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METHODS OF DELIVERING A NEUROPROTECTIVE POLYPEPTIDE TO THE
CENTRAL NERVOUS SYSTEM

CROSS-REFERENCE TO RELATED APPLICATIONS
[0001] This application claims priority to United States Provisional Application No.
62/410,748, filed 20 October 2016, the contents of which are incorporated herein by reference in

their entirety.

GOVERNMENT FUNDING
[0002] Research supporting this application was carried out by the United States of America
as represented by the Secretary, Department of Health and Human Services. The Government

has certain rights in this invention.

INCORPORATION BY REFERENCE
[0003] In compliance with 37 C.E.R. § 1.52(e)(5), the sequence information contained in electronic
file name: 1568390_100WO2_Sequence_Listing_ST25.txt; size 24.4 KB; created on: 3 September 2017,

using Patent-In 3.5, and Checker 4.4.0 is hereby incorporated herein by reference in its entirety.

BACKGROUND

[0004] FIELD

[0005] The present disclosure relates to compositions comprising a neuroprotective
therapeutic polypeptide, such as, e.g., glucagon-like peptide-1 (GLP-1), exendin-4, and/or their
peptide analogs. In particular, the present disclosure relates to methods to maintain a steady-
state plasma level of the neuroprotective therapeutic polypeptide to facilitate delivery to the
brain across the blood-brain barrier (BBB) for the treatment of a neurodegenerative condition.
[0006] BACKGROUND ART

[0007] Glucagon-like peptide-1 (GLP-1), a hormone normally secreted by

neuroendocrine cells of the gut in response to food, has been suggested as a new treatment

for type 2 diabetes (Gutniak et al., 1992; Nauck et al.,, 1993). It increases insulin

release by beta cells even in subjects with long-standing type 2 diabetes (Nauck et al., ,

1993). GLP-1 treatment has an advantage over insulin therapy because GLP-1 stimulates

endogenous insulin secretion, which turns off when blood glucose levels drop (Nauck et
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al.,, 1993; Elahi et al., 1994). GLP-1 promotes euglycemia by increasing insulin release

and synthesis, inhibiting glucagon release, and decreasing gastric emptying (Nauck et

al.,, 1993; Elahi er al., 1994; Wills et al., 1996; Nathan er al., 1992; De Ore er al.,

1997). GLP-1 is a product of posttranslational modification of proglucagon. The

sequences of GLP-1 and its active fragments GLP-1 (7-37) and GLP-1(7-36) amide are
known in the art (Fehmann er al., 1995). Although GLP-1 has been proposed as a

therapeutic agent in the treatment of diabetes, it has a short biological half-life (De Ore

et al., 1997), even when given by a bolus subcutaneously (Ritzel er al., 1995). GLP-1
degradation (and GLP-1 (7-36) amide), in part, is due to the enzyme dipeptidyl peptidase
(DPP 1V), which cleaves the polypeptide between amino acids 8 and 9 (alanine and

glutamic acid).

[0008] Exendin-4 is a polypeptide produced in the salivary glands of the Gila monster
lizard (Goke et al., 1993). The amino acid sequence for exendin-4 is known in the art (Fehmann
et al. 1995). Although it is the product of a uniquely non-mammalian gene and appears to be
expressed only in the salivary gland (Chen and Drucker, 1997), exendin-4 shares a 52% amino
acid sequence homology with GLP-1 and in mammals interacts with the GLP-1 receptor (Goke
et al., 1993; Thorens et al., 1993). In vitro, exendin-4 has been shown to promote insulin
secretion by insulin producing cells and, given in equimolar quantities, is more potent than
GLP-1 at causing insulin release from insulin producing cells. Furthermore, exendin-4 potently
stimulates insulin release to reduce plasma glucose levels in both rodents and humans and is
longer acting than GLP-1. Exendin-4, however, because it does not occur naturally in
mammalians, has certain potential antigenic properties in mammals that GLP-1 lacks.

[0009] In addition to the reduction in insulin production that occurs in diabetes, peripheral
neuropathy is commonly associated with diabetes. Twenty to thirty percent of all diabetes
subjects eventually develop peripheral neuropathy. Furthermore, there are reports of increased
risk of Alzheimer's disease with heart disease, stroke, hypertension, and diabetes (Moceri et al.,
2000; Ott et al., 1999). Thus, diabetes is a disease that is also associated with
neurodegenerative diseases.

[0010] The GLP-1 receptor is present in both the rodent (Jin et al. 1988, Shughrue ez al.
1996, Jia et al. 2015) and human (Wei and Mojsov 1995, Satoh ez al. 2000) brains. The

chemoarchitecture of the distribution appears to be largely confined to the hypothalamus,
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thalamus, brainstem, lateral septum, the subfornical organ and the area postrema, all
circumventricular areas where generally large numbers of peptide receptors are located.
However, specific binding sites for GLP-1 have also been detected throughout the caudate-
putamen, cerebral cortex and cerebellum (Campos et al. 1994, Calvo et al. 1995, and Goke et
al. 1995), albeit at lower densities. For example, Lu et al. 2014 demonstrated that GLP-1
receptor is expressed in amygdata, cerebellum, frontal cortex, hippocampus, hypothalamus,
midbrain, medulla, pons, striatum, thalamus and themporal cortex of Mustela putorius furo
(ferrets). GLP-1 receptor expression level in the brain is not affected by aging.

[0011] Furthermore, GLP-1 has been shown to be related to cognition and behavior.
(During et al. 2003). In fact, a number of studies have suggested GLP-1 receptor agonists as a
new treatment for neurodegenerative diseases including Parkinson’s disease, Alzheimer’s
disease, Huntington’s disease, traumatic brain injury, stroke, and peripheral neuropathy.
However, drug delivery to the central nervous system (CNS) across the blood-brain barrier
(BBB) is a substantial hurdle for the treatment of CNS-related diseases. For example, GLP-1
has a short half-life of 1-2 minutes and GLP-1-Transferrin fusion protein (GLP-1-Tf), which
was produced to resist inactivation and thus increase the half-life of GLP-1 to approximately 2
days, is incapable of crossing the BBB. Kim ef al. 2010 and Martin et al. 2012.

[0012] Additionally, while Exendin-4 has been shown to improve RotaRod Performance, as
compared to GLP-1-Tf (Martin et al. 2012), and is known to enter the brain from the blood, the
entry rate is limited (Kastin AJ and Akeerstrom V, International Journal of Obesity (2003) 27,
313-318). Furthermore, Exenatide has been shown to be ineffective at providing
neuroprotection in the MPTP mouse model for Parkinson’s disease when provided with post
treatments, daily for seven days (Liu et al. 2015).

[0013] As such, a need exists in the art for a method for treating neurodegenerative
conditions, as well as a method of maintaining a steady-state plasma level of a neuroprotective
GLP-1 receptor agonist, thereby facilitating and driving drug delivery to the central nervous

system across the BBB.

SUMMARY
[0014] In an aspect of the present disclosure, a method for delivering a neuroprotective

polypeptide to at least a portion of a central nervous system (CNS) of a subject. The method
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comprising: administering to the systemic blood circulation of the subject a therapeutically
effective amount of neuroprotective polypeptide by a controlled-release formulation or a device
providing a sustained release or delivery of the neuroprotective polypeptide, the neuroprotective
polypeptide includes at least one neuroprotective polypeptide selected from the group consisting
of GLP-1, exendin-4, or a therapeutically effective GLP-1 or exendin-4 analogue, wherein the
neuroprotective polypeptide binds to and activates a receptor that binds at least one of GLP-1,
exendin-4, or a combination thereof; and wherein the controlled-release neuroprotective
formulation or sustained release of the neuroprotective polypeptide enhances the delivery and/or
uptake of the neuroprotective polypeptide across a blood-brain barrier (BBB) of the subject to at
least a portion of the central nervous system (CNS) relative to a rapid release formulation of the
neuroprotective peptide.

[0015] In another aspect of the present disclosure, a method of treating a subject with a
central nervous system (CNS)-related disease or reducing at least one symptom of a CNS-related
disease in a subject in need thereof. The method comprising: administering to the systemic
blood circulation of the subject a therapeutically effective amount of a neuroprotective
polypeptide by a controlled-release formulation or a device providing a sustained release or
delivery of a neuroprotective polypeptide, wherein the neuroprotective polypeptide includes at
least one neuroprotective polypeptide selected from the group consisting of GLP-1, exendin-4, or
a therapeutically effective GLP-1 or exendin-4 analogue, wherein the neuroprotective
polypeptide binds to and activates a receptor that binds at least one of GLP-1, exendin-4 or a
combination thereof; and wherein the controlled-release neuroprotective formulation or a device
enhances the delivery of the neuroprotective polypeptide across a blood-brain barrier (BBB) of
the subject to at least a portion of the central nervous system (CNS) relative to a rapid release
formulation of the neuroprotective polypeptide.

[0016] In an aspect of the present disclosure, a method for delivering a neuroprotective
polypeptide to at least a portion of a central nervous system (CNS) of a subject is provided. The
method comprises administering a controlled-release neuroprotective formulation to the systemic
blood circulation of the subject. In an embodiment, the controlled-release neuroprotective
formulation includes at least one neuroprotective polypeptide selected from the group consisting
of GLP-1, exendin ( e.g. exendin-4), or a therapeutically effective GLP-1 or exendin analogue

(e.g. exendin-4 analogue), wherein the neuroprotective polypeptide binds to and activates a
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receptor that binds at least one of GLP-1, exendin (such as exendin-4), or a combination thereof,
and the controlled-release neuroprotective formulation enhances the delivery of the
neuroprotective polypeptide across a blood-brain barrier (BBB) of the subject to at least a portion
of the central nervous system (CNS) relative to rapid release formulation of the neuroprotective
polypeptide.

[0017] In certain embodiments, the controlled-release formulation is a long acting
formulation of the neuroprotective polypeptide.

[0018] In other embodiments, the long acting formulation comprises a depot formulation for
sustained release of the neuroprotective polypeptide.

[0019] In particular embodiments, the long acting formulation comprises a composition for
sustained release of the neuroprotective polypeptide.

[0020] In additional embodiments, the controlled-release formulation further comprises a
biodegradable polymer with a specific viscosity and coating materials, having bioavailability and
sustained release of the neuroprotective polypeptide in an effective concentration for a certain
period.

[0021] In particular embodiments, the controlled-release neuroprotective formulation
comprises: a controlled-release microsphere that includes a core with the neuroprotective
polypeptide and a biodegradable polymer; and a coating layer that coats the core.

[0022] In an embodiment, administering the controlled-release neuroprotective formulation
alleviates at least one symptom of at least one CNS-related condition in the subject.

[0023] In further embodiments, the CNS-related condition is selected from the group
consisting of Parkinson’s disease (PD), traumatic brain injury (TBI), multiple sclerosis, drug
addiction, alcohol addiction, neurodegenerative conditions, inflammation of a brain, Alzheimer’s
disease (AD), multiple system atrophy, Huntington’s disease, chronic traumatic encephalopathy
(CTE), motor neuron diseases (e.g., amyotrophic lateral sclerosis, spinal cord injury,
spinocerebellar ataxia (SCA), spinal muscular atrophy (SMA)), vascular dementia, dementia
with Lewy bodies (DLB), mixed dementia, frontotemporal dementia, Creutzfeldt-Jakob disease,
normal pressure hydrocephalus, or a combination thereof.

[0024] In a certain embodiment, administering a controlled-release neuroprotective

formulation comprises injecting the controlled-release neuroprotective formulation.
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[0025] In additional embodiments, injecting the controlled-release neuroprotective
formulation is a subcutaneous injection. For example, administering a controlled-released
neuroprotective formulation can comprise subcutaneously injecting the controlled-release
neuroprotective formulation.

[0026] In another embodiment, administering the controlled-release neuroprotective
formulation results in a steady-state plasma concentration of the neuroprotective polypeptide in a
range of about 50 to about 4500 pg/mL.

[0027] In other embodiments, administering the controlled-release neuroprotective
formulation results in a cumulative increase in the neuroprotective polypeptide concentration in
the cerebrospinal fluid (CSF), the brain or a combination thereof in the subject.

[0028] In particular embodiments, the neuroprotective polypeptide concentration in the CSF
is within the range of about 5 to about 400 pg/mL (e.g., about 10 to about 400 pg/mL).

[0029] In an additional aspect, a method of treating a subject with a CNS-related disease or
reducing at least one symptom of a CNS-related disease in a subject in need thereof is provided.
The method comprises administering to the subject a therapeutically effective amount of a
controlled-release neuroprotective formulation to the systemic blood circulation of the subject.
The controlled-release neuroprotective formulation includes at least one neuroprotective
polypeptide selected from the group consisting of GLP-1, exendin (such as exendin-4), or a
therapeutically effective GLP-1 or exendin (such as exendin-4) analogue; the neuroprotective
polypeptide binds to and activates a receptor that binds at least one of GLP-1, exendin (e.g.
exendin-4) or a combination thereof; and the controlled-release neuroprotective formulation
enhances the delivery of the neuroprotective polypeptide across a BBB of the subject to at least a
portion of the CNS relative to a rapid release formulation of the neuroprotective polypeptide.
[0030] In certain embodiments, the controlled-release formulation is a long acting
formulation of the neuroprotective polypeptide.

[0031] In other embodiments, the long acting formulation comprises a depot formulation for
sustained release of the neuroprotective polypeptide.

[0032] In additional embodiments, the long acting formulation comprises a composition for
sustained release of the neuroprotective polypeptide.

[0033] In additional embodiments, the controlled-release formulation further comprises a

biodegradable polymer with a specific viscosity and coating materials, having bioavailability and
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sustained release of the neuroprotective polypeptide in an effective concentration for a certain
period.

[0034] In particular embodiments, the controlled-release neuroprotective formulation
comprises: a controlled-release microsphere that includes a core with the neuroprotective
polypeptide and a biodegradable polymer; and a coating layer that coats the core.

[0035] In a particular embodiment, administering the controlled-release neuroprotective
formulation alleviates at least one symptom of at least one CNS-related condition in the subject.
[0036] In an embodiment, the CNS condition is selected from the group consisting of
Parkinson’s disease (PD), traumatic brain injury (TBI), multiple sclerosis, drug addiction,
alcohol addiction, neurodegenerative conditions, inflammation of a brain, Alzheimer’s disease
(AD), multiple system atrophy, Huntington’s disease, chronic traumatic encephalopathy, motor
neuron diseases (e.g., amyotrophic lateral sclerosis, spinal cord injury, spinocerebellar ataxia
(SCA), spinal muscular atrophy (SMA)), vascular dementia, dementia with Lewy bodies (DLB),
mixed dementia, frontotemporal dementia, Creutzfeldt-Jakob disease, normal pressure
hydrocephalus, or a combination thereof.

[0037] In further embodiments, administering the controlled-release neuroprotective
formulation comprises injecting the controlled-release neuroprotective formulation to the subject.
[0038] In certain embodiments, injecting the controlled-release neuroprotective formulation
to the subject is a subcutaneous injection.

[0039] In additional embodiments, administering the controlled-release formulation results in
a steady-state plasma concentration of the neuroprotective polypeptide that is in a range of about
50 to about 4500 pg/mL.

[0040] In some embodiments, administering the controlled-release formulation results in a
cumulative increase in the neuroprotective polypeptide concentration in at least one of the
cerebrospinal fluid (CSF), the brain, or a combination thereof.

[0041] In a further aspect, a method for delivering a neuroprotective polypeptide to at least
a portion of a central nervous system (CNS) of a subject is provided. The method comprises:
providing a sustained delivery to the systemic blood circulation of the subject at least one
neuroprotective polypeptide selected from the group consisting of GLP-1, exendin-4, or a
therapeutically effective GLP-1 or exendin-4 analogue, wherein the neuroprotective

polypeptide binds to and activates a receptor that binds at least one of GLP-1, exendin-4, or a
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combination thereof; and wherein the controlled-release neuroprotective formulation enhances
the delivery and/or uptake of the neuroprotective polypeptide across a blood brain barrier
(BBB) of the subject to at least a portion of the central nervous system (CNS) relative to a rapid
release formulation of the neuroprotective peptide.

[0042] In yet another aspect, a method of treating a subject with a central nervous system
(CNS)-related disease or reducing at least one symptom of a CNS-related disease in a subject in
need thereof is provided. The method comprises: providing a sustained delivery to the
systemic blood circulation of the subject at least one neuroprotective polypeptide selected from
the group consisting of GLP-1, exendin-4, or a therapeutically effective GLP-1 or exendin-4
analogue, wherein the neuroprotective polypeptide binds to and activates a receptor that binds
at least one of GLP-1, exendin-4 or a combination thereof; and wherein the controlled-release
neuroprotective formulation enhances the delivery of the neuroprotective polypeptide across a
blood brain barrier (BBB) of the subject to at least a portion of the central nervous system
(CNS) relative to a rapid release formulation of the neuroprotective polypeptide.

[0043] In an embodiments, providing the sustained release neuroprotective polypeptide or
polypeptides includes administering the polypeptide(s) via a device (e.g., a pump, a mini-pump,
an osmotic pump, an osmotic delivery device, an infusion pump, an intravenous administration
device, a peristaltic pump, a miniature infusion pump, or the like).

[0044] In certain embodiments, the neuroprotective polypeptide or polypeptides is
administered at a rate of about 1 pM/kg/min to about 30 pM/kg/min (e.g., about 3 pM/kg/min
to about 17.5 pM/kg/min).

[0045] In other embodiments, administering the controlled-release neuroprotective
formulation or providing a sustained delivery of the neuroprotective polypeptide alleviates at
least one symptom of at least one CNS-related condition in the subject.

[0046] In particular embodiments, the CNS-related condition is selected from the group
consisting of Parkinson’s disease (PD), traumatic brain injury (TBI), multiple sclerosis, drug
addiction, alcohol addiction, neurodegenerative conditions, inflammation of a brain,
Alzheimer’s disease (AD), multiple system atrophy, Huntington’s disease, chronic traumatic
encephalopathy, motor neuron diseases (e.g., amyotrophic lateral sclerosis, spinal cord injury,

spinocerebellar ataxia (SCA), spinal muscular atrophy (SMA)), vascular dementia, dementia



WO 2018/075901 PCT/US2017/057606

with Lewy bodies (DLB), mixed dementia, frontotemporal dementia, Creutzfeldt-Jakob
disease, normal pressure hydrocephalus, or a combination thereof.

[0047] In an embodiment, administering the controlled-release formulation or providing the
sustained release of the neuroprotective polypeptide results in a steady-state plasma
concentration of the neuroprotective polypeptide that is in a range of about 50 to about 4500
pg/mL.

[0048] In certain embodiments, administering the controlled-release formulation or
providing the sustained release of the neuroprotective polypeptide results in a cumulative
increase in the neuroprotective polypeptide concentration in at least one of the cerebrospinal
fluid (CSF), the brain, or a combination thercof.

[0049] In yet another embodiment, the neuroprotective polypeptide concentration in the
CSF is within the range of about 5 to about 400 pg/mL.

[0050] In some embodiments, the ratio of the steady-state polypeptide concentration in the
CFS to the plasma is in the range of about 0.1% to about 5%.

[0051] In further embodiments, the neuroprotective polypeptide is selected from the group
consisting of SEQ ID NOS: 1-55. For example, the neuroprotective polypeptide may comprise an
amino acid sequence selected from SEQ ID NOS: 1-55.

[0052] In other embodiments, the exendin-4 analogue is represented by Chemical Formula I

or its pharmaceutically acceptable salt:

Xaal Xaa2 Xaa3 Xaad Xaa5 Xaab Xaa7 Xaa8 Xaa9 Xaal( Xaall Xaal2 Xaal3 Xaald Xaal5
Xaal6 Xaal7 Ala Xaal9 Xaa20 Xaa21 Xaa22 Xaa23 Xaa24 Xaa25 Xaa26 Xaa27 Xaa28 -7,
(Chemical Formula I)
wherein:

Xaal is His, Arg, Tyr, Ala, Norval, Val, Norleu, or 4-imidazopropionyl;

Xaa? is Ser, Gly, Ala, or Thr;

Xaa3 is Ala, Asp, or Glu;

Xaad is Ala, Norval, Val, Norleu, or Gly;

Xaa$5 is Ala or Thr;

Xaab is Ala, Phe, Tyr, or naphthylalanine;

Xaa7 is Thr or Ser;
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Xaa8 i1s Ala, Ser, or Thr;

Xaa9 is Ala, Norval, Val, Norleu, Asp, or Glu;

XaalOis Ala, Leu, Ile, Val, pentylglycine, or Met;

Xaall is Ala or Ser;

Xaal2is Ala or Lys;

Xaal3is Ala or Gln;

Xaal4 is Ala, Leu, lle, pentylglycine, Val, or Met;

Xaals is Ala or Glu;

Xaal6is Ala or Glu;

Xaal7 is Ala or Glu;

Xaal9is Ala or Val;

Xaa20 is Ala, or Arg;

Xaa21 is Ala, Leu, or Lys-NHe-R, wherein R is Lys, Arg, or a C1-C10 straight
chain or branched alkanoyl;

Xaa22 is Ala, Phe, Tyr, or naphthylalanine;

Xaa23 is Ile, Val, Leu, pentylglycine, tert-butylglycine, or Met;

Xaa24 is Ala, Glu, or Asp;

Xaa25 is Ala, Trp, Phe, Tyr, or naphthylalanine;

Xaa261s Ala or Leu;

Xaa27is Ala or Lys;

Xaa28 is Ala or Asn; and

Z, 1s -OH, -NH,, Gly-Z,, Gly Gly-Z,, Gly Gly Xaa31-Z,, Gly Gly Xaa31 Ser-Z,,
Gly Gly Xaa31 Ser Ser-Z,, Gly Gly Xaa31 Ser Ser Gly-Z,, Gly Gly Xaa31 Ser Ser Gly Ala-Z»,
Gly Gly Xaa31 Ser Ser Gly Ala Xaa36-Z,, Gly Gly Xaa31 Ser Ser Gly Ala Xaa36 Xaa37-Z,,
Gly Gly Xaa31 Ser Ser Gly Ala Xaa36 Xaa37 Xaa38-Z,, or Gly Gly Xaa31 Ser Ser Gly Ala
Xaa36 Xaa37 Xaa38 Xaa39-7,,

Xaa31, Xaa36, Xaa37, and Xaa38 are independently selected from the group
consisting of Pro, homoproline, 3Hyp, 4Hyp, thioproline, N-alkylglycine, N-
alkylpentylglycine, or N-alkylalanine, Xaa39 is Ser, or Ty (e.g. Ser), and

7, is —OH, or -NH,,

provided that:

10
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no more than three of Xaa3, Xaad, Xaa5, Xaa6, Xaa8, Xaa9, Xaal0, Xaall,
Xaal2, Xaal3, Xaald, Xaal5, Xaal6, Xaal7, Xaal9, Xaa20, Xaa2l, Xaa24, Xaa25, Xaa26,
Xaa27, and Xaa28 are Ala; and

when Xaal is His, Arg, or Tyr, at least one of Xaa3, Xaa4, and Xaa9 is Ala.

[0053] In other embodiments, the exendin-4 analogue is represented by Chemical Formula

II or their pharmaceutically acceptable salts:

Xaal Xaa2 Xaa3 Xaad Xaa5 Xaab Xaa7 Xaa8 Xaa9 Xaal0 Xaall Xaal2 Xaal3 Xaald Xaal5
Xaal6 Xaal7 Ala Xaal9 Xaa20 Xaa21 Xaa22 Xaa23 Xaa24 Xaa25 Xaa26 Xi-Z;,
(Chemical Formula II)
wherein:
Xaal is His, Arg, Tyr, Ala, Norval, Val, Norleu, or 4-imidazopropionyl;
Xaa? is Ser, Gly, Ala, or Thr;
Xaa3 is Ala, Asp, or Glu;
Xaad is Ala, Norval, Val, Norleu, or Gly;
Xaa$5 is Ala or Thr;
Xaab is Ala, Phe, Tyr, or naphthylalanine;
Xaa7 is Thr or Ser;
Xaa8 is Ala, Ser, or Thr;
Xaa9 is Ala, Norval, Val, Norleu, Asp, or Glu;
XaalOis Ala, Leu, Ile, Val, pentylglycine, or Met;
Xaall is Ala or Ser;
Xaal2is Ala or Lys;
Xaal3is Ala or Gln;
Xaald is Ala, Leu, Ile, pentylglycine, Val, or Met;
Xaals is Ala or Glu;
Xaal6is Ala or Glu;
Xaal7 is Ala or Glu;
Xaal9is Ala or Val;
Xaa20 is Ala or Arg;

11
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Xaa2l is Ala, Leu, or Lys-NHe-R (wherein, R is Lys, Arg, C1-C10 straight chain or
branched alkanoyl, or cycloalleyl-alkanoyl);

Xaa22 is Phe, Tyr, or naphthylalanine;

Xaa23 is Ile, Val, Leu, pentylglycine, tert-butylglycine, or Met;

Xaa24 is Ala, Glu, or Asp;

Xaa25 is Ala, Trp, Phe, Tyr, or naphthylalanine;

Xaa261s Ala or Leu;

Xj is Lys Asn, Asn Lys, Lys-NHe-R Asn, Asn Lys-NHe-R, Lys-NHe-R Ala, Ala
Lys-NHe-R, wherein R is Lys, Arg, a C1-C10 straight chain or branched alkanoyl, or
cycloalkylalkanoyl;

Z, is “OH, -NHa, Gly-Z,, Gly Gly-Z,, Gly Gly Xaa31-7,, Gly Gly Xaa31 Ser-Z,,
Gly Gly Xaa31 Ser Ser-Z,, Gly Gly Xaa31 Ser Ser Gly-Z,, Gly Gly Xaa31 Ser Ser Gly Ala-Z,,
Gly Gly Xaa31 Ser Ser Gly Ala Xaa36-Z;, Gly Gly Xaa31 Ser Ser Gly Ala Xaa36 Xaa37-Z,,
Gly Gly Xaa31 Ser Ser Gly Ala Xaa36 Xaa37 Xaa38-Z», or Gly Gly Xaa31 Ser Ser Gly Ala
Xaa36 Xaa37 Xaa38 Xaa39-Z,;

Xaa3l, Xaa36, Xaa37, and Xaa38 are independently selected from the group
consisting of Pro, homoproline, 3Hyp, 4Hyp, thioproline, N-alkylglycine, N-
alkylpentylglycine, and N-alkylalanine, Xaa39 is Ser or Tyr; and

7, is —OH or -NH,),

provided that:

no more than three of Xaa3, Xaad, Xaa5, Xaa6, Xaa8, Xaa9, Xaal(, Xaall,
Xaal2, Xaal3, Xaal4, Xaal5, Xaal6, Xaal7, Xaal9, Xaa20, Xaa21, Xaa24, Xaa25, and
Xaa26 are Ala; and

when Xaal is His, Arg, Tyr, or 4-imidazopropionyl, at least one of Xaa3, Xaad4,
and Xaa9 is Ala.

BRIEF DESCRIPTION OF THE DRAWINGS
[0054] The accompanying drawings, which are incorporated in and constitute a part of this
specification, illustrate (one) several embodiment(s) of the present disclosure and together with

the description, serve to explain the principles of the present disclosure.
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[0055] Figure 1A. A graph illustrating time-dependent exenatide (exendin-4) plasma levels
from a single subcutaneous administration of 2 mg/kg sustained-release-Exenatide (PT302) to
adult (9 weeks old) male Sprague-Dawley rats.

[0056] Figure 1B. A graph illustrating time-dependent exenatide (exendin-4) plasma levels
from a single subcutaneous administration of 2.4 mg/kg, 4.8 mg/kg, or 9.6 mg/kg sustained-
release-Exenatide (PT302) to adult (9 weeks old) male Sprague-Dawley rats.

[0057] Figure 2. A graph illustrating time dependent exendin-4 plasma levels from a single
subcutaneous injection of sustained-release-Exenatide (PT304) at the amount of 4.0 mg/kg to
adult (9 weeks old) male Sprague-Dawley rats.

[0058] Figure 3. A graph illustrating time-dependent exendin-4 plasma levels over a 10
week period in male Sprague-Dawley rats administered either PT302 or PT304 at the amounts
and times indicated.

[0059] Figure 4A. Outline of the study design of Example 2 in which Sprague-Dawley rats
were administered PT302 prior to a 6-OHDA unilateral lesion of the medial forebrain bundle.
[0060] Figure 4B. A graph illustrating the methamphetamine-induced (meth-induced)
rotational behavior of 6-OHDA rats pre-treated with PT302.

[0061] Figure 4C. A graph illustrating plasma levels of Exendin-4 in 6-OHDA rats that
have been pre-treated with PT302.

[0062] Figure SA. Outline of the study design of Example 3 in which Sprague-Dawley rats
were administered PT302 after a 6-OHDA unilateral lesion of the medial forebrain bundle.
[0063] Figure 5B. A graph illustrating the meth-induced rotational behavior of 6-OHDA
rats that receive post-treatment with PT302.

[0064] Figures 5C. Representative microscopic images of Tyrosine hydroxylase (TH)
immunohistochemistry of the striatum performed on rats with a 6-OHDA unilateral lesion of
the medial forebrain bundle receiving vehicle (control; rats #866, #883, and #886) and PT302
(rats #881, #875, #882). Exendin-4 plasma concentrations (ng/ml) are noted for each animal.
[0065] Figure 5D. A graph illustrating the quantified TH immunoreactivity observed in the
immunohistochemistry described in and associated with Figure 5C.

[0066] Figures S5E. Representative microscopic images of TH immunohistochemistry of

the substantia nigra performed on rats with a 6-OHDA unilateral lesion of the medial forebrain

13



WO 2018/075901 PCT/US2017/057606

bundle receiving vehicle (control; rats #866, #883, and #886) and PT302 (rats #3881, #8735, and
#882). Exendin-4 plasma concentrations (ng/ml) are noted for each animal.

[0067] Figure SF. A graph illustrating the quantified TH immunoreactivity observed in the
immunohistochemistry described in and associated with Figure SE.

[0068] Figure 5G and SH. Representative microscopic images of TH+ neurons observed
on the non-lesioned side of the brain from a rat.

[0069] Figure 51. Representative microscopic image of no TH+ neurons present in
substantia nigra on the lesioned side of the brain from a rat with a 6-OHDA unilateral lesion of
the medial forebrain bundle.

[0070] Figures 5J, 5K, and 5L. Representative images of brains of PT302 treated 6-OHDA
rats.

[0071] Figure SM. A graph illustrating the significant correlation observed between
normalized TH immunoreactivity and Exendin-4 plasma levels in the striatia.

[0072] Figure 5N. A graph illustrating the significant correlation observed between
Exendin-4 plasma levels and TH immunoreactivity in the substantia nigra.

[0073] Figure 6A. Outlines the study design of Example 4.

[0074] Figure 6B. Exendin-4 and PT302 treatment reduces rotation in rats with a 6-OHDA
unilateral lesion of the medial forebrain bundle.

[0075] Figure 6C. Representative microscopy images of substantia nigra from control
(Sham) rats, 6-OHDA rats, Exendin-4 treated 6-OHDA rats, and PT302 treated 6-OHDA rats.
[0076] Figure 6D. A graph illustrating the quantified data of Figure 6C.

[0077] Figure 7A. Outline of the study design of Example 5.

[0078] Figure 7B. PT302 significantly reduced rotational behavior in unilaterally 6-
OHDA-lesioned rats, while Exendin-4 did not reduce rotational behavior in unilaterally 6-
OHDA -lesioned rats.

[0079] Figure 8A. Outline of the study design of Example 6.

[0080] Figure 8B. A graph illustrating that PT302 significantly increases the time to fall
from a wire in MPTP-treated mice, while Exendin-4 did not increase the time to fall from a
wire.

[0081] Figure 9A. Outline of the study design of Example 8.
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[0082] Figure 9B. A graph illustrating that sustained release Exenatide significantly
increased novel object recognition in mild traumatic brain injury (mTBI) challenged mice.
[0083] Figure 10A. A graph illustrating that Exendin-4 plasma levels are sustained for
seven days post PT302 administration and, additionally, are dose-dependent.

[0084] Figure 10B. A graph illustrating a significant difference in Exendin-4 plasma levels
deriving from PT302 administration was not observed between normal/control mice and
mTBI-challenged mice.

[0085] Figure 10C. A graph illustrating that three different doses of sustained release
Exenatide (PT302: 0.024, 0.12 and 0.6 mg/kg) were able to accumulate and be time-
dependently maintained in the plasma.

[0086] Figure 11A. A graph illustrating that sustained-release Exenatide (PT302: 0.024,
0.12 and 0.6 mg/kg) resulted in a high preference for new objects in mTBI-challenged mice, as
compared to untreated mTBI-challenged mice that suffered from visual memory deficits and
spent less time near the novel objects; as evaluated at 7 days following mTBI by the Novel
Object Recognition paradigm.

[0087] Figure 11B. A graph illustrating that sustained-release Exenatide (PT302: 0.024,
0.12 and 0.6 mg/kg) ameliorated the mTBI-spatial memory deficit observed in untreated
mTBI-challenged mice as evaluated by Y-maze at 7 days following mTBL

[0088] Figure 11C. A graph illustrating that the results of Figures 11A and 11B was not a
result of anxiety-like behavior.

[0089] Figure 12A. A graph illustrating that sustained-release Exenatide (PT302: 0.12 and
0.6 mg/kg) results in a high preference for new objects in mTBI-induced mice, as compared to
untreated mTBI-induced mice that suffered from visual memory deficits and spent less time
near the novel objects; as evaluated at 30 days following mTBI by the Novel Object
Recognition paradigm.

[0090] Figure 12B. A graph illustrating that sustained-release Exenatide (PT302: 0.12 and
0.6 mg/kg) ameliorated the mTBI-spatial memory deficit observed in untreated mTBI-induced
mice; as evaluated by Y-maze 30 days following mTBL

[0091] Figure 12C. A graph illustrating that the results of Figures 12A and 12B were not a

result of anxiety-like behavior.

15



WO 2018/075901 PCT/US2017/057606

[0092] Figure 13A. Representative images illustrating that sustained-release Exenatide
(PT302 0.6 mg/kg) was able to prevent the decline in neurons observed in the cortex, CA3,
and dentate gyrus of mTBI-induced mice.

[0093] Figure 13B. A graph illustrating the quantification of the cerebral cortex data
associated with the representative images in Figure 13A, which demonstrates that sustained-
release Exenatide (PT302 0.6 mg/kg) was able to prevent the decline in neurons observed in
the cerebral cortex of mTBI-induced mice.

[0094] Figure 13C. A graph illustrating the quantification of the CA3 data associated with
the representative images in Figure 13A, which demonstrates that sustained-release Exenatide
(PT302 0.6 mg/kg) was able to prevent the decline in neurons observed in the CA3 region of
the hippocampus of mTBI-induced mice.

[0095] Figure 13D. A graph illustrating the quantification of the dentate gyrus data
associated with the representative images in Figure 13 A, which demonstrates that sustained-
release Exenatide was able to prevent the decline in neurons observed in the dentate gyrus
region of the hippocampus of mTBI-induced mice.

[0096] Figure 14A. Representative images of Fluoro-J ade® C staining, as a marker of
neuron loss due to brain injury, in control (CTRL) and mTBI-challenged mice provided
vehicle or sustained-release Exenatide at 0.6 mg/kg or 0.12 mg/kg (PT302).

[0097] Figure 14B. A graph illustrating the quantification of the hippocampal CA1 region
data associated with the representative images of Figure 14A and the strong increase in neuron
loss due to traumatic brain injury in the CA1 of untreated mTBI-induced mice, which was
significantly decreased with the administration of 0.6 mg/kg of sustained-release Exenatide
(PT302).

[0098] Figure 14C. A graph illustrating the quantification of the hippocampal CA3 region
data associated with the representative images of Figure 14A and the strong increase in neuron
loss due to traumatic brain injury in the CA3 of untreated mTBI-induced mice, which was
significantly decreased with the administration of 0.6 mg/kg or 0.12 mg/kg of sustained-
release Exenatide (PT302).

[0099] Figure 14D. A graph illustrating the quantification of the dentate gyrus data
associated with the representative images of Figure 14A and the strong increase in neuron loss

due to traumatic brain injury in the dentate gyrus of untreated mTBI-induced mice, which was
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significantly decreased with the administration of 0.6 mg/kg or 0.12 mg/kg of sustained-
release Exenatide (PT302).

[0100] Figure 14E. A graph illustrating the quantification of the cerebral cortex data
associated with the representative images of Figure 14A and the strong increase in neuron loss
due to traumatic brain injury in the cortex of untreated mTBI-induced mice, which was
significantly decreased with the administration of 0.6 mg/kg of sustained-release Exenatide
(PT302).

[0101] Figure 15A. Representative images of Ionized calcium-binding adaptor molecule 1
(IBA1) staining, as a marker of microglia activation and neuroinflammation due to traumatic
brain injury, in control and mTBI-induced mice provided vehicle or sustained-release
Exenatide (PT302) at 0.6 mg/kg or 0.12 mg/kg.

[0102] Figure 15B. A graph illustrating the quantification of the CA1 data associated with
the representative images of Figure 15A and that pro-inflammatory cytokine TNF-o was
significantly increased in IBA1+ cells in the CA1 of untreated mTBI-induced mice, which was
significantly decreased with the administration of 0.6 mg/kg or 0.12 mg/kg of sustained-
release Exenatide (PT302).

[0103] Figure 15C. A graph illustrating the quantification of the CA3 data associated with
the representative images of Figure 15A and that pro-inflammatory cytokine TNF-o was
significantly increased in IBA1+ cells in the CA3 of untreated mTBI-induced mice, which was
significantly decreased with the administration of 0.6 mg/kg or 0.12 mg/kg of sustained-
release Exenatide (PT302).

[0104] Figure 15D. A graph illustrating the quantification of the dentate gyrus data
associated with the representative images of Figure 15A and that pro-inflammatory cytokine
TNF-o was significantly increased in IBA1+ cells in the dentate gyrus of untreated mTBI-
induced mice, which was significantly decreased with the administration of 0.6 mg/kg or 0.12
mg/kg of sustained-release Exenatide (PT302).

[0105] Figure 15E. A graph illustrating the quantification of the cerebral cortex data
associated with the representative images of Figure 15A and that pro-inflammatory cytokine
TNF-a was significantly increased in IBA1+ cells in the cortex of untreated mTBI-induced
mice, which was significantly decreased with the administration of 0.6 mg/kg or 0.12 mg/kg of

sustained-release Exenatide.
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DETAILED DESCRIPTION

[0106] The present disclosure is based on the surprising and unexpected enhanced
delivery of the active ingredients described herein (e.g., GLP-1, exendin and biologically
active analogues or derivatives of GLP-1 and exendin). The present description may be
understood more readily by reference to the following detailed description of preferred
embodiments of the disclosure and the Examples included therein and to the Figures and their
previous and following description.

[0107] Before the present compounds, compositions, articles, devices, and/or methods are
disclosed and described, it is to be understood that the present disclosure is not limited to specific
synthetic methods, specific treatment regimens, or to particular purification procedures, as such
may, of course, vary. It is also to be understood that the terminology used herein is for the
purpose of describing particular embodiments only and is not intended to be limiting.

[0108] All publications, patent applications, patents, and other references mentioned herein
are incorporated by reference in their entireties, including, e.g. U.S. Patent No. 8,853,160, U.S.
Patent No. 8,278,272, U.S. Patent No. 7,576,050, U.S. Patent No. 9,155,702, International Patent
Publication WO/2003/011892, and Gu et al. (Clinical Therapeutics. 36(1): 101-114 (2014)) are
each incorporated herein by reference in their entireties for all purposes.

[0109] As used in the specification and the appended claims, the singular forms "a,"

"an" and "the" include plural referents unless the context clearly dictates otherwise. Thus, for
example, reference to "a polypeptide” includes mixtures of polypeptides, reference to "a
pharmaceutical carrier” includes mixtures of two or more such carriers, and the like.

[0110] Ranges may be expressed herein as from "about" one particular value, and/or to
"about" another particular value. When such a range is expressed, another embodiment includes
from the one particular value and/or to the other particular value. Similarly, when values are
expressed as approximations, by use of the antecedent "about," it will be understood that the
particular value forms another embodiment. It will be further understood that the endpoints of each
of the ranges are significant both in relation to the other endpoint, and independently of the other
endpoint. As used herein, "about” refers to the given value + 10%.

[0111] In this specification and in the claims which follow, reference will be made to a

number of terms which shall be defined to have the following meanings:
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[0112] "Optional” or "optionally” means that the subsequently described event or
circumstance may or may not occur, and that the description includes instances where said

event or circumstance occurs and instances where it does not.

[0113] As used throughout, by "subject” is meant an individual. In certain embodiments,

the subject is a mammal such as a primate. In a particular embodiment, the subject is a human.
Thus, the "subject” can include domesticated animals, such as cats, dogs, etc., livestock (e.g.,
cattle, horses, pigs, sheep, goats, etc.), and laboratory animals (e.g., mouse, rabbit, rat, guinea
pig, etc.).

[0114] The term "polypeptide” and “peptide” are generally used interchangeably unless

the context indicates otherwise. Unless indicated otherwise, both "polypeptide” and "peptide"
can refer to naturally occurring or non-naturally occurring amino acids connected by peptide
bonds.

[0115] The term “‘steady-state” is used in its ordinary meaning within pharmacokinetics.
Briefly, a steady-state concentration, e.g., in plasma or cerebrospinal fluid (CSF) is the
concentration in the plasma and CSF when the rate of neuroprotective polypeptide(s)
administered is equal to the rate at which the neuroprotective polypeptide(s) are being eliminated
by the subject’s body. Determining a steady-state concentration of the neuroprotective
polypeptide(s) of the present disclosure is routine for one of ordinary skill in the art.

[0116] By "isolated polypeptide” or "purified polypeptide” is meant a polypeptide that is
substantially free from the materials with which the polypeptide is normally associated in nature
or in culture. The polypeptides of the disclosure can be obtained, for example, by extraction
from a natural source if available (for example, a mammalian cell), by expression of a
recombinant nucleic acid encoding the polypeptide (for example, in a cell or in a cell-free
translation system), or by chemically synthesizing the polypeptide. In addition, polypeptide may
be obtained by cleaving full length polypeptides. When the polypeptide is a fragment of a larger
naturally occurring polypeptide, the isolated polypeptide is shorter than and excludes the full-
length, naturally-occurring polypeptide of which it is a fragment.

[0117] The present disclosure relates to methods of delivering a neuroprotective

polypeptide to at least a portion of a central nervous system (CNS) of a subject. The method
comprises administering a controlled-release neuroprotective formulation to the systemic

blood circulation of the subject, wherein: the controlled-release neuroprotective formulation
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includes at least one neuroprotective polypeptide selected from the group consisting of GLP-1,
exendin (e.g., exendin-4), or a therapeutically effective GLP-1 or exendin analogue (such as an
exendin-4 analogue); the neuroprotective polypeptide binds to and activates a receptor that
binds at least one of GLP-1, exendin (e.g., exendin-4), or a combination thereof; and the
controlled-release neuroprotective formulation enhances the delivery of the neuroprotective
polypeptide across a blood brain barrier (BBB) of the subject to at least a portion of the central
nervous system (CNS) relative to a rapid release formulation of the neuroprotective
polypeptide.

[0118] As shown in Figures 1A, 1B, 2, and 3, the controlled-release neuroprotective
formulation results in a greater maintenance of plasma levels of Exenatide in an animal model.
Furthermore, Figures 7B and 8B demonstrate that a controlled-release formulation of

Exenatide is a more effective neuroprotective and a more effective neurorestorative
formulation/therapeutic than Exenatide alone.

[0119] The present disclosure relates to methods for delivering a neuroprotective polypeptide
to at least a portion of a central nervous system (CNS) of a subject. The method can comprise:
administering to the systemic blood circulation of the subject a therapeutically effective amount
of neuroprotective polypeptide by a controlled-release formulation or a device providing a
sustained release or delivery of the neuroprotective polypeptide, the neuroprotective polypeptide
includes at least one neuroprotective polypeptide selected from the group consisting of GLP-1,
exendin-4, or a therapeutically effective GLP-1 or exendin-4 analogue, wherein the
neuroprotective polypeptide binds to and activates a receptor that binds at least one of GLP-1,
exendin-4, or a combination thereof; and wherein the controlled-release neuroprotective
formulation or sustained release of the neuroprotective polypeptide enhances the delivery and/or
uptake of the neuroprotective polypeptide across a blood-brain barrier (BBB) of the subject to at
least a portion of the central nervous system (CNS) relative to a rapid release formulation of the
neuroprotective peptide.

[0120] The present disclosure also relates to methods of treating a subject with a central
nervous system (CNS)-related disease or reducing at least one symptom of a CNS-related disease
in a subject in need thereof. The method can comprise: administering to the systemic blood
circulation of the subject a therapeutically effective amount of a neuroprotective polypeptide by

a controlled-release formulation or a device providing a sustained release or delivery of a
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neuroprotective polypeptide, the neuroprotective polypeptide includes at least one
neuroprotective polypeptide selected from the group consisting of GLP-1, exendin-4, or a
therapeutically effective GLP-1 or exendin-4 analogue, the neuroprotective polypeptide binds to
and activates a receptor that binds at least one of GLP-1, exendin-4 or a combination thereof; and
wherein the controlled-release neuroprotective formulation or a device enhances the delivery of
the neuroprotective polypeptide across a blood-brain barrier (BBB) of the subject to at least a
portion of the central nervous system (CNS) relative to a rapid release formulation of the
neuroprotective polypeptide.

[0121] In certain embodiments, the controlled-release formulation is a long acting
formulation of the neuroprotective polypeptide. The long acting formulation can comprise a
depot formulation for sustained release of the neuroprotective polypeptide. For example, the long
acting formulation can comprise a composition for sustained release of the neuroprotective
polypeptide (described in greater detail below). In additional embodiments, the controlled-
release formulation further comprises a biodegradable polymer with a specific viscosity and
coating materials, having bioavailability and sustained release of the neuroprotective polypeptide
in an effective concentration for a certain period. In additional embodiments, the controlled-
release formulation further comprises a biodegradable polymer with a specific viscosity and
coating materials, having bioavailability and sustained release of the neuroprotective polypeptide
in an effective concentration for a certain period without an initial burst (e.g., without an initial
burst, such as a detrimental initial burst, of the active ingredient) of the active ingredient. In
particular embodiments, the controlled-release neuroprotective formulation comprises: a
controlled-release microsphere that includes a core with the neuroprotective polypeptide and a
biodegradable polymer; and a coating layer that coats the core.

[0122] In an embodiment, administering the controlled-release neuroprotective formulation
alleviates at least one symptom of at least one CNS-related condition in the subject. For example,
the CNS-related condition can be selected from the group consisting of Parkinson’s disease (PD),
traumatic brain injury (TBI), multiple sclerosis, drug addiction, alcohol addiction,
neurodegenerative conditions, inflammation of a brain, Alzheimer’s disease (AD), multiple
system atrophy, Huntington’s disease, chronic traumatic encephalopathy, motor neuron diseases
(e.g., amyotrophic lateral sclerosis, spinal cord injury, spinocerebellar ataxia (SCA), spinal

muscular atrophy (SMA)), vascular dementia, dementia with Lewy bodies (DLB), mixed
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dementia, frontotemporal dementia, Creutzfeldt-Jakob disease, normal pressure hydrocephalus,
or a combination thereof.

[0123] Administering the controlled-release neuroprotective formulation can comprise
injecting the controlled-release neuroprotective formulation. For example, the controlled-release
neuroprotective formulation may be injected subcutaneously.

[0124] In another embodiment, administering the controlled-release neuroprotective
formulation results in a steady-state plasma concentration of the neuroprotective polypeptide that
is in a range of about 50 to about 4500 pg/mL. For example, the steady-state plasma
concentration of the neuroprotective polypeptide can be in a range of about 50 to about 4500
pg/mL, about 50 to about 4250 pg/mL, about 50 to about 4000 pg/mL, about 50 to about 3750
pg/mL, about 50 to about 3500 pg/mL, about 50 to about 3250 pg/mL, about 50 to about 3000
pg/mL, about 50 to about 2750 pg/mL, about 50 to about 2500 pg/mL, about 50 to about 2250
pg/mL, about 50 to about 2000 pg/mL, about 50 to about 1750 pg/mL, about 50 to about 1500
pg/mL, about 50 to about 1250 pg/mL, about 50 to about 1000 pg/mL, about 50 to about 750
pg/mL, about 50 to about 500 pg/mL, about 50 to about 250 pg/mL, about 250 to about 4500
pg/mL, about 250 to about 4250 pg/mL, about 250 to about 4000 pg/mL, about 250 to about
3750 pg/mL, about 250 to about 3500 pg/mL, about 250 to about 3250 pg/mL, about 250 to
about 3000 pg/mL, about 250 to about 2750 pg/mL, about 250 to about 2500 pg/mL, about 250
to about 2250 pg/mL, about 250 to about 2000 pg/mL, about 250 to about 1750 pg/mL, about
250 to about 1500 pg/mL, about 250 to about 1250 pg/mL, about 250 to about 1000 pg/mL,
about 250 to about 750 pg/mL, about 250 to about 500 pg/mL, about 500 to about 4500 pg/mL,
about 500 to about 4250 pg/mL, about 500 to about 4000 pg/mL, about 500 to about 3750
pg/mL, about 500 to about 3500 pg/mL, about 500 to about 3250 pg/mL, about 500 to about
3000 pg/mL, about 500 to about 2750 pg/mL, about 500 to about 2500 pg/mL, about 500 to
about 2250 pg/mL, about 500 to about 2000 pg/mL, about 500 to about 1750 pg/mL, about 500
to about 1500 pg/mL, about 500 to about 1250 pg/mL, about 500 to about 1000 pg/mL, about
500 to about 750 pg/mL, about 750 to about 4500 pg/mL, about 750 to about 4250 pg/mL, about
750 to about 4000 pg/mL, about 750 to about 3750 pg/mL, about 750 to about 3500 pg/mL,
about 750 to about 3250 pg/mL, about 750 to about 3000 pg/mL, about 750 to about 2750
pg/mL, about 750 to about 2500 pg/mL, about 750 to about 2250 pg/mL, about 750 to about
2000 pg/mL, about 750 to about 1750 pg/mL, about 750 to about 1500 pg/mL, about 750 to
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about 1250 pg/mL, about 750 to about 1000 pg/mL, about 1000 to about 4500 pg/mL, about
1000 to about 4250 pg/mL, about 1000 to about 4000 pg/mL, about 1000 to about 3750 pg/mL,
about 1000 to about 3500 pg/mL, about 1000 to about 3250 pg/mL, about 1000 to about 3000
pg/mL, about 1000 to about 2750 pg/mL, about 1000 to about 2500 pg/mL, about 1000 to about
2250 pg/mL, about 1000 to about 2000 pg/mL, about 1000 to about 1750 pg/mL, about 1000 to
about 1500 pg/mL, about 1000 to about 1250 pg/mL, about 1250 to about 4500 pg/mL, about
1250 to about 4250 pg/mL, about 1250 to about 4000 pg/mL, about 1250 to about 3750 pg/mL,
about 1250 to about 3500 pg/mL, about 1250 to about 3250 pg/mL, about 1250 to about 3000
pg/mL, about 1250 to about 2750 pg/mL, about 1250 to about 2500 pg/mL, about 1250 to about
2250 pg/mL, about 1250 to about 2000 pg/mL, about 1250 to about 1750 pg/mL, about 1250 to
about 1500 pg/mL, about 1500 to about 4500 pg/mL, about 1500 to about 4250 pg/mL, about
1500 to about 4000 pg/mL, about 1500 to about 3750 pg/mL, about 1500 to about 3500 pg/mL,
about 1500 to about 3250 pg/mL, about 1500 to about 3000 pg/mL, about 1500 to about 2750
pg/mL, about 1500 to about 2500 pg/mL, about 1500 to about 2250 pg/mL, about 1500 to about
2000 pg/mL, about 1500 to about 1750 pg/mL, about 1750 to about 4500 pg/mL, about 1750 to
about 4250 pg/mL, about 1750 to about 4000 pg/mL, about 1750 to about 3750 pg/mL, about
1750 to about 3500 pg/mL, about 1750 to about 3250 pg/mL, about 1750 to about 3000 pg/mL,
about 1750 to about 2750 pg/mL, about 1750 to about 2500 pg/mL, about 1750 to about 2250
pg/mL, about 1750 to about 2000 pg/mL, about 2000 to about 4500 pg/mL, about 2000 to about
4250 pg/mL, about 2000 to about 4000 pg/mL, about 2000 to about 3750 pg/mL, about 2000 to
about 3500 pg/mL, about 2000 to about 3250 pg/mL, about 2000 to about 3000 pg/mL, about
2000 to about 2750 pg/mL, about 2000 to about 2500 pg/mL, about 2000 to about 2250 pg/mL,
about 2250 to about 4500 pg/mL, about 2250 to about 4250 pg/mL, about 2250 to about 4000
pg/mL, about 2250 to about 3750 pg/mL, about 2250 to about 3500 pg/mL, about 2250 to about
3250 pg/mL, about 2250 to about 3000 pg/mL, about 2250 to about 2750 pg/mL, about 2250 to
about 2500 pg/mL, about 2500 to about 4500 pg/mL, about 2500 to about 4250 pg/mL, about
2500 to about 4000 pg/mL, about 2500 to about 3750 pg/mL, about 2500 to about 3500 pg/mL,
about 2500 to about 3250 pg/mL, about 2500 to about 3000 pg/mL, about 2500 to about 2750
pg/mL, about 2750 to about 4500 pg/mL, about 2750 to about 4250 pg/mL, about 2750 to about
4000 pg/mL, about 2750 to about 3750 pg/mL, about 2750 to about 3500 pg/mL, about 2750 to
about 3250 pg/mL, about 2750 to about 3000 pg/mL, about 3000 to about 4500 pg/mL, about
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3000 to about 4250 pg/mL, about 3000 to about 4000 pg/mL, about 3000 to about 3750 pg/mL,
about 3000 to about 3500 pg/mL, about 3000 to about 3250 pg/mL, about 3250 to about 4500
pg/mL, about 3250 to about 4250 pg/mL, about 3250 to about 4000 pg/mL, about 3250 to about
3750 pg/mL, about 3250 to about 3500 pg/mL, about 3500 to about 4500 pg/mL, about 3500 to
about 4250 pg/mL, about 3500 to about 4000 pg/mL, or about 3500 to about 3750 pg/mL.
[0125] The sustained steady-state plasma concentration of the neuroprotective polypeptide,
as described above, results in a cumulative increase in the neuroprotective polypeptide
concentration in the cerebrospinal fluid (CSF), the brain or a combination thereof in the subject.
For example, the neuroprotective polypeptide concentration in the CSF can be within the range
of about 5 to about 400 pg/mL or about 10 to about 400 pg/mL. That is, the concentration of the
neuroprotective polypeptide in the CSF can be in a range about 10 to about 350 pg/mL, about 10
to about 300 pg/mL, about 10 to about 250 pg/mL, about 10 to about 200 pg/mL, about 10 to
about 150 pg/mL, about 10 to about 100 pg/mL, about 10 to about 50 pg/mL, about 50 to about
400 pg/mL, about 50 to about 350 pg/mL, about 50 to about 300 pg/mL, about 50 to about 250
pg/mL, about 50 to about 200 pg/mL, about 50 to about 150 pg/mL, about 50 to about 100
pg/mL, about 100 to about 400 pg/mL, about 100 to about 350 pg/mL, about 100 to about 300
pg/mL, about 100 to about 250 pg/mL, about 100 to about 200 pg/mL, about 100 to about 150
pg/mL, about 150 to about 400 pg/mL, about 150 to about 350 pg/mL, about 150 to about 300
pg/mL, about 150 to about 250 pg/mL, about 150 to about 200 pg/mL, about 200 to about 400
pg/mL, about 200 to about 350 pg/mL, about 200 to about 300 pg/mL, about 200 to about 250
pg/mL, about 250 to about 400 pg/mL, about 250 to about 350 pg/mL, about 250 to about 300
pg/mL, about 300 to about 400 pg/mL, about 300 to about 350 pg/mL, or about 350 to about 400
pg/mL.

[0126] In any aspect or embodiment described herein, the ratio of the steady-state
polypeptide concentration in the CFS to the plasma can be in the range of about 0.1% to about
5%. For example, the ratio of the steady-state concentration in the CSF to the steady-state
concentration of the polypeptide in the plasma can be, in any aspect or embodiment described
herein, at least about 0.1%, at least about 0.3%, at least about 0.5%, at least about 0.7%, at least
about 0.9%, at least about 1%, at lcast about 1.1%, at least about 1.2%, at least about 1.5%, at
least about 2.0%, about 0.1% to about 5%, about 0.1% to about 4%, about 0.1% to about 3%,
about 0.1% to about 2%, about 0.5% to abo