptoms of a disease or disorder.

In another embodiment of the first to ninth aspects of the invention, a construct of the
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invention or a composition comprising a construct of the invention is administered on a daily
basis for an extended period or throughout the subject’s life to prevent or delay the

development of a disease or disorder.

It will be appreciated that medicaments of the sixteenth to twenty-first aspects of the
invention may be formulated for administration of an appropriate dose in accordance with

the foregoing.

It will be appreciated that the use in treatment of the twenty-second to twenty-seventh
aspects of the invention may involve administration of an appropriate dose in accordance

with the foregoing.

It should be appreciated that a method of the first to ninth aspects of the invention may
further comprise additional steps such as the delivery of additional agents or compositions

to a subject.

In one embodiment of the first to ninth aspects of the invention, the construct, nucleic acid,
or nucleic acid vector is administered concurrently with one or more additional therapeutic
agent. In one embodiment of the first to ninth aspects of the invention, the construct,
nucleic acid, or nucleic acid vector is administered sequentially with one or more

additional therapeutic agent.

In one embodiment of the tenth to fifteenth aspects of the invention, the composition

comprises one or more additional therapeutic agent.

In one embodiment of the sixteenth to twenty-first aspects of the invention, the

medicament comprises one or more additional therapeutic agent.

In one embodiment of the sixteenth to twenty-first aspects of the invention, the
medicament is formulated for concurrent administration with one or more additional
therapeutic agent. In another embodiment of the sixteenth to twenty-first aspects of the
invention, the medicament is formulated for sequential administration with one or more

additional therapeutic agent.
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In one embodiment of the twenty-second to twenty-seventh aspects of the invention, the
use in treatment comprises simultaneous administration with one or more additional
therapeutic agent. In another embodiment of the twenty-second to twenty-seventh aspects
of the invention, the use in treatment comprises concurrent administration with one or
more additional therapeutic agent. In another embodiment of the twenty-second to twenty-
seventh aspects of the invention, the use in treatment comprises sequential administration

with one or more additional therapeutic agent.

A “therapeutic agent” as used herein, is to be taken broadly to include those agents or
drugs that are considered to be useful for or have merit in the treatment of the target
disease or disorder associated with hypoxia or the target disease or disorder of the eye.
“Therapeutic agents” include, for example, chemotherapeutic drugs, immunotherapeutic
drugs, targeted therapy drugs (including, for example, small-molecules or monoclonal
antibodies), vaccines and gene therapy. Such drugs may alleviate, reduce, ameliorate, or
prevent one or more of the clinical symptoms or diagnostic markers associated with the
target disease or disorder associated with hypoxia or the target disease or disorder of the

eye.

For example, in a particular embodiment the invention provides a method of treating stroke
comprising administering to a subject a construct comprising (a) a targeting carrier peptide
derived from the X-protein of the Hepatitis B virus and (b) a peptide capable of interacting
with an intracellular domain of connexin43 (Cx43) in combination with a tissue
plasminogen activator (tPA) or recombinant tissue plasminogen activator (rtPA). For
example, the rtPA may be alteplase (Activase, Actilyse), reteplase (Retavase, Rapilysin),

tenecteplase (TNKase), or desmoteplase.

In another example, in a particular embodiment the invention provides a method of treating
myocardial infarction comprising administering to a subject a construct comprising (a) a
targeting carrier peptide derived from the X-protein of the Hepatitis B virus and (b) a
peptide capable of interacting with an intracellular domain of connexin43 (Cx43) in

combination with a tissue plasminogen activator (tPA) or recombinant tissue plasminogen
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activator (rtPA). For example, the rtPA may be alteplase (Activase, Actilyse), reteplase
(Retavase, Rapilysin), tenecteplase (TNKase), or desmoteplase.

In a further example, in a particular embodiment the invention provides a method of
treating cancer comprising administering to a subject a construct comprising (a) a targeting
carrier peptide derived from the X-protein of the Hepatitis B virus and (b) a peptide
capable of interacting with an intracellular domain of connexin43 (Cx43) in combination
with a therapeutic agent for use in treating cancer. For example, the therapeutic agent may
be temozolomide, docetaxel, S-fluorouracil, doxorubicin, cyclophosphamide,
methotrexate, bleomycin, vinblastine, dacarbazine, mustine, vincristine, procarbazine,
prednisolone, etoposide, cisplatin, epirubicin, capecitabine, folinic acid, oxaliplatin, or a
combination thereof. Persons skilled in the art will readily be able to identify appropriate
therapeutic agents and combinations having regard to the cancer to be treated and the

disclosure herein.

In certain embodiments of the first to ninth aspects, where the compound is a peptide
capable of interacting with an intracellular domain of Cx43, a construct of the invention
may be administered locally to achieve a final tissue concentration of the peptide capable
of interacting with an intracellular domain of Cx43 in the range of approximately 1
micromolar to approximately 100 micromolar. For example, a construct of the invention
may be administered locally to achieve a final tissue concentration of 1,2, 3,4 or 5
micromolar. In another example, a construct of the invention may be administered locally
to achieve a final tissue concentration of approximately 10, 15 or 20 micromolar. In
another example, a construct of the invention may be administered locally to achieve a
final tissue concentration of approximately 30, 40, 50, 60, 70, 80, 90, or 100 micromolar.
In another example, a construct of the invention may be administered locally to achieve a
final tissue concentration in the range of approximately 1 to approximately 20 micromolar.
In another example, a construct of the invention may be administered locally to achieve a
final tissue concentration in the range of approximately 1 to approximately 5 micromolar,
or in the range of approximately 5 to approximately 10 micromolar, or in the range of

approximately 10 to approximately 20 micromolar.
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For example, in the case of diseases or disorders of the lungs (such as, for example, lung
cancer, asbestosis, asthma, bronchiectasis, bronchitis, chronic cough, croup, cystic fibrosis,
hantavirus, idiopathic pulmonary fibrosis, influenza, pandemic flu, pertussis, pleurisy,
pneumonia, pulmonary embolism, pulmonary hypertension, respiratory syncytial virus,
sarcoidosis, or tuberculosisadministration may be via aerosol delivery. For example, in the
case of diseases or disorders affected the spinal cord (such as spinal cord tumours)
administration may be via an intrathecal drug delivery system. For example, in the case of
diseases or disorders of the eye administration may be via periocular injection, intraocular

injection, or an intraocular insert or implant.

In particular embodiments of the first, fourth, and/or fifth aspects of the invention where
the compound is a peptide capable of interacting with an intracellular domain of Cx43 a
construct of the invention may be administered intravitreally to achieve a final intraocular
concentration of the peptide capable of interacting with an intracellular domain of Cx43 in
the range of approximately 1 micromolar to approximately 100 micromolar. For example,
a construct of the invention may be administered intravitreally to achieve a final
intraocular concentration of 1, 2, 3, 4 or 5 micromolar. In another example, a construct of
the invention may be administered intravitreally to achieve a final concentration of
approximately 10, 15 or 20 micromolar. In another example, a construct of the invention
may be administered intravitreally to achieve a final intraocular concentration of
approximately 30, 40, 50, 60, 70, 80, 90, or 100 micromolar. In another example, a
construct of the invention may be administered intravitreally to achieve a final intraocular
concentration in the range of approximately 1 to approximately 20 micromolar. In another
example, a construct of the invention may be administered intravitreally to achieve a final
intraocular concentration in the range of approximately 1 to approximately 5 micromolar,
or in the range of approximately 5 to approximately 10 micromolar, or in the range of

approximately 10 to approximately 20 micromolar.

In particular embodiments of the first, fourth, and/or fifth aspects of the invention, a
construct of the invention may be administered intravitreally at a dose in the range of
approximately 0.04mg to approximately Smg. For example, a construct of the invention
may be administered intravitreally at a dose of approximately 0.04mg to 2.5mg. For

example, a construct of the invention may be administered intravitreally at dose of
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approximately 0.04mg to Img. For example, a construct of the invention may be
administered at a dose of approximately 1mg to approximately 2.5mg. For example a
construct of the invention may be administered at a dose of approximately 2.5mg to

approximately Smg.

In particular embodiments of the first and/or fourth aspects of the invention relating to
treatment of cancer and where the compound is a peptide capable of interacting with an
intracellular domain of Cx43, a construct of the invention may be administered
intratumorally to achieve a final tissue concentration of the peptide capable of interacting
with an intracellular domain of Cx43 in the range of approximately 1 micromolar to
approximately 100 micromolar. For example, a construct of the invention may be
administered intratumorally to achieve a final tissue concentration of 1,2, 3,4 or 5
micromolar. In another example, a construct of the invention may be administered
intratumorally to achieve a final tissue concentration of approximately 10, 15 or 20
micromolar. In another example, a construct of the invention may be administered
intratumorally to achieve a final tissue concentration of approximately 30, 40, 50, 60, 70,
80, 90, or 100 micromolar. In another example, a construct of the invention may be
administered intratumorally to achieve a final tissue concentration in the range of
approximately 1 to approximately 20 micromolar. In another example, a construct of the
invention may be administered intratumorally to achieve a final tissue concentration in the
range of approximately 1 to approximately 5 micromolar, or in the range of approximately
5 to approximately 10 micromolar, or in the range of approximately 10 to approximately

20 micromolar.

In particular embodiments of the first and/or fourth aspects of the invention relating to
treatment of cancer and where the compound is a peptide capable of interacting with an
intracellular domain of Cx43, a construct of the invention may be administered
intratumourally at a dose in the range of approximately 0.04mg to approximately Smg. For
example, a construct of the invention may be administered intravitreally at a dose of
approximately 0.04mg to 2.5mg. For example, a construct of the invention may be
administered intravitreally at dose of approximately 0.04mg to 1mg. For example, a

construct of the invention may be administered at a dose of approximately Img to
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approximately 2.5mg. For example a construct of the invention may be administered at a

dose of approximately 2.5mg to approximately Smg.

In certain embodiments of the second, third, sixth, seventh, eighth and/or ninth aspects of
the invention involving a nucleic acid encoding a peptide capable of interacting with an
intracellular domain of Cx43, a nucleic acid and/or nucleic acid vector may be administered
to achieve an expressed construct such that the tissue concentration of the peptide capable
of interacting with an intracellular domain of Cx43 is in the range of approximately 1
micromolar to approximately 250 micromolar. In another example, to achieve a tissue
concentration of 1, 2, 3, 4 or 5 micromolar. In another example, to achieve a tissue
concentration of approximately 10, 15 or 20 micromolar. In another example, to achieve a
tissue concentration of approximately 30, 40, 50, 60, 70, 80, 90, or 100 micromolar. In
another example, to achieve a tissue concentration in the range of approximately 1 to
approximately 20 micromolar. In another example, to achieve a tissue concentration in the
range of approximately 1 to approximately 5 micromolar, or in the range of approximately
5 to approximately 10 micromolar, or in the range of approximately 10 to approximately 20

micromolar.

Data obtained from cell culture assays and animal studies can be used in formulating a range
of dosages for use in humans. The dosage may vary within this range depending upon the
dosage form and route of administration. A therapeutically effective dose can be estimated
initially from cell culture assays. A dose may be formulated in cell cultures or animal models
to achieve a cellular concentration range that includes the IC50 (i.e., the concentration of the
test compound that achieves a half-maximal inhibition of symptoms) as determined in cell
culture. Such information can be used to more accurately determine useful doses in humans.
The exact formulation, route of administration and dosage can be chosen by the individual
physician in view of the patient's condition. (See, e.g., Fingl et al., 1975, In: The
Pharmacological Basis of Therapeutics, Ch.1, p.1).

Administration could occur at any time during the progression of the disease or disorder to
be treated, or prior to or after the development of the disease or disorder, having regard to
the particular disease or disorder being treated. For example, when the disease or disorder

is AMD administration could occur during early, intermediate, and/or late AMD. For
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example, when the disease or disorder is diabetic retinopathy administration could occur
when there is mild non-proliferative retinopathy, when there is moderate nonproliferative
retinopathy, when there is severe nonproliferative retinopathy, and/or when there is
proliferative diabetic retinopathy. For example, when the disease or disorder is stroke,
administration could occur prior to reperfusion, during reperfusion or after reperfusion, and
could be in conjunction with a clot breakdown compound (such as, for example, tissue
plasminogen activator, Alteplase, Streptokinase, Tenecteplase or Reteplase) or clot retrieval
through surgical means; particularly but not exclusively where the construct being
administered comprises a peptide capable of interacting with an intracellular domain of
Cx43. Administration could follow treatment with a clot breakdown compound (such as,
for example, tissue plasminogen activator, Alteplase, Streptokinase, Tenecteplase or
Reteplase) or following clot retrieval through surgical means; particularly but not
exclusively where the construct being administered comprises a peptide capable of
interacting with an intracellular domain of Cx43. For example, when the disease or disorder
is a cancer administration could occur at any stage, such as when judged through the TNM
grading system where T refers to the size and extent of the main tumour, the N refers to
nearby lymph nodes that have cancer, and the M refers to whether the cancer has
metastasized. Administration could be at Stage O when abnormal cells are present but have
not spread to nearby tissue, or at Grades 1, II or I when cancer is present (and the higher the
number the larger the cancer and the more it has spread into nearby tissues), or Stage IV

when the cancer has spread to distant parts of the body.

In one embodiment of the fourth to ninth aspects of the invention, a construct, nucleic acid,
or nucleic acid vector of the invention, or a composition comprising a construct, nucleic
acid, or nucleic acid vector of the invention, is administered on a daily basis for an extended
period to assist with ongoing management of symptoms of a disease or disorder. In another
embodiment of the fourth to ninth aspects of the invention, a construct, nucleic acid, or
nucleic acid vector of the invention, or a composition comprising a construct, nucleic acid,
or nucleic acid vector of the invention, is administered on a daily basis for an extended period

or throughout the subject’s life to prevent or delay the development of a disease or disorder.

In one embodiment of the seventeenth aspect of the invention or the sixteenth aspect of the

invention wherein the compound is a peptide capable of interacting with an intracellular
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domain of Cx43, the medicament is formulated for systemic administration of a dose of the
peptide capable of interacting with an intracellular domain of Cx43 in the range of

approximately 70mg to 1,750mg.

In one embodiment of the seventeenth aspect of the invention or the sixteenth aspect of the
invention wherein the compound is a peptide capable of interacting with an intracellular
domain of Cx43, the medicament is formulated for systemic administration of a dose to
achieve a circulating concentration of the peptide capable of interacting with an
intracellular domain of Cx43 in the range of approximately 5 micromolar to 20

micromolar.

In one embodiment of the seventeenth aspect of the invention or the sixteenth aspect of the
invention wherein the compound is a peptide capable of interacting with an intracellular
domain of Cx43, the medicament is formulated for administration by systemic infusion of
a dose to achieve a circulating concentration of the peptide capable of interacting with an
intracellular domain of Cx43 in the range of approximately 2.5 micromolar to 250

micromolar.

In one embodiment of the seventeenth aspect of the invention or the sixteenth aspect of the
invention wherein the compound is a peptide capable of interacting with an intracellular
domain of Cx43, the medicament is formulated for topical administration of a dose to
achieve a tissue concentration of the peptide capable of interacting with an intracellular

domain of Cx43 in the range of approximately 1 micromolar to 100 micromolar.

In one embodiment of the sixteenth aspect of the invention wherein the compound is a
peptide capable of interacting with an intracellular domain of Cx43, the medicament is
formulated for local administration of a dose to achieve a tissue concentration of the
peptide capable of interacting with an intracellular domain of Cx43 in the range of

approximately 1 micromolar to 100 micromolar.

In one embodiment of the seventeenth aspect of the invention or the sixteenth aspect of the
invention wherein the compound is a peptide capable of interacting with an intracellular

domain of Cx43, the medicament is formulated for intravitreal administration of a dose to
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achieve a tissue concentration of the peptide capable of interacting with an intracellular

domain of Cx43 in the range of approximately 1 micromolar to 100 micromolar.

In one embodiment of the sixteenth aspect of the invention wherein the compound is a
peptide capable of interacting with an intracellular domain of Cx43, the medicament is
formulated for intratumoural administration of a dose to achieve a tissue concentration of
the peptide capable of interacting with an intracellular domain of Cx43 in the range of

approximately 1 micromolar to 100 micromolar.

In one embodiment of the sixteenth aspect of the invention wherein the compound is a
peptide capable of interacting with an intracellular domain of Cx43, the medicament is
formulated for local administration of a dose in the range of approximately 0.04mg to

approximately Smg.

In one embodiment of the seventeenth aspect of the invention or the sixteenth aspect of the
invention wherein the compound is a peptide capable of interacting with an intracellular
domain of Cx43, the medicament is formulated for intravitreal administration of a dose in

the range of approximately 0.04mg to approximately Smg.

In one embodiment of the sixteenth aspect of the invention wherein the compound is a
peptide capable of interacting with an intracellular domain of Cx43, the medicament is
formulated for intratumoural administration of a dose in the range of approximately
0.04mg to approximately Smg.

In one embodiment of the twenty-third aspect of the invention or the twenty-second aspect
of the invention wherein the compound is a peptide capable of interacting with an
intracellular domain of Cx43, the use is by administration of a dose of the peptide capable
of interacting with an intracellular domain of Cx43 in the range of approximately 70mg to

1,750mg.

In one embodiment of the twenty-third aspect of the invention or the twenty-second aspect
of the invention wherein the compound is a peptide capable of interacting with an

intracellular domain of Cx43, the is by systemic administration of a dose of the peptide
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capable of interacting with an intracellular domain of Cx43 in the range of approximately

70mg to 1,750mg.

In one embodiment of the twenty-third aspect of the invention or the twenty-second aspect
of the invention wherein the compound is a peptide capable of interacting with an

intracellular domain of Cx43, the use is by administration of a dose to achieve a circulating
concentration of the peptide capable of interacting with an intracellular domain of Cx43 in

the range of approximately 2.5 micromolar to 250 micromolar.

In one embodiment of the twenty-third aspect of the invention or the twenty-second aspect
of the invention wherein the compound is a peptide capable of interacting with an
intracellular domain of Cx43, the is by administration of a dose to achieve a tissue
concentration of the peptide capable of interacting with an intracellular domain of Cx43 in

the range of approximately 1 micromolar to 100 micromolar.

In one embodiment of the twenty-second aspect of the invention wherein the compound is
a peptide capable of interacting with an intracellular domain of Cx43, the use is by local

administration of a dose in the range of approximately 0.04mg to approximately Smg.

In one embodiment of the twenty-third aspect of the invention or the twenty-second aspect
of the invention wherein the compound is a peptide capable of interacting with an
intracellular domain of Cx43, the use is by intravitreal administration of a dose in the range

of approximately 0.04mg to approximately Smg.

In one embodiment of the twenty-second aspect of the invention wherein the compound is
a peptide capable of interacting with an intracellular domain of Cx43, the use is by
intratumoural administration of a dose in the range of approximately 0.04mg to

approximately Smg.

In one embodiment of the nineteenth and/or twenty-first aspects of the invention or the
eighteenth and/or twentieth aspect of the invention wherein the compound is a peptide
capable of interacting with an intracellular domain of Cx43, the medicament is formulated

for administration of a nucleic acid and/or a nucleic acid vector at a dose to achieve an
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expressed construct such that the tissue concentration of the peptide capable of interacting
with an intracellular domain of Cx43 is in the range of approximately 1 micromolar to

approximately 250 micromolar.

In one embodiment of the nineteenth and/or twenty-first aspects of the invention or the
eighteenth and/or twentieth aspect of the invention wherein the compound is a peptide
capable of interacting with an intracellular domain of Cx43, the is by administration of a
dose to achieve an expressed construct such that the tissue concentration of the peptide
capable of interacting with an intracellular domain of Cx43 is in the range of

approximately 1 micromolar to approximately 250 micromolar.

To the extent that a peptide of use in accordance with the present invention or a construct
of the invention (for example, a targeting carrier peptide derived from the X-protein of the
Hepatitis B virus or a peptide capable of interacting with an intracellular domain of Cx43)
may be produced by recombinant techniques, the invention provides: nucleic acids
encoding peptides of use in the invention, nucleic acids encoding constructs of the
invention, vectors comprising nucleic acids encoding peptides of use in the invention, and
vectors comprising nucleic acids encoding constructs of the invention, which may aid in

cloning and expression of peptides.

In addition, it should be appreciated that nucleic acids encoding constructs of the invention
and of use in the invention and/or nucleic acid vectors comprising nucleic acids encoding
constructs of the invention and of use in the invention could be used (including
therapeutically); for example in accordance with the second, third, sixth, seventh, eighth,
ninth, twelfth to fifteenth, and/or twenty-fourth to twenty-seventh aspects as detailed

herein.

For example, a nucleic acid/expression vector encoding the construct could be
administered to a subject or contacted to a cell or population of cells, with the
peptide/construct subsequently being expressed. Accordingly, the invention includes

nucleic acids and nucleic acid vectors suitable for these purposes.
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It should be understood that a nucleic acid of the invention, or of use in accordance with
the invention, is an “isolated” or “purified” nucleic acid. An “isolated” or “purified”
nucleic is one which has been identified and separated from the environment in which it
naturally resides, or artificially synthesized. It should be appreciated that these terms do
not reflect the extent to which the nucleic has been purified or separated from the
environment in which it naturally resides. Nucleic acids of the invention or of use in
accordance with the invention may be isolated from natural sources, or preferably derived
by chemical synthesis or recombinant techniques which will be readily known to persons

skilled in the art.

Those of general skill in the art to which the invention relates will readily be able to
identify a variety of nucleic acids which encode peptides and functionally equivalent
variants of use in the invention (for example, a targeting carrier peptide derived from the
X-protein of the Hepatitis B virus or a peptide capable of interacting with an intracellular
domain of Cx43) and constructs of the invention on the basis of the amino acid sequences
provided herein, the genetic code and the understood degeneracy therein, and published
nucleic acid sequences (for example, see Guo, Y. and Hou, J. Establishment of the
consensus sequence of hepatitis B virus prevailing in the mainland of China. Zhonghua

Min Guo Wei Sheng Wu Ji Mian Yi Xue Za Zhi 19: 189-2000, 1999).

However, by way of example, the following nucleic acids are suitable in respect of the
targeting carrier peptide derived from the X-protein of the Hepatitis B virus:

ctt tgt cta cgt ccc (peptide comprising LCLRP) (SEQ ID NO: 73)

- ctt tgt cta cgt cce gte gge (peptide comprising LCLRPVG) (SEQ ID NO: 74)

- ctt tgt cta cgt ccc gtc gge get gaa (peptide comprising LCLRPVGAE) (SEQ ID NO:
75)

- ctt tgt cta cgt ccc gt gge get gaa tee cge (peptide comprising LCLRPVGAESR)
(SEQ ID NO: 76)

- ctt tgt cta cgt cce gte gge get gaa tee cge gga cga cec gte teg ggg ceg tit ggg
(peptide comprising LCLRPVGAESRGRPVSGPFG) (SEQ ID NO: 77)

- gtc ctt tgt cta cgt (peptide comprising VLCLR) (SEQ ID NO: 78)

- ctt tgt cta cgt (peptide comprising LCLR) (SEQ ID NO: 79)
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By way of further example, skilled persons will readily be able to derive nucleic acid
sequences encoding for peptides capable of interacting with the intracellular domain of
Cx43 with reference to published sequence information, for example GenBank Accession

number U64573.1 available at https://www.ncbi.nlm.nih.gov, and the reader is specifically

directed to this database by way of reference and the entry is included in the general

description of the invention herein.

Nucleic acid vectors and/or nucleic acid constructs will generally contain heterologous
nucleic acid sequences. That is, the nucleic acid vectors and/or nucleic acid constructs
contain nucleic acid sequences that are not adjacent to sequences encoding the peptide of
use in the invention in the nucleic acid coding for the native protein/peptide from which
the peptide of use in the invention is derived. The nucleic acid vectors and/or nucleic acid
constructs may also contain nucleic acid sequences that do not code for the construct per
se. For example, nucleic acid vectors and/or nucleic acid constructs may contain
regulatory sequences such as promoters, operators, repressors, enhancers, termination
sequences, origins of replication, and other appropriate regulatory sequences as are known
in the art. Further, they may contain secretory sequences to enable an expressed protein to
be secreted from its host cell. In addition, nucleic acid expression constructs may contain
fusion sequences (such as those that encode a heterologous amino acid sequence) which
lead to the expression of inserted nucleic acid sequences of the invention as fusion proteins

or peptides.

Heterologous nucleic acid sequences of use may include, for example, those that code for
amino acid sequences which can aid in subsequent isolation and purification of the peptide
(for example, ubiquitin, his-tag, a c-myc tag, a GST tag, or biotin). Heterologous nucleic
acid sequences may also include those that code peptide linkers which aid in linking the

peptide to another compound to form a construct of the invention, as described above.

The nucleic acid constructs or vectors may be either RNA or DNA, either prokaryotic or
eukaryotic, and typically are viruses or a plasmid. Suitable nucleic acid constructs are
preferably adapted to deliver a nucleic acid of the invention into a host cell and are either

capable or not capable of replicating in such cell. Recombinant nucleic acid constructs
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comprising nucleic acids of the invention may be used, for example, in the cloning,

sequencing, and expression of nucleic acid sequences of the invention.

Those of skill in the art to which the invention relates will recognise many nucleic acid
constructs suitable for use in the present invention. However, the use of cloning vectors
such as pUC and pBluescript and expression vectors such as pCDM8, adeno-associated

virus (AAV) or lentiviruses are of particular use.

In accordance with the invention, transformation of a nucleic acid vector into a host cell
can be accomplished by any method by which a nucleic acid sequence can be inserted into
a cell. For example, transformation techniques include transfection, electroporation,
microinjection, lipofection, adsorption, cell-penetrating carrier peptide delivery, and

biolistic bombardment.

As will be appreciated, transformed nucleic acid sequences of the invention may remain
extrachromosomal or can integrate into one or more sites within a chromosome of a host

cell in such a manner that their ability to be expressed is retained.

Any number of host cells known in the art may be utilised in cloning and expressing
nucleic acid sequences of use in the invention and/or nucleic acid sequences of the
invention. For example, these include but are not limited to microorganisms such as
bacteria transformed with recombinant bacteriophage DNA, plasmid DNA or cosmid DNA
expression vectors; yeast transformed with recombinant yeast expression vectors; insect
cell systems infected with recombinant virus expression vectors (e.g., baculovirus); animal
cell systems such as CHO (Chinese hamster ovary) cells using the pEE14 plasmid system;
plant cell systems infected with recombinant virus expression vectors (e.g., cauliflower
mosaic virus, CaMV; tobacco mosaic virus, TMV) or transformed with recombinant

plasmid expression vectors (e.g., Ti plasmid).

A recombinant peptide of use in accordance with the invention or a recombinant peptide
construct of the invention may be recovered from a transformed host cell, or culture media,
following expression thereof using a variety of techniques standard in the art. For

example, detergent extraction, sonication, lysis, osmotic shock treatment and inclusion
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body purification. The protein may be further purified using techniques such as affinity
chromatography, ion exchange chromatography, filtration, electrophoresis, hydrophobic

interaction chromatography, gel filtration chromatography, and chromatofocusing.

Additional or alternative methodology for recombinant expression of peptides of the
invention may be obtained from Sambrook, and Maniatis, Molecular Cloning: A
Laboratory Manual, Second Edition, Cold Spring Harbor Laboratory Press, Cold Spring
Harbor, N.Y. (1989), for example.

Examples of peptide therapeutic agents of use in the aspects of the present invention
involving treatment of diseases and/or disorders of the eye, such as age-related macular
degeneration, diabetic retinopathy, ocular tumour, and/or retinal stroke, include an
antisense oligonucleotide to reduce production of proteins in the inflammatory or
complement pathway such as Ang2, Tie2, integrin or Cx43, or an antisense oligonucleotide
interfering with production of any VEGF or PDGF or their receptors may be used. A
further example is the use of an anti-VEGF and/or anti-PDGF antisense oligonucleotide to
reduce neovascularisation in age related macular degeneration, diabetic retinopathy or a

cancer.

Constructs of the invention may be produced using recombinant cloning and expression
techniques, and accordingly the invention should be taken to include nucleic acids

encoding the constructs and vectors comprising such nucleic acids.

Skilled persons will readily appreciate the sequence of nucleic acids encoding constructs of
the invention having regard to the nucleic acid and peptide sequences of the targeting
carrier peptides described herein before and the nature of the peptide compound to be
delivered to a cell. Similarly, skilled persons will readily appreciate appropriate vectors
for cloning and expressing the constructs. However, by way of example, the nucleic acid
vectors (for example, pUC vectors, adeno-associated virus, lentivirus) and techniques
detailed elsewhere herein (including those described in WO 91/09958, WO 03/064459,
WO 00/29427, and WO 01/13957 for example) may be used.
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Certain terms may be referred to herein in the plural; for example, “cells”, “compounds”,

“agents”. This should be taken to include reference to the singular, unless the context

requires otherwise.

EXAMPLES

Materials and methods

Peptide sequence

Gapl9 (KQIEIKKFK [SEQ ID NO: 3]), the fusion peptide designated XG19
KQIEIKKFK [SEQ ID NO: 1]) and the fusion peptide TAT-Gapl9
(YGRKKRRQRRRKOQIEIKKFK [SEQ ID NO: 80]) as well as FITC labelled peptides were
all obtained from ChinaPeptide Co Ltd, at 95% purity. Peptide5 (VDCFLSRPTEKT [SEQ

ID NO: 81]) was purchased from Auspep. The peptides were resuspended in PBS (phosphate
buffered saline) and stored at -20°C.

Cell culture and maintenance

Unless otherwise mentioned, all cell culture reagents were purchased from Gibco® or
Invitrogen™ (Life Technologies). ARPE-19 cells are from a human retinal pigment
epithelium cell line purchased from American Type Culture Collection (ATCC), and were
maintained in T25 flasks in DMEM/F12 (DMEM/F-12, GlutaMAXTM medium containing
10% heat inactivated foetal bovine serum (FBS), and 1% Antibiotic-Antimicotic (Sigma))
at 37 °C with 5% CO2.

Primary human retinal microvascular endothelial cells (hRRMEC; Neuromics) were cultured
and maintained in T25 flasks in EGM-2TM BulletKitTM media (Lonza) containing
endothelial basal media (EBM-2; Lonza) and EGM-2 SingleQuotsTM (Lonza),
supplemented with 10% fetal bovine serum and 1% Antibiotic-Antimicotic (Sigma) at 37°C
with 5% CO2. VEGF was excluded from the EGM-2 media.

Cells were grown to 70-80% confluence, split once or twice weekly and were maintained at
less than thirty passages. For experiments, cells were harvested with TrypLE™ Express,

centrifuged at 1500 rpm for 7 min, resuspended in culture medium, and counted using trypan
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blue and the Neubauer haemocytometer. The required concentration of cells was plated and

grown overnight to allow them to attach to the bottom of the well.

Hyperglycaemia and inflammation solution

Hyperglycaemia and inflammation solution was produced by the addition of glucose to
DMEM/F12, GlutaMAX™ to achieve a final glucose concentration of 32.5 mM. The
inflammatory cytokines TNFo and II-1B (PeproTech) were added to achieve a final
concentration of 10ng/ml each. Antibiotic-Antimycotic was added to the solution to achieve

a 1% concentration. The solution was made fresh before application to cells.

Image acquisition and analysis

Visualisation of cells and tissues was carried out using an Olympus BX-10 confocal
microscope with a FV-1000 laser scanning confocal system. Images were acquired using
Olympus FV-10 software and area measurements were made using ImageJ. All statistical

analysis was carried out using Graphpad Prism 7 software.

Cellular uptake

ARPE-19 or hRMEC cells were harvested and seeded in 8-well chamber slides at a density
of 2x 105 cells/ml in 0.4 ml of DMEM/F12 or EGM-2TM BulletKitTM media and incubated
over 2 nights at 37 °C, 5% COz. Peptides or control channel blockers, carbenoxolone (CBX)
(Sigma) or lanthanum chloride (LaCls; Sigma) were mixed with DMEM/F12 or EGM-2TM
BulletKitTM media at appropriate concentrations and applied onto cells for 1 h at 37 °C, 5%
CO». For cell uptake under hypoxic conditions, peptides were delivered in hypoxic, acidic
ion-shifted Ringers (HAIR) solution (13) for 1 h at 37°C, 5% COas. For cell uptake under
hyperglycaemia and inflammation conditions peptides were delivered in hyperglycaemia
and inflammation solution for 24 h at 37°C, 5% CO:. The solutions were removed and cells
were washed in PBS and fixed in 4% formaldehyde PBS with nuclei were counterstained
with DAPIL Coverslips were mounted in anti-fade medium (CitifluorTM AF 1) and cells were

visualised by confocal microscopy.

MTT ASSAY
ARPE-19 cells were exposed to DMEM/F12 (normal medium) or HAIR solution for 1 h.
XG19 was mixed in DMEM/F12 or HAIR solution and applied to ARPE-19 cells at 0, 5, 10
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or 20 uM concentrations for either 1 or 24 h at 37 °C, 5% CO». After the incubation period,
the solutions in each well were removed and replaced with 0.5 mg/mL, MTT (Thermo Fisher
Scientific) in PBS and incubated for 4 h at 37 °C and 5 % CO;. The MTT/PBS solution was
then removed and replaced with HCl-isopropanol solution (0.04 M) to dissolve formed
formazan. The intensity of purple colour was quantified by measuring absorbance at 570 nm

with correction of interference at 650 nm (BioTek Synergy HT).

EthD-1 uptake

Peptides were applied onto cells for uptake as previously mentioned. Peptide solutions were
removed from the cells exposed to 2 pM ethidium homodimer-1 (EthD-1) in either Hanks
Buffered Salt Solution (137 mM NaCl, 5.4 mM KCl, 0.25 mM Na,HPQg4, 0.1g glucose, 0.44
mM KH>PO4, 1.0 mM MgSOy4, 4.2 mM NaHCOs) + EGTA (5SmM) (low calcium solution)
to open hemichannels or high calcium (Ca®") solution (Hanks Buffered Salt Solution + 1.3
mM CaCl») for 30 min at 37 °C, 5% CO». The solutions were removed, cells were washed
in PBS and fixed in 4% formaldehyde PBS before counterstaining nuclei with DAPL

Coverslips were mounted in anti-fade medium (CitifluorTM AF1) and slides were imaged.

ATP release assay

Peptides were applied onto cells for uptake studies as previously described. Peptide solutions
were removed from the cells, which were then exposed to either low calcium (Ca®") solution
or HAIR solution to open hemichannels or high calcium solution to close hemichannels for
30 min at 37 °C, 5% CO». Solutions were transferred into a black 96 well plate and ATP
measurements were performed as per the instructions of the ATP luminescence kit (Sigma)

and using a Victor X Light luminescence plate reader (Perkin Elmer 2030).

Gap junction assay

Peptides were applied onto cells for uptake as previously mentioned. Peptide solutions were
removed from the cells and the cells were exposed to 0.1% luciferase yellow/PBS dye (LY).
A vertical and horizontal scrape was created in the cell monolayer using a pipette tip. The
cells were then incubated at room temperature for 15 min. The LY dye solution was
removed, cells were washed in PBS and fixed in 4% formaldehyde PBS with nuclei
counterstained with DAPI. Coverslips were mounted in anti-fade medium (CitifluorTM

AF1) and slides were imaged.
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Syndecan-4 labelling of ARPLE-19 cells

ARPE-19 cells were treated with either DMEM/F-12, hyperglycaemia and inflammation
solution, or HAIR solution for 1 h before washing the cells in PBS and fixing in 4%
formaldehyde/PBS at room temperature for 10 min. The formaldehyde solution was washed
off with PBS and the cells were labelled with primary antibody (anti-Syndecan-4 (R&D
Systems)) overnight. The primary antibody was then washed off with PBS before applying
the secondary antibody (donkey anti-goat 488) and DAPI in PBS for 1 h at RT in a humid
box. Coverslips were mounted in anti-fade medium (CitifluorTM AF1) and slides were

imaged.

Laser induced choroidal neovascularisation mouse model

General procedure
Female C57BL/6 mice were acquired from the University of Auckland, Vernon Jansen Unit

(VJU) and were 6 weeks of age at Day 0 of experimentation. All animals were housed in the
VJU for the duration of the study and had access to food and water ad libitum. All animal
procedures were approved by the University of Auckland Animal Ethics Committee and
were in accordance with The Association for Research in Vision and Ophthalmology
(ARVO) Statement for the Use of Animals in Ophthalmic and Visual Research guidelines
(https://www.arvo.org/About/policies/statement-for-the-use-of-animals-in-ophthalmic-and-
vision-research/). Mice were weighed before anesthetising them via intraperitoneal injection
of a ketamine (50 mg/kg)/ domitor (0.5 mg/kg) mixture and placed onto the mouse stage for
laser photocoagulation or ocular assessments (fundus imaging and optical coherence
tomography (OCT). The mouse stage was heated to maintain the mouse body temperature
and prevent cataract formation. Pupils were dilated with 1% tropicamide dilating eye drops
to increase the visualisation of the retina. Lubricating Poly Gel was applied to each eye to
act as a coupling medium between the Micron IV eyepiece (Phoenix Research Labs) and the
ocular surface. After completion of laser photocoagulation or ocular assessments, the
lubricating gel was washed off with saline and antibiotic solution was applied onto both eyes
to prevent infection. Mice were then woken with an intraperitoneal injection of Atipamezole
(5 mg/kg) and allowed to recover on a 35 °C warming pad. On day 8 all animals were culled

by CO; asphyxiation and cervical dislocation. The eyes were enucleated, fixed in 4%
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paraformaldehyde in PBS, frozen in optimum cutting temperature compound and stored at -

80 °C before sectioning onto slides for immunohistochemistry analysis.

Laser photocoagulation
The laser injector was attached to the Micron IV and the laser was assembled as per the

manufacturer’s guidelines. The mouse retina was viewed using the bright field live fundus
image and the optic disc was centralised as per methods used by Gong et al. 2015 (34). The
laser aiming beam was visualised on the fundus image before creating four sequential laser
burns at equal distance (2 disc diameters) from the optic disc using a green argon laser pulse
of 532 nm, a fixed diameter of 50 pm, at duration of 70 ms and 240 mW power. Major blood
vessels were avoided when creating laser burns. Fundus images were taken immediately
after laser photocoagulation for up to 60 sec to observe for subretinal bubble formation and

lesion growth.

Fundus imaging and measurements
The fundus/OCT eye piece was attached to the Micron IV as per the manufacturer’s

guidelines. Bright field fundus images were taken on day O (before and after laser
photocoagulation), 1 and 7. Cross-sectional area measurements were made using ImagelJ

software.

Optical Coherence Tomography (OCT)
The fundus/OCT eye piece was attached to the Micron IV as per the manufacturer’s

guidelines (Phoenix Research Labs). The bright field live fundus image was used to orientate
the OCT reference arm and acquire OCT scans using the Micron OCT software. Several
OCT scans were taken over each lesion from superior to inferior. OCT images were
qualitatively assessed by observing classic signs of choroidal neovascularisation such as
Bruch’s membrane rupture (hypo-reflective region in the RPE/choroid layer) at day O,
butterfly-like lesions at day 1 and hyper-reflectivity increase in the retinal layers at the site
of the lesion at day 7. Ellipsoid measurements of lesions on day 7 were acquired using

ImageJ software using the methods described by Sulaiman et al. 2015 (35).

CNV mouse model study
Fifteen mice were acquired and maintained as described above in groups of five over three

weeks. Mice were anesthetized and laser photocoagulation was carried out and fundus

images were acquired as described above. Immediately following laser photocoagulation in
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both eyes, mice received an intraperitoneal injection of XG19 in saline at concentrations of
25 uM (low dose) or 250 uM (high dose) or saline alone before acquiring fundus and OCT
images. Fundus and OCT images were acquired on days 1 and 7 as described above. On day

8, the animals were culled and ocular tissues excised and processed for

2

immunohistochemistry as described above.

Rat Sepsis and Acute Pancreatitis models

This animal study was approved by the University of Auckland Animal Ethics Committee
and adhered to standards outlined in the “Animal Research: Reporting of In Vivo
Experiments (ARRIVE; https://www.nc3rs.org.uk/arrive-guidelines) guidelines”. Male
Sprague Dawley rats (~450 g) were fed with 18% protein rodent diet and allowed ad libitum
access to food and water before surgery. General anaesthesia was induced with 3-4%
isofluorane and O2 at 2 L/min, and maintained with 1.5-2.5% isoflurane with O at 2 L/min.
The rat was placed on a warming plate to keep the body temperature at 36-38 °C, and their
temperature was monitored by a rectal probe. A 14G modified angiocath was inserted into
trachea and connected to a small animal mechanical ventilator. The inspired Oz/air was
administered at 40-45%, and the respiratory rate and peak inspiratory pressure set at 60-80
breaths/min and 14-18 ¢cmH>O, respectively. The end tidal CO, was maintained at 35-45
ml/L and monitored by a capnograph. Maintenance fluid (0.9% NaCl) was administered into
the right femoral vein, and a 2F pressure transducer was inserted into the right femoral artery

to monitor the mean arterial pressure.

For the moderate severity Acute Pancreatitis (AP) model, the bile duct was temporally
occluded and the main pancreatic duct was cannulated using a 24G angiocath and slowly
infused with 5% sodium taurocholate solution at 0.1 ml/min until reaching 1 ml/kg body
weight. The angiocath was removed 10 min after the infusion, the bile duct opened, and the

pancreatic duct was ligated to prevent the efflux.

For the Sepsis model, 0.5 cm incision was made on the cecum and faeces spread to all four
quadrants of abdomen. The intestine was returned back to the abdominal cavity. Induction
of AP and sepsis took 10-15 min. Sham rats underwent the same anaesthesia and transverse
abdominal incision protocol as the disease models, but without any specific disease

induction. The total duration for sham rats was matched to the AP and Sepsis models in
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order to control the effect from anaesthesia. Maintenance fluid was continuously
administered into the rats, but its infusion rate was dependent on the rat model: a minimum
of 6 ml/kg/hr was selected for AP model to give a mild-moderate disease severity, whereas
a minimum of 18 ml/kg/hr was given to the sepsis model to sufficiently resuscitate the rats
to ensure survival during the 5 h experimental period. Mortality rate on each model was:

15% for sepsis and 0% for AP and sham, respectively.

During 5 hr of disease progression, intraoperative mean arterial pressure, heart rate and body
temperature were continuously monitored using the LabChart 5. At the end of 5 h disease
progression, blood was collected from the inferior vena cava into K2ZEDTA vacutainers.
Lungs were excised and mounted in optimal cutting temperature compound and frozen at -

80 °C before cutting and mounting 12 pm sections onto slides for immunohistochemistry.

Human sinus tissues

Mucosal biopsies were obtained from the middle meatus in three patients undergoing
functional endoscopic sinus surgery (FESS) for chronic rhinosinusitis (CRS). The control
group consisted of three patients with obstruction but no sinusitis undergoing septoplasty.
Biopsies were mounted in optimal cutting temperature compound and snap frozen in liquid

nitrogen before cutting and mounting 12 um sections onto slides for immunohistochemistry

Glioma mouse model

The syngeneic SMAS560 glioma tumour cells (1 x 10° SMA560 glioma cells) was inserted
via a 10 pl intracranial injection (27 gauge needle) into the brain of anaesthetized VmDK
mice through the coronal suture after a small incision was made in the scalp. The mice were
culled prior to developing neurological symptoms 14 days post tumour cell implantation.
The brains were removed, cut with a scalpel blade through the injection site and placed in
neutral buffered formalin for histological processing then embedded in paraffin before

cutting and mounting 12 um sections onto slides for immunohistochemistry.

A431 and SKOV'3 tumour tissue
Human tumour cells A431 and SKOV3 were administered via subcutaneous injection into

the flank of nude immunocompromised mice. The tumours were harvested and frozen in
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optimum cutting temperature compound and stored at -80 °C before sectioning onto slides

for immunohistochemistry analysis.

Immunohistochemistry of tissue sections

Before beginning immunohistochemistry labelling of paraffin embedded brain tissue
sections (12 um) from mouse glioma model, the sections were deparaffinised by washing in
xylene twice for three minutes, washing in xylene 1:1 with 100% ethanol for three minutes,
washing in 100% ethanol twice for three minutes, 95% ethanol for three minutes, 70%
ethanol for three minutes, 50% ethanol for three minutes before rehydrating the slides by
rinsing in cold running water. Antigen was retrieved by applying sodium citrate buffer
(10mM sodium citrate, 0.05% Tween 20, pH 6.0) for 1 h in a pressure cooker. Slides were

then blocked in 1% bovine serum albumin (BSA)/PBS for 1 h at room temperature.

Frozen tissue (mounted in optimal cutting temperature compound) sections (12 pm) from
human donor retinas (normal and diabetic retinopathy), human sinus tissue (normal and
CRS), mouse ocular tissues (laser induced CNV mouse model), rat lung tissue (AP and
sepsis models) and tumour tissues (A431 and SKOV3), were dried overnight at room
temperature and then fixed in a mixture of 25% absolute ethanol and 75% acetone for 10
min at room temperature in a fume hood. Sections were dried at room temperature for 10

min before blocking in 1% bovine serum albumin (BSA)/PBS for 1 h at room temperature.

The blocking solution was tapped off and sections were covered with 20 pg/ml of -
Syndecan-4 antibody (R&D Systems) in 1% BSA/PBS overnight at room temperature in a
humid box. Control sections were treated in 1% BSA/PBS alone. Antibodies were washed
off using 0.05% Tween20/PBS and tissues were covered in solutions containing secondary
antibodies (donkey anti-goat 488) and DAPI in 1% BSA/PBS for 2 h at room temperature
in a humid box. Sections were washed in 0.05% Tween20/PBS. Coverslips were mounted

in anti-fade medium (CitifluorTM AF1) and slides were imaged.

Results
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Example 1

XG19 uptake into hRMEC and ARPE-19 cells is more efficient than Gap19 alone

The uptake of XG19 was tested in vitro using primary hRMEC (Fig. 1) as well as
immortalized ARPE-19 cells (Fig. 2). Cellular uptake of XG19 was compared to Gap19 to
observe if the addition of the LCLRPV sequence improved cellular uptake.

XG19 uptake by hRMEC cells occurred in a dose dependant manner as observed by
increasing FITC fluorescence (white area in the FITC panel of Fig. 1) with increasing
concentration of XG19. In this assay uptake was observed even at the lowest concentration
of XG19 (10 uM). Gap19 uptake was undetectable even up to 50 uM as no fluorescence was
observed and was comparable to the no peptide control (as indicated by the absence of white
area in the FITC panel of the respective treatments, Fig. 1). Some uptake was observed at
100 pM Gap19 however this was still lower than 10 uM XG19. Therefore, the addition of
LCLRPV to Gap19 increased the uptake efficiency of Gap19 into hRMEC cells. This assay
showed that XG19 could penetrate hRMECs and the addition of LCLRPV to Gapl9

improved uptake in these cells.

Cellular uptake of XG19 into ARPE-19 cells occurred in a dose dependant manner as
observed by increasing FITC fluorescence (white area in the FITC panel of Fig. 2) with
increasing XG19 concentration. Gap19 alone was undetectable inside the cells up to 100
uM, similar to the no peptide control (as indicated by the absence of white area in the FITC
panel of Gapl19 treatments and no peptide treatment). Therefore, the addition of LCLRPV
to Gap19 improved the uptake efficiency of Gap19 into ARPE-19 cells as a greater amount

of XG19 was delivered inside the cells at lower Gap19 concentrations.

Since ARPE19 is an immortalised cell line it was easier to culture and could survive multiple
passages whereas primary cells were only reliable for a very limited number of passages.

For this reason the remaining experiments were carried out using ARPE-19 cells.

Example 2

TAT-Gap19 uptake into ARPE-19 cells is more efficient than XG19 or Gapl9 alone,
however XG19 does not localise to the nucleus

The uptake efficiency of Gap19 has previously been improved by combining Gap19 with
TAT peptide to create TAT-Gap19 (6, 7). The uptake efficiency of XG19 was compared to
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Gap19 and TAT-Gap19 in ARPE-19 cells (Fig. 3). TAT-Gap19 uptake by ARPE-19 cells
occurred in a dose dependant manner as observed by increased FITC fluorescence (white
area in the FITC panel of Fig. 3) with increasing concentrations of TAT-Gap19. Uptake was
observed even at the lowest concentration of TAT-Gap19 (10 uM) and cells were saturated
with TAT-Gap19 at 20 uM. Gap19 uptake was undetectable even up to 100 uM (as indicated
by the absence of white area in the FITC panel of Fig. 3) which was comparable to the no

peptide control.

While XG19 uptake was detected as low as 10 uM increasing up to 50 uM the overall uptake
of TAT-GAP19 was much greater than for XG19 at all the tested concentrations (as indicated
by increased white area in FITC panel of Fig 3.). This could be due to the difference in
uptake mechanism between the two peptides. TAT enters cells largely through
macropinocytosis among other mechanisms (8, 9) while LCLRPV enters cells in a
Syndecan-4 specific manner (10,11). Therefore, while the uptake of TAT-Gap19 is more
efficient than XG19 in this assay due to its multiple uptake mechanisms, it highlights its
non-specificity with regards to targeting certain cell types, as uptake is not limited by a single
factor whereas XG19 is excluded from non Syndecan-4 expressing cells such as erythrocytes

and non-adherent monocytes (10, 11).

Upon closer observation of peptide uptake (Fig. 4 and Fig. 4A), it was found that while both
peptides were taken up by the cells, XG19 was only visualised in the cytoplasm (grey area
in the FITC panel of XG19, Fig. 4A) while TAT-Gap19 was visualised in the cytoplasm
(grey area in the FITC panel of TAT-Gap19, Fig, 4A) as well as the nucleus (white spots in
the FITC panel of TAT-Gapl9, Fig. 4A) which was not seen with XG19 treatment.
Therefore, while the uptake of TAT-Gap19 was greater than XG19, transport to the nucleus
could have undesired effects on cell function and viability in the long term. TAT has
previously been used for the transport of other peptides and molecules to the cell nucleus
(12, 13); however, delivery of Gap19 to the nucleus could result in reduced efficacy as less
peptide is delivered to its site of action. Transport to the cell nucleus could also be potentially

toxic.
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Example 3

XG19 uptake into ARPE-19 cells does not result in cytotoxicity

Increasing concentrations of XG19 (5, 10 or 20 puM) were applied to ARPE-19 cells for
either one hour or twenty-four hours before conducting an MTT cytotoxicity assay.
Untreated cells were used as a positive viability control. This was to evaluate the toxicity of
XG19 in vitro at both short and long durations. As seen in Fig. 5, XG19 treated cells showed
no significant difference in viability when compared to untreated cells at both one and
twenty-four hour time points. This showed that the initial uptake process of XG19 into the
cell is not toxic. Furthermore once inside the cells XG19 remains non-toxic even at twenty-
four hours. This showed that application of XG19 is non-toxic as uptake or storage of the
peptide inside cells did not result in cellular toxicity. This is consistent with previous

literature regarding toxicity (10, 11).

Example 4

XG19 inhibits Cx43 hemichannel mediated Eth-D1 dye uptake

Hemichannel opening can be stimulated in vitro (14), and the entry of small molecules such
as ethidium homodimer (EthD-1) dye can therefore be used to observe hemichannel
function. The ability of XG19 to inhibit hemichannel opening post cellular uptake, was
observed using the EthD-1 uptake assay (Fig. 6). The FITC labelled XG19 used in the
cellular uptake experiments was also tested to observe whether the FITC label would

interfere with the peptide function.

Cells exposed to the low calcium solution resulted in increased uptake of EthD-1 as low
calcium stimulated the opening of hemichannels permitting the entry of the dye into the cell
(top left panel of Fig. 6). The EthD-1 dye only has a light fluorescence when in the cytoplasm
at low concentrations becoming hyper-fluorescent at higher concentrations as it binds to the

cell nucleus.

High calcium solution closed Cx43 hemichannels and therefore inhibited EthD-1 dye uptake
(top right panel of Fig. 6). Both XG19 and FITC-XG19 were able to inhibit EthD-1 dye
uptake as the fluorescence observed was similar to the high calcium control (bottom panels

respectively of Fig. 6). Therefore both XG19 and FITC-XG19 were in a biologically
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available form post cellular uptake and were able to function as hemichannel blockers.

Furthermore the FITC label did not interfere with XG19 function.

Hemichannel inhibition was quantified and plotted on a graph (Fig. 6, right) by measuring
the mean EthD-1 fluorescence intensity in four areas per treatment (n= 4; meant SD). One-
way ANOVA post hoc comparisons using the Dunnett’s multiple comparisons test indicated
that high calcium (****p<0.0001), XG19 and FITC-XG19 (***p<0.001) all resulted in
significant reduction of the mean fluorescence intensity compared to low calcium treatment,

therefore inhibiting hemichannel function.

This confirmed that XG19 functions as a Cx43 hemichannel blocker with the Gapl9
component of the peptide being in a bioavailable form post LCLRPV mediated uptake.
Furthermore the identification of retained XG19 functionality after FITC coupling has the
potential for this peptide to be used in future in vitro or in vivo assays where visualization

of the peptide may be required.

Previous experiments observing ethidium bromide uptake in a similar assay have shown that
up to 172 uM of Gap19 had no effect on Cx43 hemichannel inhibition with efficacy only
improved when the concentration was increased to 344-688 uM of Gapl9 (6). We have
shown that even at 5 uM XG19 can be efficacious in this assay due to the increased uptake

efficiency of this fusion peptide.

Example 5

XG19 inhibits Cx43 hemichannel mediated ATP release

During injury open Cx43 hemichannels permit the release of small molecules such as ATP
into the extracellular environment providing signals to stimulate the production of
inflammatory factors therefore perpetuating the inflammatory condition (15, 16). In vitro
measurements of ATP release can be used to assess Cx43 hemichannel opening (17). The
ability of XG19 to inhibit ATP release by inhibiting Cx43 hemichannel opening was
assessed using the ATP release assay and compared to a known Cx43 hemichannel blocker
Peptide 5 (PepS) as well as the non-specific hemichannel and gap junction blocker

carbenoxolone (CBX). Peptide 5 targets extracellular domains of Cx43.
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ARPE-19 cells treated with the low calcium solution resulted in a time dependent ATP
release measured as luminescence (Fig. 7). Statistical analysis by two-way ANOVA and
post hoc comparisons using Dunnett’s multiple comparisons test revealed that 25 min
treatment with XG19 reduce ATP release, but not significantly compared to the low calcium

control whereas treatment with Pep5 (***p<0.001) and CBX (****p<0.0001) did.

After 30 min of incubation with XG19 (*p<0.05), PepS and CBX (****p<0.0001) all
treatments reduced ATP release compared to low calcium. At 35 and 40 min all treatments
significantly reduced (****p<0.0001) ATP release compared to the low calcium control.
ATP release from PepS and XG19 treated groups, while lower than the low calcium group,
were both greater than CBX. This is likely due to the specific blocking nature of Pep5 and
XG19 only blocking Cx43 hemichannels whereas CBX non-specifically blocks multiple
types of channels resulting in lower ATP release. Pep5 has been shown to inhibit Cx43
hemichannel function in multiple assays improving cell survival (18, 19, 20). Therefore, the
function of PepS5 in this assay validates XG19 as a Cx43 hemichannel blocker and further
confirmed that Gap19 component of XG19 is in a bioavailable form post LCLRVP mediated
uptake. Furthermore the similar effect achieved with XG19 compared to Pep5 at 20 times

less the concentration further adds to the XG19 potential as a therapeutic.

Example 6

XG19 function is maintained 24 hours post uptake

Hemichannel function was assessed by measuring ATP release from cells, one hour and
twenty-four hours post XG19 uptake. This was to observe XG19 function at extended time
points post-uptake. As seen in Fig. 8, XG19 inhibition of Cx43 hemichannels resulted in a
significant reduction in ATP release compared to untreated cells at both 1 and 24 h time
points. Statistical analysis was carried out by two-way ANOVA and post hoc comparisons
using Sidak's multiple comparisons test. Significance was in comparison to the untreated
control at each time point (p**<0.01, p***<0.001, p****<0.0001). This showed that XG19
was bioavailable and functional, 24 h post uptake. This suggested that XG19 was stable
inside cells for up to 24 h and exhibited functional block of ATP release during injury.
Therefore XG19 is functional both immediately and 24 h post uptake.
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Example 7

XG19 does not inhibit gap junction function

Intercellular communication via gap junctions is essential for physiological communication
and long term block of gap junction communication could be detrimental to the cell (21).
Gap junction function can be assessed in a Lucifer Yellow (LY) dye scrape/load assay (22).
Cells that were left unscraped (Fig. 9, top left panel) did not take up the LY dye whereas
when the monolayer was scraped (Fig. 9, top right panel) the cells at the site of the scrape
allowed the LY dye into the cell, which was then passed onto neighbouring cells via open

gap junctions.

Cells treated with the non-specific hemichannel and gap junction blocker CBX (Fig. 9,
bottom left panel) took up LY into cells immediately adjacent to the scrape; however, the

dye was not further transported to any neighbouring cells due to blocked gap junctions.

Cells treated with 5 uM XG19 resulted in dye uptake at the site of the scrape which was
transferred to neighbouring cells via gap junctions (Fig. 9, bottom right panel) similar to the
untreated control. This suggested that while XG19 blocks hemichannels, it maintains gap
junction function which is required to maintain normal physiological cell-to-cell
communication. Previous experiments have shown the ability of Gapl9 to maintain gap
junction function post uptake (6). The ability of XG19 to maintain gap junction function
shows that LCLRPV does not interfere with Gap19 maintenance of gap junction function

post XG19 uptake.

Example 8

Hyperglycaemic and inflamed cells increase Syndecan-4 expression

Syndecan-4 expression was observed in normal and hyperglycaemic and inflamed ARPE-
19 cells over time (Fig. 10). Syndecan-4 expression was relatively unchanged in normal
media over time whereas cells exposed to hyperglycaemia and inflammation solution
showed an increased Syndecan-4 expression from 1 to 3 h with a slight decline at 6 and 24
h. The Syndecan-4 expression of cells in hyperglycaemia and inflammation solution was
greater than cells in normal media at every time point as shown by the increased fluorescence
(white area in the AF488 panel of Fig. 10). Syndecan-4 expression was assessed by

measuring mean fluorescence intensity of FITC in four areas for each treatment (n=3) in
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cells exposed to media or hyperglycaemia and inflammation solution for 1, 3, 6 or 24 h and
plotted on a graph (bottom Fig. 10). Two-way ANOVA and post hoc comparisons using
Sidak’s test revealed that Syndecan-4 expression was significantly increased in
hyperglycaemia and inflammation solution at, 3 h (****p<0.0001), 6 h (**p<0.01) and 24 h
(***p<0.001) compared to normal media, while there was no significant increase at 1 h. This
indicated that ARPE-19 cells upregulate Syndecan-4 expression in response to
hyperglycaemia and inflammation. Since Syndecan-4 is the target ligand used by XG19 for
cellular uptake, an increased Syndecan-4 expression in hyperglycaemic and inflamed cells

could allow for more targeted delivery of the peptide specifically to diseased cells.

Example 9

XG19 uptake is increased in hyperglycaemic and inflamed cells

To observe if cell uptake of XG19 was altered in the hyperglycaemic and inflamed cells;
XG19 was applied to normal and hyperglycaemic and inflamed cells and cellular uptake was
compared to Gapl9 (Fig. 11). XG19 uptake was observed in media as well as in
hyperglycaemia and inflammation solution. Gapl9 uptake was undetectable in either
condition (absence of white area in FITC panel, Fig. 11). The uptake of XG19 in
hyperglycaemia and inflammation solution was greater than in normal media as indicated
by the greater fluorescence in hyperglycaemia and inflammation solution (white area in
FITC panel, Fig. 11). This suggested that XG19 uptake was increased in hyperglycaemic
and inflamed cells, which the inventors postulate was due to the over-expression of
Syndecan-4 in APRE-19 cells in response to hyperglycaemia and inflammation.
Furthermore, the increased uptake of Gapl9 in hyperglycaemic and inflamed cells was
LCLRPV-dependent as native Gap19 uptake was not increased in these cells. The inventors
finding of increased uptake of XG19 by hyperglycaemic and inflamed cells and their
discovery of Syndecan-4 expression in the RPE and choroid makes XG19 a candidate
therapeutic for AMD as it has the potential to be more readily taken up by cells most affected

by the disease and therefore could result in improved therapeutic efficacy.

Example 10
Hypoxic cells increase Syndecan-4 expression
In AMD, retinal pigment epithelium cells become hypoxic due to localised sites of ischemia.

Hypoxia can alter the expression of cell surface proteins such as Syndecan-4 (23). Syndecan-
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4 expression was observed in hypoxic and normal cells over time (Fig. 12). Syndecan-4
expression was relatively unchanged in normal media over time whereas cells exposed to
hypoxic solution showed an increased Syndecan-4 expression from 1to 3 and from 3 to 6 h
with a slight decline at 24 h likely due to some cell death caused by over exposure to the
hypoxic solution, therefore reducing the cell density and Syndecan-4 expression. The
Syndecan-4 expression of cells in hypoxic solution was greater than cells in normal media
at every time point as shown by the increased fluorescence (white area in the AF488 panel
of Fig. 12). Syndecan-4 expression was assessed by measuring mean fluorescence intensity
of FITC in four areas for each treatment (n=4) in cells exposed to media or hypoxic solution
for 1, 3, 6 or 24 h and plotted on a graph (bottom Fig. 12). Two-way ANOVA and post hoc
comparisons using Sidak’s test revealed that Syndecan-4 expression significantly increased
in hypoxic solution at 1 h (**p<0.01 ), 3 h (***p<0.001), 6 h (****p<0.0001) and 24 h
(*p<0.05) compared to normal media. This indicates that ARPE-19 cells up regulate
Syndecan-4 expression in response to hypoxia. Since Syndecan-4 is the target ligand used
by XG19 for cellular uptake, an increased Syndecan-4 expression in hypoxic cells could

allow for more targeted delivery of the peptide specifically to diseased cells.

Example 11

XG19 uptake is increased in hypoxic cells

To observe if cell uptake of XG19 was altered in the hypoxic condition, XG19 was applied
to normal and hypoxic cells and cellular uptake was compared to Gap19 (Fig. 13). XG19
uptake was observed in both media as well as in hypoxic solution while Gap19 uptake was
undetectable in either condition (absence of white area in FITC panel, Fig. 13). The uptake
of X(G19 in hypoxic solution was greater than in normal media as indicated by the greater
fluorescence in hypoxic solution (white area in FITC panel, Fig. 13). This suggests that
XG19 uptake is improved in hypoxic cells, which the inventors postulate may be due to the
over-expression of Syndecan-4 in APRE-19 cells in response to hypoxia. Furthermore, the
increased uptake of Gap19 in hypoxic cells was LCLRPV dependent as native Gap19 uptake
was not increased in hypoxic cells. The inventors finding of increased uptake of XG19 by
hypoxic cells and their discovery of Syndecan-4 expression in the RPE and choroid makes
XG19 a candidate therapeutic for AMD as it has the potential to be more readily taken up
by cells most affected by the disease and therefore could result in improved therapeutic

efficacy.
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Example 12

XG19 maintains cell viability during hypoxic injury

Cell viability was assessed in hypoxic cells by applying HAIR solution to untreated and
XG19 treated cells and compared to cells in normal media in a MTT assay. This was to
observe if XG19 could prevent the reduction in cell viability which occurs during hypoxia.
As seen in Fig. 14, the viability of hypoxic cells was significantly reduced compared to cells
in normal media which suggested that hypoxic cells were experiencing injury and dying.
There was no significant difference seen in the XG19 treated cells compared to the untreated
cells in normal media. This showed that XG19 treated cells prevented cell death during
hypoxia mediated injury. One-way ANOVA was carried out with post hoc Dunnett’s test and
significance was represented as a difference from the untreated cells in normal media control
(***p<0.001). Therefore XG19 increased cell survival and prevented the effects of injury
during hypoxia.

Example 13

XG19 inhibits Cx43 hemichannel mediated ATP release during hypoxia

Hypoxia was induced by applying HAIR solution to untreated or XG19 treated cells and
ATP release was measured. As seen in Fig. 15, XG19 treated cells had a significant reduction
in ATP release compared to untreated cells in HAIR solution. One-way ANOVA was carried
out with post hoc Dunnett’s test and significance was represented as a difference from the
untreated cells in HAIR solution (**#*p<0.001, ****p<0.0001). This showed that hypoxia
resulted in ATP release via Cx43 hemichannels. XG19 was able to inhibit hemichannel
opening during this hypoxic injury therefore resulting in reduced ATP release. Therefore
XG19 was able to reduce ATP release during hypoxic injury which promotes cell survival

during injury.

Example 14

XG19 reduces lesion area in a laser induced choroidal neovascularisation (CNV) mouse
model

Laser induced lesions were created in C57BL6 mice on day O as previously described in
methods. Fundus images were acquired on Day 1 and Day 7 and area measurements of the
lesions were made using ImageJ software. As seen in Fig. 16, there were no observed

differences in lesion area between the Saline (n=8 eyes), low dose XG19 (n=8 eyes) or high
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dose XG19 (n=7 eyes) groups on Day 1. On Day 7 there was no change in lesion area in the
Saline group compared to Day 1, while both the XG19 treated groups were smaller on Day
7 compared to Day 1. Furthermore High dose XG19 treated mice resulted in the smallest
lesion area measurements while Saline treated mice resulted in the largest lesion area
measurements. These results suggest that XG19 is having a dose dependent effect on the

reduction of the lesion area thus reducing the spread of injury.

Example 15

XG19 treated mice result in significantly smaller lesion volume in a laser induced
choroidal neovascularisation (CNV) mouse model

The retinal layers were visualised in mice from the CNV model described in Example 14 by
OCT. OCT images acquired on Day 7 were used to measure ellipsoid volume of the CNV
lesions using ImagelJ software. As seen in Fig. 17, Saline treated mice (n=8 eyes) resulted in
the largest volume measurements while mice treated with Low dose XG19 (n=8 eyes) or
High dose XG19 (n=7 eyes) resulted in significantly smaller volume measurements as
determined by one-way ANOVA carried out with post hoc Dunnett’s test and significance
represented as a difference from the Saline group (**p<0.01, mean + SD). This showed that
XG19 treatment was able to significantly reduce CNV lesion volume compared to saline
treatment. Furthermore there was no significant difference between the low dose and high
dose XG19 groups, which suggested that the effective therapeutic concentration can be
achieved with the lower XG19 dose. Ellipsoid volume measurement has been shown to be
comparable to classic ex vivo techniques of choroidal flatmount to assess CNV lesions (35).
Previous literature using choroidal flatmounts have shown CNV lesions growth is due to
blood vessel growth, subretinal fluid accumulation and apoptosis of the tissue (35-38).
Therefore the reduced CNV volume seen in our results was indicative of tissue healing and

normalisation of the RPE choroid complex.

Example 16

Syndecan-4 and GFAP expression is reduced in XG19 treated mice in a laser induced
choroidal neovascularisation (CNV) mouse model

The mice from the CNV model described in Examples 14 and 15 were culled on day 8 and
the eyes were enucleated, sectioned and labelled for Syndecan-4 and GFAP expression.
Saline injected mice showed elevated Syndecan-4 and GFAP expression compared to XG19

injected mice (Fig. 18). Our in vitro data has shown an increase in Syndecan-4 during
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inflammation and hypoxia (Examples 8 and 10) while ex vivo DR tissue also showed
increased Syndecan-4 in diseased tissue (Example 18). GFAP expression has been shown
to be elevated in CNV mouse models due to inflammation and ischaemia at the site of the
lesion (38). This showed that XG19 has reduced inflammation and ischaemia in the mouse

retina and therefore XG19 promotes healing in this mouse model of CNV.

Example 17

Syndecan-4 expression in human retinal sections

XG19 has a high affinity for the cell surface protein Syndecan-4 facilitating cellular uptake.
Human retinal donor tissues were sectioned and labelled for Syndecan-4 expression (Fig.
19). The unlabelled sections used as an antibody control showed some background
fluorescence in the RPE layer due to autofluorescent pigment present in these cells (AF488
panel, Fig. 19). This was also seen in the sections labelled for Syndecan-4 (white area of
AF488 panel of Syndecan-4 labelled sections, Fig 10); however, the labelling was more
prominent covering the entirety of the RPE suggesting true Syndecan-4 labelling.
Furthermore, Syndecan-4 labelling was also observed in the choroid, in particular on
endothelial cells around blood vessels (white area of AF488 panel of Syndecan-4 labelled
sections, Fig. 19). The RPE and choroid are most affected in AMD and therefore the
preferred target sites for XG19. The discovery of expression of Syndecan-4 in these tissues
means that XG19 will be targeted specifically to these cells potentially improving

therapeutic efficacy and reducing any potential side effects.

Example 18

Syndecan-4 and GFAP expression is increased in human diabetic retinopathy tissue
Human donor tissue sections form patients with diabetic retinopathy (DR) and without
(normal) were labelled for Syndecan-4, GFAP and nuclei were stained with DAPI. Sections
were taken from both the macular and paramacular region (Fig. 20 and 21 respectively). In
both the paramacular and macular sections there was increased Syndecan-4 labelling in the
DR tissue compared to the normal tissue. There was also increased labelling in the blood
vessels and in parts of the tissue which showed dysregulation due to blood vessel growth.
Blood vessel growth in DR is poorly regulated and results in the formation of leaky blood
vessels making the tissue ischaemic and hypoxic. The increased Syndecan-4 expression seen

at these sites is indicative of hypoxia in this area. GFAP expression was also increased in
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DR tissue in both macular and paramacular regions. The combination of GFAP and
Syndecan-4 expression in the DR tissue suggests that this tissue is experiencing
inflammation and is injured. Syndecan-4 labelling was also seen in the ILM (Fig. 20) which
is of interest as the ILM can often act as a barrier for drug delivery. It has been proposed that
activated Miiller cells at this site have the potential to improve drug delivery by transporting
drug molecules from the ILM to the outer retina (32). Uptake at the ILM will provide an
advantage for drug delivery. Therefore, the upregulation of Syndecan-4 in this tissue can be

targeted by XG19 in order to reduce inflammation in this area.

Example 19

Syndecan-4 expression is increased in rat models of acute pancreatitis and sepsis

Lung tissues from rat models of acute pancreatitis (AP) and sepsis were labelled for
syndecan-4 and compared to Sham animals. Both disease models result in global
inflammation. The sepsis and AP tissues (Fig. 22 and 23 respectively) had elevated
Syndecan-4 expression compared to the Sham animals. There was increased Syndecan-4
expression in the bronchioles and the alveoli suggesting that the diseases affect the airways.
AP has been known to cause pulmonary complications and hypoxia (27) while severe sepsis
can result secondary complications such as acute respiratory distress syndrome (ARDS)
(28). The upregulation of Syndecan-4 in these tissues provides a target for preferential
uptake during these disease states. Therefore constructs of the invention can be used to

deliver therapeutics to address secondary respiratory complications during sepsis and AP.

Example 20

Syndecan-4 expression is elevated in chronic rhinosinusitis tissue

Chronic rhinosinusitis (CRS) is an inflammatory condition which affects the sinus.
Blockages in the sinus caused by inflammation, allergy, or swelling can result in this tissue
becoming hypoxic and worsening the condition (26). The inventors have observed
Syndecan-4 elevation in ocular tissues under these conditions, therefore normal sinus and
CRS human tissue sections were labelled for Syndecan-4 expression. As seen in Fig. 24,
normal sinus tissue showed modest Syndecan-4 labelling with slight elevation around the
glands. Syndecan-4 labelling in CRS tissue showed elevated labelling around the glands and
was widely distributed throughout the tissue. The expression of Syndecan-4 was quantified

by measuring the mean fluorescence intensity of the imaged areas from three normal and
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three CRS tissues (n=3). This showed that CRS tissues had elevated Syndecan-4 expression
compared to normal sinus tissues. This showed that inflamed or hypoxic tissues outside the
eye also have elevated Syndecan-4 expression confirming they are a potential target for drug

delivery using constructs of the invention.

Example 21

Syndecan-4 expression in mouse glioma model

Sections from a mouse model of glioma (tumour) were labelled for Syndecan-4, GFAP
nuclei were stained with DAPI (Fig. 25 and Fig. 25A). In figure 25 the mouse brain tissue
expressed an elevated amount of GFAP due to a large number of activated astrocytes,
indicating inflammation in this area. There is increased elevation where the brain tissue
meets the tumour and can be clearly seen as the tumour does not express GFAP (Fig. 25).
This is because the tumour has completely infiltrated this area of brain tissue, killing any
astrocytes in this area and therefore lacking GFAP expression. There is also increased
elevation of GFAP surrounding a distinct group of cells arising from an extension of the
tumour in the brain tissue. In the Syndecan-4 panel this distinct group of cells has elevated
Syndecan-4 expression similar to what is seen at the interface of the tumour and brain tissue
and within the main body of the tumour. This suggests that the distinct group of cells with
elevated Syndecan-4 in the brain tissue are an extension of the tumour. The elevated GFAP
surrounding these cells suggests that the infiltrating tumour cells are injuring the brain tissue
and causing inflammation. The elevated Syndecan-4 expression at the tumour edge and at
sites of tumour infiltration make tumours an ideal target for uptake of constructs of the

invention.

In figure 25A we see that in the tumour hemisphere blood vessels show elevated Syndecan-
4 and GFAP labelling compared to the adjacent hemisphere. The blood vessel in the adjacent
hemisphere had normal elongated nuclei found along the blood vessel whereas the blood
vessel in the tumour hemisphere contained many nuclei in close proximity suggesting
unregulated proliferation of the blood vessel. This suggested that the blood vessels in the
tumour hemisphere were poorly formed. In the tumour hemisphere the blood vessel and the
surrounding tissue showed elevated GFAP and Syndecan-4 labelling which showed high

inflammation in this area. This also showed that Syndecan-4 is present in the blood brain
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barrier (BBB) especially during injury and therefore constructs of the invention could deliver

therapeutics for brain injury as the constructs will be more readily taken up at these sites.

Example 22

Hypoxic A341 tumours express Syndecan-4

Human A431 tumours grown subcutaneously in mouse flank were excised sectioned and
labelled for Syndecan-4 and nuclei were stained for DAPIL. This tumour model yields
hypoxic tumours. As seen in Fig. 26, Syndecan-4 expression was seen throughout the tumour
tissue. There were elevated areas of Syndecan-4 in the central regions of the tumours which
appeared in distinct cell clusters. Given that this is a tumour hypoxia model it is likely that

Syndecan-4 expression at these sites indicates hypoxic regions of the tumour tissue.

Example 23

Hypoxic SKOV3 tumours express Syndecan-4

Human SKOV3 tumours grown subcutaneously in nude mouse flank to form xenografts
were excised sectioned and labelled for Syndecan-4 and nuclei were stained for DAPL
SKOV3 is a human ovarian carcinoma cell line used frequently in models of oncology drug
development. This tumour model yields hypoxic tumours. As seen in Fig. 27, Syndecan-4
expression was seen throughout the tumour tissue at low levels. There were elevated areas
of Syndecan-4 in the tumour which appeared either in distinct cell clusters or in areas
immediately around the clusters. Given that these tumours are known to be hypoxic it is
likely that Syndecan-4 expression at these sites indicates regions of elevated hypoxia in these

tumours.

The invention has been described herein, with reference to certain preferred embodiments,
in order to enable the reader to practice the invention without undue experimentation.
However, a person having ordinary skill in the art will readily recognise that many of the
components and parameters may be varied or modified to a certain extent or substituted for
known equivalents without departing from the scope of the invention. It should be
appreciated that such modifications and equivalents are herein incorporated as if individually
set forth. The invention also includes all of the steps, features, compositions and compounds
referred to or indicated in this specification, individually or collectively, and any and all

combinations of any two or more of said steps or features.
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Furthermore, titles, headings, or the like are provided to enhance the reader’s

comprehension of this document, and should not be read as limiting the scope of the

present invention.

The entire disclosures of all applications, patents and publications, cited above and below,

if any, are hereby incorporated by reference.

The reference to any prior art in this specification is not, and should not be taken as, an

acknowledgment or any form of suggestion that that prior art forms part of the common

general knowledge.

Throughout this specification, unless the context requires otherwise, the words “comprise”

2

“comprising” and the like, are to be construed in an inclusive sense as opposed to an

exclusive sense, that is to say, in the sense of “including, but not limited to”.
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CLAIMS
What we claim is:
1. A method of targeting delivery of a compound to hypoxic cells in a subject

comprising administering to the subject a construct comprising (a) a targeting carrier

peptide derived from the X-protein of the Hepatitis B virus and (b) the compound.

2. A method of targeting delivery of a compound to hypoxic cells, the method
comprising contacting a construct comprising (a) a targeting carrier peptide derived from
the X-protein of the Hepatitis B virus and (b) the compound with a population of hypoxic

cells.

3. A method of targeting delivery of a compound to hypoxic cells in a mixed
population of hypoxic and non-hypoxic cells, the method comprising contacting a
construct comprising (a) a targeting carrier peptide derived from the X-protein of the
Hepatitis B virus and (b) the compound with a mixed population of cells or a composition

comprising a mixed population of cells.

4. A method of treating a disease or disorder associated with hypoxia comprising
administering to a subject a construct comprising (a) a targeting carrier peptide derived
from the X-protein of the Hepatitis B virus and (b) a therapeutic agent of use in treating the

disease or disorder.

5. A method of treating a disease or disorder of the eye comprising administering to a
subject a construct comprising (a) a targeting carrier peptide derived from the X-protein of
the Hepatitis B virus and (b) a peptide capable of interacting with an intracellular domain

of connexin43 (Cx43).

6. A method according to any one of claims 1 to 5, wherein the targeting carrier

peptide comprises the amino acid sequence LCL (SEQ ID NO: 4).
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7. A method according to any one of claims 1 to 6, wherein the targeting carrier
peptide comprises an amino acid sequence selected from the group consisting of:

LCLRP (SEQ ID NO: 5);

LCLRPV (SEQ ID NO: 2);

LCLRPVG (SEQ ID NO: 6);

LCLRPVGAE (SEQ ID NO: 7);

LCLRPVGAESR (SEQ ID NO: 8);

LCLRPVGAESRGRPYV (SEQ ID NO: 9);

LCLRPVGAESRGRPVSGPFG (SEQ ID NO:10);

and functionally equivalent variants thereof.

8. A method according to any one of claims 1 to 6, wherein the targeting carrier
peptide consists of an amino acid sequence selected from the group consisting of:

LCL (SEQ ID NO: 4);

LCLRP (SEQ ID NO: 5);

LCLRPV (SEQ ID NO: 2);

LCLRPVG (SEQ ID NO: 6);

LCLRPVGAE (SEQ ID NO: 7);

LCLRPVGAESR (SEQ ID NO: 8);

LCLRPVGAESRGRPYV (SEQ ID NO: 9);

LCLRPVGAESRGRPVSGPFG (SEQ ID NO: 10);

and functionally equivalent variants thereof.

0. A method according to any one of claims 1 to 6, wherein the targeting carrier
peptide consists of an amino acid sequence selected from the group consisting of:

LCLX (SEQ ID NO: 11);

XLCL (SEQ ID NO: 12);

XLCLX (SEQ ID NO: 13);

LCLK (SEQ ID NO: 14);

LCLH (SEQ ID NO: 15);

LCLR (SEQ ID NO: 16);

LCLE (SEQ ID NO: 17);

LCLN (SEQ ID NO: 18);



10

15

20

25

30

WO 2018/199777 PCT/NZ2018/050059

-122 -
LCLQ (SEQ ID NO: 19);
VLCLR (SEQ ID NO: 20); or
LCLD (SEQ ID NO: 21);
wherein X is any amino acid.
10. A method according to any one of claims 1 to 5, wherein the targeting carrier

peptide comprises an amino acid selected from the group consisting of’
XCXR (SEQ ID NO: 22);
ICIR (SEQ ID NO: 23); or
VCVR (SEQ ID NO: 24),

wherein X is any hydrophobic amino acid.

11. A method according to any one of claims 1 to 5, wherein the targeting carrier
peptide consists of an amino acid selected from the group consisting of:

XCXR (SEQ ID NO: 22);

ICIR (SEQ ID NO: 23); or

VCVR (SEQ ID NO: 24),

wherein X is any hydrophobic amino acid.

12. A method according to any one of claims 1 to 4 or 6 to 11, wherein the compound
or therapeutic agent is a peptide capable of interacting with an intracellular domain of

connexin43 (Cx43).

13. A method according to claims5 or claim 12, wherein the peptide capable of
interacting with an intracellular domain of connexin43 (Cx43) is capable of inhibiting

interaction of the intracellular C-terminal trail of Cx43 with the intracellular loop of Cx43.

14. A method according to any one of claims 5, 12, or 13, wherein the peptide capable
of interacting with an intracellular domain of Cx43 is capable of inhibiting Cx43

hemichannel opening, preferably without blocking gap junctions.
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A method according to any one of claims 5 or 12 to 14, wherein the peptide capable

of interacting with an intracellular domain of Cx43 comprises an amino acid sequence

selected from the group consisting of’

16.

KQIEIKKFK (SEQ ID NO: 3);

DGVNVEMHLK QIEIKKFKYGIEEHGK (SEQ ID NO: 67);
DGANVDMHLKQIEIKKFKYGIEEHGK (SEQ ID NO: 68);
RPSSRASSRASSRPRPDDLEI (SEQ ID NO: 69);
RQPKIWFPNRRKPWKKRPRPDDLEI (SEQ ID NO: 70);
RPRPDDLEI (SEQ ID NO: 71);

SRPRPDDLEI (SEQ ID NO: 72);

and functionally equivalent variants thereof.

A method according to any one of claims 5 or 12 to 14, wherein the peptide capable

of interacting with an intracellular domain of Cx43 consists of an amino acid sequence

selected from the group consisting of’

17.

KQIEIKKFK (SEQ ID NO: 3);

DGVNVEMHLK QIEIKKFKYGIEEHGK (SEQ ID NO: 67);
DGANVDMHLKQIEIKKFKYGIEEHGK (SEQ ID NO: 68);
RPSSRASSRASSRPRPDDLEI (SEQ ID NO: 69);
RQPKIWFPNRRKPWKKRPRPDDLEI (SEQ ID NO: 70);
RPRPDDLEI (SEQ ID NO: 71);

SRPRPDDLEI (SEQ ID NO: 72);

and functionally equivalent variants thereof.

A method according to any one of claims 4 or 6 to 16, wherein the disease or

disorder associated with hypoxia is cancer.

18.

A method according to any one of claims 4 or 6 to 16, wherein the disease or

disorder associated with hypoxia is stroke.

19.

A method according to any one of claims 4 or 6 to 16, wherein the disease or

disorder is cardiovascular disease.
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20. A method according to claim 19, wherein the cardiovascular disease is selected
from the group consisting of’ cardiac ischemia, pericarditis, myocardial infarction, and

ischemic valve disease.

21. A method according to any one of claims 3 to 16, wherein the disease or disorder of
the eye is selected from the group consisting of: AMD (including wet and/or dry AMD),
diabetic retinopathy, glaucoma, retinal vein and/or branch occlusion, retinal artery
occlusion, retinal stroke, macular oedema, uveitis, blepharitis, severe dry eye syndrome,

diabetic peripheral neuropathy, and optic neuritis.

22. A construct comprising (a) a targeting carrier peptide derived from the X-protein of
the Hepatitis B virus and (b) a peptide capable of interacting with an intracellular domain

of connexin43 (Cx43).

23. A construct according to claim 22, wherein the targeting carrier peptide comprises

the amino acid sequence LCL (SEQ ID NO: 4).

24, A construct according to claim 22 or claim 23, wherein the targeting carrier peptide
comprises an amino acid sequence selected from the group consisting of:

LCLRP (SEQ ID NO: 5);

LCLRPV (SEQ ID NO: 2);

LCLRPVG (SEQ ID NO: 6);

LCLRPVGAE (SEQ ID NO: 7);

LCLRPVGAESR (SEQ ID NO: 8);

LCLRPVGAESRGRPYV (SEQ ID NO: 9);

LCLRPVGAESRGRPVSGPFG (SEQ ID NO:10);

and functionally equivalent variants thereof.

25. A construct according to claim 22 or claim 23, wherein the targeting carrier peptide
consists of an amino acid sequence selected from the group consisting of’

LCL (SEQ ID NO: 4);

LCLRP (SEQ ID NO: 5);

LCLRPV (SEQ ID NO: 2);
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LCLRPVG (SEQ ID NO: 6);

LCLRPVGAE (SEQ ID NO: 7);

LCLRPVGAESR (SEQ ID NO: 8);
LCLRPVGAESRGRPYV (SEQ ID NO: 9);
LCLRPVGAESRGRPVSGPFG (SEQ ID NO: 10);

and functionally equivalent variants thereof.

26. A construct according to claim 22 or claim 23, wherein the targeting carrier peptide
consists of an amino acid sequence selected from the group consisting of’

LCLX (SEQ ID NO: 11);

XLCL (SEQ ID NO: 12);

XLCLX (SEQ ID NO: 13);

LCLK (SEQ ID NO: 14);

LCLH (SEQ ID NO: 15);

LCLR (SEQ ID NO: 16);

LCLE (SEQ ID NO: 17);

LCLN (SEQ ID NO: 18);

LCLQ (SEQ ID NO: 19);

VLCLR (SEQ ID NO: 20); or

LCLD (SEQ ID NO: 21);

wherein X is any amino acid.

27. A construct according to claim 22, wherein the targeting carrier peptide comprises
an amino acid selected from the group consisting of:

XCXR (SEQ ID NO: 22);

ICIR (SEQ ID NO: 23); or

VCVR (SEQ ID NO: 24),

wherein X is any hydrophobic amino acid.

28. A construct according to claim 23, wherein the targeting carrier peptide consists of
an amino acid selected from the group consisting of:

XCXR (SEQ ID NO: 22);

ICIR (SEQ ID NO: 23); or
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VCVR (SEQ ID NO: 24),
wherein X is any hydrophobic amino acid.
29. A construct according to any one of claims 22 to 28, wherein the peptide capable of

interacting with an intracellular domain of connexin43 (Cx43) is capable of inhibiting

interaction of the intracellular C-terminal trail of Cx43 with the intracellular loop of Cx43.

30. A construct according to any one of claims 22 to 29, wherein the peptide capable of
interacting with an intracellular domain of Cx43 is capable of inhibiting Cx43 hemichannel

opening, preferably without blocking gap junctions.

31 A construct according to any one of claims 22 to 30, wherein the peptide capable of
interacting with an intracellular domain of Cx43 comprises an amino acid sequence
selected from the group consisting of’
KQIEIKKFK (SEQ ID NO: 3);
DGVNVEMHLKOQIEIKKFKYGIEEHGK (SEQ ID NO: 67);
DGANVDMHLKOQIEIKKFKYGIEEHGK (SEQ ID NO: 68);
RPSSRASSRASSRPRPDDLEI (SEQ ID NO: 69);
RQPKIWFPNRRKPWKKRPRPDDLEI (SEQ ID NO: 70);
RPRPDDLEI (SEQ ID NO: 71);
SRPRPDDLEI (SEQ ID NO: 72);

and functionally equivalent variants thereof.

32. A construct according to any one of claims 22 to 31, wherein the peptide capable of
interacting with an intracellular domain of Cx43 consists of an amino acid sequence
selected from the group consisting of’
KQIEIKKFK (SEQ ID NO: 3);
DGVNVEMHLKOQIEIKKFKYGIEEHGK (SEQ ID NO: 67);
DGANVDMHLKOQIEIKKFKYGIEEHGK (SEQ ID NO: 68);
RPSSRASSRASSRPRPDDLEI (SEQ ID NO: 69);
RQPKIWFPNRRKPWKKRPRPDDLEI (SEQ ID NO: 70);
RPRPDDLEI (SEQ ID NO: 71);
SRPRPDDLEI (SEQ ID NO: 72);
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and functionally equivalent variants thereof.
33. A nucleic acid encoding a construct according to any one of claims 22 to 32.
34. A nucleic acid vector comprising a nucleic acid encoding a construct according to

any one of claims 22 to 32.
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