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COMPOSITIONS COMPRISING CHEMERIN ANALOGS AND METHODS OF USE

RELATED APPLICATIONS
[0061] This application claims priority to, and the benefit of, U.S.S N 62/881,725, filed on

August 1, 2019, the contents of which are incorporated herein by reference 1n thewr entireties.

INCORPORATION BY REFERENCE OF SEQUENCE LISTING
{0002} The contents of the text file named “OKY(O-006 001WO Sequence Listing 8T25 . txt”,
which was created on June 28, 2020 and is 16 KB n size, are hereby incorporated by reference

in their entireties.

FTECHNICAL FIELD
{B003] The present disclosure relates generally to chemerin analogs and their use in treating
various diseases and conditions including but not limited to, inflammatory conditions and pain

conditions.

BACKGROUND OF THE DISCLOSURE
{0004] There 15 a variety of inflammatory conditions including, but not limited to, ocular
mflammation, dry eye, uveitis {e.g., noninfectious uveitis), allergic conjunctivitis, retinal
mflammation, and inflammation resulting from nerve injury or nerve degeneration. Ocular
mflammation can be caused by a microbial infection of the eve. Such infection may be fungal,
viral, or bacterial. Ocular inflammation can also be caused by trauma, autoimmune disease,
chemical injury, contact lens, or other external stimul
{0085] For example, dry eye is a multifactonial disease of the tears and the ocular surface
with inflamumation playing a part in s pathogenesis. Dry eye is a common and often chronic
problem, particularly in older adults. In 2000, its prevalence in the US has been estimated around
17% n females and 12% in males but 1t has been increased in recent yvears and estimated to be
more than 50%. People with dry eves etther do not produce enough tears or thewr tears are of
poor quality. Tears are produced by several glands m and around the eyelids. Tear production
tends to diminish with age, with various medical conditions or as a side effect of certain
medicines. Environmental conditions, such as wind and dry climates, can also decrease tear

i
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volume due to mereased tear evaporation. When the normal amount of tear production decreases
or tears evaporate too quickly from the eyes, symptoms of dry eye can develop. As for the
quality of tears, tears are made up of three layers: o1}, water and mucus. Each component protects
and nourishes the front surface of the eye. A smooth o1l layer helps prevent evaporation of the
water layer, while the mucin layer spreads the tears evenly over the surface of the eye. If the
tears evaporate too quickly or do not spread evenly over the cornea due to deficiencies with any
of the three tear layers, dry eye symptoms can develop.

{0606] The common form of dry eves occurs when the water laver of tears 15 inadequate.
This condition is also called keratoconjunctivitis sicca (KCS).

{0607] There 15 also a variety of pain conditions including neuropathic pain, ocular pain,
chronic pain, pain resulting from chemotherapy or radiation, pain resulting from nerve injury or
nerve degeneration, and pain resulting from an inflammatory condition, dysesthesia, or
allodynia.

{0008] For example, neuropathic pain i1s a complex, chronic pain state that usually is
accompanied by tissue injury. With neuropathic pain, the nerve fibers themselves might be
damaged, dysfunctional, or injured. These damaged nerve fibers send incorrect signals to other
pain centers. The impact of a nerve fiber injury includes a change i nerve function both at the
site of injury and areas around the injury. Neuropathic pain is a serious health problem that
affects millions of people worldwide and occurs 10 as much as 7% of the general population.
The management of neuropathic pain n patients 1s complex with an estimated 40-60% of
individuals refractive to existing analgesic therapies. The aging population, the diabetes
eptdemic, and patients with cancer and AIDS all contribute to the prevalence of intractable
neuropathic pain, highlighting the pressing need to develop novel therapeutics for this condition.
{00069] The eye 15 heavily mnervated by sensory nerve fibers, and mflammatory, ischemic,
and even neoplastic involvement of the eye and orbit can produce pain. Ophthalmuc causes of
eve pain inchude dry eyes and other forms of keratitis, acute angle-closure glaucoma, and
miraccular inflammation. Keratitis sicca, or dry eye, 1s a very common cause of ophthalmic
discomfort. These conditions are most commonly diagnosed through examination of the cornea,
anterior segment, and anterior vitreous by slhit lamp. Exacerbated by visual tasks that decrease

blink frequency, espectally work on the computer, it has various causes and results from
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conditions that either decrease tear production or increase tear evaporation. Dry eye 15 one of the
charactenistic features of the autoimmune Sjégren syndrome. Evidence of fluorescein or rose
bengal starmning, abnormal tear breakup time, or decreased Schirmer test may help confirm dry
eye syndrome. Posterior segment examination with indirect ophthalmoscopy or shit-lamp
biomicroscopy may reveal evidence of choroidal or retinal inflammation or posterior scleritis.
{0610} Chemotherapy or radiation can cause peripheral neuropathy (painful numbness of the
extremitigs), or paresthesia (numbness and tingling of hands, feet or any extremity of the body).
{6011} The present disclosure addresses the need of patients sutfering from various pain

and/or inflammatory conditions such as those stated above.

SUMMARY OF THE DISCLOSURE

[0012] The present disclosure provides compositions and methods for treating or
ameliorating at least one symptom of neuropathic pain, ocular pain, chronic pain, pain resulting
from chemotherapy or radiation, pain resulting from nerve injury or nerve degeneration, pain
resulting from an inflammatory condition, dysesthesia, or allodynia, inflammation resulting from
nerve njury or nerve degeneration, ocular imflammation, retinal inflammation, uvettis, allergic
conjunctivitis, and/or dry eve.

{6013} In one aspect, the present disclosure provides a composition comprising: a peptide
comprising anuno acids having a sequence of XiXaXsX4-Nle-PXsXe X7 Xs-Tic-Xo (SEQ 1D NO:
1), and a lipid entity linked to the peptide, wherein: X 1s selected from A, dA, and NorV; X 1s
Aor G XsisFordY, XeisForY; Xsis S ordS; Xeis Q or g-aminoadipic acid (Aad); X7 15
selected from Y, F, and fF; Xz 15 A or dA; Tic s {(S)-1,2,3 4-tetrahvdrotsoquinoline-3-carboxylic
acid; and Xo 15 dA or dS.

{8014} In some embodiments, the peptide consists of amino acids having the sequence of
KiX0XaXe-Nle-PXsXeX7Xs-Tic-Xo (SEQ ID NG 1),

{6015} In some embodiments, the peptide 1s selected from AAFY-Nle-PSQYA-Tic~-dA (SEQ
ID NOG: 2}, AG-dY-F-Nle-P-d8-Aad-FA-Tic-dA (SEQ 1D NO: 3}, dA-G-dY-F-Nle-P-dS-(3-fF-
dA-Tic-dA (SEQ ID NG: 43, NorV-G-dY-F-Nle-P-dS-QF-dA-Tic-dA (SEQ ID NO: §), AG-dY-
F-Nle-P-dS-QFA-Tic-dS (SEQ ID NO: 6}, and dA-G-dY-F-Nle-P-dS-QF-dA-Tic-dA (SEQ ID
NG: 7).

(5]

SUBSTITUTE SHEET (RULE 26)



WO 2021/021915 PCT/US2020/044045

{0016] In some embodiments, the lipid entity 1s linked to the peptide through a linker entity.
{0617] In some embodiments, the hipid entity 15 hinked at or near the N-terminus of the
peptide.
{0618] In some embodiments, the lipid entity 18 hinked at or near the C-terminus of the
peptide.
{6019] In some embodiments, the lipid entity 15 selected from the group consisting of o-
linolenic acid, y-linolenic acid, stearidonic acid, eicosapentaenoic acid, docosahexaenoic acid,
linoleic acid, dihomo-y-linolenic acid, arachidonic acid, docosatetraenoic acid, palmitoleic acid,
vaccenic acid, paullinic acid, oleic acid, elaidic acid, gondoic acid, erucic acid, nervonic acid,
mead acid, myristic acid, palmitic acid, stearic acid, 1,2-dipalmitovi-sn-glvcero-3-
phosphoethanolamine (DPPE), GM1 ganglioside, GM2 ganglioside, GM3 ganglioside, 1,2-
dipalmitoyl-sn-glycero-3-phosphocholine (DPPC), 1,2-dioleoyl-sn-glycero-3-phospho-L-serine
(DOPS), 1,2-divleoyl-sn-glycero-3-phosphocholine (DGPC), a glycosphingolipid, a
sphingolipid, phosphatidylinositol 4,5-bisphosphate (PIP2), a ceranude, cholesterol, ergosterol,
phytosterol, a hopanoid, a steroid, and 17-carboxy-1-oxo-heptadecyl.
{0020] In some embodiments, the lipid entity is selected from the group consisting of u-
linolenic acid, y-linolenic acid, palmitic acid, mynistic acid, vaccenic acid, oleic acid, and elaidic
acid.
{0021} In some embodiments, the linker entity comprises ethylene glycol, polyethylene
glycol, a peptide, aminoethylethanolamime (AEEA), inulin, a trisaccharide, or a combination
thereof.
[0022] In some embodiments, the linker entity comprises polyethylene glycol (PEG).
{0023] In some embodiments, the hinker entity 15 selected from the group consisting of;
N AU O o
by 0

OEG
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{6024} In some embodiments, a combination of the lipid entity and the linker entity
comprises palmitic acid-PEGS.
[6025] In some embodiments, the lipid entity 1s linked to the peptide covalently.

10026} In some embodiments, the composition 1s soluble in water,

-
/

SUBSTITUTE SHEET (RULE 26)



WO 2021/021915 PCT/US2020/044045

{0627} In one aspect, the present disclosure relates to a pharmaceutical composition
comprising the peptide composition described herein and a pharmaceutically acceptable carrier.
{0028] In one aspect, the present disclosure relates to a method of treating pain n a subject in
need thereof, comprising administering to the subject a therapeutically effective amount of the
peptide composition or the pharmaceutical composition described herein.

{6029} In some embodiments, the pain 18 ocular pain, chronic pain, neuropathic pain, pain
resulting from chemotherapy or radiation, pain resulting from nerve injury or nerve degeneration,
or pain resulting from an mflammatory condition, dysesthesia, or allodynia.

{0030} In some embodiments, the peptide composition or the pharmaceutical composition i3
administered topically.

{0031} In some embodiments, the peptide composition or the pharmaceutical composition is
administered once a day, twice a day, or thrice a day.

{0032] In some embodiments, the method further comprises administering an analgesic agent
{e.g.. paracetamol, a nonsteroidal anti-inflammatory drug, a COX-2 inhibitor, an opioid, or
medical cannabis).

{0033] In some embodiments, the subject s 8 human.

{0034] In ancther aspect, the present disclosure relates to a method of treating an
inflaromatory condition in a subject in need thereof, comprising administering to the subject a
therapeutically effective amount of the peptide composition or the pharmaceutical composition
described herem.

[0035] In some embodiments, the inflammatory condition is ocular inflaromation.

{0036] In some embodiments, the inflammatory condition is dry eve disease, uvettis {e.g.,
noninfectious uveitis}), allergic conjunctivitis, or retinal nflammatory disease.

{0637} In some embodiments, the inflammatory condition is resulting from nerve injury or
nerve degeneration.

{0038] In some embodiments, the peptide composition or the pharmaceutical composition 13
admunistered topically.

{0039] In some embodiments, the peptide composition or the pharmaceutical composition 13
admunistered once a day, twice a day, or thrice a day.

{0040} In some embodiments, the subject is a human.

o0
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[0041] Any aspect or embodiment described heren can be combined with any other aspect
or embodiment as disclosed herein. While the disclosure has been described in conjunction with
the detailed description thereof, the foregoing description 1s intended to iustrate and not limat
the scope of the disclosure, which is defined by the scope of the appended claims. Other aspects,
advantages, and modifications are within the scope of the following claims.

{0642] The patent and scientific literature referred to herein establishes the knowledge that 1s
available to those with skill in the art. Al United States patenis and published or unpublished
Untted States patent applications cited herein are incorporated by reference. Al published foreign
patents and patent applications cited herein are hereby incorporated by reference. All other
published references, documents, manuscripts and scientific literature cited herein are hereby

mcorporated by reference.
BRIEF DESCRIPTION OF THE DRAWINGS

{0043} FIG. 1 15 a graph showing that increase in corneal permeability due to dry eve was
reduced significantly OK-101. Potency of OK-101 was comparable to cyclosporine (CS), an
active ingredient of Restasis® (Allergan}. The amimal study was done with single dose. OK-101
has the following structure:

O

H
o N
\f‘”ﬁiﬂ\ﬁm ;8\’/\;[/ N G-G-dY -F~L-P-dS—Q-F~dA-Tic-S~COOH
o

10044] FIG. 2 1s a graph showing that increase in corneal permeability due to dry eve was

(SEQ ID NO: 10).

reduced significantly OK-113. Potency of OK-113 was comparable to cyclosporine (CS), an
active ingredient of Restasis® (Allergan). The animal study was done with single dose. OK-113

has the following structure:

H
o N
\(Vjéﬁ\m’?\/ w ™ NorV-G-dY-F-Nie-P-dS-QF-dA-Tic-dA~COOH

H
O (SEQ ID NO: 5).
[0045] FIG. 3 15 a graph showing that OK-~101 signuficantly reduced the dry eye induced

CD4" T-cells infiltration, which are known biomarkers of inflaromation.
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{0046] FIG. 4 15 a graph showing that OK-101 normalized the dry eye induced loss of goblet
cell density.

{0047} FIG. S 15 a graph showing that OK-113 significantly reduced the dry eve induced
(D4 T-cells infiltration.

{0048] FIG. 6 1s a graph showing that OK-113 normalized the dryv eye induced loss of goblet

cell density.

DETAILED DESCRIPTION OF THE DISCLOSURE

{0049] As described in further detail herein, there is an unmet need for novel strategies to
treat pain, in particular neuropathic pain, a disease which affects millions of people worldwide
and occurs in as much as 7% of the population. The management of patients with neuropathic
pain is complex, with many patients not responding to treatment or only experiencing partial
relief. At the exireme, there 15 a substantial subpopulation with moderate to severe chronic
refractory pain where there 1s an urgent need tor more effective, long acting therapeutics.

[0050] CMELRI 15 a G protein-coupled receptor which has been shown to modulate
nociception. This receptor 15 expressed in gha, dorsal root ganglion neurons, and immune cells.
The endogenous higand {agomst) for CMKLRT 1s chemerin, a 163 amino acid protein. Chemerin,
also known as retinoic acid receptor responder protein 2 (RARRES2), tazarctene-induced gene 2
protein {TIG2), or RAR-responsive protein TIG2, 15 a protemn that in bumans 13 encoded by

the RARRES2 gene. The homo sapiens’ amino acid sequence of chemerin 1s shown below in
SEQ ID NO: 8.

{80531} NCBI Reference Sequence: NP_002880.1

MRRLLIPLAL WLGAVGYVGVA ELTEAQRRGL QVALEEFHKH PPVOWAFQET
SVESAVDTPF PAGIFVRLEF KLOQTSCRKR DWKKPECKVR PNGRKRKCLA
CIKLGSEDKY LGRLVHCPIE TOQVLREAEEH QETQULRVOR AGEDPHSFYF
PGQFAFSKAL PRS (SEQ ID NO: 8).

{0052} Chemerin 1s inactive as pre-prochemerin (having SEQ 1D NG: B8} and 1s activated

through cleavage of the C-terminus and N-terminus to form a chemerin fragment having an

10
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amino acid sequence from posttion 21 to 157 of SEQ 1D NO: &, which can function as an agonist
for CMKLR1. This chemerin fragment has the following amino acid sequence:
ELTEAQRRGL QVALEEFHKH PPVOQWAFQET SVESAVDTPF PAGIFVRLEF
KLOOTSCREKR DWEKPECKVR PNGRKREKCLA CIKLGSEDKY LGRLVHCPIE
TOVLREAEEH QETQCLRVQR AGEDPHSFYF PGQFAFS (SEQ 1D NO: 9).

{0653] Among other things, the present disclosure provides a composition comprising a
chemerin analog that can retain some or all of the biological functions of the amino acid
sequence of SEQ ID NO: 9, e g, functioning as an agomst of CMKILR1. The chemerin analog
can be an analog of etther the full length or a fragment of chemerin.

{6054] In one aspect, the present disclosure provides a composition comprising: a peptide
comprising amino acids having a sequence of X1 XoX3Xu-Nle-PXsXoX7Xs-Tic-Xo (SEQ 1D NO:
1), and a lipid entity linked to the peptide. In some embodiments, any one or more than one of
the amino acids in the peptide can be either an L- anuno acid or a D-amino acid. In some
embodiments, any one or more than one of the amino acids in the peptide can be fluorinated. As
used herein, a fluorinated amino acid 1s an anuno acid in which one or more hydrogen is replaced
by a fluorine. As used herein, Nle refers to norleucine; and Tic refers to (8)-1,2,3 4~
tetrahydroisoquinoline-3-carboxylic acid.

[B055] In some embodiments, X1 is selected from A, dA, and NorV,; X2 is Aor G, Xsis For
dY; Xsis For Y; X515 8 or dS; Xe 13 Q or a~aminoadipic acid {Aad); X7 1s selected from Y, F,
and fF; Xs1s A or dA; and Xo 15 dA or dS.

{0036} As used herein, NorV refers to norvaline,

[0057] As used herein, a lowercase d 1n front of an amino acid denotes a D-amino acid of
that ammo acid. For example, dA denotes D-alaning; dY denotes D-tyrosine; and dS denotes D-
serine.

{0058] As used herein, a lowercase fin front of an amino acid denotes that the amino acid 13
fluorinated. For example, fF denotes fluorinated phenylalanine.

{0059] In some embodiments, the peptide has no more than 20 amino acids, no more than 19
amineo acids, no more than 18 amino acids, no more than 17 amino acids, no more than 16 amino
acids, no more than 15 amino acids, no more than 14 amino acids, no more than 13 amino acids,

or no more than 12 amino acids.
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{0060} In some embodiments, the peptide has at least 9 amino acids, at least 10 amino acids,
at Jeast 11 amuno acids, or at least 12 amino acids.

[0061] Combinations of the above-referenced ranges for the number of amino acids are also
possible. For example, the peptide can have about 9 to 20 aming acid, about 10 to 20 amino
acids, or about 10 to 18 amino acids.

{0662] In some embodiments, the peptide consists of amino acids having the sequence of
KiXoX3Xa-Nie-PXsXe X7 Xs-Tic-Xo {(SEQ 1D NO: 1),

{6063} In some embodiments, the peptide comprises AAFY-Nle-PSQYA-Tic-dA (SEQ ID
NG: 2), AG-dY-F-Nle-P-dS-Aad-FA-Tic-dA (SEQ ID NO: 3}, dA-G-dY-F-Nle-P-dS-Q-fF-dA-
Tic-dA (SEQ 1D NGO 4), NorV-G-dY-F-Nle-P-dS-QF-dA-Tic-dA (SEQ 1D NO: 5), AG-dY-F-
Nle-P-dS-QFA-Tic-dS (SEQ [D NO: 6), or dA-G-dY-F-Nle-P-dS-QF-dA-Tic-dA (SEQ ID NO:
7.

{0064] In some embodiments, the peptide consists of AAFY-Nle-PSQYA-Tic-dA (SEGQ 1D
NQO: 2), AG-dY-F-Nle-P-dS-Aad-FA-Tic-dA (SEQ 1D NO: 3), dA-G-dY-F-Nle-P-dS-Q-fF-dA-
Tic-dA (SEQ 1D NO: 4}, NorV-G-dY-F-Nle-P-dS-QF-dA-Tic-dA (SEQ 1D NO: 53, AG-dY-F-
Nie-P-dS-QFA-Tic-dS (SEQ ID NO: 6}, or dA-G-dY-F-Nle-P-dS-QF-dA-Tic-dA (SEQ 1D NO:
).

[0065] Any of a variety of lipid entities may be utilized in accordance with the present

~3

disclosure. According to various embodiments, a lipid entity can comprise an entity capable of
insertion into a lipid bilayer {(e.g., a cell membrane). In some embodiments, a lipid entity s
capable of incorporating into a lipid raft in a lipid bilaver (e.g., a cell membrane).

[8066] In some embodiments, the lipid entity can comprise a saturated or unsaturated fatty
actd. The numbers 1n the lipid name are used to describe the fatty acid chamns on the lipid. The
numbers are generally presented o the format (number of carbons in fatty acid chain}  {number
of double bonds 1n fatty acid chain), e.g., 16:0 would be 16 carbons 1n the fatty acid chain with
zero double bonds. The saturated or unsaturated fatty acid can include at least 4 carbons, at least
5 carbons, at least 6 carbons, at least 7 carbons, at least 8 carbons, at least 9 carbons, at least 10
carbons, or at least 15 carbons in the fatty acid cham. In some embodiments, the saturated or
unsaturated fatty acid can include about 4-24 carbons n the fatty acid chain. The number of

double bonds 1n the fatty acid chain can be in the range of 0-10, e.g., 0-8, 0-6, 1-&, 1-6. For

12
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example, the ipid entity can be ©22:0, C22:1, €22:2, C22:3, €22:4, C22:5, C22:6, C20:0,
C20:1, C20:2, C20:3, C20:4, C20:5, C20:6, C18:0, C18:1, C18:2, £18:3, C18&:4, C18:5, C18:6,
C10:0, C10:1, C10:2, C10:3, C10:4, ete.

{0667} For example, the lipid entity can be selected from the group consisting of a-linolenic
acid, v-linolenic acid, stearidonic acid, eicosapentaenoic acid, docosahexaenocic acid, linoleic
actd, dihomo-y-hinolenic acid, arachidonic acid, docosatetraenoic acid, palmitoleic acid, vaccenic
acid, paullinic acid, oleic acid, elaidic acid, gondoic acid, erucic acid, nervonic acid, mead acid,
myristic acid, palmitic acid, stearic acid, 1,2-dipalmitoyl-sn-glycero-3-phosphoethanolamine
(DPPE), GM1 ganglioside, GM?2 ganglioside, GM3 ganglioside, 1,2-dipalmitoyl-sn-glycero-3-
phosphocholine (DPPC), 1,2-dioleoyl-sn-glycero-3-phospho-L-serine (DOPS), 1,2-dioleoyi-sn-
glycero-3-phosphocholine (BOPC), a glycosphingolipid, a sphingolipid, phosphatidylinositol
4,5-bisphosphate (PIP2}, a ceramide, cholesterol, ergosterol, phytosterol, a hopanotid, a steroid,
fluorinated-GM 1, fluorinated-GM2, fluorinated-GM3, 17-carboxy-1-oxo-heptadecyl, and an
isoprenotd lipid (e.g., farnesyl (C-15) or geranylgeranyl {(C-20)). In some embodiments, the lipid
entity can be o-linolenic acid. In some embodiments, the lipid entity can be y-linolenic acid. In
some embodiments, the lipid entity can be palnmitic acid. In some embodiments, the lipid entity
can be vaccenic acid. In some embodiments, the lipid entity can be oleic acid. In some
embodiments, the ipid entity can be elaidic acid. In some embodiments, the lipid entity can be
myristic acid. In some embodiments, the lipid entity can be 17-carboxy-1-oxo-heptadecyl.
{0068] The attachment of a lipid entity to a peptide is referred to herein as lipidation. In some
embodiments, the hipid entity 1s linked to the peptide covalently. In some embodiments,
lipidation comprises the attachment of a peptide with any compound that 1s soluble in a cellular
membrane {e.g., 10:1 in equilibrium constant Kassoe=210).

{0069] In some embodiments, lipidation may comprise one or more of the following:
attachment of diacyiglycerol to the side chain of an N-terminal cysteine of a peptide via the
sulfur atom; attachment of O-octanoyl to a serine or threonine of a peptide; and attachment of 8-
archaeol to a cysteine of a peptide. In some embodiments, hipidation may occur, for example, at
any lysine, glutamic acid, aspartic acid, serine, threonine, cysteine, and/or tyrosine.

[0070] In some embodiments, ipidation may include fluorination. Fluorination can include

the addition of one or more CeF13 chains. Without wishing to be bound by theory, 1t 1s thought
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that the presence of one or more CeF13 chamns may allow a lipid entity to segregate from
hydrocarbon lipid membrane components {see J. Am. Chem. Soc. 2007, 129, 9037-9043; J. Phsy.
Chem. B, 2008, 112, 8250-8256, J. Am. Chem. Soc., 2009, 131, 12091-12093}.

{6071} In some embodiments, the lipid entity 15 attached to an amino acid residue which can
be at or near the N-terminus of the peptide. In some embodiments, the hipid entity can be
attached to an amino acid residue which 13 at or near the C-terminus of the peplide.

{0072} In some embodiments, the presence of at least one alkene in the structure of a hipid
entity provides increased fluidity in a membrane (1.e, greater ability to move within the
membrane) as compared to similar lipid entities lacking at feast one alkene. In some
embodiments, a lipid entity with greater fhudity s able to provide enhanced activity towards
targets {(e.g., receptors, ion channels, or enzymes) with a low density in a membrane. Without
wishing to be bound by theory, it 1s possible that a hipid entity with increased ability to move
within a membrane are able to encounter a low density target faster than a lipid entity with less
mobility within a membrane.

{0073] The lipid entity can be linked to the peptide through a linker entity. As such, the

composition can have the follow formula:

Lipid entity Linker entity Peptide

{0074] In some embodiments, the Hinker entity can have a length of between about 2 A and
300 A, inclusive. In some embodiments, the linker entity is between 30 A and 150 A, inclusive.
{0675] In some embodiments, the linker entity is attached to an amino acid residue which
can be at or near the N-terminus of the peptide. In some embodiments, the linker entity can be
attached to an amino acid residue which is at or near the C-terminus of the peptide.

{0676} In some embodiments, the linker entity can comprise one or more aming acids, which
can either be natural or synthetic. For example, the linker entity can comprise a Glycine,
Alanine, Leucine, Methionine, Phenylalanine, Tryptophan, Lysine, Glutanmine, Ghutamic Acid,
Serine, Prolineg, Valine, Isoleucine, Cysteine, Tyrosine, Histidine, Arginine, Asparagine, Aspartic
Acid, Threonine, or a combination thereof

{6077} In some embodiments, the linker entity can comprise a peptide (“peptide linker”),
e.g., between about Z and 20 amino acid residues in length, or between about 5 and 10 amino
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acid residues in length. According to various embodiments, peptide linkers can be designed such
that one or more a-helices are formed between the peptide described herein and a lipid entity. In
some embodiments, a peptide linker may comprise a plurality of a-helices. In some
embodiments, the plurality of a-helices is consecutive. In some embodiments, a plurality of g-
helices1s 2, 3,4, 5,6,7,8, 9,10, 15, 20, or more a~helices.

{0678] In some embodiments, a peptide linker can comprise repeating units, for example a
plurality of repeating glycine-asparagine (GN} units. In some embodiments, a peptide linker can
comprise an epitope tag {e.g., a c-Myc tag) or sther markers to allow for identification and/or
characterization of provided agents and their fate i vitro and/or in vive,

{0679] In some embodiments, the peptide linker can comprise the amino acid sequence of
GGK or GG

{0080] In some embodiments, the linker entity can comprise a non-peptide entity {“non-
peptide linker”}. In some embodiments, the linker entity can comprise ethylene glycol and/or
aminoethylethanolamine (AEEA). In some embodiments, non-peptide linkers may be a synthetic
polymer. According to various embodiments, the synthetic polymer may be any of a variety of
lengths. In some embodiments, a hinker entity comprising a synthetic polymer comprises a
monomeric unit of the polymer. In some embodiments, a linker entity comprising a synthetic
polymer comprises two or more monomeric units of a synthetic polymer (e.g., 2,3, 4, 5,6, 7. 8,
9, 10, 20, 30, 40, 50, 100 or more monomeric units).

[0081] In some embodiments, a linker entity can comprise a polyethyiene glveol (PEG). In
Some embodiments, the average number of ethylene glvcol units in the PEG 15 2-20, e.g., 2, 3, 4,
5,6,7,8,9,10, 11, 12, 13, 14, 15, 16, 17, 18, 19, or 20. In some embodiments, the linker entity
can comprise PEGE, which means that the average number of ethylene glycol units 1s 8.

{06082} Noun-hmiting examples of suitable polymeric hinkers include linkers with one or more

monomerte untts according to one of the following formulas:

DA Sha

where n represents an integer greater than or equal to 1. In some embodiments, n is an integer
between 2 and 50, 4 and 24, and/or 8 and 24, inclusive.
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{60383] In some embodiments, the hinker entity can have any one of the following structures:
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{0084] In some embodiments, a hinker entity can comprise a monosaccharide, an
oligosaccharide, or a polysacchande, e.g., glucose, fructose, galactose, inuhin, or a trisaccharide.
{0085] In some embodiments, a hnker entity can comprise 1-Ethyi-3-(3-
Dimethylaminopropyl) carbodiimide (EDAC), Benzophenone-4-Isothiocyanate, Bis-{({N-
lodoacetyhPiperaziny]}Sulfonerhodamine, Succimimidyi 2-(2-Pyridyldithio)Propionate (SPDP),
4-Azido-2,3,5,6-Tetrafluorobenzoic acid (ATFB), (N-((2-Pyridyldthio)ethyl)-4-
Amndosalicylamide), Succmimidyl trans-4-(maletndyimethyljcyclohexane-1-carboxylate
{SMCC), and/or N-(t-BOC-aminooxyacetic acid. Those of skill in the art will be able to 1dentify
additional candidate linker entities according to known methods.

{6086] In some embodiments, a linker entity can comprise both a peptide and a non-peptide
entity. For example, the linker entity can comprise both PEGS and a peptide, e.g., a peptide
having the amino acid sequence of GGK or GG.

{0087} In some embodiments, a linker entity is formed, at least in part, as a result of a click
reaction, e.g., an azide-alkyne Huisgen cycloaddition reaction.

{0088] Additional examples of lipid entities, linker entities, and methods of hipidation can be
found at US20160052982 and US20190022168, the contents of each of which are incorporated
herein by reference.

[0689] Any embodiment of the lipid entities described herein and any embodiment of the
linker entities described herein can be combined. For example, a combination of the lipid entity
and the hinker entity can comprise palnutic acid~y-ghutamic acid, palmtic acid-lysine, palmitic
acid~y-ghutamic acid-lysine, myristic acid-lysine, 17-carboxy-1-oxo-heptadecyl-y-glutamic acid-
(AEEA), AEEA-PEG, or 17-carboxy-1-oxo-heptadecyl-y-glutamic acid-(AEEA »-lyvsine.

{0090] In some embaodiments, the combination of the lipid entity and linker entity can be

O
\(\,#E\ /@’\\/O -
140 &
O, where the squiggly line denotes the pomt of coupling to the
peptide.

{0091] In some embodiments, when lipidation occurs at the N-terminus of the peptide,

palmitic acid, myristic acid, paloutic acid-y-glutanmic acid, palmitic acid-y-glutamic acid-2x0OEG,
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17-carboxy-~1-oxo-heptadecyl-y-glutarmic acid-(AEEA )z, or cholesterol can be attached to the N-
terminus of the peptide.

{0092] In some embodiments, when lipidation occurs at the C-termunus of the peptide,
palmitic acid-lysine, palmitic acid-y-glutamic acid-lysine, myristic acid-lysine, or 17-carboxy-1-
oxo-heptadecyl-y-ghitamic acid-(AEEA Y -lysine can be attached to the C-terminus of the
peptide.

{0093} In some embodiments, the compositions described herein are soluble in water.

Admimstration of the Compositions

{0694] The therapeutically effective amount of a composition according to this disclosure
can vary within wide limiis and may be determined in a manner known in the art. For example,
the composition can be dosed according to body weight. Such dosage will be adjusted to the
mdividual requnrements in each particular case including the specific composition being
admunistered, the route of administration, the condition being treated, as well as the patient being
treated. In another embodiment, the composition can be administered by fixed doses, e.g., dose
not adjusted according to body weight. In general, in the case of oral or parenteral
administration to adult humans, a daily dosage of from about 0.5 mg to about 1000 mg should be
appropriate, although the upper limit may be exceeded when indicated. The dosage can be from
about 5 mg to about 500 mg per day, e.g., about 5 mg to about 400 mg, about S mg to about 300
mg, about 5 mg to about 200 mg. The daily dosage can be administered as a single dose or in
divided doses, or for parenteral admunistration it may be given as continuous infusion.

[0095] A therapeutically effective amount of a composition is that which provides an
objectively 1dentifiable improvement as noted by the clinician or other qualified observer.
[0096] The present disclosure also provides a pharmaceutical composition comprising the
peptide composition described heremn and a pharmaceutically acceptable carrier. The
pharmaceutical compositions can be mcluded 1n a container, pack, or dispenser together with
nstructions for adminastration. The compositions described herein can be administered
topically, orally, nasally, transdermally, pulmonary, inhalationally, buccally, sublingually,
mirapermtoneally, subcutaneously, mtramuscularly, mtravenously, rectally, intrapleurally,

mtrathecally, or parenterally. In one embodiment, the composition 1s administered topically. For
20

SUBSTITUTE SHEET (RULE 26)



WO 2021/021915 PCT/US2020/044045

example, the composition 1s admunistered in the form of eve drops. In one embodiment, the
composition 1s administered orally. In some embodiments, the composition 1s administered
mtravenously. In some embodiments, the composition 13 adminustered mntrathecally. One skilled
in the art will recognize the advantages of certain routes of administration.

{0097} The dosage regimen utilizing the compositions described herein is selected in
accordance with a variety of factors including species, ethnicity, age, weight, sex and medical
condition of the patient; the severity of the condition to be treated; the route of administration;
the renal and hepatic function of the patient; and the particular composition employed. An
ordinarily skilled physician or veterinarian can readily determine and prescribe the effective
amount of the drug required to prevent, counter, or arrest the progress of the condition.

{0098] The compositions described herein can be administered once a day, twice a day,
thrice a day, more than thrice a day, or once every few days.

{0099] Techniques for formulation and administration of the disclosed compositions of the
disclosure can be found in Remingron: the Science and Practice of Pharmacy, 19"edition, Mack
Publishing Co., Easton, Pa. (1995}, In an embodiment, the lipidated peptides described herein,
and the pharmaceutically acceptable salts thereof, are used in pharmaceutical preparations in
combination with a pharmaceutically acceptable carrier or diluent. Suitable pharmaceutically
acceptable carriers mclude inert sohid fillers or diluents and sterile aqueous or organic solutions.
The lipidated peptides will be present i such pharmaceutical compositions in amounts sufficient
to provide the desired dosage amount in the range described herein.

[001008] Insome embodiments, the pharmaceutical composition can be formulated for topical
adounistration. Formulations suitable for topical administration include, but are not limited to,
hiqued and/or semi hiquad preparations such as liniments, lotions, o1l in water and/or water m oil
emulsions such as creams, ointments and/or pastes, and/or solutions and/or suspensions.
Topically-adimunistrable formulations may, for example, comprise from about 1% to about 10%
{(wt/wt) active ingredient, although the concentration of active ingredient may be as high as the
solubility limit of the active ingredient in the solvent. Formulations for topical admimstration
may further comprise one or more of the additional ingredients.

{80101] In some embodiments, the pharmaceutical composition can be formulated for oral

administration. Oral formulations containing the pharmaceutical composition described herein
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can be formulated mto any conventionally used oral forms, including: tablets, capsules, pills,
troches, lozenges, pastilles, cachets, pellets, medicated chewing gum, granules, bulk powders,
effervescent or non-effervescent powders or granules, solutions, emulsions, suspensions,
sofutions, wafers, sprinkles, elixirs, syrups, buccal forms, and oral liquids. Capsules may contain
nmixtures of the active compound(s) with inert fillers and/or diluents such as the pharmaceutically
acceptable starches (e.g. corn, potato or tapioca starch), sugars, artificial sweetening agents,
powdered celluloses, such as crystalline and microcrystalline celluloses, flours, gelatins, gums,
etc. Useful tablet formulations can be made by conventional compression, wet granulation or
dry granulation methods and utilize pharmaceutically acceptable diluents, binding agents,
fubricants, disintegrants, surface moditying agents {including surfactants}), suspending or
stabilizing agents, including, but not limited to, magnesium stearate, stearic acid, talc, sodium
lauryl sulfate, microcrystalline cellulose, carboxymethylcellulose calcium, polyvinylpyrrohidone,
gelatin, alginic acid, acacia gum, xanthan gum, sodium citrate, complex stlicates, calcium
carbonate, glycine, dextrin, sucrose, sorbitol, dicalcium phosphate, calcium sulfate, lactose,
kaolin, mannitol, sodium chloride, talc, dry starches and powdered sugar. In some embodiments
are surface modifying agents which mclude nonionic and anionic surface modifying agents. For
example, surface modifying agents include, but are not limited to, poloxamer 188, benzalkonium
chloride, calcium stearate, cetostearyt alcohol, cetomacrogol emulsitving wax, sorbitan esters,
collowdal silicon dioxide, phosphates, sodium dodecylsulfate, magnesium aluminum silicate, and
triethanolamine. Oral formulations herein may utilize standard delay or time release
formulations to alter the absorption of the active compound(s). The oral formulation may also
consist of admirnistering the active ingredient in water or a fruit juice, containing appropriate

solubilizers or emulsifiers as needed.

Methods of Treatment

{60102] The compositions described herein can be used to treat a variety of conditions
mcluding pain such as neuropathic pain, ocular pain, chronic pain, pain resulting from
chemotherapy or radiation, pain resulting from nerve mjury or nerve degeneration, and pain
resulting from an inflamnmatory condition, dysesthesia, or allodymia. The compositions described

herein can also be used to treat an inflammatory condition such as ocular inflammation, retinal
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mflarmamation, dry eye, uveitis, allergic conjunctivitis, and inflammation resulting from nerve
mpury or nerve degeneration,

[06183] In one aspect, the present disclosure provides a method of treating neuropathic pain
with the compositions described herein. Neuropathic pain according to the present disclosure s
a pain intiated or caused by a primary lesion or dysfunction n the nervous system. Neuropathic
pain can be divided into “peripheral” (originating in the peripheral nervous system} and “central”
{originating in the brain or spinal cord). For example, neuropathic pain syndromes include
postherpetic neuralgia {caused by Herpes Zoster), root avulsions, painful traumatic
mononeuropathy, painful polyneuropathy (particularly due to diabetes), central pain syndromes
{potentially caused by virtually any lesion at any level of the nervous system),

postsurgical pain syndromes (e.g., postmastectomy syndrome, postthoracotomy syndrome, or
phantom pain), and complex regional pain syndrome {e g., reflex sympathetic dystrophy or
causalgia).

{00104]  Neuropathic pain has typical symptoms like dysesthesias (spontaneous or evoked
burning pain, often with a superimposed lancinating component}, but the pain may also be deep
and aching. Other sensations like hyperesthesia, hyperalgesia, allodynia (pain duetoa
normoxious stimulus}, and hyperpathia (particularly unpleasant, exaggerated pain response) may
also occur. The compositions of the present disclosure can be administered to ameliorate at least
one of these symptoms.

{001065]  Current therapy for neuropathic pan aims only at reducing symptoms, generally by
suppressing neuronal activity. Thus, treatment options, e.g., non-steroidal anti-inflammatory
drugs (NSAIDS), antidepressants, anticonvulsants, baclofen, neuromodulation modalities, or
opiates, predonunantly alleviate symptoms via nonspecific reduction of neuronal
hyperexcitability rather than targeting the specific eticlogies. The composttions of the present
disclosure can be admunistered in combination with the current therapy for treating neuropathic
pamn. For example, the compositions of the present disclosure can be admnistered in
combination with an NSAID, an antidepressant, an anticonvulsant, baclofen, a neuromodulation
modalbity, or an opiate for treating neuropathic pain.

[80106] In another aspect, the present disclosure provides a method of treating ocular pain

with the compositions described herein. Ocular pain can be co-incident with a number of
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conditions, including but not himited to trauma due to accidental or surgical injury, vveitis, dry
eye, and diabetic neuropathy. The standard of care for treatment of ocular pain 1s typically either
topically admumstered NSAIDs, or orally administered analgesic agents, such as NSAIDS or
opioids hike hydrocodone. In some embodiments, the compositions of the present disclosure can
be administered in combination with an NSAID or opioid for treating ocular pain.

{80107]  Inanother aspect, the present disclosure provides a method of treating chronic pain
with the compositions described herein. The compositions described herein can be used as non-
opioid analgesics for treating chronic pain.

{00168] Inanother aspect, the present disclosure provides a method of treating pain resulting
from chemotherapy or radiation. Commonly used chemotherapy drugs, such as vincristine
sulfate, paclitaxel or cisplatin, may cause what 1s known as chemotherapy-induced peripheral
neuropathy or paresthesia.

{00109] In another aspect, the present disclosure provides a method of treating pain resulting
from nerve injury or nerve degeneration with the compositions described herein.

{00118} In another aspect, the present disclosure provides a method of treating pain resulting
from an inflammatory condition, dysesthesia, or allodynia with the compositions described
hereimn.

{00111] The compositions described herein can be administered in combination with an
analgesic agent to treat pain. Examples of analgesic agents include, but are not himited to,
paracetamol, an NSAID, a COX-2 inhibutor, an opioid, and medical cannabis.

[00112] 1In another aspect, the present disclosure provides a method of treating ocular
inflaramation or retinal inflammation with the compositions described herein. Ocular
mflammation can be caused by a microbial infection of the eve. Such infection may be fungal,
viral or bacterial. Current therapies for treating ocular inflammation inchude locally administered
anti-cytokine or anti-inflammatory agents. In some embodiments, the compositions of the
present disclosure can be administered in combination with an anti-cytokine or anti-
mflammatory agent for treating ocular inflammation.

{00113] Aunti-cvtokine or anti-inflammatory agents include, but are not himited to, NF Kappa
B nhibitors, for example corticosteroids, glucocorticoids such as flucinolonone; NSAIDs such as

sulindac and tepoxalin; antioxidanis such as dithiocarbamate; and other compounds such as
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sulfasalazine [2-hydroxy-5-[-4-[C2-pyridinylaminojsulfonyliazobenzoic acid], clonidine, and
autologous blood-derived products such as Orthokine.

{60114] The compositions described herein can also be used to treat drv eye. Dry eye is
primarily caused by the break-down of the pre-ocular tear film which results in dehydration of
the exposed outer surface. Dry eve can be diagnosed through a comprehensive eve examination.
Testing, with emphasis on the evaluation of the quantity and quality of tears produced by the
eyes, may include: (8) patient history to determine the patient's symptoms and to note any
general health problems, medications or environmental factors that may be coniributing to the
dry eye problem; (b} external examination of the eye, including lid structure and blink dvnamics;
{c} evaluation of the eyelids and cornea using bright light and magnification; and (d)
measurement of the quantity and quality of tears for any abnormalities. Special dyes may be put
in the eves to better ohserve tear flow and to highlight any changes to the outer surface of the eye
caused by msufficient tears.

{00115]  Without wishing to be bound by theory, there 15 a rationale that ocular inflammation
as a result of pro-imflammatory cvtokines and growth factors plays a major role in the underlying
causes of dry eve. As such, locally administered anti-cytokine or anti-inflammatory agents are
often used in the treatment of dry eyve. In some embodiments, the compositions of the present
disclosure can be administered i combination with an anti-cytokine or anti-inflammatory agent
for treating dry eve.

{00116] In some embodiments, a therapeutically effective amount for treating ocular
inflammation is an amount that reduces the extent of inflammation in the subject by at least 10%,
at least 20%., at least 30%, at least 40%, at least 50%, at least 60%, at least 70%, at least 80%, at
least 90%, or at least 95% compared to a placebo.

{80117] Insome embodiments, a therapeutically effective amount for treating dry eve 1s an
amount that increases the production of tears in the subject by at least 10%, at least 20%, at least
30%, at least 40%, at least 50%, at least 60%, at least 70%, at least 80%, at least 90%, at least
100%, or at least 150% compared to a placebo.

{00118] The compositions described herein can be used to treat uveitis such as nomnfectious
uveitis. Uvettis means inflamnmation 1n one or both of the patient’s eyes. Uveitis 15 a wide range

of inflammatory diseases of the eye, specifically the uvea. There are 3 basic layers of the eye —
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the sclera and cornea on the outside, the reting on the inside, and the vvea i between. The uvea
18 comprised mostly of blood vessels and connective tissue, including pigmented cells. The
different parts of the uvea are the 111s in the front, the ciliary body 1n the muddle, and the choroid
located behind these, which lies around most of the eve. Sometimes uveitis can affect parts of the
eye other than uvea, such as retina, vitreous, or optic nerve. Types of uveitis can be based on
what part of the eye 18 affected. For example, anterior uveitis is the mflammation in the front of
the eve, called iritis or iridocyclitis; intermediate uveitis is the inflammation in the middle part of
the eye, or pars planitis or vitritis; posterior uveitis is the inflammation of the back of the eve,
such as choroiditis, retinal vasculiiis, retinitis, neuroretiniiis, retinochoroiditis, or chortoretinitis.
{80119] Symptoms of uveitis commonly include redness, blurry vision, pain, light sensitivity,
and floaters and flashes.

{00120} Nomnfectious uveitis can result from an eye injury or a disease somewhere else in the
patient’s body. Typically, steroids or immunosuppressants are used to treat noninfectious uvettis.
In some embodiments, the compositions described herein can be used in combination with a
steroid or an immunosuppressant to treat noninfectious uveitis.

{00121} The compositions described herein can be used to treat allergic conjunciivitis.
Allergic conjunctivitis 1s an eye inflammation caused by an allergic reaction to substances like
pollen or mold spores. Typically, antthistamines, decongestants, or steroids are used to treat
allergic conjunctivitis. In some emnbodiments, the compositions described herein can be used in
combination with an antihistamine, a decongestant, or a steroid to treat allergic conjunctivitis.
[00122] The compositions described herein can be used to treat mflammation resulting from
nerve mnjury or nerve degeneration.

{86123] The compositions described herein can be used to prevent any one of the diseases,
disorders, or conditions described herein. For example, the compositions described hereim can be
used to prevent neuropathic pain, ocular paim, ocular mflammation, dry eye, uveitis, or allergic
conjunchivitis.

[00124] With respect to combination therapies involving a first therapeutic agent {e.g., a
composttion of the present disclosure) and a second therapeutic agent {e.g., an anti-inflammatory
agent, an opioid, an NSAID, or an antidepressant), the first therapeutic agent can be admimstered

concurrently with the second therapeutic agent; the first therapeutic agent can be administered
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before the second therapeutic agent; or the first therapeutic agent can be admunistered after the
second therapeutic agent. The adminstrations of the first and second therapeutic agents can be
separated by minutes or hours, e.g., one hour, two hours, three hours, four hours, five hours, or

stx hours.

Definitions

{00125] Unless defined otherwise, all technical and scigntific terms used herein have the same
meaning as commonly understood by one of ordinary skill in the art to which the invention
pertains. Although other methods and materials similar, or equivalent, to those described herein
can be used in the practice of the present invention, the preferred materials and methods are
described herein. It is to be understood that the terminology used herein 1s for the purpose of
describing particular embodiments only, and 15 not intended to be limiting,

[00126] As used herein, the term “at least one,” in reference to a list of one or more
elements, should be understood to mean at least one element selected from any one or more of
the elements in the list of elements, but not necessarily including at least one of each and every
element specifically listed within the list of elements and not excluding any combinations of
elements in the list of elements. This definition also allows that elements may optionally be
present other than the elements specifically identified within the list of elements to which the
phrase “at least one” refers, whether related or unrelated to those elements specifically identified.
Thus, as a non-limiting example, “at least one of A and B” {(or, equivalently, “at least one of A or
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B,” or, equivalently “at least one of A and/or B”) may refer, in one embodiment, to at least one,
optionally including more than one, A, with no B present (and optionally including elements
other than B}; in another embodiment, to at least one, optionally including more than one, B,
with no A present (and optionally including elements other than A}; in yet another emnbodiment,
to at least one, optionally mmcluding more than one, A, and at least one, optionally including more
than one, B {and optionally including other elements); etc.

{60127} The term “and/or,” as used herein, should be understood to mean “either or both”
of the elements so conjoined, 1.¢., elements that are conjunctively present i some cases and
disjunctively present in other cases. Multiple elements listed with “and/or” should be construed

m the same fashion, 1.e., “one or more” of the elements so conjoined. Gther elements may
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optionally be present other than the elements specifically identified by the “and/or” clause,
whether related or unrelated to those elements specifically identified. Thus, as a non-limiting
example, a reference to “A and/or B”, when used in conjunction with open-ended language such
as “comprising” may refer, in one embodiment, to A only (optionally including elements other
than B}, in another embodiment, to B only (optionally including elements other than A); in yet
another embodiment, to both A and B (optionally including other elements); etc.

{00128] The terms “peptide,” “polypeptide,” and “protein” are used interchangeably herein
and typically refer to a molecule comprising a cham of two or more amino acids {e.g., most
typically L-amino acids, but also including, e.g., D-amino acids, modified amino acids, amino
acid analogs, and amino acid mimetic). Peptides may be naturally occurring, synthetically
produced, or recombinantly expressed. Peptides may also comprise additional groups modifying
the amino acid chain, for example, functional groups added via post-translational modification.
Examples of post-translation modifications include, but are not limited to, acetylation, alkylation
{(including methylation}, biotinylation, glhitamylation, glycylation, glycosylation, isoprenylation,
lipoylation, phosphopantetheinylation, phosphorylation, selenation, and C-terminal anudation.
The term peptide also includes peptides comprising modifications of the amino terminus and/or
the carboxyl terminus. Modifications of the terminal amino group include, but are not limited to,
des-amino, N-lower alkyl, N-di-lower alkyl, and N-acy! modifications. Modifications of the
terminal carboxy group nclude, but are not imited to, anide, lower altkyl anmide, dialky] amide,
and lower alkyl ester modifications {(e.g., wherein lower alkyl 1s Ci-Cy alkyl). The term peptide
also includes modifications, such as but not limited 10 those described above, of amino acids
falling between the amino and carboxy terming. The term peptide can also mclude peptides
moditfied to include one or more detectable labels.

{00129] The phrase “amino acid restdue” as used herein refers to an amino acid that 1s
mcorporated mto a peptide by an amide bond or an amide bond mimetic. The anuno acid can
either be natural or synthetic.

{86133] The termanal amuno acid at one end of the peptide chain typically has a free amino
group {7.e., the amino terminus). The termunal amine acid at the other end of the chain typically

has a free carboxyl group (7.e., the carboxy terminus). Typically, the amino acids making up a
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peptide are numbered 1 order, starting at the amuno terminus and increasing in the direction of
the carboxy terminus of the peptide.
[00131]  As used heren, the term “analog” refers to a varniant or mutant polypeptide having

one or more amino acid modifications compared to the wild type.

2 ok 2 6¢

{00132] As used herein, the terms “treat,” “treating,” “treatment,” and the like refer to
reducing or ameliorating a disorder and/or a symptom associated therewith. It will be
appreciated that, although not precluded, treating a disorder or condition does not require that the
disorder or symptom associated therewith be completely eliminated. The terms “treat,”
“treating,” or “treatment,” do not include prevention.

{06133]  As used herein, the term “prevent” refers to reducing or eliminating the onset of the
symptoms or complications of a disease, condition, or disorder.

{00134]  As used herein, a "subject" can be any mammal, e g., a human, a non-human primate,
mouse, rat, dog, cat, cow, horse, pig, sheep, goat, camel. In some embodiments, the subjectis a
human.

{00135} The term “pharmaceutical composition” refers to a mixture of the peptide
composition disclosed herein with other chemical components, such as diluents or carriers. The
pharmaceutical composition facilitates adnunistration of the peptide composition to an organism
such as a human. Pharmaceutical compositions can also be obtained by reacting compounds with
inorganic or organic acids such as hydrochloric acid, hvdrobromic acid, sulfuric acid, nuric acid,
phosphoric acid, methanesulfonic acid, ethanesulfonic acid, p-toluenesulfonic acid, salicylic acid
and the like.

{00136] “Pharmaceutically acceptable carrier” means a carrier that is useful i preparing a
pharmaceutical composttion that 1s generally safe, non-toxic and netther biclogically nor
otherwise undesirable, and includes excipient that 1s acceptable for veterinary use as well as
human pharmaceutical use. Useful pharmaceutical carriers for the preparation of the
compositions hereof, can be solids, liquids or gases; thus, the compositions can take the form of
tablets, pills, capsules, suppositories, powders, enterically coated or other protected formulations
{e.g. binding on 1on-exchange resins or packaging in hpid-protein vesicles), sustained release
formulations, solutions, suspensions, elixirs, aerosols, and the Tike. The carrier can be selected

from the various oils including those of petroleum, amimal, vegetable or synthetic origin, e.2.,
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peanut o1, soybean od, mineral oil, sesame o1, and the hike. Water, saline, aqueous dextrose, and
glycols are preferred hiquad carriers, particularly {when 1sotonic with the blood) for mjectable
solutions. For example, formulations for intravenous administration comprise sterile agueous
solutions of the active ingredient(s) which are prepared by dissolving solid active ingredieni(s) in
water to produce an aqueous solution, and rendering the solution sterile. Suitable pharmaceutical
excipients include starch, cellulose, talc, glucose, lactose, talc, gelatin, malt, rice, flour, chalk,
silica, magnesium stearate, sodium stearate, giycerol monosiearate, sodium chloride, dried skam
milk, glycercl, propylene glycol, water, ethanol, and the like. The compositions may be
subjected to conventional pharmaceutical additives such as preservatives, stabilizing agents,
wetting or emulsifying agents, salts for adjusting osmotic pressure, buffers and the like. Suitable
pharmaceutical carriers and their formulation are described in Remington's Pharmaceutical
Sciences by E. W. Martin. Such compositions will, in any event, contain an effective amount of
the active compound together with a suitable carrier 50 as to prepare the proper dosage form for
proper administration to the recipient.

{00137}  The term “therapeutically effective amount”, as used herein, refers to an amount of a
pharmaceutical agent to treat, ameliorate, or prevent an identified disease or condition, o1 to
exhibit a detectable therapeutic or inhibitory effect. The effect can be detected by any assay
method known in the art. The precise effective amount for a subject will depend upon the
subject’s body weight, size, and health; the nature and extent of the condition; and the
therapeutic or combination of therapeutics selected for administration. Therapeutically effective
amounts for a given situation can be determined by routine experimentation that is within the
skill and judgrent of the clinician.

[80138] As used herein, the singular forms “a,” “an” and “the” mnclude plural referents unless
the context clearly dictates otherwise. Thus, for example, reference to “a solvent” includes a
combination of two or more such solvents, reference to “a peptide” ncludes one or more
peptides, or mixtures of peptides, reference to “a drug” mcludes one or more drugs, reference to
“a device” mcludes one or more devices, and the like. Unless specifically stated or obvious from
context, as used heremn, the term “or” 1s understood to be inclusive and covers both “or” and

“and”.
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{00139] Throughout the specification the word “comprising,” or variations such as
114 M 53 114 : M 2> : " M M M g y

comprises” or “comprising,” will be understood to imply the inclusion of a stated element,
mteger or step, or group of elements, tegers or steps, but not the exclusion of any other
element, integer or step, or group of elements, integers or steps.
{00148} Unless specifically stated or obviocus from context, as used herein, the term “about” 15
understood as within 10%, 9%, 8%, 7%, 6%, 5%, 4%, 3%, 2%, 1%, 0.5%, 0.1%, 0.05%, or
0.01% of the stated value. Unless otherwise clear from the context, all numerical values

provided herein are modified by the term “about.”

EXAMPLES
Example 1.
{00141} Synthesis of lipidated peptides
00142} All peptides were prepared using an Fmoc-tBu strategy. This utilizes an Fmoc

protecting group on the N-terminus with side chain protecting groups being etther tBu or Trt
based depending on the specific functionality present. Activation utilized
diisopropoylcarbodiimide in the presence of hydroxybenzotriazole (HOBT) to nunimize
racemization in DMF. Fmoc removal 1s facilitated with 20% pipenidine in DMF at a ratio of 10
ml/g of resin. The peptide resin is washed with DMF and IpOH (10 mi of solvent/g of resin)
following a deblocking step and following coupling steps. Upon completion of the linear peptide
sequence, the peptide s cleaved from the solid support and simultaneously deprotected on the
side chaing using an acidolytic cleavage with TFA and cationic scavengers {water,
trusoproplylsilane, 3,6-dioxa-~1,8-octanedithiol (DODT), thicanisole, phenol) added according 1o
presence of specific side cham protecting groups. Cleavage time is typically between 60 min and
120 nun. The crude peptide 15 1solated by filiration to remove the spent resin beads and
subsequently precipitated in ice cold methyl t-butyl ether. The precipitated peptide 1s collected
using a sintered glass funnel and dried in drying oven unti] a constant weight 1s obtained.
[B0143] The crude peptide 15 subsequently redissolved in an appropriate buffer system {eg.
20% AcOH 10 water) and purified by preparative reverse phase HPLC. Following purification,
fractions which meet the mmimum pool criterion of >95% are pooled and subsequently

ivophilized. The final freeze-dried peptides are analyzed by analytical RP-HPLC, ESI-MS and
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other analytical methods such as Karl Fischer for water analysis, elemental analysis for Nitrogen
for peptide content, and amino acid analysis.

{60144 Cell culture assays

{60145] PathHunter® B-Arrestin GPCR cell lines co-expressing the ProLink™ (PK)
tagged GPCR (human Chemokine-like receptor 1, CMKLR1) and the Enzyme Acceptor (EA)}
tagged B-Arrestin were used. Activation of the GPCR-PK induces B-Arrestin-EA recruitment,
forcing complementation of the two B-galactosidase enzyme fragments (EA and PK}. The
resulting functional enzyme hydrolyzes substrate to generate a chemiluminescent signal. The
PathHunter® B-Arrestin assay monttors the activation of a GPCR in a homogenous, non-imaging
assay format using a technology developed by DiscoverX called Enzyme Fragment
Complementation (EFC) with $-galactosidase (B-(Gal) as the functional reporter. The enzyme 1s
sphit into two inactive complementary portions {EA for Enzyme Acceptor and PK for ProLink)
expressed as fusion proteins in the cell. EA 1s fused to p-Arrestin and PK 15 fused to the GPCR.
of interest. When the GPCR is activated and B-Arrestin is recruited to the receptor, ED and EA
complementation occurs, restoring B-Gal activity which 1s measured using chemiluminescent
PathHunter® Detection Reagents.

{00146} Assay Design:

{00147} {(a) Cell Handling: 1. PathHunter cell lines co-expressing the ProLink™ (PK)
tagged GPCR (human Chemokine-like receptor 1, CMKLR1) and the Enzyme Acceptor (EA)
tagged B-Arrestin were expanded from freezer stocks according to standard procedures. 2. Cells
were seeded in a total volume of 20 pl 1nto white walled, 384-well microplates and incubated at
37 °C for the appropriate time prior to testing,

{80148} {by Agonist Format: 1. For agomst determination, cells were incubated with
peptide to nduce response. 2. Intermediate dilution of peptide stocks was performed to generate
53X sample 1n assay buffer. 3. 5 ull of 53X peptide was added to cells and incubated at 37°C or
room temperature for 90 to 180 minutes. Vehicle concentration was 1%.

[{060149] {c) Signal Detection: 1. Assay signal was generated through a single addition of
12.5 or 15 pl. (50% v/v} of PathHunter Dretection reagent cocktail, followed by a one hour
meubation at room temperature. 2. Microplates were read followmng signal generation with a

PerkinElmer Envision™ instrument for chemiluminescent signal detection.
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[00156] {d) Data Analysis; 1. Compound activity was analyzed using Chemical and

Biological Information Systern (CBIS) data analysis suite (ChemInnovation, CA). 2. For agonist

mode assays, percentage activity was calculated using the following formuda: % Activity =100%

x (mean RFU of test sample - mean RFU of vehicle control) / {mean MAX control ligand - mean

RFU of vehicle control}. RFU means relative fluorescence units.

{60151 Table 1. EC50 results for various peptides with N-terminal PEG8-Palmitic acid.

p{pﬂdilﬁkmmer ....................................................................... Chunerma“dmgs f;;:;&}
OK-161 Gly-Gly-dTyr-Phe-Leu-Pro-dSer-Gln-Pho-d Ala-Tic-Ser (SEQ [D NO: 10) 2.6
OK-102 dAla-Gly-dTyr-Phe-Nle-Pro-dSer-Gln-Phe-dAla-Tic-dAla (SEGQ 1D NO: 7) 2.3
OK-103 Ala-Ala-Tyr-Phe-Nle-Pro-Ser-Gln-Phe-Ala-Tic-dAla (SEQ ID NG: 11) 43
OK-104 Ala-Ala-Phe-Tyr-Nle-Pro-5er-Gln-Tyr-Ala-Tic-dAla (SEQ [D NG: 2) 2.6
OK-103 Ala-Gly-Tyr-Phe-Nle-Pro-Thr-Asn-Phe-Ala-Tic-dAla (SEQ 1D NO: 12) 203
OK-106 Ala-Ala-Phe-Tyr-Nie-Pro-The-Gin-Phe-Ala-Tic-dAla (SEQ ID NG: 13) 3235
Ok-107 Ala-Ala-Tyr-Phe-Nle-Pro-Ser-Gin-Tyr-dAla-Phe-dAla (SEQ 1D NO: 14} 1708
OK-108 Ala-Gly-dTyr-Tyve-Nie-Pro-dSer-Gin-Phe-d Ala-Phe-d Ala (SEQ 1D NO: 15) 239
OK-109 Ala-Gly-dTyr-Phe-Nle-Pro-dSer-Aad-Phe-Ala-Tic-dAla (SEQ 1D NG: 3) <3
OK-110 dAla-Gly-dTyr-Tyr-Nlo-Pro-dSer-Aad-Phe-d Ala-Tic~-dAla (SEQ ID NO: 16) | 11
OK-111 dAla-Gly-dTyr-Phe-Nle-Pro-dSer-Aad-Phe-dAla-Tic-dAla (SEQ ID NO: 17y {15
OK-112 i?iani‘ﬂyndTyrnpbaniean-dSer-Gln~ﬂuorPhe~dA1a~Tic—dAia (SEQ ID NG {4
OK-113 NorV-Gly-dTyr-Phe-Nle-Pro-dSer-Gln-Phe-dAla-Tic-dAla (SEQ ID NO: 5) <5
OK-114 Ala-Gly-dTyr-Phe-Nle-Pro-dSer-Gla-Phe-Ala-Tic-dSer (SEQ ID NO: 6) <3
OK-115 Ala-Gly~Phe-Phe-Nle-Pro-Ser-Gln-Phe-Ala-Tic-d Ala (SEQ D NO: 18) 124
OK-116 Gly-Gly-Phe-Phe-Nle-Pro-Ser-Gln-Phe-Ala-Tic-dSer (SEQ 1D NO: 19) 63.9
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Example 2.

{60152} In FIGS. 1 and 2, assessment of corneal barrier function is performed as follows.
Corneal staining was measured by penetration of Oregon Green Dextran {OGDB). For baseline
assessment, 0.5 ub. of OGD was mstilled on the cornea of both eyes, and the mice were housed
in the dark for 1 minute before washing with balanced saline solution (BSS) and imaging. For
corneal permeability assessment at Day 5, 0.5 gL of OGD was instilled on the cornea of both
eyes, and the mice were immediately housed in the dark for one minute, followed by
euthanization and immediate imaging. Eves were washed with 2 mL of BSS. Pigital images
were captured, and the mean fluorescence intensity was measured with NIS Elements imaging
software {Nikon}.

{00153} In FIGS. 3 and 5, immunohistochemistry 1s used to detect CD4+ T cells.
Enucleated mouse eyes with intact conjunctiva were suspended in optimal cutting temperature
(OCT) compound and flash frozen 1n hquid nitrogen. Immunchistochemistry was performed on
six micrometer frozen sections to detect and count the number of cells in conjunctival epithelium
that stained positively for CD4, a biotinylated secondary antibody and NovaRED peroxidase.
Positively stained cells were counted in the conjunctiva using Nikon imaging software.

{00154} In FIGS. 4 and 6, conjunctival goblet cells (GC) measurement 1s performed as
follows. Enucleated mouse eyes with intact conjunctiva were fixed in 10% formalin and
embedded 1n paraffin. Six-micrometer sections were stained with periodic acid—Schiff reagent.

GC density 1n the superior and inferior conjunctiva was measured using Nikon imaging software,
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What 1s claimed 1
1. A composition comprising:
a peptide comprising amino acids having a sequence of XiXoXsX4-Nle-PXsXeX7Xs-Tic-
Xy {SEQ ID NO: 1), and
a lipid entity linked to the peptide,
wherein:
X1 1s selected from A, dA, and NorV,
X215 Aor G
Xzis FordyY,
XssFory,
X518 S or dS;
Xe 18 (3 or g-aminoadipic acid (Aad);
X715 selected from Y, F, and {F;
Xz 1s A or dA; and
X915 dA or dS.

2. The composition of claim 1, wherein the peptide consists of amino acids having the

sequence of X1 20X 3Xe-Nle-PXs XeX7Xs-Tic-Xo (SEQ ID NG: 1),

3. The composition of claim 1 or 2, wherein the peptide 1s selected from AAFY-Nle-
PSQYA-Tic-dA (SEQ ID NO: 2), AG-dY-F-Nle-P-dS-Aad-FA-Tic-dA (SEG ID NO: 3), dA-G-
dY-F-Nle-P-dS-Q-fF-dA-Tic-dA (SEQ ID NO: 4), NorV-G-dY-F-Nle-P-dS-QF-dA-Tic-dA
(SEQ ID NG: 5), AG-dY-F-Nle-P-dS-QFA-Tic-dS (SEQ ID NO: 6), and dA-G-dY-F-Nle-P-dS-
QF-dA-Tic-dA (SEQ ID NO: 7).

4. The composition of any one of the preceding claims, wherein the hipid entity 1s linked to

the peptide through a linker entity.

5. The composition of any one of the preceding claims, wherein the hipid entity 1s linked at

or near the N-terminus of the peptide.

6. The composition of any one of the preceding claims, whergin the lipid entity 1s linked at

or near the C-terminus of the peptide.
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7. The composition of any one of the preceding claims, wherein the lipid entity 1s selected
from the group consisting of a-linolenic acid, y-hinolenic acid, steanidonic acid, eicosapentaenoic
actd, docosahexaenoic acid, hinocleic acid, dihomo-y-linglenic acid, arachidonic acid,
docosatetraenoic acid, palmitoleic acid, vaccenic acid, paullinic acid, oleic acid, elaidic acid,
gondoic acid, erucic acid, nervonic acid, mead acid, myristic acid, palmitic acid, stearic acid, 1,2~
dipalmitoyl-sn-glycero-3-phosphoethanolamine (DPPE), GM1 ganglioside, GM2 ganglioside,
GM3 ganglioside, 1,2-dipalmitoyl-sn-glycero-3-phosphocholine (BPPC), 1,2-diolesvi-sn-
glycero-3-phospho-L-sering (BOPS), 1,2-dioleoyl-sn-glycers-3-phosphocholine (BOP(C), a
glvcosphingolipid, a sphingolipid, phosphatidylinositol 4,5-bisphosphate (PIP2), a ceramide,

cholesterol, ergosterol, phytosterol, a hopanoid, a steroid, and 17-carboxy-1-oxo-heptadecyl.

8. The composition of any one of the preceding claims, wherein the lipid entity 1s selected
from the group consisting of a-linglenic acid, y-hinolenic acid, palmitic acid, myristic acid,

vaccenic acid, oleic acid, and elaidic acid.

9. The composition of any one of the preceding claims, wherein the hnker entity comprises
ethylene glycol, polyethylene glycol, a peptide, aminocethylethanolamine (AEEA), inulin, a

trisaccharide, or a combination thereof.
10. The composition of claim 9, wherein the linker entity comprises polyethylene glycol.

11 The composition of any one of the preceding claims, wherein the hnker entity s selected

from the group consisting of’

o 0
CEG
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12, The composition of any one of claims 4-11, wherein a combination of the lipid entity and
the linker entity comprises palmitic acid-PEGS.
13. The composition of any one of the preceding claims, wherein the hipid entity s linked to

the peptide covalently.
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14 The composition of any one of the preceding claims, wherein the composition s soluble

in water.

18, A pharmaceutical composition comprising the composition of any one of claims 1-14 and

a pharmaceutically acceptable carrier.

16. A method of treating pain in a subject in need thereof, comprising administering to the
subject a therapeutically effective amount of the composition of any one of claims 1-14 or the

pharmaceutical composition of claim 15

17. The method of claim 16, wherein the pan 1s ocular pain.

18 The method of claim 16, wherein the pain 15 chronic pain.

19. The method of claim 16, wherein the pain is neuropathic pain.

20. The method of claim 16, wherein the pain is resulting from chemotherapy or radiation.
21. The method of claim 16, wherein the pain is resulting from nerve injury or nerve
degeneration.

22. The method of claim 16, wherein the pain is resulting from an inflammatory condition,

dysesthesia, or allodynia.

23. The method of any one of claims 16-22, wherein the composition or the pharmaceutical

composition 1s administered topically.

24. The method of any one of claims 16-23, wherein the composition or the pharmaceutical

composition 1s administered once a day, twice a day, or thrice a day.

25, The method of any one of claims 16-24, further comprising administering an

analgesic agent.

26. The method of claim 25, wherein the analgesic agent 1s paracetamol, a nonsteroidal anti-

mflammatory drug, a COX-2 mnhibitor, an opioid, or medical cannabis.

27. The method of any one of claims 16-26, wherein the subject 1s a human.

40

SUBSTITUTE SHEET (RULE 26)



WO 2021/021915 PCT/US2020/044045

28, A method of treating an nflammatory condition in a subject in need thereof, comprising
admunistering to the subject a therapeutically effective amount of the composition of any one of

claims 1-14 or the pharmaceutical composition of claim 15,

29. The method of claim 28, wherein the inflammatory condition 1s ocular inflammation.
30 The method of claim 29, wherein the inflammatory condition s dry eve disease.

31 The method of claim 29, wherein the inflammatory condition is uveitis.

32 The method of claim 29, wherein the inflammatory condition s allergic conjunctivitis.
33 The method of claim 29, wherein the inflammatory condition 1s retinal inflammatory
disease.

34 The method of claim 28, wherein the inflammatory condition is resulting from nerve

mjury or nerve degeneration.

35 The method of any one of claims 28-34, wherein the composition or the pharmaceutical

composition 1s administered topically.

,

36. The method of any one of claims 28-35, wherein the composition or the pharmaceutical

composition 1s administered once a day, twice a day, or thrice a day.

37. The method of any one of claims 28-36, wherein the subject 15 a human.
38. The composition of any one of claims 1-14, or the pharmaceutical composition of claim

15, for use in treating pain.

39. The composition or the pharmaceutical composition for use according to claim 38,

wherein the pain is ocular pain.

40, The composition or the pharmaceutical composition for use according to claim 38,

wherein the pain is chronic pain.

41 The composition or the pharmaceutical composition for use according to claim 38,
wherein the pain 1s negropathic pain.
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42 The composition or the pharmaceutical composttion for use according to claim 3§,

wherein the pain 15 resulting from chemotherapy or radiation.

43, The composition or the pharmaceutical composttion for use according to claim 3§,

wherein the pain 15 resulting from nerve injury or nerve degeneration.

44, The composition or the pharmaceutical composttion for use according to claim 3§,

wherein the pain 15 resulting from an inflammatory condition, dysesthesia, or allodynia.

45, The composition or the pharmaceutical composttion for use according to any one of
claims 38-44, wherein the composition or the pharmaceutical composition 13 administered

topically.

46. The composition or the pharmaceutical composition for use according to any one of
claims 38-45, wherein the composition or the pharmaceutical composition 1s administered once a

day, twice a day, or thrice a day.

47. The composition or the pharmaceutical composition for use according to any one of

claims 38-46, wherein the method further comprises administering an analgesic agent.

438, The composition or the pharmaceutical composition for use according to claim 47,
wherein the analgesic agent 1s paracetamol, a nonsterowdal anti-inflammatory drug, a COX-2

inhibitor, an opioid, or medical cannabis.

49, The composition or the pharmaceutical composition for use according to any one of

claims 38-48, wherein the subject is a human.

50. The composition of any one of claims 1-14 or the pharmaceutical composition of claim

15 for use 1n treating an inflammatory condition.

51 The composition or the pharmaceutical composition for use according to claim 50,

wherein the inflammatory condition 1s ocular mflammation

52 The composition or the pharmaceutical composition for use according to claim 51,

wherein the inflammatory condition is dry eye disease.
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53, The composition or the pharmaceutical composttion for use according to claim 51,

wherein the mflammatory condition 1s uvertss,

54. The composition or the pharmaceutical composttion for use according to claim 51,

wherein the inflammatory condition 1s allergic conjunctivitis,

SS. The composition or the pharmaceutical composttion for use according to claim 51,

wherein the mflammatory condition 1s retinal inflammatory disease.

56. The composition or the pharmaceutical composition for use according to claim 50,

wherein the imflammatory condition 1s resulting from nerve injury or nerve degeneration.

57. The composition or the pharmaceutical composttion for use according to any one of
claims 50-56, wherein the composition or the pharmaceutical composition 13 administered

topically.

38. The composition or the pharmaceutical composition for use according to any one of
claims 50-57, wherein the composition or the pharmaceutical composition is administered once a

day, twice a day, or thrice a day.

59, The composition or the pharmaceutical composttion for use according to any one of

claims 50-58, wherein the subject is a human.
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