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COMPOSITIONS FOR TREATING RESPIRATORY TRACT INFECTION AND
USES THEREQF

FIELD OF THE INVENTION

{0001] The mvention relates generally to cvclic peptides suitable for treating

respiratory tract infection and uses thereof.

BACKGROUND
{0002] Al references, including any patent or patent application cited in this
specification are hercby incorporated by reference to enable full understanding of the
mvention. Nevertheless, such references are not to be read as constituting an admission
that any of these documents forms part of the common general knowledge n the art, in

Australia or in any other country.

[0003] Respiratory tract infections by pathogens such as bacteria and viruses remain a
major giobal health problem with significant sociceconomic costs. Whilst treatment of
bacterial infections of the respiratory tract largely relies on antibiotics, the standard
approach to viral infection remains supportive care and placating symptoms. Whilst such
treatments have shown some efficacy, emerging and re-emerging pathogens contimie to
plaguc humans and non-human populations, attributed at least in part to mutations that
give rise to new sirains with enhanced infectivity and/or resistance to existing
pharmacological iutervention. The lack of timely available antiviral agents, including

vaccines, has alsc made it difficult to contain viral outbreaks globally.

{0004] There are over 200 known serological strains of virus that cause respiratory
tract infection, the most common of which include rhinoviruses (30-30%). Others include
coronaviruses {(10-15%), influenza (5-15%), human parainfluenza viruses, human
respiratory svacvtial virus, adenoviruses, enteroviruses, and metapneumovirus. While
over 30 coronaviruses have been identified, only 3 or 4 are known 10 cause respiratory tract
infection 10 humans. Moreover, coronaviruses are typically difficult to culture in vifro,
making it difficult to stady their function and develop suitable therapies. Coronaviruses

are enveloped, positive-stranded RNA virases that bud from the endoplasmic reticulum-
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Golgi intermediate compartment or the cis-Golgi network. Coronaviruses infect humans
and amimals. The human coronaviruses, 229E, OC43 and the more recently identified
severe acute respiraiory syndrome coronavirus 2 (SARS-CoV-2; see ZhuNeral , 2019 N
fingl J Med. 2020), arc known to be the major causes of respiratory tract mfection and can
cause pneumoma, in particular in older adults, neonates and immunocompromised
individuals. [Hustrative examples of coronaviruses that lead to respiratory tract infection
are described in US patent publication no. 20190389816, the contents of which are

mcorporated herein by reference in their entirety.

{0065] Another pervasive viral infection is caused by human rhinovirus (HRV), which
is a member of the Enterovirus genus in the Picomavindae tamily. HRV can mfect the
upper and lower respiratory tract, including the nasal mucosa, sinuses and middle ear, with
mftections producing symptoms of the comimon cold. Infections are typically self-limiting

and restnicted to the upper airways.

{00006] Some viral infections are also asymptomatic in one person but infectious in
another. In these cases, transmission of the virus can be widespread as the infected person
does not appear iil. Transmission is particularly detrimental in schools, hospitals, nursing

homes and others with susceptible populations living in close quarters.

{0007] There are currently very fow approved antiviral agents for the treatment or
prevention of viral infections of the respiratory tract, including the fhu or the common cold.
These include oseltamivir phosphate (trade name Tamiflu®), zanamivir {(trade name
Relenza®), peramivir (trade name Rapivab®} and baloxavir marboxil (trade name
Xofluza®). Treatment of respiratory tract infections arc typically based on management of
symptoms {e.g., sneezing, nasal congestion, thinorrhea, eye irritation, sore throat, cough,
headaches, fever, chills), typically with over the counter oral antihistamines, aspirin, cough
suppressants, and nasal decongestants. Symptomatic treatment usually involves taking
anti-histamines and/or vasoconstrictive decongestants, many of which have undesirable

side-effects such a drowsiness.

jO008] Hence, there 1s an urgent need for broad-spectrum treatment strategies effective
for alleviating respiratory tract infection by pathogens sach as bacteria and viruses with

limited or nunimal side effects. The present invention solves, or at least partly alleviates
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(5]
;

this problem by providing compositions that are cffective at treating respiratorv tract

mtection, including viral infection,

SUMMARY OF THE INVENTION

{0009] In an aspect disclosed herein, there is provided a method of treating a
respiratory tract infection in a subject, the method comprising administering to a subject in
need thereof a therapeutically effective amount of a peptide of formula (I}, or a
pharmaceutically acceptable salt thereof:

RI-CRSVEGSCG-R® () (SEQ TD NO:1)
wherein
R!is selected from the group consisting of YLRIVQ, LRIVQ, RIVQ, IVQ, V(Q, and Q,
or R!is absent; and

R? is F {phenylalanine), or R? is absent.

{0016] In an embodiment, the peptide 1s selected from the group consisting of
YLRIVQCRSVEGSCGEF (SEQ ID NG:2), LRIVQCRSVEGSCGE (SEG 1D NO:3),
CRSVEGSCG (SEQ ID NO:4) and CRSVEGSCGF (SEQ 1D NO:5).

10011} In another aspect disclosed herein, there is provided a phamaceutical

composition comprising a peptide of formula (), or a pharmaceutically acceptable salt

thereof, for use in the treatment of a respiratory tract infection in a subject:
RI-CRSVEGSCG-R? (I (SEQ IDNO:D)

wherein

R1is selected from the group consisting of YLRIVQ, LRIVQ, RIVQ, IVQ, VQ, and Q,

or R is absent; and

R? is F (phenylalanine), or R? is absent.

j0012] In another aspect disclosed herein, there is provided use of a peptide of formula
(I}, or a pharmaceutically acceptable salt thereof, in the manufacture of a medicament for
the treatment of a respiratory tract mmfection in a subject:

RILCRSVEGSCG-R? () (SEQ ID NO: 1)

wherein
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R!is selected from the group consisting of YLRIVQ, LRIVQ, RIVQ, IVQ, VQ, and G,
or R' is absent; and

R? is F (phenylalanine), or R? is absent.

{0013] In another aspect disclosed herein, there i1s provided a method of treating a
respiratory tract infection in a subject, the method comprising administering to a subject a
therapeutically effective amount of a peptide of formula (II), or a pharmaceutically
acceptable salt thereof’
RI-CRRFVESSC-R? (1) (SEQ ID NO:6)

wherein

Rlis selected from the group consisting of YLRVMK, LRVMEK, RVMK, VMK, MK, and
K, or R! is absent; and

R? is selected from the group consisting of A (alanine) and AF (alanine-phenvlalaning), or

R? is absent.

[0014] In another aspect disclosed herein, there 1s provided a phammaceutical

composition comprising a peptide of formula (1), or a pharmaceutically acceptable salt

thereof, for use in the treatment of a respiratory tract infection in a subject:
RI-CRRFVESSC-R? (1) (SEQ ID NO:6)

wherein

R is selected from the group consisting of YLRVMEK, LRVMK, RVMK, VMK, MK,

and K, or R! is absent; and

R? is selected from the group consisting of A (alanine) and AF (alanine-phenylalanine),

or R? is absent.

{001 5] In another aspect disclosed herein, there 1s provided a use of a peptide of

formula (II), or a phamnaceutically acceptable salt thereof, in the manufacture of a

medicament for the treatment of a respiratory tract infection in a subject:
RLCRRFVESSC-R? (I1) (SEQ ID NO:6)

wherein

R!is selected from the group consisting of YLRVMK, LRVMEK, RVMK, VMK, MK,

and K, or R! is absent; and
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R? is selected from the group consisting of A (alanine) and AF (alanine-phenylalanine),

or R?is absent.

[0016] In an embodiment, the peptide is selected from the group consisting of
YLRVMKCRRFVESSCAF (SEQ ID NO:7), LRVMKCRRFVESSCAF (SEQ ID N(G:8),
CRRFVESSCAF (SEQ 1D NO:9) and CRRFVESSCA (SEQ ID NG 10).

{0017 In another aspect disclosed herein, there is provided a method of treating a
respiratory tract infection in a subject, the method comprising admimistering to a subject in
need thereof a therapeutically effective amount of a peptide of formula (I}, or a

pharmaceutically acceptable salt thergof

1 3 4 5 [ 2
RA-CR-X X PXC-X XX -C-RY (1) (SEQ ID NO-11)

wherem

1! 3 5 6 . . . . . . .
X . X, X, and X is an amino acid residue selected from the group consisting of serine,

alanine, valine, leucine, isoleucine and glycing;
2., .. .

X 1s arginine or lysine;
-4 . . . . .

X is glutamic acid or aspartic acid;

1, .
R is selected from the group consisting of’

S?

HS (SEQ ID NO:12),
GHS (SEQ ID NO:13),
PGHS (SEQ TD NO:14),

APGHS (SEQ ID NO:13),
EAPGHS  (SEQ ID NO:16),
SEAPGHS (SEQID NO:17),
SSEAPGHS (SEQ ID NO:18),
PSSEAPGHS (SEQ ID NO:19),
DPSSEAPGHS (SEQ ID NO:20)and
IDPSSEAPGHS (SEQ ID NO:21).

1,
or R is absent; and
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R is selected from the group consisting of

S,

S8 (SEQ 1D NO:22),
SSK (SEQ TD NO:23),
SSKF (SEQ 1D NO:24),
SSKFS (SEQ 1D NO:25).
SSKFSW (SEQ ID NO:26).
SSKFSWD (SEQ ID NO:27),
SSKFSWDE (SEQ ID NO:28),
SSKFSWDEY (SEQ TD NO:29),

SSKFSWDEYE (SEQ D N30},
SSKFSWDEYEQ  (SEQIDNO:31),
SSKFSWDEYEQY (SEQID NO:32),
SSKFSWDEYEQYK(SEQ ID NG:33),
SSKFSWDEYEQYKK (SEQ ID NG:34), and
SSKFSWDEYEQYKKE (SEQ 1D NO:33),
or R2 is absent;

or a pharmaceutically acceptable salt thereof.

[0018] In another aspect disclosed hercin, there is provided a pharmaceutical
composition comprising a peptide of formula (HI), or a pharmaceutically acceptable salt

thereof, for use in the treatment of a respiratory tract infection in a subject:

1 12 3 4 5 6 3
R-C-R-X -X -P-X -X -X'-X"-C-R* (I} (SEQ ID NO:11)

wherein

I35 5, . . . .. .
X, X, X, and X is an amino acid residue sclected from the group consisting of serine,

alanine, valine, leucine, isoleucine and glycine;
2

X 1s arginine or lysine;
d

X is glutamic acid or aspartic acid;

1, . -
R is selected from the group consisting of:
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HS (SEQ D NO:12),
GHS (SEQ TD NO:13),
PGHS (SEQ ID NO:14),

APGHS (SEQ ID NO:13),
EAPGHS  (SEQID NO:16),
SEAPGHS (SEQ ID NO:17),
SSEAPGHS (SEQ ID NO:18),
PSSEAPGHS (SEQ ID NO:19),
DPSSEAPGHS (SEQ ID NO:20)and
IDPSSEAPGHS (SEQ ID NO:21),

i,
or R 1s absent; and

R is selected from the group consisting of

S,

8S (SEQ ID NO:22),
SSK (SEQ 1D NO:23).
SSKF (SEQ ID NO:24),
SSKFS (SEQ ID NO:25),
SSKFSW (SEQ ID NO:26),
SSKFSWD (SEQ 1D NO:27),
SSKFSWDE (SEQ TD NO:28),
SSKFSWDEY (SEQ ID NO:29),

SSKFSWDEYE  (SEQ ID NO:30),
SSKFSWDEYEQ  (SEQID NO:31),
SSKFSWDEYEQY (SEQ ID NO:32),
SSKFSWDEYEQYK (SEQ ID NO:33),
SSKFSWDEYEQYKK (SEQ ID NO:34), and
SSKFSWDEYEQYKKE (SEQ ID NO:35).

2,
or R is absent.
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{0019] In another aspect disclosed hercin, there 1s provided a use of a peptide of
formula (IH), or a phammaceutically acceptable salt thereof, m the manutacture of a
medicament for the treatment of a respiratory tract infection in a subject:
i 12 345 _6 2
R-C-R-X -X -P-X XX -X-C-R {Ih SEQIDNO:ID

wherein
3

4 -3 ,—5 ,.6 . N . . ~ . . N
X, X, X, and X 1s an amino acid residue sclected from the group consisting of serine,

alanine, valine, leucine, isoleucine and glveing;
2, .. .

X is arginine or lysine;
Y4 - . . . .

X is glutamic acid or aspartic acid;

1, - .
R is selected from the group consisting of’

S,

HS (SEQ D NO:12),
GHS (SEQ ID NO:13),
PGHS (SEQ ID NO:14),

APGHS (SEQ ID NO:13),
EAPGHS  (SEQ ID NO:16),
SEAPGHS (SEQ ID NO:17),
SSEAPGHS (SEQ ID NO:18),
PSSEAPGHS (SEQ TD NO:19),
DPSSEAPGHS (SEQ ID NO:20)and
IDPSSEAPGHS (SEQ ID NO:21),

i,
or R 1s absent; and

2 .
R is selected from the group consisting of

S,

8S (SEQ ID NO:22),
SSK (SEQ ID NO:23).
SSKF (SEQ ID NO:24),
SSKFS (SEQ ID NO:25),
SSKFSW (SEQ ID NO:26),

SSKFSWD (SEQ 1D NO:27),
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SSKFSWDE (SEQ TD NO:28),
SSKFSWDEY (SEQ TD NO:29),

SSKFSWDEYE  (SEQ ID NO:30),
SSKFSWDEYEQ  (SEQID NO:31),
SSKFSWDEYEQY (SEQ ID NO:32),
SSKFSWDEYEQYK (SEQ ID NO:33),
SSKFSWDEYEQYKK (SEQ ID NO:34), and
SSKFSWDEYEQYKKE (SEQ 1D NO:35),

2 .
or R is absent.

{0020] In another aspect disclosed herein, there is provided a method of treating a
respiratory tract infection in a subject, the method comprising admimistering to a subject in
need thercof a therapeutically effective amount of a peptide of formula (IV) or a
pharmaceutically acceptable salt thergof

RI-C-R-1-X1-X;5-X5-X¢-N-C-R2(IV) (SEQ [D NO:40)
wherein
X is an amino acid residue selected from isoleucine (1) and valine (V)
X3 is an amino acid residue selected from histidine (H) and tvrosine (Y},
X3 1s an amino acid residue selected from aspartic acid (D) and asparagine (N};
X4 18 an amino acid residue selected from asparagine (N) and serine (5);
Rl is selected from the group consisting of YLKLLK, LKLLK, KLLK, LLK LL, K or
R!is absent; and

R? is G (glvcine), or R? is absent, or R?is a pharmaceutically acceptable cartier.

{00211 In another aspect disclosed herein, therc is provided a pharmaceutical

composition comprising a peptide of formula (IV) or a pharmaceutically acceptable salt

thereof, for use in the treatment of a respiratory tract infection in a subject:
RI-C-R-1-X1-X2-X3-X4-N-C-R? (IV) (SEGQ ID NO:40)

wherein

X is an amino acid residue selected from isoleucine (I) and valine (V)

X3 is an amino acid residue selected from histidine (H) and tvrosine (Y},

X3 1s an amino acid residue selected from aspartic acid (D) and asparagine (N};
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X4 15 an amino acid residue selected from asparagine (N) and serine (5);
R! is selected from the group consisting of YLKLLK, LKLLK, KLLK, LLK LL Kor
R! is absent; and

R?1is G (glycine), or R? is absent, or R?is a pharmaceutically acceptable carrier.

10022} In ancther aspect disclosed herein, there i1s provided a use of a peptide of

formula (IV) or a pharmaceutically acceptable salt thereof, in the manufacture of a

medicament for the treatment of a respiratory tract infection in a subject:
RI-C-R-1-X-X5-X3-X4-N-C-R? (IV) (SEQ 1D NO:40)

wherein

X1 1s an anmino acid residue selected from soleucime (I and valine (V)

X, 1s an amino acid residue selected from histidine (H} and tyrosine (Y},

X3 1s an amino acid residue selected from aspartic acid (D) and asparagine (N);

X4 1s an amino acid residue selected from asparagime (N} and serine (S);

R is selected from the group consisting of YLKLLK, LKLLK, KLLK, LLK, LL, Kor

R! is absent; and

R?1is G (glycine), or R? is absent, or R?is a pharmaceutically acceptable carrier.

{0023] In an embodiment, the peptide of formula (1V) is sclected from the group
consisting of amino acid sequence CRIIHNNNC (SEQ ID NG:41), CRIIHNNNCG (SEQ
1D NO:42), CRIVYDSNC (SEQ ID NG:43) and CRIVYDSNCG (SEGQ 1D NO:44).

BRIEF DESCRIPTION OF THE FIGURES

[0024] Figure 1 shows that prophviactic and recurrent LAT8881 treatment during
severe TAV infection improves survival. (A) Schematic of Growth Hormone structure
(green, htip//www rcsb.org/structure/1HGU). The synthetic compound LATE881
comprises the short C-terminal region {red) and is cyclised by a disulphide bond between
two cysteine residues as shown. (B, C) Groups of 16 CS7BL/6 mice were treated with
LATE881 (20 mg/kg) via the intranasal route 24 hours prior to mtranasal infection with
105 PFU of HKx31 TAV. Mice received additional LAT888] treatments every 48 hours
following the initial treatment. Uninfected control mice received LATE881 alone and [AV-

infected control mice received PBS alone. (B) Mouse weights were recorded daily and
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results are expressed as mean percent weight change £ SEM. (C) Survival curves are

shown. *¥¥p < 0.001 HKx31 vs HKx31 + LAT888 1, Mantel-Cox log-rank test.

[0025] Figure 2 shows that prophylactic and recurrent LATE881 treatment limits AV
disease severity. Groups of § CS7BL/6 mice were treated with LATE881(20 mg/kg) via
the intranasal route 24 hours prior to intranasal infection with 105 PFU of HKx31 [AV.
Mice received additional LAT8881 treatments every 48 hours following the mitial
treatment. [AV-infected control mice received PBS alone and uninfected controls were
also mncluded for comparison. On day 4 post-infection mice were euthanised. (A) Viral
loads in the lung were measured by a standard plague assay. (B-E) Pro-inflammatory
cytokine levels in BAL tluid were determined by CBA. (F) Levels of 1L-6 1 serum were
determined by CBA. () Total numbers of leukocytes in BAL were determined by viable
cell counts and (H-J) Lv6G+ neutrophils, total CD11c+ I-Ab low macrophages and Ly6C+
mflammatory macrophages in BAL were determuned by flow cytometry. Data presented
as the mean + SEM from 8 mice per group. *p < 0.05, **p<0.01, HKx31 vs HKx31 +
LATE881, Onc-way ANOVA.

{0026] Figure 3 shows that therapeutic LATE88] treatment during severe AV
mftection improves survival. Groups of 16 C57BL/6 mice were infected intranasally with
103 PFU of HKx31 TAV. Mice were treated with LATE881 (20 mg/kg) via the miranasal
route 24 hours following infection and then every 48 hours. IAV-infected control mice
received PBS alone. (A) Mouse weights were recorded daily and results are expressed as
mean percent weight change = SEM. (B} Survival curves are shown. *¥%p < 0.001 HKx31

vs HKx31 + LATS8881, Mantel-Cox log-rank test.

0027] Figure 4 shows that daily therapeutic treatment with LATE881 or LAT9991F
limits FAVY replication and pathology. (A) Schematic of the structure of LAT8881 and its
metabolite LATY991F (red) derived from growth hormone {green). (B-E) Groups of 8
C5TBL/6 mice were mfected intranasally with 105 PFU of HEx31 JAV. (B) Mice were
treated with LAT8881 or LAT9991F (5 or 20 mg/kg) via the intranasal route 24 hours
following nfection and then every 24 hours. {AV-infected control mice received PBS
alone. Survival curves are shown. *p < 0.03 HKx31 vs HKx31 + LATE881 20mg/kg, ##p
< 0.01 HKx31 vs HEKx31 + LAT9991F 20mg/kg Mantel-Cox log-rank test. (C-E) Mice
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were treated with LATE881 or LATY991F (20 mg/kg) via the intranasal route 24 hours
following infection {day +1) and every 24 hours. IAV-infected control mice received PBS
alone. On day 4 post-infection mice were euthanised. () Viral loads in the lung were
measured by a standard plaque assay. (1) Lung tissue wet to dry ratios. (E) Total protein
concentrations of cell-free bronchoalveolar lavage flwid. Data presented as the mean +
SEM from 8 mice per group. *p < 0.05, **p<0.01, HKx31 vs HKx31 + LAT8881 or
LATI991F, One-way ANOVA.

{0028] Figure 5 shows that daily therapeutic treatment with LAT8881 or LAT9991F
hinits cellular infiltration and pro-inflammatory cytokine production. Groups of §
C5TBL/6 mice were infected mtranasally with 105 PFU of HKx31 IAV. Mice were treated
with LATE888]1 or LAT9991F (20 mg/kg) via the intranasal route 24 hours following
mtection and then every 24 hours. 1AV-infected control mice received PBS alone. Oun day
4 post-infection mice were cuthanised. {A-D) Pro-inflammatory cytokine levels in BAL
fluid were determined by CBA . (E) Levels of IL-6 in serum were determined by CBA . (F)
Total numbers of leukocytes in BAL were determined by viable cell counts and (G-D)
Ly6G+ neutrophils, total CDllc+ I-Ab low macrophages and Ly6C+ inflammatory
macrophages in BAL were determined by flow cytometry. Data presented as the mean +
SEM from 8 mice per group. *p < 0.03, **p<0.01, HKx31 vs HKx31 + LATS8881 or
LATOY991F, One-way ANOVA.

DETAILED DESCRIPTION OF THE INVENTION

10029] Unless defined otherwise, all technical and scientific terms used herein have
the same meaning as commonly understood bv those of ordinary skill in the art to which
the invention belongs. Although any methods and materials similar or equivalent to those
described hergin can be used in the practice or testing of the present invention, preferred
methods and materials are described. For the purposes of the present invention, the

following terms are defined below.

{0030] The articles "a" and "an" are used herein to refer to one or to more than one
(i.e., to at least one} of the grammatical object of the article. By way of example, “an

element” means one element or more than one element.
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{0031] As used herein, the term "about" refers to a quantity, level, value, dimension,
size, or amount that vanies by as much as 10% (e.g, by 10%, 9%, 8%, 7%, 6%, 5%

4%, 3%, 2% or 1%} to a reference quantity, level, value, dimension, size, or amount.

{0032] Throughout this specification, unless the context requires otherwise, the words
"comprise", "comprises” and "comprising” will be understood to imply the inclusion of a
stated step or element or group of steps or elements but not the exclusion of any other step

or clement or group of steps or elements.

Peptides of formula (§)

{0033] The present inventor has surprisingly found that peptides of formula (I} (SEQ ID
NQ:1) can alleviate at least some of the symptoms of a3 respiratory tract infection. The
present inventor has also surprisingly found that peptides of formula (I) arc effective at
limiting viral replication / vivo and reducing hyper-inflammation and severe disease
during [AV mfection. Thus, in an aspect disclosed herein, there is provided a methed of
treating a respiratory tract infection 1n a subject, the method comprising administering to
a subject in need thereof a therapeutically effective amount of a peptide of formula (1), or
a pharmaceutically acceptable salt thereof:

RI-CRSVEGSCG-R? () (SEQ ID NO: D)
wherein
R'is selected from the group consisting of YLRIVQ, LRIVQ, RIVQ, IVQ, VQ, and Q,
or R'is absent; and

R? is F (phenylalamine), or R? is absent.

j0034] In a preferred embodiment, the peptide 1s YERIVQCRSVEGSCGF (SEQ D
NO:2). SEQ ID NO:2 (also referred to as AGD9604) 1s the C-terminal fragment of human
growth hormone (hGH) spanning amino acid residues 178192 of hGH (see, e.g.,
GenBank Accession numbers AAA72260.1, AML27033.1 and ADE06645.1), with an

additional tyrosine residue at the N-terminus of the peptide.

0035] In an embodiment disclosed herein, R' is absent. In another embodiment, R? is

absent. In vet another embodiment, R! and R? are absent.
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{0036] In an embodiment disclosed herein, the peptide of formula (I) s from 9 to 16
amino acid residues in length, preferably 9, 10, 11,12, 13, 14, 15 or 16 amino acid residues
inn length. The peptide of formula (!) will typically comprise a disulphide bond between
the two cysteine (C) residues, thereby forming a cyclic peptide between the two cysteine

residues.

[0037] In an embodiment, the peptide of formula (1) is selected from the group
consisting of YLRIVQCRSVEGSCGF (SEQ ID NO:2), LRIVQCRSVEGSCGF (SEQ ID
NQO:3), CRSVEGSCG (SEQ 1D NO:4) and CRSVEGSCGF (SEQ ID NG:3).

{0038] In a preferred embodiment, the peptide of formula (I) s CRSVEGSCG (SEQ
{1 NO:4). In another preferred embodiment, the peptide of formula (I) is CRSVEGSCGF
(SEQ ID NG:3).

Peptides of formula (11}

10039] The present disclosure also extends o non-human variants of the peptides of
formula (1) that have therapeutic properties for treating respiratory tract infection as their
human counterparts. Suitable non-human variants of the peptides of formula {I) will be
familiar to persons skilled in the art, illustrative examples of which are disclosed in WO
20137082667, the contents of which is incorporated herein by reference. Thus, in an aspect
disclosed herein, there i1s provided a method of treating a respiratory tract infection in a
subject, the method comprising administering to a subject in need thereof a therapeutically
effective amount of a peptide of formula (11}, or a pharmacecutically acceptable salt thereof:
RI-CRRFVESSC-R? (I} (SEQ ID NO:6)
wherein
R!is selected from the group consisting of YLRVMK, LRVMK, RVMK, VMK, MK,
and K, or R is absent; and
R? is selected from the group consisting of A (alanine) and AF (alanine-phenylalanine),
or R? is absent. The peptide of formula (II} is representative of a non-human variant of

formula (1}, as 1s found, for example in canine, equine and feline subjects.
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{0040] In an embodiment, the peptide of formula (I} is sclected from the group
consisting of YLRVMKCRRFVESSCAF (SEQ 1D NG.7), LRVMK{CRRFVESSCAF
(SEQ ID NO:8), CRRFVESSCAF (SEQ 1D NO:9) and CRRFVESSCA (SEQ 1D NO:10).

{8041} The peptide of formula (11} is from 9 to 17 amino acid residues in length,
preferably 9, 10, 11, 12, 13, 14, 15, 16 or 17 amino acid residues in length. The peptide of
formula (1) will typically comprse a disulphide bond between the two cystemne (C)
residues, thereby forming a cyclic peptide between the two cysteine residues. In an
cmbodiment, the peptide of formula (11} is selected from the group consisting of
YLRVMKCRRFVESSCAF (SEQ ID NO:7), LRVMKCRRFVESSCAF (SEQ D NO:8),
CRRFVESSCAF (SEQ ID NO:9) and CRRFVESSCA (SEQ ID NOG:10). In an
embodiment, the peptide 1s YLRVMEKCRRFVESSCAF (SEQ ID NG:7). In ancther
embodiment, the peptide is CRRFVESSCAF (SEQ [D NG:9). In another embodiment, the
peptide 1s CRRFVESSCA (SEQ 1D NG: 1),

Peptides of formula (111

{0042] The present disclosure also cxtends to peptides of fonmula (MIf) as having
therapeutic properties for the treatment of respiratory tract infection. Thus, in another
aspect disclosed herein, there is provided a method of treating a respiratory tract infection
inn a subject, the method comprising administering to a subject in need thereof 3

therapeutically effective amount of a peptide of formula (1):

1 12 3 4 5 6 2
R -C-R-X -X -P-X -X -X -X -C-R° (II) (SEQID NO:11)

wherein

O 6, . . . . ) .. ..
X, X, X, and X is an amino acid residue selected from the group congisting of serine,

alanine, valine, leucine, iscleucine and glycing;

X is arginine or lysine;
4
X is glutamic acid or aspartic acid;
1
R is selected from the group consisting of’
S,
HS {(SEQ ID NG: 123,
GHS (SEQ ID NG:13),
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PGHS (SEQ ID NO:14),
APGHS (SEQ ID NG:15),
EAPGHS (SEQ 1D NG:16),
SEAPGHS (SEQIDNOG:1D,
SSEAPGHS (SEQ ID NG:18),
PSSEAPGHS (SEQ ID NG:19),
DPSSEAPGHS (SEQ 1D NO:20)and
IDPSSEAPGHS (SEQ ID NO:21).
or Rl is absent; and

R is selected from the group consisting of

S,

S8 (SEQ 1D NO:22),
SSK (SEQ TD NO:23),
SSKF (SEQ 1D NO:24),
SSKFS (SEQ 1D NO:25).
SSKFSW (SEQ ID NO:26).
SSKFSWD (SEQ ID NO:27),
SSKFSWDE (SEQ ID NO:28),
SSKFSWDEY (SEQ 1D NO:29),

SSKFSWDEYE  (SEQ ID NO:30),
SSKFSWDEYEQ  (SEQ ID NO:31),
SSKFSWDEYEQY (SEQ ID NO:32),
SSKFSWDEYEQYK (SEQ ID NO:33),
SSKFSWDEYEQYKK (SEQ ID NO:34), and
SSKFSWDEYEQYKKE (SEQ ID NO:35),

2
or R is absent.
1 2
[0043] In an embodiment, on¢ or both of R and R further comprises polyethylene

glycol (PEG). The PEG may have a molecular weight in the range of 220 to 5500 Da,
preferably 220 to 2500 Da, or more preferably 570 to 1100 Da.
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0044] In an embodiment, R is absent. In ancther embodiment, R is absent. Inyet
another embodiment, R! and R? are absent.
i
{0045] In an embodiment, R is capped with an N-ternunal capping group. The term

“N-terminal capping group” typically refers to a group that blocks the reactivity of the N-
terminal amino group. Suitable N-terminal capping groups will be tamiliar to persons
skilled n the art, illustrative examples of which include acyl groups that form amide groups
with the N-terminal amino group, for example, the N- terminal capping group forms a -
NHC(O)Ra, where the NH is from the N-terminal amino group and Ra is alkyl, alkenyl,
alkynvl, cycloalkyl or aryl. fn an embodiment, the N-terminal capping group 1s -C(O)CH;

(acyl), forming -NHC(O)CH,
1
{0046] In an embodiment, R is a serine residue (S).

{00471 In another embodiment, R is capped with an C-terminal capping group. The
term “C-terminal capping group” typically refers to a group that blocks the reactivity
of'the C-terminal carboxylic acid. Surtable C-terminal capping groups form amide groups

or esters with the C-terminal carboxylic acid, for cxample, the C-tenminal capping group
forms a ~C(O)NHR?® or ~C{OYOR, b where the C(O) 1s from the C-terminal carboxylic
acid group and R? is hydrogen, alkyl, alkenyl, alkynyl, cycloalkyl or aryl and R is alkvl,

alkenyl, alkynyl, cycloalkyl or aryl. In particular embodiments, the C-terminal capping

group is ~-NH2, forming —-C(O)NH?.

{0048] In an embodiment, R is a serine residue (8).

1 2
[0049] In another embodiment, R 15 a serine residue and R is a serine residue.
[0050] The peptides of formula ({11) can be from 10 to 50 amino acid residues in

length (e.g., 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29,
30,31,32,33,34,35,36,37,38,39,40, 41,42, 43, 44, 45,46, 47, 48, 49 or 50 amino acid
residues in length), preferably 10 to 40 in length, more preferably 10 to 30 in length,
more preferably 10 to 25 in length, or more preferably 10 to 20 m length. It is to be
understood that a cvclic peptide, as herein described, is one 1n which the side chains

of two amine acid residues {typically cysieine residues) react together to form a covalent
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bond or in which the C-terminal carboxylic acid and the N-terminal amine group form

an amide bond, thereby cyclizing the peptide.

{0051 ] In an embodiment disclosed herein, the peptide of formula (3I) has an
amino acid sequence selected from the group consisting of:

SCRSRPVESSC (SEQ ID NO: 36);

CRSRPVESSC (SEQ ID NO: 37);

CRSRPVESSCS {(SEQ ID NO: 38} and
SCRSRPVESSCS  (SEQ ID NG: 39).

43

Peptides of formula (IV)

[0032] The present disclosure also extends to peptides of formula (IV) as having

therapeutic properties for the treatment of respiratory tract infection. Thus, in an aspect

disclosed herein, there 1s provided a method of treating a respiratory tract infection in a

subject, the method comprising administering to a subject in need thercof a therapeutically

effective amount of a peptide of formula (1V) or a pharmaceuatically acceptable salt thereof:
RI-C-R-1-X1-X2-X3-X4-N-C-R? (IV) (SEGQ ID NO:40)

wherein

X is an amino acid residue selected from isoleucine (I) and valine (V)

X3 is an amino acid residue selected from histidine (H) and tvrosine (Y},

X3 1s an amino acid residue sclected from aspartic acid (D) and asparagine (N};

X418 an amino acid residue selected from asparagine (N) and serine (5);

Rl is selected from the group consisting of YLKLLK, LKLLK, KLLK, LLK LL, K or

R!is absent; and

R’ is G (glycine), or R? is absent, or R?is a pharmaceutically acceptable carrier.

{0053] In an embodiment, the peptide of formula (IV) is sclected from the group
consisting of aming acid sequence CRIIHNNNC (SEQ ID NO:41), CRUHNNNCG (SEQ
1D NO:42), CRIVYDSNC (SEQ 1D NO:43) and CRIVYDSNCG (SEQ ID NOG:44). Ina
preferred embodiment, the peptide of formula (JV) is CRIHNNNC (SEQ 1D NO:41D).
SEQ 1D NO:41 (also referred to interchangeably herein as LAT7771) is the C-terminal

fragment of human prolactin (PRL} spanning amino acid residues 219-227 of human
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prolactin precursor (hPRL; sce, e.g., NUCBI Refercnce sequence NP _000939.1 and
NP_001157030).

[0054] The peptides of formulae (f), (8, (HI) and (IV) may be made of naturally
occurring aminge acid residues, proteogenic or non-proteogenic. These amino acids have

L-stercochemistry. Naturally occurring amino acids are set out in Table 1, below.

Table 1
/oo
COH N
i €2

Amino Acid [Three-letter One-letter [Structure of side chain (R)

Abbreviation symbol in {1} above
Alanine Ala A -CH3
Argining Arg R S{(CH2 NHC(ENINHY
Asparagine Asn N -CH2CONH2
‘Aspartic acid Asp D -CHpCOpH
Cysteine Cys C -CH2SH
Glutamine Gin Q -(CH23p2CONH2
Glutamic acid Giu E -(CH2)2CO2H
Glycine Gly G -H
Histidine His H -CH)(4-1midazolyl)
Isoleucine e 1 -CH(CH3)YCH2CH?
Leucine Leu L -CH2CH(CH3)2
Lysine Lys K -(CH2}4NH2
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Methionine Met M -{CH2)2SCH3
Phenylalanine Phe F -CH2Ph
Ornithine Om O -(CH2)3NH?
broline Pro P see formula (2) above for
structure of amine acid
Serine Ser S -CHOH
Threonine Thr T -CH(CH3)OH
Tryptophan Trp W -CH2(3-indolyl)
Tvrosine Tyr Y -CH2(4-hydroxyphenyi)
Valine Val \Y -CH(CH3»
[0035] As used herein, the term "alkyl” refers to a straight chain or branched

saturated hydrocarbon group having 1 to 10 carbon atoms. Where appropriate, the alkyl
group may have a specified number of carbon atoms, for example, Ci-galkyl which
includes alkyl groups having 1, 2, 3, 4, 5 or 6 carbon atoms in a lingar or branched
arrangement. Examples of suitable alkvl groups include, but are not limited to, methyl,
ethyl, n-propyl, i-propyl, n-butyl, i-butvl, t-butyl, n-pentyl, Z-methylbutyl, 3-methyibutyl,
4-methylbutyl, n-hexyl, Z-methylpentyl, 3-methyipentyl, 4- methylpentyl, 3-
methylpentyl, 2-ethylbutyl, 3-cthylbutyl, heptyl, octyl, nony! and decyl.

10056] As used herein, the term "alkenyl" refers to a straight-chain or branched
hvdrocarbon group having one or more double bonds between carbon atoms and having
2 10 10 carbon atoms. Where appropriate, the alkenyl group may have a specified number
of carbon atoms. For example, {2-Cg as in "C2-Caalkenyl" inchudes groups having 2,
3, 4, 3 or 6 carbon atoms in a linear or branched arrangement. Examples of suitable
alkenyl groups include, but are not limited to, ethenyl, propenyl, isopropenyl, butenyl,
butadicnyl, pentenyl, pentadienyl, hexenyl, hexadienyl, heptenvi, octenyl, nonenyl and

decenyl.
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{0057} As used herein, the term "alkynyl" refers to a straight-chain or branched
hvdrocarbon group having one or more triple bonds and having 2 to 10 carbon atoms.
Where appropriate, the alkynyl group may have a specified number of carbon atoms. For
example, C2-Cg as m "C2-Cealkynyl" includes groups having 2, 3, 4, 5 or 6 carbon atoms
in a lingar or branched arrangement. Examples of suitable alkynyl groups include, but

are not limited to ethynyl, propynyl, butynyl, pentynyl and hexynyl.

{0058] As used herein, the term "cycloalkyl" refers to a saturated and unsaturated
(but not aromatic) cyclic hydrocarbon. The cycloalkyl ning may include a specified
number of carbon atoms. For example, a 3 to § membered cycloalkyl group includes 3,
4,5, 6,7 or 8 carbon atoms. Examples of suitable cyeloalkyl groups include, but are not
mited to, cyclopropyl, cyclobutyl, cyelopentyl, cyclopentenyl, cyclohexyl,

cyclohexenyl, cyvclohexadienyl, cycloheptyl and cyclooctyl.

0059] As used herein, the term "arvl" is intended to mean any stable, monocyclic,
bicvelic or tricyclic carbon ring system of up to 7 atoms in cach nng, wherein at least
one ring is aromatic. Examples of such aryl groups include, but are not limited to, phenyl,
naphthyl, tetrahydronaphthyl, indanyl, fluorenyl, phenanthrenyl, biphenyl and
binaphthyl.

[0060] In an embodiment, a disulphide bond is tormed between the two cysteme

residues (C) of formulae (1), (11} and (111).

[0061] The peptides disclosed herein may be made by methods well known to
persons skilied in the art, illustrative examples of which include by solution or solid
phase synthesis using Fmoc or Boc protected amino acid residues and recombinant
techniques as known in the art using standard microbial culture technology, genetically
gngineered microbes and recombinant DNA technology (Sambrook and Russell,

Molecular Cloning: A Laboratory Manual (3" Edition), 2001, CSHL Press).

[0062] In an embodiment, the peptides of formulae (F), (1), (I and {(IV) are formed
as a phamnaceutically acceptable salt. It is to be understood that non-pharmaceutically
acceptable salts are also envisaged. since these may be useful as intermediates in the

preparation of pharmacecutically acceptable salts or may be useful during storage or
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transport. Suitable pharmaccutically acceptabie salts will be familiar to persons skilled in
the art, illustrative examples of which include salts of phamaccutically acceptable
inorganic acids, such as hydrochloric, sulphurnic, phosphoric, nitric, carbonic, boric,
sulfamic, and hyvdrobromic acids, or salts of pharmaccutically acceptable organic acids,
such as acetic, propiomic, butyric, tartaric, maleic, hydroxymaleic, fumaric, maleic, citric,
lactic, mucic, gluconic, benzoic, succinic, oxalic, phenvlacetic, methanesulphonic,
toluenesulphonic, benczenesulphonic, salicylic sulphanilic, aspartic, glutamic, edetic,
stearic, palmitic, oleic, lauric, pantothenic, tannic, ascorbic and valeric acids. IHustrative
examples of suitable base salts include those formed with pharmaceutically acceptable
cations, such as sodium, potassium, lthium, calcium, magnesium, ammonium and
alkvlammmonium. Basic nitrogen-containing groups may be quatemized with such agents
as lower alkyl halide, such as methyi, ethyl, propyvl, and butyl chlornides, bromides and

iodides; dialkyl sulfates hike dimethyl and diethyl sulfate; and others.

[0063] Also disclosed herein are prodrugs comprising the peptides of formulae (1), (1),
(D) or (1Y), or the pharmaceutically acceptable salts thereof. As used herein, a “prodrug”
typically refers to a compound that can be metabolized i vivo to provide the active peptide
of formulae (1), (I}, (I or {(IV), or pharmaceutically acceptable salts thereof. In some
embodiments, the prodrug itself also shares the same, or substantially the same, therapeutic
activity as the peptide of formulae (I}, (i), (IfI) or (IV), or pharmaceutically acceptable

salts thereof, as described elsewhere herein.

[00064] In some embodiments, the peptides of formulac (1), (), () and (IV), or
pharmaceutically acceptable salts thereof, may further comprise a C-terminal capping
group. The term “C-terminal capping group”, as used herein, refers to a group that blocks
the reactivity of the C-terminal carboxvlic acid. Suitable C-tenminal capping groups form
amide groups or esters with the C-terminal carboxylic acid, for example, the C-terminal
capping group forms a ~C(OYNHR? or ~C(0)ORP where the C{0) is from the C-terminal
carboxviic acid group and R® is hydrogen, alkyl. alkenyl, alkynyl, cycloalkyl or aryl and
RY is alkyl, alkenyl, alkynyl, cycloalkyl or aryl. In particular embodiments, the C-terminal
capping group is -NH;, forming ~-C{(O)NH:. In some embodiments, the peptides of

formulae (I} or (I}, or pharmaceutically acceptable salts thereof, comprise 3 C-terminal
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polvethylene glycol (PEG). In an embodiment, the PEG has a molecular weight in the
range of 220 to 5500 Da, preferably 220 to 2500 Da, more preferably 570 to 1100 Da.

{8065] In some embodiments, the peptides of formulae (I}, (), (I} and (IV), or
pharmaceutically acceptable salts thereof, may further comprise an N-terminal capping
group. The term “N-terminal capping group”, as used herein, refers to a group that blocks
the reactivity of the N-terminal ammo group. Suitable N-terminal capping groups are acyl
groups that form amide groups with the N-terminal amino group, for example, the N-
terminal capping group forms a -NHC({O)R? where the NH 1s from the N-terminal amino
group and R? is alkyl, alkenvl, alkynyl, cycloalkyl or aryl. In particular embodiments, the

N-terminal capping group is ~-C{O}CHs (acyl), forming -NHC(O)YCHs.

jO066] In some embodiments, the peptides of formulae (I), (H), (HI) and (IV), or
pharmaceutically acceptable salts thereof, may comprise a C-terminal capping group and
an N-terminal capping group, as herein described. H is to be understood that the peptides
disclosed heremn do not include the full length amino acid sequence of human growth

hormone or of a non-human i1soform thereof

[0067] The peptides of formulae (1), (1), (HI) and {IV}, or pharmaceutically acceptable
salts thereof, as herein described, can be made be any method known to persons skilled in
the art. Hlustrative examples of suitable methods include solution or solid phase synthesis
using Fmoc or Boc protected amino acid residues, recombinant technigues using microbial
culture, genetically engineered microbes, plants and recombinant DNA techuology (sce,
e.g., Sambrook and Russell, Molecular Cloning: A Laboratory Manual (3" Edition), 2001,

CSHL Press).

Methods of treatment

{0068] As descnibed elsewhere herein, the present inventor has surpnsingly found, for
the first time, that a peptide of formula (I) (SEQ ID NO:1) can alleviate symptoms of
respiratory tract infection, including a virus infection. The present inventor has also
surprisingly found that peptides of formula (I} are effective at miting viral replication in
vive and reducing hyper-inflammation and severe disease during 1AV infection. The

peptides of formula (I) can therefore suitably be used to treat, alleviate or otherwise
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abrogate the severity of respiratory tract infection in a subject, including one or more
symptoms thercof, such as ¢levated temperature, sweating, chills, cough and wheezing.
The present disclosure alsc extends to the use of formulae (1), (1) and (1V) for treating
respiratory tract infection. Thus, the peptides of formulae (1), (1), (1I) and (IV), or
pharmaceutically acceptable salts thereof, can also suitably be used to treat, alleviate or
otherwise abrogate the seventy of respiratory tract infection in a subiect, including one or
more symptoms thereof, such as clevated temperature, sweating, chills, cough and

wheezing.

{00691 The terms "treating”, “treatment” and the like, are used interchangeably herein
to mean relicving, reducing, alleviating, ameliorating or otherwise inhibiting the severity
of the respiratory tract infection, including one or more symptoms thereof, such as elevated

temperature, sweating, chills, cough and wheezing.

{0070] The terms "treating", “treatment” and the like alsc include relieving, reducing,
alleviating, ameliorating or otherwisc inhibiting the severity of the respiratory tract
mfection for at least a period of time. It 1s to be understood that terms "treating”,
“treatment” and the hike do not imply that the respiratory tract infection, or a symptom
thereof, is permanently relieved, reduced, alicviated, ameliorated or otherwise inhibited
and therefore extend to the temporary relief, reduction, alleviation, amechoration or
otherwise mhibition of the severity of the respiratory tract infection, or of one or more

symptoms thereof,

10071} The term “subject”, as used herein, refers to a mammalian subject for whom
treatmaent of respiratory tract infection is desired. Hlustrative examples of suitable subjects
mclude primates, especially humans, companion animals such as cats and dogs and the
like, working animals such as horses, donkeys and the like, livestock amimals such as
sheep, cows, goats, pigs and the like, laboratory test animals such as rabbits, mice, rats,
guinea pigs, hamsters and the like and captive wild animals such as those in zoos and

wildlife parks, deer, dingoes and the fike. In an embodiment, the subject is a human,

[0072] It is to be understood that a reference to a subject herein does not imply that the
subiect has a respiratory tract infection, or a symptom thereof, but also includes a subiect

that 1s at nisk of developing a respiratory tract infection, or a svmptom thercof.
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{0073] In an embodiment, the methods disclosed herein comprise administering a
peptide of formula (1), (I), (D) or (IV), or a phammaceutically acceptable salt thereof, toa

human subject.

{0074] The peptides of formula (1), (II), (1) and {IV), or pharmaceutically acceptable
salts thereof, are to be administered in a therapeutically effective amount. The phrase
“therapeutically effective amount” typically means an amount necessary to attain the
desired response. B would be understood by persons skilled in the art that the
therapeutically effective amount of peptide will vary depending upon several factors,
tlustrative examples of which include the health and physical condition of the subject to
be treated, the taxonomic group of subject to be treated, the severnity of the respiratory tract
infection to be treated, the formulation of the composition comprising a peptide of formula
. (L, {dI or (IV), or a pharmaccutically acceptable salt thercof, the route of

administration, and combinations of any of the foregoing,.

{0075] The therapeutically effective amount will typically fall within a relatively
broad range that can be determined through routine trials by persons skilled in the art.
Hlustrative examples of a suitable therapeutically effective amount of the peptides of
formula (1), (I, () and (IV), and phammacecutically acceptable salts thereof, for
admunistration to a human subject include from about 0.001 mg per kg of body weight to
about 1 g per kg of body weight, preferably from about 0.001 mg per kg of body weight to
about 50g per kg of body weight, more preferably from about 0.01 mg per kg of body
weight to about 1.0 mg per kg of bodv weight. In an embodiment disclosed herem, the
therapeutically effective amount of the peptide of formulae (1), (I, (IIF) and/or (IV), and
/ or pharmaceutically accoptable salts thereof, is from about 0.001 mg per kg of body
weight to about 1 g per kg of body weight per dose {e.g, 0.00lmg/kg, 0.005mg/kg,
0.01mg/kg, 0.05mg/kg, Olmgkg, 0.15mgkg, 02mgke, 025mgks, 0.3mgkg,
0.35mg/kg, 0.4mgrkg. 0.45mg/kg, 0.5mg/kg, 0.5mg/kg, 0.55mg/kg, 0.6mg/kg, 0.65mg/kg,
0.7mg/kg, 0.75mg/kg. 0.8mg/ke, 0.85mg/keg, 0.9mg/kg. 0.95mg/ke, Img/ke, 1.5mg/ke,
2mgikg, 2 Smg/kg, 3mg/kg, 3.5mg/kg, 4mg/kg, 4. 5mg/kg, Smg/keg, 5.5mgkg, omgke,
6.5mg/kg, Tmg/kg, 75mgks, 8mgkg, 83mg/kg O9mg/kg 95mg/kg, 10mg/kg,
10.5mg/kg, 1img/ks, 11 5mg/kg 12mg/ks, 12 Smg/kg, 13mg/kg, 13.5mg/ke, 1dmg/kg,
14.5mg/ks, 15mg/ks, 15 5mg/ks, 16mg/ke, 16 5mg/kg, 17mg/ke, 17 5mg/kg, 18mg/kg,
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18.5mg/ks, 19mg/ks, 19 5mg/ks, 20mg/ke, 20 Smg/kg, 2img/ke, 21 5mg/kg, 22mg/kg,
22 5mg/kg, 23mg/ke, 23 5mg/kg, 24mg/kg, 24 Smg/ke, 25mg/ke, 25 3mg/kg, 26mg/kg,
26.5mg/kg, 2Tmg/ke, 27 5mg/ke, 28mg/kg, 28 Smgkg, 29mgikg. 29 Smg/kg. 30me/ke,
35mg/ke, 40ma/ke, 45mg/kg, 50mg/ke, 55mg/ks, 60mg/ks, 65mg/kg, 70mg/kg, 75mg/kg,
&0mg/ke, 853mg/kg, 90mg/ke, 95meglkg, 100mg/ke, 105mg/ke, 110mg/kg of body weight,
efc). In an embodiment, the therapeutically effective amount of the peptides of formulae
(O, db), (D or (1Y), or the pharmaceutically acceptable salts thereof, is from about 0.001
mg to about 50 mg per kg of body weight. Tn an embodiment, the therapeutically cffective
amount of the peptide of formula (I}, (ID), (I} or (1V), and pharmaceutically acceptable
salts thercof, is from about 0.01 mg to about 100 mg per kg of body weight. In an
embodiment, the therapeutically effective amount of the peptide of formula (1), (B, (1D
or (I'V), or pharmaceutically acceptable salts thereof, is from about 0.1 mg to about 10 mg
per kg of body weight, preferably from about 0.1 mg to about 5 mg per kg of body weight,
more preferably from about 0.1 mg to about 1.0 mg per kg of bodv weight. Dosage regimes
may be adjusted to provide the optimum therapeutic response. For example, several
divided doses may be administered daily, weekly, monthly or other suitable time intervals,

or the dose may be proportionally reduced as indicated by the exigencies of the situation.

10076} As noted elsewhere herein, the present inventor has surprisingly found that the
peptides described herein are capable of alleviating symptoms of a respiratory tract
mfection and are effective at himuting viral replication in vivo and reducing hyper-
inflammation and severe disease daring IAV infection. Thus, in an embodiment disclosed
herein, a peptide of formula (}), or a pharmaceutically acceptable salt thercof, is
administered to the subject at a therapeutically effective amount that treats a respiratory
tract infection in the subject. Therapeutic activity in treating a respiratory tract infection
is also ascribed to the peptides of formulae (I}, (1) and (IV). Thus, in an embodiment
disclosed herein, a peptide of formula (1), (111} or (IV), or pharmaceutically acceptable
salts thereof, 1s administered to the subject at a therapeutically effective amount that treats

a respiratory tract infection in the subject.

{00771 In an embodiment disclosed herein, the peptides described herein comprise the

amino acid sequence CRSVEGSCG (SEQ 1D NG:4) or CRSVEGSCGF (SEQ ID NG5y,
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Respiratory tract infection

{0078] Respiratory tract infection (RT1) is typically defined as any infectious disease
of the upper or lower respiratory tract. Upper respiratory tract mfections (URTIs) include
the common cold, laryngitis, pharyngitis/tonsillitis, acute rhinitis, acute rhinosinusitis and
acute otitis media. Lower respiratory tract infections {LRTls} include acute bronchitis,
bronchiolitis, pneumonia and tracheitis. Antibiotics are commonly prescribed for RTls in
adults and children in primary care. RTls are the reason for 60% of all antibiotic
prescribing in general practice, and this constitutes a significant cost to the health system
(NICE Clinical Guidelines, No. 69; Centre for Chinical Practice at NICE (UK), London:
National Institute for Health and Chimical Excellence (UK}; 2008).

[0079] Pathogens that give rise to infection of the upper and/or lower respiratory tracts
in human and non-human sobjects will be known to persons skilled in the art, and include
bacteria and viruses, illustrative examples of which are described in Charlton e af
(Clinical ~ Microbiology  Reviews, 2018,32 (1); ¢00042-18), Popescu er al
(Microorganisms. 2019; 7(11): 521) and Kikkert, M. (J fnnate Immun. 2020; 12(1}; 4-20),
the contenis of which are incorporated herein by reference in their entirety. In an

cmbodiment, the respiratory tract infection 1s a virus infection.

{0080] Viruses that give rise to infection of the respiratory tract in human and non-
human subjects (upper and/or lower respiratory tracts) will be known to persons skilled in
the art, dlustrative examples of which include a picornavirus, a coronaviras, an influenza
virus, a parainfluenza virus, a respiratory syncytial virus, an adenovirus, an enterovirus,
and a metapncumovirus. Thus, in an embodiment disclosed herein, the virus is selected
from the group consisting of a picomavirus, a coronavirus, an influenza virus, a
parainfluenza virus, a respiratory syncytial virus, an adenovirus, an enterovirus, and a
metapneumovirus. I an embodiment, the virus 1s an influenza virus. In another
embodiment, the virus is a coronavirus. [ustrative examples of coronaviruses that give
rise to respiratory tract infection will be fanuliar to persons skilled in the art, dlustrative
examples of which include SARS-CoV-2 as previously deseribed in Zhu Neral, (2019 N

Engl J Med. 2020) and 1n US patent publication no. 20190389816, the contents of which
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are incorporated herein by reference in their entirety. In an embodiment, the virus is SARS-

CoV-2.

{0081] The methods, compositions and uses thereof, as described herein, may be
particularly useful for treating respiratory tract infection in subjects with an underlying
medical condition that would otherwise exacerbate the respiratory tract infection. Such
underlying conditions will be known 1o persons skilled in the art, illustrative examples of
which include chronic obstructive pulmonary disease, asthma, cystic fibrosis, emphysema
and lung cancer. In an embodiment, the subject has a further respiratory condition selected
from the group consisting of chronic obstructive pulmonary disease, asthma, cystic fibrosis
and lung cancer. In another embodiment, the subject 1s immunocompromised, whether as
a result of treatment {e.g., by chemotherapy, radictherapy} or otherwise {e.g., by HIV

infection).

0082] Viral replication of virases in humans typically begins 2 to 6 hours after initial
contact. In some cases, the patient is infectious for a couple of days before the onset of
svmptoms. Symptoms usually begin about 2 to 5 days after imitial infection. Respiratory
tract infection such as the common cold i1s most infectious during the first two to three days
of symptoms. There is currently no known treatment that shortens the duration of a cold.
although symptoms usually resolve spontaneously in about 7 to 10 days, with some
symptoms possibly lasting for up to three weeks. The virus may still be infectious until

symptoms have completely resolved.
Routes of administration

j0083] The peptides of formulae (I), (1), (IIl) and (IV), and pharmaceutically
acceptable salts thereof, may be administered to the subject by any suitable route that
allows for delivery of the peptides to the subject at a therapeutically effective amount, as
herein described. Suitable routes of administration will be known to persons skilled in the
art, illustrative examples of which include enteral routes of administration {e.g., cral and
rectal), parenteral routes of administration, typically by mjection or microinjection {e.g.,
miramuscular, subcutancous, intravenous, epidural, intra-articular, intraperitoneal,
intracisternal or intrathecal) and topical (transdermal or transmucosal) routes of

administration {(e.g., buccal, sublingual, vaginal, intranasal or bv inhalation, mnsuftlation or
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nebulization). The peptides of formulac (I}, (I}, (11} and (IV), and pharmaceutically
acceptable salts thereof, may also switably be administered to the subject as a controlled
release dosage form to provide a controlied release of the active agent(s} over an extended
pertod of time. The term "controlled release” tvpically means the release of the active
ageni(s) to provide a constant, or substantially constant, concentration of the active agent
in the subject over a period of time {(e.g., about eight hours up to about 12 hours, up to
about 14 hours, up to about 16 hours, up to about 18 hours, up to about 20 hours, up to a
day, up to a week, up to a month, or more than a month). Controlled release of the active
agent({s) can begin within a few minutes after administration or after expiration of a delay
pericd (lag time) after administration, as may be required. Suitable controlled release
dosage forms will be known to persons skilled in the art, illustrative examples of which
are described in Anal, A, K. (2010, Conrrolled-Release Dosage Forms. Pharmaceutical

Sciences Encyelopedia. 11:1-46).

[{0084] Without being bound by theory or by a particular mode of application, it may
be desirable to clect a route of adnunistration on the basis of the severity of the respiratory
tract infection or onc or more symptoms thereof. In an embodiment disclosed herein, the
peptides of formulae (1), (1}, (I} and (IV), or pharmaceutically acceptable salts thergof,
are administered to the subject enterally. In an embodiment disclosed herein, the peptides
of formula (), (I), (i) or (JV), or pharmaceutically acceptable salts thereof, are
admmistered to the subject orally. In an embodiment disclosed herein, the peptides of
formula (1}, (1}, (111} or (IV}, or pharmaceutically acceptable salts thereof, are administered
to the subject parenterally. fn another embodiment disclosed herein, the peptides of
formula (1), (IT), ({11} or (IV), or pharmaceutically acceptable salts thereof, are administered

to the subject topically.

j0085] As described elsewhere herem, “fopical” admunistration typically means
application of the active agents to a surface of the body, such as the skin or mucous
membranes, suitably in the form of a cream, lotion, foam, gel, ointment, nasal drop, eve
drop, car drop, transdermal patch, transdermal film {e.g., sublingual film} and the like.
Topical administration also encompasses administration via the mucosal membrane of the
respiratory tract by inhalation or nsufflation. In an embodiment disclosed herein, the

topical admunistration is selected from the group consisting of transdermal and
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transmucosal administration. In an embodiment, the peptides of formula (1), (D), (i) or
(1V), or pharmaceutically acceptable salts thereof, are administered to the subject
transdermally. In an embodiment, the peptides of formulae ), (1), (4 and IV}, and
pharmaceutically acceptable salts thereof, are administered to the subject by inhalation,

insufflation or nebulization.

j0086] In an embodiment, the methods comprise orally administering the peptide of
formula (I}, or a pharmacentically acceptable salt thereof, to a human. In another
embodiment, the methods comprise orally admunistering the peptide of formula (1), or
pharmaceutically acceptable salts thereof, to a non-human subject. fn vet another
embodiment, the methods comprise orally administering the peptide of formula (I}, or a
pharmaceutically acceptable salt thercof, to a non-human subject selected from the group

consisting of a feline, a canine and an equine.

{00871 In an embodiment, the methods comprise crally administering the peptide of
formula (II), or a pharmaceutically acceptable salt thereof, to a human. In another
embodiment, the methods comprise orally administering the peptide of formula (IT), or a
pharmaceutically acceptable salt thercof, to a non-human subject. In yet another
cmbodiment, the methods comprise orally administering the peptide of formula (1), ora
pharmaceutically acceptable salt thereof, to a non-human subject selected from the group

consisting of a feline, a canine and an equine.

{0088] In an embodiment, the methods comprise orally administering the peptide of
formula (1), or a pharmaceutically acceptable salt thereof, to a human. In ancther
embodiment, the methods comprise orally administering the peptide of formula (i), ora
pharmaceutically acceptable salt thereof, to a non-human subject. In vet another
gmbodiment, the methods comprise orally administering the peptide of formula (IH), ora
pharmaceutically acceptable salt thereof, to a non-human subject selected from the group

consisting of a feline, a canine and an equine.

{0089] In an embodiment, the methods comprise orally administering the peptide of
formula (IV), or a pharmaceutically acceptable salt thereof, to a human. In another
gmbodiment, the methods comprise orally administering the peptide of formula (IV), ora

pharmaceutically acceptable salt thercof, to a non-human subject. In vyet another
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embodiment, the methods comprise orally administering the peptide of formula (IV), ora
pharmaceutically acceptable salt thereof, to a non-human subject selected from the group

consisting of a feline, a canine and an equine.

{0090] In an embodiment, the methods comprise administering the peptide of formula
(1), or a pharmaceutically acceptable salt thereof, topically to a human.  In ancther
embodiment, the methods comprise admunistering the peptide of formuia (D), or a
pharmaceutically acceptable salt thereof, topically to a non-human subject. In vet another
embodiment, the methods comprise administering the peptide of formula (I}, or a
pharmaceutically acceptable salt thercof, topically to a non-human subject selected from

the group consisting of a feline, a canine and an equine.

0091 ] In an embodiment, the methods comprise administering the peptide of formula
(I}, or a pharmaceutically acceptable salt thereof, topically to a human. In another
embodiment, the methods comprise administering the peptide of formula (H), or a
pharmaceutically acceptable salt thereot, topically to a non-human subject. In vet another
embodiment, the methods comprise admunistering the peptide of formula (H), or a
pharmaceutically acceptable salt thereof, topically to a non-human subject selected from

the group consisting of a fehine, a canine and an equine.

0092] In an embodiment, the methods comprise administering the peptide of formula
(III}, or a phammaceutically acceptable salt thercof, topically to a human. In another
embodiment, the methods comprise administering the peptide of formuda (I}, or a
pharmaceutically acceptable salt thercof, topically to a non-human subject. In vet another
cmbodiment, the methods comprise administering the peptide of formula (HI), or a
pharmaceutically acceptable salt thereof, topically to a non-human subject selected from

the group consisting of a feline, a canine and an equine.

{0093] In an embodiment, the methods comprise admimistering the peptide of tormula
{1V}, or a pharmaceutically acceptable salt thercof, topically to a human. In ancther
embodiment, the methods comprise administering the peptide of formula (IV), or a
pharmaceutically acceptable salt thereof, topically to a non-human subject. In vet another

gmbodiment, the methods comprise administering the peptide of formula (IV), or a
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pharmaccutically acceptable salt thereof, topically to a non-human subject selected from

the group consisting of a feline, a canine and an equine.

[0094] In another embodiment, the methods comprise administering the peptide of
SEQ ID NQO:2, or a pharmaceutically acceptable salt thereof, orally to a human. In another
embodiment, the methods comprise administering the peptide of SEQ 1D NG:Z, or
pharmaceutically acceptable salts thereof, orally to a non-human subject. In vet another
embodiment, the methods comprise administering the peptide of SEQ ID NO:2, or
pharmaceutically acceptable salts thereof, orally to a non-human subject selected from the

group consisting of a feline, a canine and an equine.

{0095] In another embodiment, the methods compnise admuustering the peptide of
SEQ ID NO:2, or a pharmaceutically acceptable salt thereot, topically to a human. In
another embodiment, the methods comprise administering the peptide of SEQ ID NO:2, or
pharmaceutically acceptable salts thereof, topically to a non-human subject. In yet another
embodiment, the methods comprise administering the peptide of SEQ ID NG:2, or
pharmaceutically acceptable salts thereof, topically to a non-human subject selected from

the group consisting of a fehine, a canine and an equine.

{0096] In another embodiment, the methods comprise administering the peptide of
SEQ IDNO:7, or pharmaceutically acceptable salis thereof, orally to a non-human subject.
In yet another embodiment, the methods compunise administering the peptide of SEQ 1D
NQ:7, or pharmaceutically acceptable salts thereof, orally to a non-human subject selected

from the group consisting of a feline, a canine and an equine.

{0097} In another embodiment, the methods comprise administering the peptide of
SEQ D NO7, or phamaceutically acceptable salts thereof, topically to a non-human
subject. In vet another embodiment, the methods comprise administering the peptide of
SEQ ID NG:7, or pharmaceutically acceptable salts thereof, topically to a non-human

subject selected from the group consisting of a feline, a canine and an equine.

{0098] In another embodiment, the methods comprise administering the peptide of
SEQ 1D NO:36, or pharmacecutically acceptable salts thercof, orally to a non-human

subject. In vet another embodiment, the methods comprise administering the peptide of
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SEQ 1D NO:36, or pharmaceutically acceptable salts thereof, orally to a non-human subject

selected from the group consisting of a feline, a canine and an equine.

[0099] In another embodiment, the methods comprise administering the peptide of
SEQ ID NO:36, or pharmaceutically acceptable salts thereof, topically to a non-human
subject. In yet another embodiment, the methods comprise administering the peptide of
SEQ 1D NG:36, or pharmaceutically acceptable salts thereof, topically to a non-human

subiect selected from the group consisting of a feline, a canine and an equine.

{0106] In another embodiment, the methods comprise administering the peptide of
SEQ 1D NO:41, or pharmaceutically acceptable salts thereof, orally to a non-human
subject. In vet another embodiment, the methods comprise adounistering the peptide of
SEQ ID NO:41, or phammaceutically acceptable salts thereof, orally to a non-human subject

selected from the group consisting of a feline, a canine and an equine.

[0101] In another embodiment, the methods comprise administering the peptide of
SEQ 1D NO:41, or pharmaceutically acceptable salts thereof, topically to a non-human
subject. In vet another embodiment, the methods comprise adounistering the peptide of
SEQ 1D NG:41, or pharmaceutically acceptable salts thereof, topically to a non-human

subiect selected from the group consisting of a feline, a canine and an equine.

{0102] Hustrative examples of topical administration are described elsewhere herein.

In an embodiment, the topical administration is transdermal.

[0163] In an embodiment disclosed hersin, the peptides of formula (1), (1), (III) or
{1V}, or pharmaceutically acceptable salts thereof, are administered to the subject as a
controlled release dosage form, illustrative examples of which are descnibed elsewhere
herein. In an embodiment, the methods comprise administering the peptide of formula (1),
or a pharmaceutically acceptable sait thercof, to a human as a controlled release dosage
form. In another embodiment, the methods comprise administering the peptide of formula
(1}. or pharmaceutically acceptablie salts thereof, to a non-human subject as a controlled
release dosage form. In yet another embodiment, the methods comprise administering the

peptide of formula (I}, or a pharmaceutically acceptable salt thereof, as a controlled release
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dosage form to a non-human subject selected from the group consisting of a feline, a canine

and an equine.

[0104] In another embodiment, the methods comprise administering the peptide of
formula (II), or a pharmaceutically acceptable salt thereof, to a human as a controlled
release dosage form. In another embodiment, the methods comprise administering the
peptide of formula (II}, or a pharmaceutically acceptable salt thereof, to a non-human
subject as a controlled release dosage form. In yet another embodiment, the methods
comprise administering the peptide of formula {11}, or a pharmaceutically acceptable salt
thereof, as a controlied release dosage form to a non-human subject selected from the group

consisting of a feline, a canine and an equine.

[0105] In another embodiment, the methods comprise administering the peptide of
formula (HI), or a phamaceutically acceptable salt thereof, to a human as a controlled
release dosage form. In ancther embodiment, the methods comprise admuinistering the
peptide of formula (HI), or a pharmaceutically acceptable salt thereof, to a non-human
subject as a controlled release dosage form. In vet another embodiment, the methods
comprise administering the peptide of formula (III}. or a pharmaceutically acceptable salt
thereof, as a controlled release dosage form to a non-human subject selected from the group

consisting of a feline, a canine and an equine.

{0106] In another embodiment, the methods comprise adnunistering the peptide of
formula (IV), or a pharmaceutically acceptable salt thereof, 1o a human as a controlled
release dosage form. In another embodiment, the methods comprise administering the
peptide of formula (IV), or a pharmaceutically acceptable salt thercof, to a non-human
subject as a controlled release dosage form. In yet another embodiment, the methods
comprise administering the peptide of formula (1V), or a pharmaceutically acceptable salt
thereof, as a controlled release dosage form to a non-human subject selected from the group

consisting of a feline, a canine and an equine.

{0107] In another embodiment, the methods compnise admuustering the peptide of
SEQ ID NO:2, or a pharmaceuntically acceptable salt thereof, to a human as a controlled
release dosage form. In ancther embodiment, the methods comprise administering the

peptide of SEQ 1D NO:2, or pharmaceutically acceptable salts thercof, to a non-human
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subject as a controlled release dosage form. In yet another embodument, the methods
comprise administering the peptide of SEQ 1D NG:2, or pharmaceutically accepiable salts
thereof, as a controlled release dosage form to a non-human subject selected from the group

congsisting of a fehine, a canine and an equine.

{0108] In ancther embodiment, the methods comprise administering the peptide of
SEQ ID NO:7, or pharmaceutically acceptable salts thereof, to a non-human subject as a
controlled release dosage form. In yet another embodiment, the methods comprise
administering the peptide of SEQ ID NO:7, or phammaceutically acceptable salts thereof,
as a controlled release dosage form to a non-human subject selected from the group
congisting of a feline, a canine and an equine. In an embodiment, the controlled release
dosage form is administered to the subject parenterally, suitable examples of which are

described elsewhere heren.

{0109] In another embodiment, the methods comprise adnmunistering the peptide of
SEQ 1D NO:36, or pharmaceutically acceptable salts thereof, to a non-human subjectas a
controlled release dosage form. In vet another embodiment, the methods comprise
administering the peptide of SEQ ID NO:36, or pharmaceutically acceptable salts thereof,
as a controlled release dosage form to a non-human subject sclected from the group
consisting of a feline, a canine and an equine. In an embodiment, the controlled release
dosage form is administered to the subject parenterally, suitable examples of which are

described elsewhere herein.

10114] In ancther embodiment, the methods comprise administering the peptide of
SEQ 1D NO:41, or pharmaceutically acceptable salts thereof, to a non-human subject as a
controlled release dosage form. In yet another embodiment, the methods comprise
administering the peptide of SEQ ID NO:41, or pharmaceutically acceptable salts thereof,
as a controlled release dosage form to a non-human subject selected from the group
congisting of a feline, a canine and an equine. In an embodiment, the controlled release
dosage form is administered to the subject parenterally, suitable examples of which are

escribed elsewhere herein.

[0111] As noted elsewhere herein, several (fe., multiple) divided doses may be

administered daily, weckly, monthly or other suitable time intervals, or the dose may be
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proportionally reduced as indicated by the exigencics of the situation. Where a course of
multiple doses is required or otherwise desired, it may be beneficial to administer the
peptides. as herein disclosed, via more than one route. For exampie, it may be desirable
to administer a first dose parenterally {(e.g., via mtramuscular, intravenous; subcutancous,
epidural, mtra-articular, mtraperitoneal, intracisternal or intrathecal routes of
administration) to induce a rapid or acute therapeutic effect in a subject, followed by a
subsequent {e.g., second, third, fourth, fifth, erc) dose administered enterally (e.g., orally
or rectally} and/or topically {e.g., via transdermal or transmucosal routes of administration)
to provide continuing availability of the active agent over an extended period subseguent
to the acute phase of treatment. Alternatively, it may be desirable to administer a dose
enterallv {e.g., orally or rectally), followed by a subsequent {e.g., sccond, third, fourth,
fifth, efc) dose admmistered parenterally (e.g, wvia intramuscular, intravenous;
subcutaneous, epidural, intra-articular, intraperitoneal, intracisternal or intrathecal routes
of admimistration) and/or topically (e.g, via transdermal or transmucosal routes of
admimistration). Alternatively, it may be desirable to administer a dose topically {e.g., via
transdermal or transmucosal routes of administration), followed by a subsequent {e.g.,
second, third, fourth, fifth, erc) dose administered parenterally {e.g., via intramuscular,
intravenous; subcutancous, epidural, intra-articular, intraperitoneal, intracisternal or

intrathecal routes of administration) and/or enterally {e.g., orally or rectally).

[0112] The route of admimsiration may suitably be selected on the basis of the type
of infection and symptoms thersof, as discussed elsewhere herein. Alternatively, or in
addition, the route of administration may suitably be sclected having regard to factors such
as the subject’s general health, age, weight and tolerance {or a lack thereof) for given routes
of administration {e.g., where there is a phobia of needles, an altemative route of

administration may be sclected, such as enteral and/or topical).

{0113] It is alsc to be understood that, where multiple routes of administration are
desired, any combination of two or more routes of administration may be used in
accordance with the methods disclosed herein. Hustrative examples of suitable
combinations include, but are not limited to, (in order of admimistration), (a) parenteral-
enteral; (b} parenteral-topical; {¢) parenteral-enteral-topical; {d} parenteral-topical-enteral;

{c) entcral-parenteral; () conteral-topical; () enteral-topical-parenteral; (h) enteral-
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parenteral-topical; (1) topical-parenteral; (j) topical-enteral; (k) topical-parenteral-enteral;
(1) topical-enteral-parenteral; (m) parenteral-enteral-topical-parenteral; (n} parenteral-

enteral-topical-enteral; efc.

[0114] In an embodiment, the methods comprise (1) parenterally administening to the
subiect the peptides or compositions, as disclosed herein, and (i1} non-parenterally (e,
enterally or topically) administering to the subject the peptides or compositions, as
disclosed herein, wherein the non-parenteral (enteral or topical) administration is
subsequent to the parenteral administration. In an embodiment, the parental administration
15 selected from the group consisting of intramuscular, a subcutancous and intravenous. In
a further embodiment, the parental administration is subcutancous. In an embodiment, the

non-parental administration is oral

[0115] In an embodiment, the methods disclosed herein comprise (i) parenterally
administering to a3 human subject the peptide of formula (1), or a pharmaceutically
acceptable salt thereof, and (11) orally administering to the human subject the peptide of
formula (I}, or a pharmaceutically acceptable salt thereof, wherein the oral administration
is subsequent to the parenteral administration. In another embodiment, the methods
disclosed herein comprise (i) parenterally administering to a human subject the peptide of
SEQ ID NG:2, or a pharmaceutically acceptable salt thereof, and (i1) orally administening
to the human subject the peptide of SEQ ID NO:2, or a pharmaceutically acceptable salt
thereof, wherein the oral administration is subsequent to the parenteral admmistration. In
an embodiment, the parental administration is subcutancous. In another embodiment, the

parental administration is intrathecal.

[0116] In an embodiment, the methods disclosed herein comprise (1) parenterally
administering to a non-human subject the peptide of formula (I}, or a pharmaceutically
acceptable salt thereof, and (11} orally administering to the non-human subject the peptide
of formula (I}, or a pharmaceutically acceptable salt thercof, wherein the oral
administration is subsequent to the parenteral administration. In a further embodiment, the
methods disclosed herein comprise (1) parenterally administering to a non-human subject
the peptide of SEQ 1D NG:7, or a pharmaceutically acceptable salt thereof, and (i1) orally

administering (o the non-human subject the peptide of SEQ 1D NO:7, or a pharmaceutically
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acceptable salt thereof, wherein the oral administration is subsequent to the parenteral
admmistration.  In an embodiment, the non-human subject is selected from the group
congisting of a feline, a canine and an equine. In an embodiment, the parental
admmistration is subcutancous. In another cmbodiment, the parental administration is

intrathecal.

[0117] In an embodiment, the methods disclosed herein comprise (1) parenterally
administering to a non-human subject the peptide of formula (1II}, or a pharmaceutically
acceptable salt thereof, and (11} orally administering to the non-human subject the peptide
of formula (i1}, or a phamaceutically acceptable salt thereof, wherein the oral
administration is subsequent to the parenteral administration. In a further embodiment, the
methods disclosed herein comprise (1) parenterally administering to a non-human subject
the peptide of SEQ 1D NO:36, or a pharmaceutically acceptable salt thereof, and (1) orally
admmistering to the non-human subject the peptide of SEQ ID N(:36, or a
pharmaceutically acceptable salt thereof, wherein the oral administration is subseguent to
the parenteral administration. In an embodiment, the non-human subject is selected from
the group consisting of a feline, a canine and an equine. In an embodiment, the parental
administration is subcutancouns. In another embodiment, the parental administration is

intrathecal.

[0118] In an embodiment, the methods disclosed herein comprise (i) parenterally
admmistering to a non-human subject the peptide of formula {(IV), or a phammaceutically
acceptable salt thereof, and (11) orally administering to the non-hwman subject the peptide
of formula (IV), or a pharmaceutically acceptable salt thereof, wherein the oral
administration is subsequent to the parenteral administration. In a further cmbodiment, the
methods disclosed herein compnse (i) parenterallv administening to a non-human subject
the peptide of SEQ ID NG:41, or a pharmaceutically acceptable salt thereof, and (i1) orally
administering to the non-human subject the peptide of SEQ ID N4l or 2
pharmaceutically acceptabice salt thereof, wherein the oral administration is subsequent to
the parenteral administration. In an embodiment, the non-human subject 1s selected from
the group consisting of a feline, a canine and an equine. In an embodiment, the parental
administration is subcutaneous. In another embodiment, the parental administration is

mtrathecal.



WO 2021/184062 PCT/AU2021/050229

-30.

{0119] In a further embodiment, the methods disclosed herein comprise (i)
parenterally administering to a human subject the peptide of formula (), or a
pharmaceutically acceptable salt thereof, and (i) topically administering to the human
subject the peptide of formula (I}, or a pharmaceutically acceptable salt thercof, wherein
the topical admnistration is subsequent to the parenteral administration. In a further
embodiment, the methods disclosed hergin comprise (i} parenterally administering to a
human subject the peptide of SEQ 1D NGO:2, or a pharmaceutically acceptable salt thereof,
and (i1} topically administering to the human subject the peptide of SEQ 1D NO:2, ora
pharmaceutically acceptable salt thereof, wherein the topical administration is subsequent

to the parenteral admimistration.

10126] In a further embodiment, the methods disclosed herein comprise (i)
parenterally administering to a non-human subject the peptide of formula (I), or a
pharmaceutically acceptable salt thereof, and (1) topically administering to the non-human
subiect the peptide of formula (11}, or a pharmaceutically acceptable salt thereof, wherein
the topical administration is subsequent to the parenteral administration. In a further
embodiment, the methods disclosed hercin comprise (i) parenterally administering to a
non-liman subject the peptide of SEQ ID NG:7, or a pharmaceutically acceptable salt
thereof, and (i1) topically administering to the non-human subject the peptide of SEQ 1D
NO:7, or a pharmaceutically acceptable salt thercof, wherein the topical administration is

subsequent to the parenteral adminisiration.

{0121 In a further embodiment, the methods disclosed herein comprise (i)
parenterally administering to a non-homan subject the peptide of formula (), or a
pharmaceutically acceptable salt thereof, and (i1} topically administering to the non-human
subject the peptide of formula (TH), or a pharmaceutically acceptable salt thereof, wherein
the topical administration is subsequent to the parenteral administration. In a further
embodiment, the methods disclosed herein comprise (i) parenterally adminisiering to a
non-human subject the peptide of SEQ 1D NO:36, or a pharmaceutically acceptable salt
thereof, and (i) topically administering to the non-human subject the peptide of SEQ ID
NQ:36, or a pharmaceutically acceptable salt thereof, wherein the topical administration is

subsequent tc the parenteral administration.
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{0122] In a further embodiment, the methods disclosed herein comprise (i)
parenterally administering to a non-human subject the peptide of formula (IV), or a
pharmaceutically acceptable salt thereof, and {i1) topically administering to the non-human
subject the peptide of formula (IV), or a pharmmaceutically acceptable salt thercof, wherein
the topical admnistration is subsequent to the parenteral administration. In a further
embodiment, the methods disclosed hergin comprise (i} parenterally administering to a
non-human subject the peptide of SEQ 1D NO:41, or a phamaceutically acceptable salt
thereof, and (i1} topically administering to the non-human subject the peptide of SEQ ID
NQ:41, or a pharmaceutically acceptable salt thereof, wherein the topical administration is

subsequent to the parenteral administration.

{0123] In an embodiment, the non-human subject is selected from the group consisting
of a feline, a canine and an equine. In an embodiment, the parenteral route of adninistration
1s subcutancous. In another embodiment, the topical route of administration 1s transdermal.
In another embodiment, the parenteral administration is subcutanecus and the topical

administration is transdermal.

10124] Alternatively, or in addition, the peptides and compositions as herein described
may suttably be administercd as a controlled release dosage form.  Thus, in an
embodiment, the methods comprise (1) parenterally admimstering to the subject the
peptides or compositions, as disclosed herein, and {11} administering to the subject the
peptides or compositions, as disclosed herein, as a controlled release dosage form, wherein
the controlled release dosage form is administered subsequent to the parenteral
administration. In another embodiment, the methods compnse (i} non-parenterally
{enterally or topically) administering to the subject the peptides or compositions, as
disclosed herein, and (i) administering to the subject the peptides or compositions, as
disclosed herein, as a controlled release dosage form, wherein the controlled release dosage
form is administered to the subject subsequent to the non-parenteral administration. In vet
another embodiment, the methods comprise (i) enterally administering to the subject the
peptides or compositions, as disclosed herein, and (11) administering to the subject the
peptides or compositions, as disclosed herein, as a controlled release dosage form, wherein
the controlled release dosage form is administered to the subject subsequent to the enteral

administration.  In yet another cmbodiment, the methods comprise (i) topically
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administering to the subject the peptides or compositions, as disclosed herein, and (i1)
admimistering to the subject the peptides or composttions, as disclosed herein, as a
controlled relcase dosage form, wherein the controlled release dosage form is administered
to the subject subsequent to the topical administration. In a preferred embodiment, the

controlled release dosage form is formulated for parenteral administration.
Pharmaceutical compositions

{0125] The peptides of formulac (§), (Ih), (I} and (IV), or phammaccutically
acceptable salts thereof, may be formulated for administration to a subject as a neat
chemical. However, in certain embodiments, it may be preferable to formulate the peptides
of formulae (1), (), (Ifl) and (IV), and pharmaceutically acceptable salts thercof, as a
pharmaceutical composition, including veterinary compositions. Thus, in another aspect
disclosed herein, there is provided a pharmaccutical composition comprising a peptide of
formula (1}, or a pharmaceutically acceptable salt thereof, as described herein, for use n

the treatment of a respiratory tract mmfection in a subject:

RI-CRSVEGSCG-R? (H(SEQ IDNO: D)
wherein
R is selected from the group consisting of YLRIVQ, LRIVQ, RIVQ, IV(Q, VQ, and Q,
or R} is absent; and

R? is F (phenylalanine), or R? is absent.

[0126] In an embodiment, the peptide is sclected from the group consisting of
YLRIVQCRSVEGSCGE (SEQ ID NG:2), LRIVQCRSVEGSCGE (SEQ 1D NO:3),
CRSVEGSCG (SEQ ID NO:4) and CRSVEGSCGF (SEQ ID NG:5).

{6127] In an embodiment, the peptide is YLRIVQUCRSVEGSCGF (SEQ 1D NQO:2).
In an embodiment, the peptide is CRSVEGSCG (SEQ ID NG:4). In an embodiment, the
peptide is CRSVEGSCGF (SEQ 1D NO:S).

[0128] In another aspect disclosed herein, there is provided use of a peptide of formula
(1), or a pharmaceutically acceptable salt thereof, as described herein, in the manufacture

of a medicament for the treatment of a respiratory tract infection in a subject:
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RI-CRSVEGSCG-R? (H(SEQ IDNO: D)
wherein
R!is selected from the group consisting of YLRIVQ, LRIVQ. RIVQ, IVQ, VQ, and Q,
or R!is absent; and

R?is F (phenylalanine}, or R? is absent.

[0129] In an embodiment, wherein the peptide is selected from the group consisting
of YLRIVQCRSVEGSCGF (SEQ ID NO:2), LRIVQCRSVEGSCGF (SEQ 1D NO:3),
CRSVEGSCG (SEQ ID NO:4) and CRSVEGSCGF (SEQ 1D NO:5). In an embodmment,
the peptide s YLRIVQCRSVEGSCGF (SEQ 1D NO:2). In an embodiment, the peptide
is CRSVEGSCG (SEQ ID NG:4). In an embodiment, the peptide 1s CRSVEGSCGF (SEQ
1D NO:5).

[0130] In another aspect disclosed hergin, there is provided a pharmaceutical
composition comprising a peptide of formula (1), or a pharmaceutically acceptable salt

thereof, for use in the treatment of a respiratory tract mfection in a subject:

RI-CRRFVESSC-R? (D) (SEQ ID NO:6)
wherein
R is selected from the group consisting of YLRVMEK, LRVMK, RVMK, VMK, MK,
and K, or R! is absent; and
R? is selected from the group consisting of A (alanine) and AF (alanine-phenylalanine),

or R? is absent.

[0131] In an embodiment, the peptide 1s selected from the group consisting of
YLRVMKCRRFVESSCAF (SEQ ID NG.7), LRVMKCRRFVESSCAF (SEQ 1D NO:8B),
CRRFVESSCAF (SEQ ID NO:9) and CRRFVESSCA (SEQ 1D NO:10),

{0132] In an embodiment, the peptide 1s YLRVMEKCRRFVESSCAF (SEQ ID NQO:7).
In an embodiment, the peptide 1s CRRFVESSCAF (SEQ ID NG:9). In an embodiment,
the peptide 1s CRRFVESSCA (SEQ 1D NO:10).
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{0133] In another aspect disclosed herein, there is provided a use of a peptide of
formula (I}, or a phamaceutically acceptable salt thereof, in the manufacture of a

medicament for the treatment of a respiratory tract infection in a subject:

RI-CRRFVESSC-R? (I} (SEQ ID NQO:6)
wherein
R is selected from the group consisting of YLRVMEK, LRVMK, RVMK, VMK, MK, and
K, or R is absent; and
R? is selected from the group consisting of A (alanine) and AF (alanine-phenylalanine), or

R2 is absent.

[0134] In an embodiment, the peptide is sclected from the group consisting of
YLRVMECRRFVESSCAF (SEQ ID NO.7), LRVMKCRRFVESSCAF (SEQ ID NO:8),
CRRFVESSCAF (SEQ ID NO:9y and CRRFVESSCA (SEQ ID NO:10). In an
embodiment, the peptide 13 YLRVMEKCRRFVESSCAF (SEQ 1D NGO7). In an
embodiment, the peptide 1s CRRFVESSCAF (SEQ ID NO:9). In an embodiment, the
peptide 1s CRRFVESSCA (SEQ 1D NO: 10).

[0135] In another aspect disclosed herein, there is provided a pharmaceutical
composition comprising a peptide of formula (HI), or a pharmaceutically acceptable salt

thereof, for use in the treatment of a respiratory tract infection in a subject:

1 1 2 3 4 5 [ 2
R -C-R-X -X -P-X -X -X -X -C-R (I} (SEQID NO:11)

wherein
Xi, XJ, XD, and Xb is an amino acid residue selocted from the group consisting of serine,
alanine, valine, leucine, isoleucine and glycine;
X is arginine or lysing;

4
X is glutamic acid or aspartic acid;

1 .
R s selected from the group consisting of:
S,
HS (SEQ ID NG:12),
GHS (SEQ ID NG:13),
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PGHS (SEQ ID NO:14),
APGHS (SEQ ID NG:15),
EAPGHS (SEQ 1D NG:16),
SEAPGHS (SEQIDNOG:1D,
SSEAPGHS (SEQ ID NG:18),
PSSEAPGHS (SEQ ID NG:19),
DPSSEAPGHS (SEQ 1D NO:20)and
IDPSSEAPGHS (SEQ ID NO:21).
or Rl is absent; and

R is selected from the group consisting of

S,

S8 (SEQ 1D NO:22),
SSK (SEQ TD NO:23),
SSKF (SEQ 1D NO:24),
SSKFS (SEQ 1D NO:25).
SSKFSW (SEQ ID NO:26).
SSKFSWD (SEQ ID NO:27),
SSKFSWDE (SEQ ID NO:28),
SSKFSWDEY (SEQ 1D NO:29),

SSKFSWDEYE  (SEQ ID NO:30),
SSKFSWDEYEQ  (SEQ ID NO:31),
SSKFSWDEYEQY (SEQ ID NO:32),
SSKFSWDEYEQYK (SEQ ID NO:33),
SSKFSWDEYEQYKK (SEQ ID NO:34), and
SSKFSWDEYEQYKKE (SEQ ID NO:35),

2,
or B is absent.

[0136] In another aspect disclosed herein, there is provided use of a peptide of
formula (1), or a phammaccuticallv acceptable salt thereof, in the manufacture of a

medicament for the treatment of a respiratory tract infection in a subject:



WO 2021/184062

wherein

PCT/AU2021/050229

1 12 3 4 5 6 3
R-C-R-X -X -P-X -X -X'-X"-C-R’ (I} (SEQ ID NO:11)

1.3 5 5
X, X, X, and X is an amino acid residue sclected from the group consisting of serine,

alanineg, valine, leucine, iscleucing and glycine;

2
X 1s argininge or EYSH’HG;

4 . . .
X is glutamic acid or aspartic acid;

l . v . o~
R is selected from the group consisting of:

S.

HS

GHS
PGHS
APGHS
EAPGHS
SEAPGHS

(SEQ ID NQO:12),
(SEQ ID NO:13),
(SEQ 1D NO: 14),
(SEQ ID NO:15),
(SEQ ID NO:16),
(SEQ ID NO:17),

SSEAPGHS (SEQ ID NO:18),
PSSEAPGHS (SEQ ID NO: 19),
DPSSEAPGHS (SEQ ID NO:20) and
[DPSSEAPGHS (SEQ 1D NO:21),

i,
or R 1s absent; and

2 .. o
R is selected from the group consisting of

S,

)

SSK

SSKF
SSKFS
SSKFSwW
SSKFSWD

SSKFSWDE
SSKFSWDEY
SSKFSWDEYE

(SEQ ID NO:22),
(SEQ 1D NO:23),
(SEQ TD NO:24),
(SEQ ID NO:25),
(SEQ 1D NO:26).
(SEQ 1D NO:27).
(SEQ ID NO:28),
(SEQ ID NO:29),
(SEQ 1D NO:30),
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SSKFSWDEYEQ  (SEQID NO:31),
SSKFSWDEYEQY (SEQ ID NO:32),
SSKFSWDEYEQYK(SEQ 1D NO:33),
SSKFSWDEYEQYKK (SEQ 1D NO:34), and
SSKFSWDEYEQYKKE (SEQ ID NO:35),

2 .
or B is absent.

{6137} In an embodiment disclosed herein, the peptide of formula (1) has an amino

acid sequence sclected from the group consisting of:

SCRSRPVESSC  (SEQ 1D NO: 36);
CRSRPVESSC (SEQ ID NO: 37):;

CRSRPVESSCS  (SEQ ID NO: 38); and
SCRSRPVESSCS  (SEQ ID NO: 39).

[0138] In another aspect disclosed hergin, there 1s provided a pharmaceutical
composition comprising a peptide of formula {(IV} or a pharmaceutically acceptable salt

thereof, for use in the treatment of a respiratory tract mfection in a subject:

RI-C-R-1-X-X;-X3-X4-N-C-R2(IV) (SEQ ID NO:40)
wherein
X1 is an amino acid residue selected from isoleucine (I) and valine (V)
X7 1s an amino acid residue selected from histidine (H) and tyrosine (Y},
X3 1s an amino acid residue selected from aspartic acid (D) and asparagine (N};
X4 18 an amino acid residue selected from asparagine (N) and sering (8);
R!is selected from the group consisting of YLKLLK, LKLLK, KLLK, LLK, LL, Kor
R!is absent; and

R?is G (glycine), or R? is absent, or R?is a pharmaceutically acceptable carrier.

[0139] In another aspect disclosed herein, there is provided a use of a peptide of
formula (IV) or a pharmaceutically acceptable salt thereof, in the manufacture of a

medicament for the treatment of a respiratory tract infection in a subject:

RI-C-R-1-X1-X2-X3-X4-N-C-R2 (IV) (SEQ ID NO:40)
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wherein

X1 is an amino acid residue selected from isoleucine (1) and valine (V)

X3 is an amino acid residue selected from histidine (H) and tvrosine (Y},

X3 1s an amino acid residue selected from aspartic acid (D) and asparagine (N};

X4 18 an amino acid residue selected from asparagine (N) and serine (5);

R!is selected from the group consisting of YLKLLK, LKLLK, KLLK, LLK LL Kor
Rl is absent; and

R?is G (glycine), or R? is absent, or R?is a pharmaceutically acceptable carrier.

{0140] In an embodiment, the peptide of formula (1V) is selected from the group
consisting of amino acid sequence CRIHNNNC (SEQ 1D NO:41), CRHHNNNCG (SEQ
1D NO:42), CRIVYDSNC (SEQ ID NO:43) and CRIVYDSNCG (SEQ 1D NO:44).

[0141] As noted elsewhere herein, the peptides of formulae (I}, (1), (I} and (IV), or
pharmaceutically acceptable salts thercof, mav be administered together, ecither
sequentially or in combination {¢.g., as an admixture}, with one or more other active agents
appropriate to the underlving condition to be treated. For example, the compositions
disclosed herein may be formulated for administration together, etther sequentially or in
combination {(e.g., as an admixture), with one or more vaccine compositions aimed at
raising an immune response against the pathogen or the suspected pathogen towards which
the treatment is targeted. Combination treatments of this nature can be advantageous, for
example, by alleviating the respiratory tract infection or a symptom thereof while also

raising an mmune response to the pathogen in the subject to combat further infection.

{0142] In an embodiment, the composition further comprises a pharmmaceutically
acceptable carrier, excipient or diluent, as described elsewhere herein. In an embodiment,

the composition is formulated for oral administration.

[0143] Hiustrative examples of suitable pharmaceutical formulations inciude those
suitable for emteral or parenicral administration, illustrative examples of which are
described elsewhere herein, including oral, rectal, buccal, sublingual, vagmal, nasal,
topical (e.g.. transdermal), mtramuscular, subcutancous, intravenous, epidural, ntra-

articular and intrathecal.
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{0144] The peptides of formulae (1), (Ih, (Il and (1V), or pharmaceutically
acceptable salts thereof, may suifably be prepared as pharmaceutical compositions and unit
dosage forms to be emploved as solids {e.g, tablets or filled capsules) or hiquids (e.g.,
solutions, suspensions, emulsions, clixirs, or capsules filled with the same) for oral use, in
the form of ointments, suppositories or enemas for rectal administration, in the form of
sterile injectable solutions for parenteral use {e.g., imtramuscular, subcutaneous,
infravenous, epidural, intra-articular and intrathecal administration}; or in the form of
ointments, lotions, creams, gels, patches, sublingual strips or films, and the like for
parenteral {e. g, topical, buccal, sublingual, vaginal) administration. In an embodiment, the
peptides of formulae (1), (41}, (1) and {4V}, or pharmaceutically acceptable salts thereof,
arc formulated for topical (e.g., transdermal) delivery. Suitable transdermal delivery
svstems will be famihar to persons skilled in the art, illustrative examples of which are
described by Prausnitz and Langer (2008; Nature Biotechnol 26(11):1261-1268), the
contents of which are incorporated herein by reference. In another embodiment, the
peptides of formulae (I}, (1), (Il1) and (IV), or pharmaceutically acceptable salts thereof,
are formuulated for sublingual or buccal delivery. Suitable sublingual and buccal delivery
svstems will be familiar to persons skilled in the ant, tHustrative examples of which include
dissolvable strips or films, as described by Bala er af. (2013; It J Pharm. Investig.

3(23.67-76), the contents of which are incorporated herein by reference.

[0145] Suitable pharmaceutical compositions and umt dosage forms thereof may
comprise conventional ingredients in conventional proportions, with or without additional
active compounds or principles, and such unit dosage forms may contain any suitable
effective amount of the active ingredient commensurate with the intended daily dosage
range to be emploved. The peptides of formulae (1), (1D, (IIf) and (IV), or pharmaceutically
acceptable salts thereof, as described herein, can be formulated for administration ina wide
varicty of enteral, topical and/or parenteral dosage forms. Suitable dosage forms may
comprise, as the active component, either a peptide of formula (I}, a peptide of formula
(11}, a peptide of formula (I}, a peptide of formula (1V), pharmaceutically acceptable salts

thereof, or combinations of any of the foregoing, as herein described.

10146] In an embodiment, the composition is formulated for oral administration to a

human. In another embodiment, the composition is formulated for oral administration to
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a non-human subject. In yet another embodiment, the composition is formulated for oral
administration to a non-human subject selected from the group consisting of a feline, a

canine and an equine.

[0147] In another embodiment, the composition is formulated for parenteral
administration to a human. In ancther embodiment, the composition 1s formulated for
parenteral administration to a non-human subject. In vet another embodiment, the
composition is formulated for parenteral administration to a non-human subject selected
from the group consisting of a feline, a canine and an equine. In an embodiment, the

parenteral administration is subcutaneous administration.

[0148] In another ombodmment, the composition is formulated for topical
admmistration to a human. In another embodiment, the composition 1s formulated for
topical administration to a non-human subject. In yet another embodiment, the
composition is formulated for topical administration to a non-human subject selected from
the group consisting of a feline, a canine and an equine. In an embodiment, the topical

administration 1s transdermal.

[{0149] In another embodiment, the composition 1s formulated as a controlled release
dosage form to be administered to a human. In another embodiment, the composition is
formulated as a controlled release dosage form to be administered o a non-human subject.
In vet another embodiment, the composition is formulated as a controlled release dosage
form to be administered to a non-human subject selected from the group consisting of a
feline, a canine and an equine. Hlustrative examples of suitable controlied release dosage

forms are described elsewhere herein.

[0150] For preparing pharmaceutical compositions of the peptides of formulac (1),
(I), () and (IV), or pharmaceutically acceptable salts thereof, pharmaceutically
acceptable carriers can be either solid or hqud  Hlustrative examples of solid form
preparations include powders, tablets, pills, capsules, cachets, suppositories, and
dispersible granules. A solid carrier can be one or more substances which may also act as
diluents, flavouring agents, solubilizers, lubncants, suspending agents, binders,
preservatives, tablet disintegrating agents, or an encapsulating material. In powders, the

carnier may be a finely divided solid which is in a mixture with the finely divided active
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component. In tablets, the active component may be mixed with the carrier having the
necessary binding capacity in suitable proportions and compacted in the shape and size

desired.

[0151] In some embodiments, the powders and tablets contain from five orten to about
seventy percent of the active compound. Hlustrative examples of suitable carriers include
magnesium carbonate, magnesium siearate, tale, sugar, lactose, pectin, dexinn, starch,
gelatin, tragacanth, methylcellulose, sodium carboxymethylcellulose, a low melting wax,
cocoa butter, and the like. The term "preparation” is intended to include the formulation
of the active compound with encapsulating material, providing a capsule in which the
active component, with or without carners, is surrounded by a carrier. Similarly, cachets
and lozenges are also envisaged hercin. Tablets, powders, capsules, pills, cachets, and

lozenges can be used as solid forms suitable for oral administration.

[0152] For preparing suppositorics, a low melting wax, such as admixture of tatty acid
glycenides or cocoa butter, is first melted and the active component 1s dispersed
homogeneously therein, as by stirming.  The molten homogenous mixture is then poured

into convenient sized molds, allowed to cocl, and thereby to solidify.

[0153] Formulations suitable for vaginal administration may be presented as
pessaries, tampons, creams, gels, pastes, foams or sprays containing in addition to the

active ingredient such carriers as arc known 1in the art to be appropriate.

{0154] Liguid form preparations include solutions, suspensions, and emulsions, for
example, water or water-propylenc glycol solutions. For example, parenteral injection

liquid preparations can be formulated as solutions in agueous polyethylene glycol solution.

{8155] The peptides of formulas (1), (D, (I} and (IV), or pharmaceutically
acceptable salts thereof, as described herein, may be formulated for parenteral
administration {e.g. by injection, for example bolus mjection or continuous infusion) and
may be presented in unit dose form in ampoules, pre-filled syringes, small volume infusion
or in multi-dose containers with an added preservative. The compositions may take such
forms as suspensions, solutions, or emulsions in oily or agqueous vehicles, and may contain

formulatory agents such as suspending, stabilhizing and/or dispersing agents. Alternatively,
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the active compound(s) may be in powder form, obtained by aseptic isolation of sterile
solid or by lvophilization from solution, for constitution with a suitable vehicle, ¢.g. stenile,

pyvrogen-free water, before use.

[0156] Aqueous solutions suitable for oral use can be prepared by dissolving the active
component in water and adding suitable colorants, flavours, stabilizing and thickening

agents, as desired.

{0157] Aqueous suspensions suitable for oral use can be made by dispersing the finely
divided active component 1n water with viscous material, such as natural or synthetic gums,
resins, methyleellulose, sodium carboxymethyleellulose, or other well known suspending

agents.

{30158] Also contemplated herein are solid form preparations which are intended to be
converted, shortly before use, to liquid form preparations for oral administration.  Such
liquid forms include solutions, suspensions, and emulsions. These preparations may
contain, in addition to the active component, colorants, flavours, stabilizers, buffers,

artificial and natural sweeteners, dispersants, thickeners, solubilizing agents, and the like.

{3159] For topical administration to the epidermis, the peptides of formulae (1), (D or
(11D, or pharmaceutically acceptable salts thercof, as described herein, may be formulated
as ointments, creams or lotions, or as a transdermal patch. Omtments and creams may, for
example, be formulated with an aqueous or oily base with the addition of suitable
thickening and/or gelling agents. Lotions may be formulated with an agueous or oily base
and will in general also contain one or more emulsifying agents, stabilizing agents,

dispersing agents, suspending agents, thickening agents, or colouring agents.

{0160] Formulations suitable for topical administration in the mouth include lozenges
comprising active agent in a flavoured base, usually sucrose and acacia or tragacanth;
pastilles comprising the active ingredient in an inert base such as gelatin and glycernin or
sucrose and acacia; and mouthwashes comprising the active ingredient in a suitable Hiquid

carrier.
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{0161] Solutions or suspensions are applied directly to the nasal cavity by
conventional means, tor example with a dropper, pipetie or spray. The formulations may
be provided in single or multidose form. In the latter case of a dropper or pipette, this may
be achieved bv the patient administering an appropriate, predetermined volume of the
solution or suspension. In the case of a spray, this may be achieved for example by means
of a metering atomizing spray pump. To improve nasal delivery and retention the peptides
used in the invention may be encapsulated with cyclodexirins, or formulated with their

agents expected to enhance delivery and retention 1o the nasal mucosa.

{0162] Administration to the respiratory tract may also be achieved by means of an
aerosol formulation m which the active ingredient 1s provided in a pressunsed pack with a
suitable propcHant such as a chloroflucrocartbon (CFCY  for  example,
dichlorodifluoromethane, trichlorofluoromethane, or dichlorotetrafluorocthane, carbon
dioxide, or other suutable gas. The aerosol may conveniently also contain a surfactant such

as lecithin. The dose of drug may be controlled by provision of a metered valve.

[{8163] Alternatively, orin addition, the active ingredients may be provided m the form
of a drv powder, for example a powder mix of the compound in a suitable powder base
such as lactose, starch, starch derivatives such as hydroxypropyvimethyl cellulose and
polyvinvipyrrolidone (PVP). Conveniently, the powder carrier will form a gel in the nasal
cavity. The powder composition may be presented in unit dose form for example in
capsules or cartridges of, ¢.g., selatin, or blister packs from which the powder may be

administered by means of an inhaler.

{0164] In formulations mtended for administration to the respiratory tract, including
mtranasal formulations, the peptide will generally have a small particle size for example
of the order of 1 to 10 microns or less. Such a particle size may be obtained by means

known in the art, for example by micronization.

{0165] When desired, formulations adapted to give controlled or sustained release of

the active ingredicnt may be emploved, as described clsewhere herein.

{0166] In an embodiment, the pharmmaceutical preparations, as herein described, are

preferably in unit dosage forms. In such form, the preparation 1s subdivided into unit doses
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containing appropriate quantities of the active component. The unit dosage form can be a
packaged preparation, the package contaiming discrete quantities of preparation, such as
packeted tablets, capsules, and powders in vials or ampoules. Alsc, the unit dosage form
can be a capsule, tablet, cachet, or lozenge itself, or it can be the appropriate number of

any of these in packaged form.

[0167] In an embodiment, the composttions disclosed herein are formulated for oral
administration to a human. In yet another embodiment, the compositions disclosed herein
are formulated for oral administration to a non-human. In a further embodiment, the
compositions disclosed herein are fommulated for oral administration to a non-human

selected from the group consisting of a feling, a caning and an equine.

[{(0168] In another embodiment, the peptide of formula (1), or a pharmaceutically
acceptable salt thereof, as disclosed herein, is formulated for oral administration to a
human subject. In another embodiment, the peptide of formula (), or a pharmaceutically
acceptable salt thereof, as disclosed herein, is formulated for oral administration to a non-
human subject. In vet another embodiment, the peptide of formula (1), or a
pharmaceutically acceptable salt thereof, as disclosed herein, is formulated for oral
administration to a non-human subject sclected from the group consisting of a feline, a

canine and an equine.

{0169] In another embodiment, the peptide of formula (I), or a phammaceutically
acceptable salt thereof] as disclosed herein, 18 formulated for topical administration to a
human subject. In vet ancther embodiment, the peptide of formula (§), or a
phammaceutically acceptable salt thereof, as disclosed herein, is formulated for topical
administration to a non-human subject. In another embodiment, the peptide of formula (1),
or a pharmaceutically acceptable salt thereof, as disclosed herein, 1s formulated for topical
administration to a non-human subject sclected from the group consisting of a feline, a

canine and an equine. In an embodiment, the topical administration is transdermal.

{0170] In another embodiment, the peptide of formula (1), or a phammaceutically
acceptable salt thereof, as disclosed herein, 1s formulated for administration to a human
subiect as a controlied release dosage form. In yet another embodiment, the peptide of

formula (1}, or a phammaceutically acceptable salt thereof, as disclosed herein, is formulated
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for administration to a non-human subject as a controlled release dosage form. In another
embodiment, the peptide of formula (I), or a pharmaceutically acceptable salt thereof, as
disclosed herein, is formulated for administration to a non-human subject as a controlled
release dosage form, wherein the non-human subject 1s selected from the group consisting
of a teline, a canine and an equine. In an embodiment, the controlled reiease dosage form

is formulated for parenteral administration.

[0171] In another embodiment, the peptide of formula {II), or a pharmaceutically
acceptable salt thereof, as disclosed herein, are formulated for oral administration to a non-
human subject. In vyet ancther embodiment, the peptide of formula ), or a
pharmaceutically acceptable salt thereof, as disclosed herein, is formulated for oral
administration to a non-human subject selected from the group consisting of a feline, a

caning and an cquine.

{0172] In another embodiment, the peptide of formula (I}, or a pharmaceutically
acceptable salt thereof, as disclosed herein, 1s formulated for topical administration to a
non-human subject. In yet another embodiment, the peptide of formula (IF), or a
pharmaceutically acceptable salt thereof, as disclosed herein, is formulated for topical
administration to a non-human subject sclected from the group consisting of a feline, a

canine and an equine. In an embodiment, the topical administration is transdermal.

{0173] In another embodiment, the peptide of formula {II), or a phammaceutically
acceptable salt thereof, as disclosed hergin, is formulated for admimistration to a human
subject as a controled release dosage form. In yet another embodiment, the peptide of
formula (11}, or a pharmaceutically acceptable salt thereof, as disclosed herein, is
formulated for administration to a non-human subject as a controlled release dosage form.
In another embodiment, the peptide of formula (11}, or a pharmaceutically acceptable salt
thereof, as disclosed herein, is formulated for administration to a non-human subject as a
controlled release dosage form, wherein the non-human subject is selected from the group
consisting of a feline, a canine and an equine. In an embodiment, the controlied release

dosage form is formulated for parenteral administration.

[0174] In another embodiment, the peptide of formulda (II]), or a pharmaceutically

acceptable salt thereof, as disclosed herein, are formulated for oral administration to a non-
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human subject. In vet another embodiment, the peptide of formmula (I}, or a
pharmaceutically acceptable salt thereof, as disclosed herein, is formulated tor oral
administration to a non-human subject sclected from the group consisting of a feline, a

canine and an equine.

10175] In anocther embodiment, the peptide of formula (I}, or a pharmaceutically
acceptable salt thereof, as disclosed herein, is formulated for topical administration to a
non-human subject. In vet another embodiment, the peptide of formula (I}, or a
pharmaceutically acceptable salt thereof, as disclosed herein, is formulated for topical
administration to a non-human subject selected from the group consisting of a feline, a

canine and an equine. In an embodiment, the topical administration 1s transdermal.

[0176] In another embodiment, the peptide of tormula (I}, or a pharmaceutically
acceptable salt thereof, as disclosed herein, is formulated for administration to a human
subject as a controlied release dosage form. In vet another embodiment, the peptide of
formula (I}, or a pharmaceutically acceptable sali thereof, as disclosed herein, 1s
formulated for administration to a non-human subject as a controlled release dosage form.
In ancther embodiment, the peptide of formula (1), or a pharmaceutically acceptable salt
thereof, as disclosed herein, is formulated for administration to a non-human subject as a
controlled release dosage form, wherein the non-human subject 1s selected from the group
consisting of a feline, a canine and an equine. In an embodiment, the controlled release

dosage form 1s formulated for parenteral administration.

10177} In ancther embodiment, the peptide of formula (IV), or a pharmaceutically
acceptable salt thercof, as disclosed herein, are formulated for oral administration to a non-
human subject. In yet another embodiment, the peptide of formula (IV), or a
pharmaceutically acceptable salt thereof, as disclosed herein, is formulated for oral
administration to a non-human subject sclected from the group consisting of a feline, a

canine and an equine.

{0178] In another embodiment, the peptide of formula (1Y), or a phammaceutically
acceptable salt thereof, as disclosed herein, 1s formulated for topical administration to a
non-homan subject. In yet another cmbodiment, the peptide of formula (IV), or a

pharmaceutically acceptable salt thereof, as disclosed herein, is formulated for topical
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administration to a non-human subject sclected from the group consisting of a feline, a

canine and an equine. In an embodiment, the topical administration is transdermal.

[0179] In another embodiment, the peptide of formula (IV), or a pharmaceutically
acceptable salt thereof, as disclosed hergin, is formulated for admimistration to a human
subject as a controled release dosage form. In yet another embodiment, the peptide of
formula (I}, or a pharmaceutically acceptable salt thercof, as disclosed herein, is
formulated for administration to a non-human subiect as a controlled release dosage form.
In another embodiment, the peptide of formula (1V), or a pharmaceutically acceptable salt
thereof, as disclosed herein, is formulated for adnunistration to a non-human subjectas a
controlled release dosage form, wherein the non-human subject is selected from the group
consisting of a feline, a canine and an equine. In an ecmbodiment, the controlled release

dosage form is formulated for parenteral administration.

[{0180] In anocther embodiment, the peptide of SEQ [D NG:2, or a pharmaceutically
acceptable salt thercof, is formulated for oral admmistration to a human. In anocther
embodiment, the peptide of SEQ 1D NO:2, or a pharmaceutically acceptable salt thereof,
is formulated for oral administration to a non-human. subject. In vet another embodiment,
the peptide of SEQ 1D NO:2, or a pharmaccutically acceptable salt thereof, is formulated
for oral administration to a non-human subject selected from the group consisting of a

feline, a canine and an equine.

{0181] In another embodiment, the peptide of SEQ ID NO:2, or a pharmaceutically
acceptable salt thercof, as disclosed herein, is formulated for topical administration to a
human subject. In vet another embodiment, the peptide of SEQ ID NO:2Z, or a
pharmaceutically acceptable salt thereof, as disclosed herein, is formulated for topical
administration to a non-human subject. In ancther embodiment, the peptide of SEQ ID
NG:2, or a pharmaceutically acceptable salt thereof, as disclosed herein, is formulated for
topical administration to a non-human subject selected from the group consisting of a

feline, a canine and an equine. In anembodiment, the topical administration is transdermal.

[0182] In another embodiment, the peptide of SEQ ID NG:2, or a phamaceutically
acceptable salt thereof, as disclosed herein, is formulated for administration to a human

subject as a controlled release dosage form. In vet another embodiment, the peptide of SEQ
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{1 NO:2, or a pharmaccutically acceptable salt thereof, as disclosed herein, 1s formulated
for administration to a non-human subject as a controlled release dosage form. In another
embodiment, the peptide of SEQ ID NO:2, or a pharmaceutically acceptable salt thereof,
as disclosed hercin, is formulated for administration o a non-human subject as a controlled
release dosage form, wherein the non-human subject 1s selected from the group consisting
of a feline, a canine and an equine. In an embodiment, the controlled release dosage form

is formulated for parenteral administration.

[0183] In anocther embodiment, the peptide of SEQ [D NG.7, or a phammaceutically
acceptable salt thereof, 1s formulated for oral administration to a non-human. subject. In
vet another embodiment, the peptide of SEQ D NG:7, or a pharmaceutically acceptable
salt thereof, is formulated for oral administration 1o a non-human subject selected from the

group consisting of a feline, a canine and an equine.

{0184] In another embodiment, the peptide of SEQ D NO:7, or a pharmaceutically
acceptable salt thereof, 1s formulated for topical administration to a non-human. subject.
In vet another embodiment, the peptide of SEQ 1D NQ:7, or a pharmaceutically acceptable
salt thereof, 1s formulated for topical administration to a non-human subject selected from
the group consisting of a feline, a canine and an equine. In an embodiment, the topical

admunistration is transdermal.

{0185] In another embodiment, the peptide of SEQ 1D NG:7, or a phammaceutically
acceptable salt thereof, as disclosed hergin, is formulated for admimistration to a human
subiect as a controlled release dosage form. In vet ancther embodiment, the peptide of SEQ
{13 NO:7, or a pharmaccutically acceptable salt thereof, as disclosed herein, 1s formulated
for administration to a non-human subject as a controlled release dosage form. In another
embodiment, the peptide of SEQ ID NO:7, or a pharmaceutically acceptable salt thereof,
as disclosed herein, is formulated for administration to a non-human subject as a controlled
release dosage form, wherein the non-human subject 1s selected from the group consisting
of a feling, a canine and an equine. In an embodiment, the controlled release dosage form

is formulated for parenteral administration.

[0186] In another embodiment, the peptide of SEQ ID NQO:36, or a pharmaceutically

acceptable salt thereof, is formulated for oral administration to a non-human. subject. In
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vet another embodiment, the peptide of SEQ 1D NO:36, or a pharmaceutically acceptable
salt thereof, 1s formulated for oral admimistration to a non-human subject selecied from the

group consisting of a feline, a canine and an equine.

{6187] In another embodiment, the peptide of SEQ ID NO:36, or a pharmaceutically
acceptable salt thereof, is formulated for topical administration to a non-human. subject.
In yet another embodiment, the peptide of SEQ ID NG:36, or a pharmaceutically
acceptable salt thereof, 1s formulated for topical administration to a non-human subject
selected from the group consisting of a feline, a canine and an equine. In an embodiment,

the topical administration is transdermal.

{0188] In another embodiment, the peptide of SEQ 1D NO:36, or a pharmaceutically
acceptable salt thereof, as disclosed herein, 1s formulated for administration to a human
subiect as a controlled release dosage form. In vet another embodiment, the peptide of SEQ
1D NO:36, or a pharmaceutically acceptable salt thereof, as disclosed herein, is formulated
for administration to a non-human subject as a controlied release dosage form. In another
embodiment, the peptide of SEQ ID NG:36, or a pharmaceutically acceptable salt thereof,
as disclosed herein, is formulated for administration to a non-human subject as a controlled
release dosage form, wherein the non-human subject is selected from the group consisting
of a feline, a canine and an equine. In an embodiment, the controlled release dosage form

is formulated for parenteral administration.

{0189] In another embodiment, the peptide of SEQ ID NO:41, or a pharmaceutically
acceptable salt thereof, is formulated for oral administration to a human. In ancther
cembodiment, the peptide of SEQ 1D NO:41, or a phanmaccutically acceptable salt thereof,
1s formulated for oral administration to a non-human. subject. In vet another embodiment,
the peptide of SEQ ID NO:41, or a pharmaceutically acceptable salt thereof, is formulated
for oral administration to a non-human subject selected from the group consisting of a

feline, a canine and an equine.

{0150] In another embodiment, the peptide of SEQ 1D NO:41, or a pharmaceutically
acceptable salt thereof, as disclosed herein, 1s formulated for topical administration to a
human subject. In yet another embodiment, the peptide of SEQ ID NG:41, or a

pharmaceutically acceptable salt thereof, as disclosed herein, is formulated for topical
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administration to a non-human subject. In another embodiment, the peptide of SEQ ID
NG:41, or a pharmaceutically acceptable salt thereof, as disclosed herein, is formulated for
topical administration to a non-human subject selected from the group consisting of a

feline, a canine and an equine. Inan embodiment, the topical administration is transdermal.

10191} In ancther embodiment, the peptide of SEQ 1D NO:41, or a pharmaceutically
acceptable salt thereof, as disclosed herein, 1s formulated for administration to a human
subiect as a controlled release dosage form. In vet another embodiment, the peptide of SEQ
ID NO:41, or a pharmaceutically acceptable salt thereof, as disclosed herein, is formulated
for administration to a non-human subject as a controlled release dosage form. In another
embodiment, the peptide of SEQ ID NO:41, or a pharmaceutically acceptable salt thereof,
as disclosed herein, is formulated for administration to a non-human subject as a controlled
release dosage form, wherein the non-human subject is selected from the group consisting
of a feline, a canine and an equine. In an embodiment, the controlled release dosage form

is formulated for parenteral administration.

[0192] Ag noted elsewhere herein, several (ie, multiple) divided doses may be
administered daily, weekly, monthly or other suitable time intervals, or the dosc may be
proportionally reduced as indicated by the exigencics of the situation. Where a course of
multiple doses 1s required or otherwise desired, the compositions disclosed herein can be
suitably formulated for administration via said multiple routes. For example, it may be
desirable to administer a first dose parenterally (e g, miramuscular, intravenously;
subcutancously, efic) to induce a rapid or otherwise acute therapeutic effect in a subject,
followed by a subsequent {(e.g., second, third, fourth, fifth, et} dose administered non-
parenteraily (e g.. enterally and/or topically) to provide continuing availability of the active
agent over an extended period subsequent to the acute phase of treatment. Thus, in an
embodiment, the peptides and compositions, as disclosed herein, are formulated for
parenteral administration 1o the subject as a first dose {(f.e., as a parenteral dosage form)
and formulated for non-parenteral administration to the subject after the first dose {e.g., as
an enteral and/or topical dosage form). In an embodiment, the parental administration 1s
selected from the group consisting of intramuscular, subcutaneous and intravenous. Ina

further embodiment. the parental administration is subcutaneous.
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[0193] In another embodiment, the enteral administration is oral administration. Thus,
m an embodiment, the peptides and compositions, as disclosed herein, are formulated for
parcunteral administration to the subject as a first dose and formulated for oral

admmistration to the subject after the first dose (7.e., as an oral dosage form).

10194] In another embodiment, the enteral administration is topical administration.
Thus, in an embodiment, the peptides and compositions, as disclosed herem, are
formulated for parenteral administration to the subject as a first dose and formulated for
topical administration to the subject afier the first dose (7.e., as an oral dosage form) Inan

embodiment, the topical adnunistration is transdermal administration.

{3195] In another embodiment, it may be desirable to administer a first dose
parenterally {e.g., intramuscular, mtravenously; subcutancously, efc} to induce a rapid or
otherwise acute therapeutic effect in a subject, followed by a subsequent {e.g., second,
third, fourth, fifth, erc) administration of a controlled release dosage form, as described
clsewhere herein, to provide a controlled release of the active agent over an extended
period subsequent to the acute phase of treatment. Thus, in another embodiment, the
peptides and compositions, as disclosed herein, are formulated for parenteral
administration to the subject as a first dose and formulated as a controlied release dosage
form to be administered to the subject afier the first dose. In an embodiment, the controlled

release dosage form s formulated for parental administration.

[0196] It may also be desirable to administer a first dose enterally {e.g., orally or
rectally), followed by a subsequent (e. g., second, third, fourth, fifth, erc) dose administered
topically {e.g., transdermally). Thus, in an embodiment, the peptides and compositions, as
disclosed herein, are formulated for enteral admunistration to the subject as a firstdose (i.e.,
as an enteral dosage form; oral or rectal) and formulated for topical administration to the
subiect after the first dose {e.2., as a transdermal or transmucosal dosage form}. In another
embodiment, the peptides and compositions, as disclosed heremn, are formulated for topical
administration selected from the group consisting of transdermal and transmucosal
administration. In a further embodiment, the peptides and compositions, as disclosed

herein, are formulated for transdermal administration.
9
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{0197] In vet another embodiment, it may be desirable to administer the peptides or
compositions, as disclosed herein, enterally {e. g, orally or rectally} as a tirst dose, followed
by a subsequent {(e.g., second, third, fourth, fifth, erc) dose as a controlled release dosage
form, as described elsewhere hercin.  Thus, in an embodiment, the peptides and
compositions, as disclosed herein, are formulated for administration as a first dose enterally
and formulated for administration as a controlled release dosage form, wherein the
controlled release dosage form is formulated for administration subsequent to the first
dose. In an embodiment, the enteral dose 1s formulated for oral administration. In another
embodiment, the controlled release dosage form 153 formulated for parenteral

administration.

10198] In an embodiment, ¥ may be desirable to administer the peptides or
compositions, as disclosed herein, topically {e.g., orally or rectally} as a first dose, followed
by a subsequent {e.g., second, third, fourth, fifth, eic) dose as a controlled release dosage
form, as described elsewhere herein.  Thus, in an embodiment, the peptides and
compositions, as disclosed herein, are formulated for topical administration as a first dose
and formulated for administration as a controlled release dosage form, wherein the
controlled release dosage form is formulated for administration subsequent to the first
topical dose. In an embodiment, the topical dose is formulated for transdermal
administration. In another embodiment, the controlled release dosage form is formulated

for parenteral administration.

{0199] The invention will now be described with reference to the following Examples
which illustrate some preferred aspects of the present invention. However, it is o be
understood that the particulanty of the following description of the invention is not to

supersede the generality of the preceding description of the invention.
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EXAMPLES

Example 1: Case Study 1

{0200] The subject is a 58 year old male who presented with flu-like symptoms. The

subject reported to have been free of flu-like symptoms over the past 8 years.

{0201] The subject developed a very sore throat. On awakening the next day, the sore
throat was more severe and his nose was running {rhinorrhoea) and becoming worse

throughout the day. Other symptoms that developed during the day included:

& g persistent deep phiegmy cough;
e high temperature;

& body sweals;

s chills;

¢ muscle soreness; and

e fatiguc.

{0202] Later thatevening, the subject developed a loss of appetite, and an exacerbation
of chills, body sweats, thinorthoea and persistent coughing. At around 8pm that evening,

the subject was administered ~1 mg AQDY9604 (SEQ 1D NO:2), orally.

[0203] On the day of treatment, the subject recalls falling asleep and waking about 7
hours later, at which point he recalls the only remaining symptoms were a runny nose and
a slight cough. Al other symptoms had gone. The subject fell back asleep and awoke a
few hours later feeling great, except for a slightly ranny nose and dry cough, which were

reported to have cleared up during the day.
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Example 2: Case Study 2

{0204] The subject is a 60 year old male who in the afternoon presented with the fhy,
with symptoms including a persistent decp phicgmy cough, high temperature, body sweats,
chills, muscle soreness and fatigue. The subject was administered ~1 mg AGDY%604 (SEQ

ID NQO:2), orally. The subject recalls sleeping well that evening.

[0205] By the moming, all symptoms of the flu had disappeared except for a slight

runny nose and a dry cough. The subject recalls sleeping well that evening.

{0206] The subject awoke the following day and reported to be symptom-free around

24 hours later.

{0207] The above case studies demonstrate that AQD9604 (SEQ ID NO:2) is capable

of alleviating the symptoms of respiratory tract infection by a virus.

Example 3: Naturally-derived cyclic peptides limit virus replication and severe

disease in a mouse model of Influenza A infection

{0208] The prophylactic and therapeutic potential of synthetic human growth hormone
(GH) fragment LAT8881 (SEQ 1D NO:2) and its metabolite, LAT9991F (which
encompasses the cyclic peptide motif; SEQ ID NO:5) to limit severe IAV infection was
evaluated. The effectiveness of compound treatment at reducing viral replication,
hyperinflammation and discase was investigated in a prechinical model of severe 1AV

mfection.
Materials and methods
A, Compounds

[0209] LATS8881 is a 16-amino acid synthetic form of the C-terminal fragment of
human GH (H-YLRIVQCRSVEGSCGF-0OH) which contains an additional N-terminal
tyrosine residae and two cysteine residues linked by a disulphide bond. LAT9991F 153 10-
amino acid synthetic peptide (H-CRSVEGSCGF-0OH), which is a truncated form and a

known stable metabolite of LAT8881 i human serum. LAT7771 is a 10-amimmo acid
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structural homologue (H-CRUHNNNC-OH), derived from Prolactin. The cysteine
residues in both LATO991F and LAT7771 were also disulphide linked. All peptides were

synthesised by Auspep (Melbourne, Australia).
B. Influenza virus infection of mice

[0210] 6-8 week old C57BL/6 male mice were mamtained in the Specific Pathogen
Free Physical Containment Level 2 (PC2) Animal Research Facility atthe Monash Medical
Centre. All experimental procedures were approved bv the Hudson Animal Ethics
Commitiee and experimental procedures carried out in accordance with approved
guidelines. The AV strain used in this study was HKx31 (H3N2), which is a high-yielding
reassortant of A/PR/8/34 (HIN1) that carries the surface glycoproteins of A/Aichi/2/1968
(H3N2). HKx31 was grown in 1{-day embryonated chicken eggs by standard procedures

and titrated on Madin-Darby Canine Kidney (MDCK) cells.

[0211] For virus infection studies, groups of 8 male C37BL/6 mice were randomized.
Mice were lightly anesthetised and infected intranasally with 10° PFU of HKx31 (H3N2)
m 50 pl PBS (previously shown to induce scvere discase (Rosli et al, 2019; Tate ot al,
2016). Mice were treated at the time points indicated with LAT8881, LAT9991F or
LAT77T1 (5 or 20 mg/kg; as indicated) via the intranasal route. Control mice were treated
with PBS alone. Mice were weighed daily and assessed for visual signs of clinical disease,
including inactivity, ruffled fur, laboured breathing, and huddling behaviour. Animals that
lost > 20% of their original body weight or displaved severe clinical signs of discase were
cuthanised. Bronchoalveolar lavage (BAL) flud was immediatelv obtained following
cuthanisation by flushing the hungs three times with 1 mL of PBS. Lungs were then
removed and frozen immediately in liquid nitrogen. Titres of infectious virus in lung

homogenates were determined by standard plagque assay on MDCK celis.
C. Quantification of cytokines in mouse BAL fluid and sera

{0212] To detect cyviokines, BAL fluid was collected and stored at -80°C. Levels of
-6, MCP-1/CCL2, IFNy, HL~10, H~12p70, and TNFo proteins were determined by
cytokine bead array (CBA} using the mouse inflammation kit (Becton Dickinson). Levels

of mouse [FNa were determined by sandwich ELISA using mouse monoclonal clone F138
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{Thermo Scientific) and rabbit polyclonal antibodies (PBL) (Thomas et al., 2014). Levels
of mouse IFN were determined by sandwich ELISA using mouse monoclonal clone 7F-
D3 (Abcam) and rabbit polyclonal antibodies (PBL) (Thomas et al., 2014). Mouse IFN A,z
was guantified by ELISA (R&D Systems).

. Recovery and characterization of leukocytes from mice

{0213] For flow cytometric analysis, BAL cells were treated with red blood cell lysis
buffer (Sigma Aldrich} and cell numbers and viability assessed via trypan blue exclusion
using a haemocytometer. BAL celis were incubated with Fe block (2.4G2; eBiosciences),
followed bv staining with fluorochrome-conjugated monoclonal antibodies to 1LveC,
Ly6G, CDlic and I-A® (MHC-II) (BD Biosciences, USA). Neutrophils (Ly6G"),
macrophages (CD11ct 1-AP %), dendritic cells (DC; CD1ict 1-AP "y inflammatory
macrophages (Ly6G Lyo(C") were guantified by flow cvtometry, as described previously
(Roslietal., 2019; Tate et al,, 2016). Live cells (propidium 1odide negative) were analvsed
using a BD FACS Canto I flow cytometer {BD Biosciences) and Flowlo software (BD

Biosciences).
E. Assessment of lung oedema and vascular leakage

[0214] The lung wet to dry weight ratio was used as an index of fluid accumulation n
the lung. After cuthanasia of mice, the hings were surgically dissected, blotted dry, and
weighed immediately (wet weight). The lung tissue was then dried in an oven at 535°C for
72 hours and reweighed as dry weight. The ratio of wet to dry weight was calculated for
cach animal to assess tissue oedema (Tate et al., 2009; Tate et al., 2010). The concentration
of protein in cell-free BAL supematant was measured by adding Bradford protein dve
(Tate et al,, 2009; Tate et al., 2010). A standard curve using bovine serum albumin was

constructed, and the optical density (OD) was determined at 595 nm.
F. Data and Statistical Analysis

[0215] The data and statistical analysis mn this study comply with the
recommendations on experimental design and analysis in pharmacology (Curtis et al,

2018). When comparing three or more sets of values, a onc-way analysis of variance
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{(ANOVA) was used with Tukey’s post-hoc analysis. A Student’s t-test was used when
comparing 2 values (two-tailed, two-sample equal vanance). Survival proportions were
compared using the Mantel-Cox log-rank test. A p value < 0.05 was considered statistically

significant.
Results
Prophylactic treatment with LAT8881 improves survival during severe JAV infection

[0216] Given the urgent need to development new therapeutics for severe respiratory
AV and SARS-CoV-2 mfections, the potential of LATH881, a synthetic C-terminal
fragment of growth hormone (Figure 1A) to protect mice from severe IAV infection was
examined. C57BL/6 mice were treated intranasally with LATE881 (20 mg/kg) 24 hours
prior to infection with 10° PFU of HKx31 H3N2 IAV. Mice received additional LATRR81
every 48 hours following the mitial treatment and control fAV-infected mice received PBS
alone. LATE881 treatment of IAV-mfected mice reduced clinical signs of disease
including weight loss (Figure 1B}, imited mobility, laboured breathing, and significantly
immproved survival of mice from 0% to approximately 30% of the cobort (Figure 1C).
Importantly, treatment of uninfected mice with LAT8881 did not result in weight loss or

any chinical signs of disease (Figure 1B, C).

Prophylactic treatment with LAT8881 limits viral replication and inflammation

during severe JAV infection

[0217] Severs and fatal IAV infections are characterised by excessive pulmonary
inflammation and cellular infiltrates. Having cstablished that prophylactic treatment of
mice with LAT8881 improves survival following 1AV infection (Figure 1), viral loads and
atrway celhular infiltrates were examined, as well as pro-inflammatory cytokines in BAL
fluid and sera on day 4 post-infection (the day on which the majority of control IAY-
mtected mice approached the cthical humane endpoint of 20% weight loss). Treatment of
mice with LAT8881 24 hours prior to IAV infection and every 48 hours thereafter, resulted
in a significant 1.6-fold reduction in infectious viral loads in the lung (Figure 2A). Of note,
LATE881 had no dircct antiviral properties against JAV or SARS-CoV-2 infection in vifro

{Supplementary Figure 1B). In particular, LATE881 treatment of human PBECs had no
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significant tmpact on the levels of mfectious virus in cell supernatants 24 hours following
HKx31 infection (Supplementary Figure 1A). LATS381 also did not alter SARS-CoV-2
innfection of Vero cells as measured by a cytopathic effect inhibition assay (Supplementary

Figurc 1B).

{0218] In addition to reduced viral loads i the lung, LATE881 significantly reduced
levels of IFNy in BAL fluid (2-fold; Figure 2B) and 1L-6 in the serum (1.53-fold; Figure
2F). Interestingly, the concentration of IL-6 (Figure 2C), TNFa (Figure 2D), CCL2 {Figure
2E), 110 and 1L-12p70 {(data not shown} in BAL fluid of LATE881-treated mice was
comparable with PBS-treated [AV infected controls. Additionally, no significant
differences were observed in levels of type I {(FFNo, IFN) and HI (IFN Ays) IFNs (data
not shown). Total BAL cellulanty was significantly reduced i LATS881-treated mice
(Figure 2G3), with significantly fewer neutrophils and macrophages present at day 4 post-
mfection (Figure 2H-1). By contrast, no significant numerical difference in inflammatory
Ly6C" macrophages (Figure 2J) or dendritic cells was observed in the airways of infected
cohorts. Annexin V and PI straining of BAL cells revealed no significant differences in
leukocvie cell death (Supplementary Figure 2). Collectively, these data suggest that
prophylactic LATE881 treatment can limit viral replication and mflammation m the

airways and serum, which would otherwise promote severe IAV disease.
Therapeutic treatment with LATE881 improves survival during severe AV infection

[0219] Having established prophyvlactic treatment of mice with LAT888] protects
against severe IAV infection (Figure 1-2), the ability of therapeutic treatment to limit [AV
discase was examined. Mice reccived intranasal LAT8881 (20 mg/kg) 24 hours following
infection with 10° PFU HKx3 1, with additional treatments at 48 hour intervals. As before,
control IAV-infected mice received PBS alone. Therapeutic LAT8881 treatment delayed
the onset of clinical signs of severe disease including weight loss (Figure 3A), limited
mobility and laboured breathing. In addition, LAT8881 treatment significantly delayed
{AV-associated lethality by 48-72 hours (Figure 3B).
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Therapeutic treatment with the LATS881 metabolite LATY991F improves survival

during severe [AV infection

{0226] To further examine the pre-chinical therapeutic efficacy of naturally-occurring
(C-terminal fragments of GH, the ability of LAT8881 and its metabolite LAT9991F to limit
severe AV infection was evaluated using two different doses (Figure 4A). Mice received
mntranasal LAT8881 or LAT999IF (5 or 20 myg/kg) 24 hours following infection with 10°
PFU HKX31, with additional treatments at 48 hour intervals post-infection and control
[AV-infected mice receiving PBS alone. Regardiess of dose, LATR881 and LAT9991F
therapeutic treatment delayed YAV -associated lethality: however, only 20 mg/kg of either
compound led to significant delays of 48-72 hours compared to controls (Figure 4B).
LAT7771, a peptide derived from the C-terminus of Prolactin that also shares a C-C

constrained loop, had no significant effect on weight loss or survival of mice (n=16).

Daily LATS8881 and LATY9991F therapeutic treatment limits viral replication and

pathology following severe AV infection.

[0221] The effect of daily administration of LATEE81 and LATY991F from day |
followmg IAV infection on viral loads, vascular leakage and immunopathology was
examined. Consistent with previous results with prophvlactic LAT8881 treatment {(Figure
2A}, daily, therapeutic treatment with LATS881 or LATY9991F (20 mg/kg) limited viral
rephication in the hungs, with a 1.5-fold or 2.4-fold reduction in levels of infectious virus
on day 4 post-infection in long tissues, respectively (Figure 4C). Treatment of mice with
LAT7771 did not significantly alter viral loads (n=8). While no significant differences
were observed in lung wet-to-dry ratios in LATE881- or LAT9991F-treated mice (Figure
410, LATS881-treatment significantly reduced BAL fluid protein concentrations; an

indication of reduced vascular leakage {(Figure 4E).

Daily LAT8881 and LATO991F therapeutic treatment limits inflammation following

severe AV infection.

0222} Having established that prophylactic treatment of mice with LAT8881 reduces
potentially deleterious inflammation (Figure 2), an investigation was undertaken to

determine whether daily therapeutic treatment with LATE881 or LAT9991F would further
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alter cellular infiltration and production of pro-inflammatory cytokines at day 4 post-
mfection. Consistent with previous results (Figure 2), treatment of [AV-infected mice with
LATS881 or LAT9991F every 24 hours from day 1 post-infection reduced levels of IFNy
i BAL fluid 2 to 2.3-fold, respectively (Figure 5SA). LATE881 treatment significantly
reduced IL-6 m the BAL fluid while a less profound reduction in TNFu levels was
observed with administration of cither compound (Figure 3B-C). Interestingly, daily
therapeutic LAT8831 treatment also limited levels of CCL2 1 BAL fluid (Figure 3D).
Concentrations of IL-10, IL-12p70, as well as IFNa, IFNf and IFN Ay5 1n BAL fhud were
not significantly different from PBS-treated infected animals. 11L-6 in the serum was again
significantly reduced, with approximately 1.6-fold reductions observed in LAT8881- and
LAT9991 F-treated mice (Figure 5E}. Total BAL cellularity was significantly reduced in
LATE881 and LATY991F-treated mice (Figure 5F) with significantly fewer neutrophils
observed at day 4 post-infection (Figure 5G). In contrast to previous findings with
prophylactic treatment, treatment with LAT8881 and LAT9991F resulted in significantly
fewer inflammatory Ly6C' macrophages in the arways (Figure 5H), while LAT9991F
reduced numbers of macrophages (Figure 51). Total numbers of dendrnitic cells were similar
following treatment with either compound and comparable to PBS-treated mfected
controls. Collectively, treatment with LAT8881 or LAT9991F reduced concentration of
several pro~inflammatory cytokines in the airways, decreased lung cellular mfiltrates and

limited serum IL-6 levels following severe AV infection.
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The claims defining the invention are as follows:

I A method of treating a respiratory tract infection in a subject, the method

comprising administering to a subjoct in need thereof a therapeutically effective amount of

a peptide of formula (I}, or a pharmaceutically acceptable salt thereof:
RI-CRSVEGSCG-R? (1) (SEQ ID NO: D)

wherein

R! is selected from the group consisting of YLRIVQ, LRIVQ, RIVQ, IV(Q, VG, and Q, or

R! is absent; and

R? is F (phenylalanine) or R? is absent.

2. The method of claim 1, wherein the peptide is selected from the group consisting
of YLRIVQCRSVEGSCGF (SEQ ID NO:2), LRIVQCRSVEGSCGF {(SEQ ID NO:3),
CRSVEGSCG (SEQ ID NO:4) and CRSVEGSCGF (SEQ ID NO:5).

(9]

The method of claim 2, wherein the peptide is YLRIVQURSVEGSCGF (SEQ ID
NO:2).

4. The method of claim 2, wherein the peptide 1s CRSVEGSCG (SEQ 1D NG:4).

3. The method of claim 2, wherein the peptide 1s CRSVEGSCGF (SEQ 1D NO:3).

6. The method of any one of claims 1 to 5, wherein the subject 1s a human.

7. A pharmaceutical composition comprising a peptide of formula (1), or a
pharmaceutically acceptable salt thereof, for use i the treatment of a respiratory tract
infection in a subject:

RI-CRSVEGSCG-R? () (SEQ ID NO: 1)
wherein
R!is selected from the group consisting of YLRIVQ, LRIVQ, RIVQ, IVQ, VQ, and Q, or
R!is absent: and

R?is F (phenylalanine}, or R? is absent.
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8. The composition for use according to claim 7, wherein the peptide s selected from
the group consisting of YLRIVQCRSVEGSCGF (SEQ ID NQO:2), LRIVQCRSVEGSCGE
(SEQ ID NO:3), CRSVEGSCG (SEQ ID NO:4) and CRSVEGSCGF (8EQ ID NO:5).

9. The composition for use according to claim 8, wherein the peptide is
YLRIVQCRSVEGSCGF (SEQ 1D NO:2).

10.  The composition for use according to claim 8, wherein the peptide is CRSVEGSCG
(SEQ ID NO:4).

11, The composition for use according to claim 8, wherein the peptide 1s

CRSVEGSCGF (SEQ ID NO:5).

12, The composition for use according to any one of claims 7 to 11, wherein the subject
is a human.
3. Use of'a peptide of formula (I), or a pharmaccutically acceptable salt thereof, in the

manufacture of a medicament for the treatment of a respiratory tract infection in a subject:
RI-CRSVEGSCG-R? () (SEQ ID NO:D)

wherein

R! is selected from the group consisting of YLRIVQ, LRIVQ, RIVQ, IVQ, VQ, and Q. or

R! is absent; and

R? is F (phenylalanine), or R? is absent.

14, Use of claim 13, wherein the peptide is sclected from the group consisting of
YLRIVQCRSVEGSCGF (SEQ ID NO:2), LRIVQCRSVEGSCGF (SEQ ID NG:3),
CRSVEGSCG (SEQ ID NO:4) and CRSVEGSCGF (SEQ ID NO:5).

15. Use of claim 14, wherein the peptide 1s YLRIVOQCRSVEGSCGF (SEQ 1D NO:2).

16,  Use of claim 14, wherem the peptide 1s CRSVEGSCG (SEQ 1D NG:4).
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17. Use of claim 14, wherein the peptide 1s CRSVEGSCGF (SEQ 1D NG:5).

18, Usc of any one of claims 13 to 17, wherein the subject is a human.

19, A method of treating a respiratory tract infection in a subject, the method

comprising administering to a subject in need thereof a therapeutically effective amount of

a peptide of formula (1), or a pharmaceutically acceptable salt thercof:
RI-CRRFVESSC-R? (II) (SEQ ID NO:6)

wherein

R!is selected from the group consisting of YLRVMK, LRVMEK, RVMK, VMK, MK, and

K, or Rl is absent; and

R? is selected from the group consisting of A (alanine) and AF (alanine-phenylalanine), or

R’ is absent.
20.  The method of claim 19, wherein the peptide 1s selected from the group consisting
of YLRVMKCRRFVESSCAF (SEQ ID NO:7), LRVMKCRRFVESSCAF (SEQ ID

NO:8), CRRFVESSCAF (SEQ ID NO:9) and CRRFVESSCA (SEQ 1D NO: 10).

21. The method of ¢laim 20, wherein the peptide is YLRVMKCRRFVESSCAF (SEQ
DNO:T.

22, The method of claim 20, wherein the peptide 1s CRRFVESSCAF (SEQ 1D NO:9).

23. The method of claim 20, wherein the peptide is CRRFVESSCA (SEQ 1D NO:10).

24, The method of any one of claims 19 to 23, wherein the subject is selected from the

group consisting of a feline, a canine and an equine.

25. A pharmaceutical composition comprising a peptide of formula (1), or a
pharmaceutically acceptable salt thereof, for use in the treatment of a respiratory tract

infection in a subject;
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RI-CRRFVESSC-R? (1) (SEQ ID NO:6)
wherein
R!is selected from the group consisting of YLRVMK, LRVMK, RVMK, VMK, MK, and
K. or R! is absent; and
R? is selected from the group consisting of A (alanine) and AF (alanine-phenylalanine), or

R? is absent.

26.  The composition for us¢ according to claim 25, wherein the peptide is selected from
the group consisting of YLRVMKCRRFVESSCAF (SEQ ID NOT),
LRVMKCRRFVESSCAF (SEQ ID NO:8), CRRFVESSCAF (SEQ ID NO:9) and
CRRFVESSCA (SEQ ID NO:10).

27.  The composition for use according fo claim 26, wherein the peptide is
YLRVMECRRFVESSCAF (SEQ ID NO7).

28.  The composttion for use according to claim 26, wherein the peptide is
CRRFVESSCAF (SEQ ID NO:9).

29. The composition for use according io claim 26, wherein the peptide 1s
CRRFVESSCA (SEQ ID NO:10).

30.  The composition for use according to any one of claims 19 to 29, wherein the

subiect s selected from the group consisting of a feline, a canine and an equine.

31, Usc of a peptide of formula (I}, or a phammaceutically acceptable salt thercof, in
the manufacture of a medicament for the treatment of a respiratory tract infection in a
subject:

RI-CRRFVESSC-R? (1) (SEQ ID NOG:6)
wherein
R! s selected from the group consisting of YLRVMK, LRVMK, RVMK, VMK, MK, and

K. or R! is absent; and
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R? is selected from the group consisting of A (alanine) and AF (alanine-phenvlalaning), or

R? is absent.

32 Use of claim 31, wherein the peptide is selected from the group consisting of
YLRVMKCRRFVESSCAF (SEQ ID NO:7), LRVMKCRRFVESSCAF (SEQ 1D NG:8),
CRRFVESSCAF (SEQ ID NO:9) and CRRFVESSCA (SEQ 1D NO:10).

33, Use of claun 32, wherein the peptide 1s YERVMEKCRRFVESSCAF (SEQ 1D
NG:7).

34, Use of claim 32, wherein the peptide 1s CRRFVESSCAF (SEQ 1D NO:9).
35, Use of claim 32, wherein the peptide is CRRFVESSCA (SEQ 1D NO:10).

36.  Use of any one of claims 31 to 35, wherein the subject is selected from the group

consisting of a feline, a canine and an equine.

37. A method of treating a respiratory tract mnfection in a subject, the method
comprising administering to a subject in need thereof a therapeutically effective amount of

a peptide of formula (I11):
i P2 3.4_5_6 2 e
R -C-R-X-X -P-X -X -X -X -C-R (I} (SEQIDNO:11)

wherein

1 3 _5 [ i . . . .
X, X X ,and X is an amino acid residue selected from the group consisting of serine,
alanine, valine, leucine, 1soleucing and glycing;

2
X' is arginine or lysine;

4
X is glutamic acid or aspartic acid;

1
R is selected from the group consisting of:
S.
HS (SEQ ID NO:12),
GHS (SEQ ID NO:13),
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PGHS (SEQ ID NO:14),
APGHS (SEQ ID NG:15),
EAPGHS (SEQ 1D NG:16),
SEAPGHS (SEQIDNOG:1D,
SSEAPGHS (SEQ ID NG:18),
PSSEAPGHS (SEQ ID NG:19),
DPSSEAPGHS (SEQ 1D NO:20)and
IDPSSEAPGHS (SEQ ID NO:21).

I,
or R 15 absent; and

R is selected from the group consisting of

S,

S8 (SEQ 1D NO:22),
SSK (SEQ TD NO:23),
SSKF (SEQ 1D NO:24),
SSKFS (SEQ 1D NO:25).
SSKFSW (SEQ ID NO:26).
SSKFSWD (SEQ ID NO:27),
SSKFSWDE (SEQ ID NO:28),
SSKFSWDEY (SEQ 1D NO:29),

SSKFSWDEYE  (SEQ ID NO:30),
SSKFSWDEYEQ  (SEQ ID NO:31),
SSKFSWDEYEQY (SEQ ID NO:32),
SSKFSWDEYEQYK (SEQ ID NO:33),
SSKFSWDEYEQYKK (SEQ ID NO:34), and
SSKFSWDEYEQYKKE (SEQ ID NO:35),

2,
or R 1s absent;

or a pharmaceutically acceptable salt thereof.

38. The method of claim 37, wherein the peptide of formula (HI) has an

amino acid sequence selected from the group consisting of

SCRSRPVESSC  (SEQ ID NO: 36);
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CRSRPVESSC (SEQ ID NO: 37):

CRSRPVESSCS  (SEQ ID NO: 38): and
SCRSRPVESSCS  (SEQ ID NO: 39).

39. A pharmaceutical composition comprising a peptide of formula (I, or a
pharmaceutically acceptable salt thercof, for use in the treatment of a respiratory tract
infection in a subject:
i 1 2 3 4 5 6 2
R -C-R-X -X -P-X -X -X -X -C-R (i) (SEQIDNO:LD)
wherein

. 6 . . . . .
X . X, X, and X is an amino acid residue sclected from the group consisting of serine,

alanine, valine, leucine, isoleucine and glycine;
2. .. .

X 1s arginine or lysine;

X is glutamic acid or aspartic acid;

1. .. N
R ig selected from the group consisting of’

Se

HS (SEQ ID NO:12),
GHS (SEQ ID NO:13),
PGHS (SEQ ID NO:14),

APGHS (SEQ ID NG:15),
EAPGHS (SEQ 1D NG:16),
SEAPGHS (SEQIDNO:T,
SSEAPGHS (SEQ ID NG:18),
PSSEAPGHS (SEQ ID NG:19),
DPSSEAPGHS (SEQ 1D NO:20)and
IDPSSEAPGHS (SEQ ID NO:21).

1,
or R is absent; and

Rz 15 sclected from the group consisting of
S,

SS (SEQ ID NO:22),
SSK (SEQ 1D NO:23),
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SSKF (SEQ TD NO:24),
SSKFS (SEQ TD NO:25),
SSKFSW (SEQ 1D NO:26).
SSKFSWD (SEQ ID NO:27).
SSKFSWDE (SEQ ID NO:28),
SSKFSWDEY (SEQ ID NO:29),

SSKFSWDEYE  (SEQ ID NO:30),
SSKFSWDEYEQ  (SEQID NO:31),
SSKFSWDEYEQY (SEQ ID NO:32),
SSKFSWDEYEQYK(SEQ 1D NO:33),
SSKFSWDEYEQYKK (SEQ 1D NO:34), and
SSKFSWDEYEQYKKE (SEQ ID NO:35),

2,
or B is absent.

40. The composition of claim 39, wherein the peptide of formula (I} has

an amino acid sequence selected from the group consisting of
SCRSRPVESSC (SEQ 1D NO: 36);
CRSRPVESSC (SEQ ID NO: 37)

CRSRPVESSCS  (SEQ ID NO: 38): and
SCRSRPVESSCS  (SEQ ID NO: 39).

41, Use of a peptide of formula (11D}, or a pharmaceutically acceptable salt thergof, in
the manufacture of a medicament for the treatment of a respiratory tract infection in a
subject:
i P2 3.4_5_6 2 e
R-C-R-X -X -P-X -X-X-X-C-R (lI) (SEQIDNO:11)

wherein

1! 3 5 6 . . . . . . .
X . X, X, and X is an amino acid residue selected from the group consisting of serine,
alanine, valine, leucine, 1soleucing and glycing;

2
X' is arginine or lysine;

4 . . .
X is glutamic acid or aspartic acid;
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1, L
R is selected from the group consisting of’

S,

HS (SEQ ID NO:12),
GHS (SEQ ID NO:13),
PGHS (SEQ ID NO:14),

APGHS (SEQ ID NO:13),
EAPGHS  (SEQID NO:16),
SEAPGHS (SEQID NO:17),
SSEAPGHS (SEQ ID NO:18),
PSSEAPGHS (SEQ ID NO:19),
DPSSEAPGHS (SEQ ID NO:20)and
IDPSSEAPGHS (SEQ ID NO:21),

1 B
or R ig absent; and

2 . ~ . .
R is selected from the group consisting of

S,

8S (SEQ TD NO:22),
SSK (SEQ 1D NO:23),
SSKF (SEQ 1D NO:24),
SSKFS (SEQ ID NO:25).
SSKFSW (SEQ ID NO:26),
SSKFSWD (SEQ 1D NO:27),
SSKFSWDE (SEQ TD NO:28),
SSKFSWDEY (SEQ TD NO:29),

SSKFSWDEYE  (SEQ 1D NO:30),
SSKFSWDEYEQ  (SEQ ID NO:31),
SSKFSWDEYEQY (SEQ ID NO:32),
SSKFSWDEYEQYK (SEQ ID NO:33),
SSKFSWDEYEQYKK (SEQ ID NO:34), and
SSKFSWDEYEQYKKE (SEQ ID NO:35).

2 .
or R is absent.
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42. Use of claim 41, wherein the peptide of formula (1) has an amino acid

sequence sclected from the group consisting of

SCRSRPVESSC  (SEQ ID NO: 36);
CRSRPVESSC (SEQ ID NO: 37);

CRSRPVESSCS  (SEQ ID NO: 38); and
SCRSRPVESSCS  (SEQ ID NO: 39).

43, A method of treating a respiratory tract infection in a subject, the method
comprising administering to a subject i need thereof a peptide of formula (V) or a
pharmaceutically acceptable salt thereof
RI-C-R-1-X-X,-X5-X4-N-C-R?  (IV) (SEQ ID NO:40)

wherein

X1 is an amino acid residue selected from isoleucine (I) and valine (V)

X> 1s an amino acid residue selected from histidine (H) and tyrosine (Y):

X3 is an amino acid residue selected from aspartic acid (D) and asparagine (N};

X4 is an amino acid residue selected from asparagine (N} and serine (S);

Rlis selected from the group consisting of YLKLLK, LKLLK, KLLK LLK, LL. K

or R} is absent; and

R?is G (glycine), or R? is absent.

44.  The method of claim 43, wherein the peptide of formula (IV) is selected from the
group consisting of CRIIHNNNC (SEQ ID NO:41), CRIHNNNCG (SEQ ID NG:42),
CRIVYDSNC (SEQ D NO:43) and CRIVYDSNCG (SEQ ID NO:44).

45. A pharmaceutical composition comprising a peptide of formuda (IV) or a
pharmaceutically acceptable salt thercof, for use in the treatment of a respiratory tract
infection in a subject:
R-C-R-1-X1-X,-X;3-X4-N-C-R?  (IV) (SEQ ID NO:40)
wherein
X1 1s an amino acid residue selected from isoleucine (I) and valine (V);

X is an amino acid residue selected from histidine (H) and tyrosine (Y);
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X5 is an amino acid residue selected from aspartic acid (D) and asparagine (N};

X4 1s an amino acid residue selected from asparagine (N) and serine (S):

R1is selected from the group consisting of YLKLLK, LKLLK, KLLK, LLK, LL. K
or R!is absent; and

R?is G (glycine), or R? is absent.

46. The composition of claim 45, wherein the peptide of formula (IV) is selected from
the group consisting of CRITHNNNC (SEQ 1D NO:41), CRUHHNNNCG (SEQ 1D NO:42),
CRIVYDSNC (SEQ 1D NO:43) and CRIVYDSNCG (SEQ 1D NG:44).

47. Use of a peptide of formula (IV) or a pharmacecutically acceptable salt thereof, in
the manufacture of a medicament for the treatment of a respiratory tract infection in a
subject:
RI-C-R-1-X1-X,-X3-X4-N-C-R?  (IV) (SEQ ID NO:40)

wherein

X1 1s an amino acid residue selected from isoleucine {I) and valine (V);

X is an amino acid residue selected from histidine (H) and tyrosine (Y},

X3 is an amino acid residue selected from aspartic acid (D) and asparagine (N});

X4 is an amino acid residue selected from asparagine (N} and senine (5);

R'is selected from the group consisting of YLKLLK, LKLLK, KLLK, LLK, LL, K

or R! is absent; and

R?is G {glycine). or R? is absent.
Yol

48. The use of claim 47, wherein the peptide of formula (IV) 1s selected from the group
consisting of CRIIHNNNC (SEQ ID NO:A4D, CRUHHNNNCG (SEQ D NG:42),
CRIVYDSNC (SEGQ ID NG:43) and CRIVYDSNCG (SEQ 1D NG:44),

49, The method of any one of claims 1-6, 19-24, 37, 38, 43 and 44, wherein the

respiratory tract infection is a virus infection.
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50. The method of claim 49, wherein the virus is selected from the group consisting
of a picornavirus, a coronavirus, an influenza virus, a paramfluenza virus, a respiratory

syncytial virus, an adenovirus, an enferovirus, or a metapncumovirus.

51, The method of claim 50, wherein the virus 1s an influenza virus or a coronavirus.

32, The method of any one of claims 1-6, 19-24, 37, 38, 43, 44 and 49-51, wherein the
subject has a further respiratory condition selected trom the group consisting of chronic

obstructive pulmonary disease, asthma, cystic fibrosis and ung cancer.

53, The method of any one of claims 1-6, 19-24, 37, 38, 43, 44 and 49-32, wherein the

method comprises administering the peptide to the subject orally.

54, The composition of any one of claims 7-12, 25-30, 39, 40, 45 and 46, wherein the

respiratory tract infection is a virus infection.

55, The composition of claim 54, wherein the virus is selected from the group
congisting of a picomavirus, a coronavirus, an influenza virus, a parainfluenza virus, a

respiratory syneytial virus, an adenovirus, an enterovirus, or a metapneumovirus.

56.  The composition of claim 55, whercin the virus is an influenza virus or a

coronavirus.

57. The composition of any one of claims 7-12, 25-30, 39, 40, 45 46 and 34-56,
wherein the subject has a further respiratory condition selected from the group consisting

of chronic obstructive pulmonary disease, asthma, cystic fibrosis and lung cancer.

38. The composition of any one of claims 7-12, 25-30, 39, 40, 45, 46 and 34-57.

wherein the composition is formulated for oral administration to the subject.

539, The usc of any one of claims 13-18, 31-36, 41, 42, 47 and 48, wherein the

respiratory tract infection is a virus infection.
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60. The use of claim 59, wheremn the virus is selected from the group consisting of a
picomavirus, a coronavirus, an influenza virus, a parainfluenza virus, a respiratory

syncytial virus, an adenovirus, an enterovirus, or a metapncumovirus.

61. The use of claim 60, wherein the virus is an influenza virus or a coronavirus.

62, The use of any one of claims 13-18, 31-36, 41, 42, 47, 48 and 59-61, wherein the
subiect has a further respiratory condition selected from the group consisting of chronic

obstructive pulmonary disease, asthma, cystic fibrosis and hung cancer.

63. The use of any one of claims 13-18, 31-36, 41, 42, 47, 48 and 59-62, wherein the

peptide 1s formulated for oral administration to the subject.
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This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following
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1. I:I Claims Nos.:

because they relate to subject matter not required to be searched by this Authority, namely:

the subject matter listed in Rule 39 on which, under Article 17(2)(a)(i), an international search is not required to be
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2. D Claims Nos.:

because they relate to parts of the international application that do not comply with the prescribed requirements to such
an extent that no meaningful international search can be carried out, specifically:

3. |_| Claims Nos:

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a)

Box No. III Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

See Supplemental Box for Details

As all required additional search fees were timely paid by the applicant, this international search report covers all
searchable claims.

As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite
payment of additional fees.
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As only some of the required additional search fees were timely paid by the applicant, this international search report
covers only those claims for which fees were paid, specifically claims Nos.:

4. No r.equired add.itionall search fees were timely paiq by the. applicant. Cons.equently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

1 - 36 (in full) and 49 - 63 (in part)

Remark on Protest D The additional search fees were accompanied by the applicant's protest and, where applicable,
the payment of a protest fee.

The additional search fees were accompanied by the applicant's protest but the applicable
protest fee was not paid within the time limit specified in the invitation.
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No protest accompanied the payment of additional search fees.
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Supplemental Box

Continuation of: Box III

This International Application does not comply with the requirements of unity of invention because it does not relate to one
invention or to a group of inventions so linked as to form a single general inventive concept.

This Authority has found that there are different inventions based on the following features that separate the claims into distinct
groups:

e Invention 1: Claims 1-36 (in full) and 49-63 (in part) are directed to pharmaceutical compositions comprising a peptide of
formula I or II, and methods of using peptides of formulas I or II to treat migraine. The feature of peptides of formulas I or
IT is specific to this group of claims.

e Invention 2: Claims 37-42 (in full) and 49-63 (in part) are directed to pharmaceutical compositions comprising a peptide of
formula I11, and methods of using peptides of formula III to treat migraine. The feature of peptides of formulas 111 is
specific to this group of claims.

e Invention 3: Claims 43-48 (in full) and 49-63 (in part) are directed to pharmaceutical compositions comprising a peptide of
formula IV, and methods of using peptides of formulas IV to treat migraine. The feature of peptides of formulas 1V is
specific to this group of claims.

PCT Rule 13.2, first sentence, states that unity of invention is only fulfilled when there is a technical relationship among the
claimed inventions involving one or more of the same or corresponding special technical features. PCT Rule 13.2, second sentence,
defines a special technical feature as a feature which makes a contribution over the prior art.

When there is no special technical feature common to all the claimed inventions there is no unity of invention.

Peptides of formulas 1 and 1I are C-terminal fragments of human and non-human growth hormone (see WO 2019/136528 A1, WO
2013/082667 Al). Peptides of formula IIT are synthetic cyclic peptides (see WO 2019/183686 Al). Peptides of formula IV are C-
terminal fragments of human prolactin precursor (see present specification [0052]). Therefore peptides of formulas IIT and IV do not
have any structural or functional similarity to those of formulas I and II.

In the above groups of claims, the identified features may have the potential to make a contribution over the prior art but are not
common to all the claimed inventions and therefore cannot provide the required technical relationship. Therefore there is no special
technical feature common to all the claimed inventions and the requirements for unity of invention are consequently not satisfied a
priori.
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